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Abstract 

The study aims to introduce web 3.0 technology features such as virtual fitting room tools in 

Pakistani fashion e-commerce platforms to introduce virtual mass customisation business using 

the unstitched fabric category of Pakistan. The study contributed to creating a sustainable 

virtual commerce business model that enhances the assessment of garment fit, size and style in 

a virtual environment similar to consumers’ experience in the natural in-store environment. To 

present the business model, the study follows the framework proposed by Lemon and Verhoef 

(2016) to study the consumer shopping journey in three stages: pre-purchase, purchase, and 

post-purchase. The main idea of the study is to explore the virtual fitting room and 3D body 

scanning tools, to understand how these tools can be used in virtual commerce to deliver the 

right fitted garment and how mass customisation can be introduced Fashion e-commerce 

platforms. The unsatisfied consumers are kept in mind due to poor fitting of garments 

constructed with the standard sizing systems used for mass production. In addition, munual 

tape measurement method is established as time consuming method with a requirement of 

having a landmarking professional knowledge in the extraction of body dimensions. Therefore, 

this research is divided into three studies to explore virtual fitting room tools. Study 1 

investigates the responses of 357 Pakistani and British Pakistani females aged 18-65+ to virtual 

size and fitting interfaces (Fit analytics (size recommendation) and virtual outfits (size and fit 

recommendation and visualisation)). Study 2 explores the booth 3D body scanner Size Stream 

SS20 and MeThreeSixty mobile applications. Both are products of the same company, Size 

Stream. Both 3D body scanners and body dimensions have been comparatively analysed to 

determine the reliability and validity of mobile app scanners for incorporation in the virtual 

fitting room tools of fashion e-commerce interfaces. Twenty female participants of different 

ethnic groups aged 18-65+ were recruited for scanning at the University of Manchester. Study 

3 (mixed-methods) explores the three 3D mobile application scanners (3Dlook, Size Stream at 

home, and Nettelo) to investigate the consumer responses to the bespoke garments constructed 

using the digital measurements acquired from the mobile app scanners. Ten female Pakistani 

participants were recruited to conduct the study. Initially (Stage 3) mobile applications’ body 

dimensions were comparatively analysed. In second stage, participants responses were 

calculated using the TAM theoratical framework. In Stage 3, each participant was interviewed 

three times after evaluating the three bespoke garments constructed from the three mobile 

applications acquired body dimensions. Recent researchers have studied virtual fitting rooms 

and established them as the future tools of virtual marketing and virtual size and fitting 
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assessments for apparel shopping (Sajib et al., 2018; De Silva et al., 2019; Tawira and Ivanov, 

2022). Moreover, recent studies have comparatively analysed the booth and mobile scanners 

and determined that 3D body scanners can be used for personalised garment development and 

selection in virtual platforms (Smith et al., 2021; Thi Nguyen et al., 2022). By evaluating the 

existing platforms, the study provides the notion of using the strengths of virtual fitting room 

tools such as virtual trying-on to acquire the rich information of the product in 3D simulation 

and 3D body scanning to be used as a central tool that can serve the purpose of garment 

production and selection. Further, an extensive literature review is presented on the unstitched 

apparel product used in Pakistan, used explicitly for bespoke garment construction. To evaluate 

the existing virtual size and fitting interfaces, the study adopts the Technology Acceptance 

Model (TAM) by Davis (1989). The consumers' evaluations of the pre-purchase stage have 

been studied using the size and fit recommendation and visualisation platforms. The TAM has 

been used in recent virtual fitting room research studies (Zhang et al., 2019; Sagnier et al., 

2020; Alam et al., 2021; Oyman et al., 2022). The extended TAM model comprises consumer 

attributes such as technology confidence. The constructs evaluated for study 3 for post-

purchase evaluation of bespoke garment fit and sizing were obtained from the existing size and 

fitting research studies (Eckman et al., 1990; Kasambala et al., 2016; McKinney and Shin, 

2016; Shin and Damhorst, 2018). The research study results have provided insight into using 

the 3D body scanning tool to develop a functional web interface/application that presents 

consumers’ body dimensions and personalised avatars for garment selection and production. 

The results of studies 1, 2, and 3 have been triangulated in the discussion to support the findings 

of each study. 
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Chapter 1. Introduction 

1.1 Introduction 

The study introduces web 3.0 technology features such as 3D body scanning technology 

and virtual size and fit interfaces in Pakistani fashion e-commerce platforms to introduce online 

mass customisation business using the unstitched fabric category of Pakistan. Mobile app 

scanners have been introduced recently. Fashion technologists and researchers are exploring 

3D body scanning technology to determine its practicability in fashion e-commerce in terms of 

ease in finding the right size and visualising a garment on the personalised avatar in online 

shopping platforms. Body scanners are introduced to enhance the online customised apparel 

shopping experience, virtual size and fit recommendations, and visualisation simulations. 

Virtual size and fitting platforms, such as size and fit recommendation, fit visualisation 

interfaces, 3D body scanning applications and fashion metaverse environments, have also been 

introduced by various companies worldwide. They are adopted by fashion retailers globally 

according to the company’s proposed product offer. The virtual fitting room tools, virtual size 

and fit interfaces and metaverse fashion technology tools can be practical tools for fashion e-

commerce retailers to enhance consumers’ shopping experiences with enriched functional 

benefits.   

1.2 Virtual size and fit platforms in virtual commerce 

The traditional fashion e-commerce platform has been enhanced with the recent 

technological advancement of web 3.0 tools to an interactive virtual commerce metaverse 

environment. Information and communication technology has experienced a paradigm shift 

almost every decade. For instance, the paradigm of PC communications was in the 1990s; in 

the 2000s, consumers were engaged with the internet, and mobile communication was initiated 

in the 2010s and has enhanced virtual communication dramatically. Recently, the significant 

word for the paradigm of the 2020s is metaverse world, virtual commerce or v-commerce (Lee, 

2021). Virtual commerce introduced distinct virtual features compared to e-commerce because 

it is a promising collaborating marketing shopping platform. Virtual commerce has introduced 

virtual three-dimensional (3D) platforms and features with improved functionality, 

interactivity, and convenience. The lack of direct interaction with products and people has been 

resolved (Wang, 2021) and has enhanced sensory depth compared to e-commerce. Consumers 

can communicate with highly detailed, realistic and engaging 3D features than 2D static images 

(Altarteer and Charissis, 2019). The virtual fitting room platforms, fashion metaverse 

environment and virtual commerce tools, compared to traditional e-commerce interfaces, have 



35 

excellent potential to enhance consumer experience and trust. Virtual commerce platforms can 

provide hedonism and utilitarian benefits by offering distinctive interactive features such as 

augmented reality, virtual reality features and 3D mobile app body scanners in one forum, 

which are also declared as virtual fitting room tools of virtual commerce (Idrees et al., 2020a; 

Lee and Xu, 2020; Wang, 2021).     

The projected growth of the virtual fitting room market is from $ 3.50 billion in 2021 

to $12.97 billion in 2028 (Johnson, 2021). Due to the development of virtual fitting room 

technology, consumers can buy products with broader collections and try various brands 

catalogues of brands on one platform (Alfredo and Rodriguez, 2016). The virtual fitting room 

technology delivers virtual goods trial experience via simulating virtual models established on 

the user’s body dimensions (Blázquez, 2014a). The physical fitting experience is virtually 

translated into the virtual space using sensory features. The inherent issue of online shopping 

can be overcome by the virtual fitting room experience to fulfil the functional requirement of 

size and fitting with an interactive and entertaining experience. Shopping with entertainment 

while getting practical needs are the essential elements of online shopping. The combined 

feature enhances consumers' experience and fashion retailers' sales and profits (Blázquez, 

2014a). The virtual fitting room technology delivers an effortless way to try-on garments, and 

34% of buyers revealed that the virtual fitting room shopping experience is more convenient, 

engaging and exciting (Johnson, 2021). It has been noted that $62 billion of garment returns 

occur yearly, and almost 70% of online garment returns happen because of fit-related issues in 

the fashion industry (Beck and Crié, 2018). Additionally, nearly 56% of consumers stated that 

the significant problem in online apparel shopping is the absence of physical apprehension of 

garment style and fit (Burke, 2002; Savastano et al., 2016). Moreover, virtual fitting rooms of 

online fashion platforms have the potential to decrease online returns and increase sales by 

enhancing the certainty of the expected fit and expanding curiosity about goods and services 

(Beck and Crié, 2018).     

The main idea of virtual fitting rooms is to offer an authentic virtual fitting experience 

by reflecting the user’s body dimensions and an avatar along with a virtual catwalk, a 3D 360-

degree view of the virtual outfit on personalise avatar, heat maps to examine the tightness and 

looseness of a garment, mix and match of apparel and accessories (Hwangbo et al., 2020; 

triMirror, 2022). The interactive tools of virtual commerce, for instance, virtual reality, 

augmented reality, mixed reality and 3D mobile app body scanners, share commonalities and 

variations regarding the solutions of delivering the experience of a virtual fitting room with 
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interactivity, immersion and accuracy by detecting the user 2D facial and body shape and 

providing the output in 3D (Kim and Sung, 2021). The anticipated, fast-paced expansion of the 

industry has been remarked with the global virtual reality market size, estimated to expand 

from less than 5 billion US dollars in 2021 to more than 12 billion US dollars by 2024 (Statista, 

2021d). Furthermore, augmented reality application technology is advancing in online and in-

store environments. The worldwide number of users of mobile augmented reality is expected 

to be 1.7 billion by 2024, and an increase of 1.5 billion has been observed from 200 million 

since 2015 (Statista, 2021b). The apparel products in an online environment must be 

customised according to the user’s body dimensions using body scanning technology. 

Consumers can view fitting simulations in the interactive virtual and augmented reality 

environment. Thus, virtual reality and augmented reality strengths can be employed to enhance 

the experience. For instance, virtual reality tools, such as virtual prototyping, are appropriate 

in the product development phase. However, augmented reality tools are applicable at the 

consumer integration stage, such as testing concepts and fitting evaluations (De Silva, 

Rupasinghe and Apeagyei, 2019). The augmented and virtual reality tools exhibit diverse levels 

of realism of the virtual atmosphere with real and virtual avatars. Thus the online shopping 

platform features “ that enable creation and manipulation of product or environment images to 

simulate (or surpass) actual experience with the product or environment” (Fiore et al., 2005, p. 

39) are in demand by both consumers and fashion retailers.  

Adopting virtual fitting room technology is trendy and a marketing tool representing the 

future of online fashion platforms (Greene, 2011). Gucci has introduced an augmented reality 

(AR) feature to its iOS app that permits consumers to try-on garments virtually (Williams, 

2019). Virtual reality feature collaborated with body scanning has been introduced by the 

Asizer platform, which exhibits various fashion retailers’ products and offers virtual try-on 

simulations (Asizer, 2022). Sapphire is a well-known brand in Pakistan. It displays products 

such as ready-to-wear and unstitched fabric garments. They have launched an augmented 

reality application which displays garments on an avatar. Users can rotate the garment fully 

(360 degrees) and can view the garment at all angles before purchasing (Sapphire, 2019). 

However, these adopted technologies still lack the accuracy of size and fit visualisation and 

recommendation system, which helps consumers to find the right size while online buying. 

Indeed, practical applications by retailers and research studies determined that virtual and 

Augmented reality tools are influential in the decision making of online purchases (Merle et 

al., 2012). Conventionally, technology has enhanced shopping value from the utilitarian 
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perspective and hedonic value through the pleasure and enjoyment experienced by consumers 

while interacting with virtual try-on technology. Nevertheless, despite the usefulness and 

enjoyment perspective while online interactive shopping, online consumers would not 

purchase if the garment choosing process requires effort or has any risk involved (Merle et al., 

2012). Moreover, the right size and fit accuracy according to individual body dimensions is a 

big hurdle in an online environment. A 3D body scanning mobile app feature has been 

introduced to resolve the issue of finding the right size garment. For instance, Li and Cohen 

(2021) established a new and effortless 3D virtual fitting room that creates a personalised body 

avatar of the user, which permits virtual garment fitting. The application entails less 

participation from the user. It involves only two images (frontal and profile views of the user), 

utilising the smartphone’s camera to distinguish the loose or fitted garment. The technique of 

reconstruction is accessible and competent. It is an effortless alternative to acquiring precise 

body measurements as taken by a tailor. The 3D reconstruction offers the precision of a more 

significant level when evaluated with the average resolution of the actual model employing the 

CAESAR dataset. This application can be applied to online stores’ virtual fitting room systems 

(Li and Cohen, 2021). Moreover, gaming companies have introduced the metaverse 

environment, and fashion companies have entered the metaverse environment to offer 

interactive product visual merchandising in the virtual environment. The interaction is 

collaborative, immersive, and attractive in the metaverse platforms for fashion consumers. 

There are various kinds of solutions of metaverse platforms, virtual fitting room interfaces and 

virtual personalised avatars offered by technological establishments to improve user experience 

in fashion v-commerce. For instance, Roblox platforms have been in demand by well-known 

brands such as Gucci and Tommy Hilfiger (Gibson, 2021; Mcdowell, 2022).   

The virtual fitting room technology has been accessible in the market since it has not 

gained traction from many retailers because of potential functional concerns of the simulations. 

The most prominent issue is the accuracy of virtual fitting simulations and size predictions 

according to the users’ body shape and size and dissatisfaction with the fitting results (Kim and 

LaBat, 2013; Gao et al., 2014). To rephrase, the value of user experience is one of the major 

concerns because of the poor representation of body shape, body dimensions, and facial and 

body image maintains to create an impractical experience (Lee and Xu, 2020). Therefore, most 

research studies are focused on developing an accurate virtual simulation system for an online 

virtual fitting room platform (Boonbrahm et al., 2015; Li and Cohen, 2021). Thus, the present 

research study is focused on enhancing the apparel size and fit prediction using 3D body 
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scanning and virtual size and fitting interfaces. The research aims to enhance online consumers' 

virtual size and fitting experience to shop confidently online. From the perspective of 

functionality, the 3D mobile app body scanner feature in the virtual fitting rooms has the 

potential to provide an effective experience by satisfying the virtual size and fitting, 

experiential and social needs (Merle et al., 2012; Papagiannidis et al., 2017; Sohn et al., 2020; 

Lim and Jafari, 2021; Mikalai et al., 2022). Mobile app scanners have made the virtual 

simulation process easier for consumers as retailers by eliminating the struggle of entering the 

manual body dimensions in the online platforms for size and fitting recommendations 

(Januszkiewicz et al., 2017). The accuracy of fit, body dimensions and virtual fitting model 

visualisation are important for online platforms. Thus, the research study is investigating the 

consumer experience and buying behaviour with virtual fitting rooms tools such as mobile app 

scanners and virtual size and fit simulations platforms offered by recent fashion retailers and 

software companies to enhance the virtual platforms and consumer experience in a virtual 

shopping environment (Sohn et al., 2020; Lim and Jafari, 2021; Mikalai et al., 2022).  

Mobile application scanning technology significantly influences consumers in virtual 

commerce, enabling them to view the fitting and size before purchasing, thus minimising online 

product returns. The fashion metaverse and the virtual fitting room’s notion is to offer 

interactive, highly detailed 3D features than 2D static images to improve the satisfaction of 

consumers regarding virtual fashion viewing, the accuracy of size and fit and sensory 

interaction. The fashion buyers in virtual fitting rooms and fashion metaverse would be 

utilising the smartphone device for body scanning to acquire personalise body avatars 

according to user body dimensions collaborated with the sensory features of augmented reality, 

virtual reality, and mixed reality for virtual try-on, mixed and matching of products, virtual 

customisation at their home by themselves (Idrees et al., 2023). The virtual fitting room tools 

and fashion metaverse is the future of fashion e-commerce, where buyers can experience 

realistic and engaging diverse features with improved functionality, interactivity, convenience, 

and time efficiency (Idrees et al., 2023).    

1.3 3D Body mobile application scanners 

3D Body scanning systems were discovered to be bulky, slow, expensive, and low-

resolution after being introduced in the market. However, over the last 15 years, the systems 

were updated with parallel cost reduction and have entered in consumer market especially 

structured light scanners with easy to transport, high resolution, fast and affordable prices 

(Daanen and Ter Haar, 2013). Since their introduction, scanners have been studied with the 
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perspective of made to measure garments and mass customisation because they extract rapid 

body dimensions necessary for garment construction. It is observed that scanners also offer an 

opportunity to increase online sales by selecting the best fitting size from a range of pre-

manufactured sizes (Daanen and Ter Haar, 2013; Dekker et al., 1999; D’Apuzzo, 2006; Lin et 

al., 2002; Treleaven and Wells, 2007; Wang et al., 2006). Recent technologies introduced to 

apparel e-commerce for custom-made products include 3D body scanning, size 

recommendations, fitting predictions and virtual try-on simulations (Gill, 2015). Such 

technologies are a compound of complex ingredients for the digital transfiguration of 

merchandising, manufacturing, and supply chain industries. There is a comprehensive range 

and choice of 3D body scanning technology. Each scanner has its individuality utilising 

dissimilar acquisition technologies (Daanen and Ter Haar, 2013; Daanen and Van De Water, 

1998). These scanners are available at different prices ranging from tens to hundreds of 

thousands of dollars (e.g., 3DMDbody, Botspot, Ditus, Fit3D, IIIDbody, Intellifit, Shapify 

Booth, SizeStream, Styku, Symcad, Texel, [TC]2, Vitus, etc.). 

Recently, high- and low-tech mobile applications have been introduced, easily accessible 

to consumers and retailers. These applications are available at affordable prices, and some of 

them are free to use. For instance, Mirrorsize, 3DsizeMe, 3D Look, Nettelo, MeThreeSixty, 

Verifyt Body, 3D Avatar Body (IBV), Sizer, 3D Measure Up, 1Measure and Meepl. Such 

technologies are introduced to provide digital body measurements for personalised fitness 

tracking. Moreover, these technologies have a perspective to enhance the online fashion 

apparel store experience in terms of size and fitting recommendation and visualisation using 

the personalised avatar created with personal digital body dimensions. 3D body scanning 

applications has a potential to introduce globalise made-to-measure apparel e-commerce 

market (IBV, 2014; SizeMeRight, 2016; Sizer, 2017; Mirrorsize, 2019; TechMed3D, 2020; 

3DLook, 2022; Asizer, 2022; Nettelo, 2022; Netvirta, 2022; Stream, 2022; Newswire, 2018; 

RightFit, 2019; 3DMeasureUp, 2020; Meepl, 2020; ZOZO, 2020; Fashion Tech, 2021; 

Presize.ai, 2022). 

1.3.1. Body scanning limitations and errors 

The body scanning systems have dissimilar acquisition technologies in context with the 

mechanism and measurement techniques of body scanners and errors experienced during the 

body scanning process. To address these errors, researchers have presented reliability measures 

(Bougourd et al., 2000; Pandarum et al., 2011), complications in capturing body dimensions 

and landmark identification (Han and Nam, 2011). These contradictions must be addressed to 
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permit the 3D body scanner to be incorporated into fashion enterprise supply chains with an 

achievable, sustainable solution. Digital measurement extraction is problematic identified by 

Apeagyei (2010) and Han and Nam (2011). Body landmarks are recognised through the parting 

of the body at key points on parameters which can be challenging. Such as, “the crotch is 

determined by where the two legs meet the torso”. In cases where the meeting point of the 

thighs can be mistakenly identified as the crotch, missing data results. Hair at the back of the 

neck prevents the identification of the 7th cervical vertebra at the back of the head, which is 

needed to calculate heights in the body that determine other measurement locations (e.g., 

armpits). The armpits and crotch region landmarks can be distorted by improper limb 

placement (e.g. non-muscular arms), shading or reflection on the body or small underwear that 

does not define the difference between the legs and torso regions” (Vignali et al., 2020, p.183). 

These inconsistencies are addressed by Ashdown and Na (2008), and Gill et al. (2014) 

determined the accurate location of some landmarks for garment construction. A widespread 

scan cleaning method should be employed to ensure the accuracy of these landmarks to confirm 

precision. However, there are differences in pattern construction methods and measurement 

locations used by various retailers that subsist within garment producers throughout fashion 

supply chains (Gill and Chadwick, 2009). Gill et al. (2017) indicated that not all body scanning 

measurements are valid for manual garment development procedures. Variation in design and 

product development practice in the fashion industry is required for all 3D body scanners to be 

implemented in the fashion apparel supply chain (Vignali et al., 2020). 3D body scanning 

mobile applications will be studied, considering each body scanner's landmarks identification 

and limitations under research. 

1.4 Unstitched apparel product 

Pakistan has a diverse online and brick-and-mortar market of unstitched apparel 

products bought by masses. This product is common in South Asian countries and is 

specifically designed to construct made to measure garments (Latham, 2016). The unstitched 

apparel product is a pre-designed and styled garment in unstitched fabric form, which is 

available in the market with various options of printed and embroidered fabric with specific 

lengths and widths in meters and yards. Unstitched product has options of 3 piece 

(Trousar/Shalwar, Shirt and Dopatta) and two-piece garments (Trousar/Shalwar, Shirt and 

Dopatta) and two-piece garments (Trouser/shalwar, Shirt) or (Shirt, Dopatta) (Sapphire, 2019). 

Interestingly, Pakistan has a rich history in textile designing and tailoring clothes (Harris, 

1995). The concept of tailoring garments for individuals has existed in Pakistan for a long time, 
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and the costs associated with tailored garments are generally inexpensive in Pakistan (Clarke-

Sather and Cobb, 2019). In contrast, the UK population is more accustomed to choosing pre-

stitched or ready-made clothes. Buying fabric and getting it stitched in the size that best fits an 

individual is a common custom in Pakistan (Kumar and Walia, 2017). It is essential to identify 

how body measurements work in Pakistan and whether the 3D body scanning methods could 

become common in Pakistan (Afreen and Haq, 2017).  

1.4.1. Unstitched apparel: a sustainable product 

A single design is replicated for diverse populations, which heightened fabric wastage 

with the mass production fashion business model. The standard size measurement methods 

were used for garment production, leading to unsatisfied consumers in size and fit. This 

approach cuts down the window of sustainability (Nayak and Padhye, 2016). However, 

unstitched apparel products can be personalised according to specific consumer’s body 

dimensions, and cloth wastage can be reduced. Therefore, this approach can lead to a 

sustainable apparel construction environment (Noh et al., 2017; Saeidi and Wimberley, 2018). 

1.5 Ready-to-wear clothes  

Ready-to-wear clothes have been used worldwide for years (Pookulangara and 

Shephard, 2013; Green, 1997). They are feasible because a garment is purchased without any 

hassle of getting it stitched by the tailor. However, there have been reports about unsatisfied 

masses due to the need for more flexibility in the sizing systems (Goldsberry, Shim and Reich, 

1996). The apparel industry has long been criticised regarding the standardisation of clothing 

sizes (Aldrich, 2007b). The presence of specified sizes such as small, medium, large, and extra-

large is inadequate for fulfilling the entire population’s needs. Surveys have found that almost 

50% of women do not find their size among the clothing lines that present ready-to-wear 

garments (Xu et al., 2002; Faust and Carrier, 2009). The trend is for people to guess the size 

that would fit them best by looking at the clothes or the measurements the vendors share. 

Another possibility is to try different sizes at the clothing outlets to determine the best size. 

Despite all this effort, most consumers are still looking for the right size that fits them perfectly 

according to their preferences (Guo, 2016). The differences in body types and sizes among 

individuals become the most pronounced when ready-to-wear clothing fails to provide what 

the customers seek (McKinney et al., 2017). This points towards the need to develop a system 

that can ensure that all body types are catered to equally and that size choices are broadened 

(Jain et al., 2018). The introduction and development of 3D body scanning along with 

augmented reality and virtual reality (virtual try-on on personalised Avatar) technology in the 
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fashion e-commerce environment has the potential to be incorporated to select garments for 

size and fit recommendation, and fit visualisation during online shopping which can help 

consumers a hassle-free online shopping without spending hours in brick-and-mortar shop’s 

trying room to visualise a garment and find the right size.   

1.6 Online fashion consumers 

Consumers born between 1981 and 1999 are members of Millennials or Generation Y, 

irrespective of the circumstances (Bolton et al., 2013). Generation Y has a strong acquaintance 

with the internet (and other latest technologies) from an early age. This mannerism 

distinguishes Generation Y from different cohorts (Ng et al., 2010). Therefore, millennials are 

central, pioneering users of online fashion retailing channels. Generation Y consumers are 

financially powerful and have high fashion consciousness (Williams and Page, 2011; Valaei 

and Nikhashemi, 2017). They are connected electronically to a global network and have 

experienced e-retailing transactions (Sullivan et al., 2012; Moroz, 2008). Fashion retailers 

generally target Generation Y as profitable consumers with exceptional experience and value 

propositions that attempt to withstand their engagement and encourage patronage (Valentine 

and Powers, 2013). In the study, most responses are received from Generation Y consumers to 

utilise the size and fitting platforms in future online shopping.      

1.7 Research context  

The concept of tailoring clothes for individuals has explicitly existed in Pakistan for a 

long time, and the costs associated with tailored clothes are generally inexpensive in Pakistan 

(Clarke-Sather and Cobb, 2019). In contrast, the UK population is more accustomed to 

choosing pre-stitched or ready-made garments. Buying a fabric, choosing a design and getting 

it stitched in the size that best fits an individual is a common custom in Pakistan (Kumar and 

Walia, 2017). This makes it essential to identify how the concept of body measurements works 

in Pakistan and whether the 3D body scanning methods could become common in Pakistan 

(Afreen and Haq, 2017). ul Haq and Farooq (2019) conducted a study in Pakistan related to 

augmented reality and virtual try-on clothes in-store to remove the hassle of trying on clothes 

in the Try rooms of stores, to minimise the shopping time frame with the intention of sales 

improvement as well as hedonic value and ethical preferences of users. However, there is a 

lack of research regarding the size and fit of virtual sizing systems in-store and Pakistani 

apparel online shopping domains. This study is conducted for the awareness of consumers and 

retailers in terms of size and fit technology to be implemented in the Pakistani apparel retail 

system online and in-store. There is a need to implement such technologies in Pakistan to 
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develop the e-commerce market. Most of the studies have been conducted internationally 

regarding 3D body scanning and size and fit virtual platforms by various researchers (Bye and 

LaBat, 2005; Loker et al., 2008; Kim and LaBat, 2013; Gültepe and Güdükbay, 2014; Song 

and Ashdown, 2015; Januszkiewicz et al., 2017; Miell, Gill and Vazquez, 2018). UK 

consumers are accustomed to utilising digital measuring services such as 3D Body scanning 

launched by H&M. The avatar cloud fashion app allows buyers to try on clothes and get 

personalised assistance with convenience and time flexibility (Mintel, 2022d). This previous 

literature will help conduct a study and establish platforms to buy apparel products online in 

terms of size and fit for Pakistani consumers and retailers.   

1.8 Research problem  

Studies have been conducted on consumer behaviour towards online shopping. These 

recent research studies highlight the influence of virtual fitting rooms and virtual try-on on 

consumers’ exploratory behaviour and intention to purchase online and offline environments, 

increasing consumer curiosity and intention to purchase (Beck and Crié, 2018; Zhang et al., 

2019). Besides, Raeve (2018) studied personally perceived body image and fitting problems 

using 3D body scanning as a measurement tool and evidenced that 3D Body scanning is an 

important support for companies interested in adopting a mass customisation business model. 

(Miell et al., 2018) suggested an Omni-fit model by analysing 20 B-2-C, functional size, and 

fit websites available to UK consumers. These websites profoundly facilitate product purchases 

with prominent fashion brands. (Januszkiewicz et al., 2017) concluded that there is a need to 

add 3D body scanning technology to advance the virtual size and fit platforms as they lack the 

universal communication of size and fit. Ballester et al. (2016) studied the reconstruction of 

3D bodies using tablets and smartphones to capture body images. They concluded a positive 

practical approach for easily acquiring anthropometric data at home without expertise. It is 

evidenced that the method has considerable potential in a practical approach to personalisation, 

size recommendation and virtual try-on imitation for apparel products. ul Haq and Farooq 

(2019) established research in Pakistan regarding augmented reality and virtual try-on clothes 

in physical stores to eliminate the difficulty of trying clothes in the try rooms, to reduce the 

wastage of time during shopping with the intention of sales improvement as well as for hedonic 

and ethical purposes. However, there is limited research regarding size and fitting enhancement 

in the fashion e-commerce of Pakistan. 

This study is focused on using the virtual size and fitting platforms for gathering body 

measurements to develop a model for companies to implement mass customisation in 
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Pakistan’s apparel retail sector. Previous research studies have been conducted on UK 

consumers (Fiore and Jin, 2003; Loker et al., 2004; Bye and LaBat, 2005; Fiore et al., 2005; 

Kim and Forsythe, 2008; Lee et al., 2011; Kim and LaBat, 2013; Gültepe and Güdükbay, 2014; 

Song and Ashdown, 2015; Januszkiewicz et al., 2017; Ridgway, 2018; Miell et al., 2018). 

There is a need to study Pakistani consumer behaviour in the context of utilising new 

technological body measurement systems and to develop a mass customisation business 

environment to benefit consumers and retailers. This study used the technology acceptance 

model (TAM) by Davis (1989) to determine consumer behaviour towards technology for 

quantitative analysis. Moreover, for qualitative evaluation of consumer behaviour, semi-

structured interviews were conducted. Size and fitting constructs such as performance 

evaluation, aesthetic evaluation and interface evaluation were used from former studies 

(Eckman, Damhorst and Kadolph, 1990; McKinney, E. and Shin, 2016). This study is primarily 

focused on virtual size and fitting technologies, i.e., 1) Virtual size and fit technology platforms 

(Online UK), 2) Comparison of Size Stream SS20 and MeThreeSixty mobile application, 3) 

Size Stream at Home, Nettelo and 3D Look (3D Body scanning mobile applications). The 

proposed model will help to analyse the satisfaction level of size and fitting during online 

shopping.   

1.9 Gap in existing research  

The major gaps identified are that Fashion brands are utilising old manual sizing 

methods, which is the major drawback limiting the practice of mass customisation in the 

Fashion e-commerce (Raeve, 2018). However, mass production is common practice with 

standard body measurements used for ready to wear. There has been an absence of technology 

related to virtual size and fit recommendation and visualisation in the interfaces of clothing 

brands in Pakistan (Afreen and Haq, 2017). The idea of made to tailor clothing has been 

common in Pakistan for centuries (Clarke-Sather and Cobb, 2019; ul Haq and Farooq, 2019) 

and still exists today, with unstitched being popular. There is a lack of research in the unstitched 

fashion market of Pakistan, which remains in high demand as Pakistani consumers are 

facilitated by made to measure garments using manual tape measurement and standard sizing 

methods. The current focus in the fashion world is to integrate such technology, which scans 

and records exact anthropometric data of individual customers and customises garments 

accordingly. Moreover, the overall speed of making customised products reaching the customer 

remains quick, improving customer satisfaction and reducing the number of garments returned 

from online purchases (Wagner, 2007). Hence, it enhances virtual size and fit prediction and 
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increases the revenue of brands. Therefore, to overcome the issues of virtual size and fitting, 

there is a need to further work on incorporating modern technology of 3D body scanning 

technology in virtual size and fit e-commerce platforms to develop an easy to use and useful 

personalised size and fit system, to build a mass customisation market nationally and 

internationally.   

1.10 Research aim 

Establish virtual size and fit technology features to enhance online apparel e-commerce 

platforms using digital human measurements to deliver personal style and function to 

consumers. 

1.11 Research objectives 

1. To review the existing Pakistan's online fashion e-commerce interfaces and virtual size 

and fit technology interfaces used by various UK retailers to determine key features in 

online clothing sales in Pakistan and the UK. 

2. To review Pakistan's Unstitched apparel product market to introduce mass 

customisation in the fashion e-commerce environment with 3D body scanning 

technology. 

3. To determine how online fashion retailing interfaces of Pakistani brands can be 

enhanced to improve consumer satisfaction with the virtual size and fit and with the 

assessment of virtual size and fit technology interfaces used by UK brands. 

4. To test existing virtual size and fit fashion retailing interfaces and 3D body scanning 

technology among Pakistani consumers to determine means of development to achieve 

optimisation of size and fit of garments in the virtual shopping platforms.  

5. To establish how developing economies can adopt digital size and fitting tools to deliver 

more sustainable clothing and better satisfy consumer needs.  

1.12 Research focus  

1. Virtual fitting room tools will be assessed on computers and mobile devices by 

consumers. Hence, a forthright result will be establishing a sustainable virtual 

commerce model. Retailers, consumers, marketers, and academics can take advantage 

of the model to comprehend how to establish a successful e-commerce size and fit tools 

grounded by consumer technology acceptance. Additionally, the model will offer 

insights into the pre-purchase, purchase and post-purchase phases and virtual fitting 

room evaluation stimuli.  
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2. The technology evaluation model has an extensive academic interest concerning using 

technology acceptance model framework to digital size and fit stimuli, considering 

functional aspects for utilising technology. 

3. Current research is not focused on consumer responses to post-purchase garments from 

virtual size and fit interfaces. The interaction with websites will provide an innovative 

vision of the usefulness and ease of use of size and fitting tools in a digital environment. 

In addition, post use evaluation will be done by garments customised by the tailor by 

3D body scanning applications, offering an innovative perception to re-use the tool for 

customising garments. Furthermore, the vision is to develop an interface incorporating 

a 3D body scanning tool to buy the right size and fitted garments. 

4. The research finding will advance the consumer experience by analysing their 

behaviour by digital size and fitting tools and interfaces. The huge unstitched market 

of Pakistan will benefit from mass customisation with technology focused personalised 

measurements. 

1.13 Research outcomes 

1. A broad literature review related to the unstitched market of Pakistan, consumers’ 

response to virtual size and fit interfaces and 3D body scanning applications to develop 

a virtual mass-customisation business model. 

2. The variables will be identified concerning consumers’ experiences with online size 

and fit, and assessment includes size and fit satisfaction, post use evaluation of 

customised garments, perceived risk, and engagement with technology in terms of ease 

of use and usefulness. 

3. To test the established validated (and invalidated) hypotheses constructed with the 

relationships from the literature review and theoretical model using structural equation 

modelling. 

4. To deliver practical implications from the framework analysis concerning the impact 

of virtual size and fit technologies and how they will influence consumers with garment 

fit assessments in the future. Moreover, how retailers will best employ the visions of 

apparel fit originate from the consumer outlook of size and fit from virtual 

environments. 
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1.14 Research method 

The mixed-methods research design has been used in the research for an in-depth 

understanding of the phenomenon. Postpositivist research philosophy has been chosen, which 

allows the researcher to have a critical realist ontological approach, as the participant’s 

viewpoints bias the researcher. Quantitative data analysis is done using structural equation 

modelling (SEM) (Study 1). For comparative analysis of body scanning technology, T-test is 

used for standard error of the mean (SEM) (Reliability) and mean of measurement differences 

(validity) to ANSUR allowable errors (Study 2). The thematic analysis approach is used for 

qualitative data analysis (Study 2, Stage 3) and triangulation. A large sample is used for 

quantitative data collection. Two virtual size and fitting interfaces such as Fit analytics (size 

recommendation interface) and virtual outfits (Virtual try-on interface, size and fit 

recommendation and visualisation), have been used to acquire the responses on ease of use and 

usefulness of online interfaces, which are also used by current fashion retailers (Study 1). The 

online survey sample was 357 female Pakistani and British Pakistani. The age range of 

participants was 18-65+, who make frequent online garments shopping. The SEM analysis of 

online survey data analysed the perceptions of Pakistani participants regarding technology 

confidence, ease of use, usefulness, attitude, and intention to use the size and fitting technology 

interfaces. In a quantitative comparative study (Study 2), the sample size is 20 female 

participants aged 18-65+. Participants were scanned with the Size Stream SS20 booth scanner 

and MeThreeSixty mobile application to compare the body measurements of both technologies 

to study whether both technologies deliver similar or different body dimensions. 

In the mixed method (Study 3), 10 participants were scanned with three mobile app 

scanners (Size Stream at home, Nettelo and 3Dlook). (Stage 1) After acquiring the body 

dimensions from each application, the measurements were analysed comparatively using the 

quantitative analysis used in Study 2. After scanning, each participant participated in the online 

survey and responded to quantitative questions created using the TAM model (Stage 2). 

Moreover, three garments were received by each participant constructed with the body 

dimension acquired from the mobile applications. After trying on three bespoke garments of 

each mobile app scanner technology, qualitative interviews and thematic analysis were 

conducted to investigate the garment size and fit satisfaction and the use of body scanning 

technology in fashion interfaces to incorporate a mass customisation system (Stage 3). The data 

collection method is summarised in the next section. 
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1.14.1. Study 1. Data collection method: Quantitative 

The online survey questionnaire was developed to use virtual size and fitting interfaces, 

such as fit analytics (size recommendation interface) and virtual outfits (Virtual try-on 

interface, size and fit recommendation and visualisation). The online survey analyses the 

consumer responses regarding technology acceptance of virtual size and fitting experience 

using the TAM theoretical framework. The online survey sample was 357 female Pakistani and 

British Pakistani. The age range of participants was 18-65+, who make frequent online 

garments shopping.     

1.14.2. Study 2. Data collection method: Quantitative 

The scanning of 20 females with Size Stream booth scanner and MeThreeSixty mobile 

app scanning has been conducted at the University of Manchester. The Size Stream SS20 booth 

scanning system comprises a small, enclosed booth with an illuminated wall, a camera, and a 

computer screen. The participants enter the booth; the booth is covered with a curtain for 

privacy for removing and changing clothes. Participants remove their garments and stand in 

their undergarments in front of the illuminated wall with a computer screen. Participants are 

required to tie up their hair in a bun form and stand straight in A-pose with open legs by 

following the foot marking on the mat in the booth. Hands should be open in A pose by holding 

the handles in the booth to make the arms position static for scanning. Before scanning, the 

process of scanning has been explained to the participants. After participants took the position 

for scanning, they were requested to tell the researcher that they were ready for scanning. Then 

the researcher gives the command to the computer to start the booth scanning process. The 

scanning process takes 2 minutes for each participant.  

The female participants were scanned with MeThreeSixty mobile app scanner, wearing 

body-fitted upper and lower garments without accessories with hair tied up in a bun form. The 

participants were demonstrated how to use the mobile scanning application for mobile app 

body scanning. Scanning of each participant took around 5 minutes with the mobile app. With 

mobile app scanning, the participant must stand 2 or 3 meters away from the mobile camera. 

For the front photo, the participant is required to open their arms and legs in an A-pose. 

However, the requirement for the side/profile pose is both arms touching the thighs and legs & 

feet joined together in the standing position. While obtaining a photo participant is requested 

to wear tight fitting upper and lower garments with bare feet to assess the body’s shape with 

high accuracy. The application has three steps for scanning comprises profile creation, front 

scan, and side view scan. After scanning, the application provides output in the form of body 
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measurements for customisation of garments and personalised avatars and body tracking for 

comparison of before and after scans after a body workout to view the difference in the 

measurements to keep a record of changes in the body dimensions. Comparative analysis of 

digital body dimensions was conducted using T-test to calculate the standard error of mean 

(SEM) (Reliability) and mean of measurement differences (validity) to ANSUR allowable 

errors (Koval, 2020; Parker et al., 2022).  

1.14.3. Study 3. Data collection method: Mixed-methods 

In stage 1 of study 3, 10 participants’ mobile applications’ body dimensions were 

analysed and compared using the quantitative analysis method after scanning with the mobile 

applications. Comparative analysis of digital body dimensions was conducted using T-test to 

calculate the standard error of mean (SEM) (Reliability) and mean of measurement differences 

(validity) to ANSUR allowable errors (Koval, 2020; Parker et al., 2022). In the second stage, 

10 participants’ responses were collected using the TAM model to determine the mobile app 

scanning acceptance in terms of technology confidence, ease of use and usefulness and 

intention to use the technology for shopping. In the third stage, three interviews were conducted 

with each participant after trying on the bespoke garment constructed with body dimensions 

acquired from the three 3D mobile application scanners. Ten participants were scanned with 

three different 3D mobile app scanners (size stream at home, Nettelo and 3Dlook). The 

exploratory interviews were conducted to analyse the evaluation of garment size and fit using 

digitally acquired personalised measurements and satisfaction towards the garment fitting. 

Three different applications were compared in terms of fitting satisfaction, ease of use and 

usefulness of application to be used by consumers in the future as a virtual size and fitting tool 

in the e-commerce platforms.   

1.15  Literature 

The study presented a broad literature review of Unstitched apparel products as 

sustainable in Pakistan. Fit and sizing literature has been discussed in terms of consumer 

dissatisfaction, body shape classifications, and body cathexis has been studied to understand 

consumer perceptions about their body shape and how they evaluate the size and fit 

accordingly. Limitations of e-commerce have been discussed regarding the inaccuracy of size 

and fitting tools for apparel buying online. Moreover, Virtual commerce tools and metaverse 

environments have been discussed as a future opportunity to enhance the fashion business. 

Virtual reality, augmented reality, mixed reality, mobile app scanners literature, and fashion 

brands examples have been discussed in the literature review chapters. Furthermore, an 
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extensive literature review and discussion on 3D body scanning technology have been 

conducted as the study focuses on 3D body scanning technology and consumer behaviour 

towards 3D body scanning technology. Consumer behaviour and the decision-making process 

of the consumer shopping journey have been studied to understand the pre-purchase, purchase, 

and post-purchase phases of online shopping (Lemon and Verhoef 2016).  

1.15.1. Unstitched Apparel product and garment fit and sizing literature (Chapter 2) 

The literature provides an overview of standard sizing systems and sustainability issues 

with mass production. The unstitched apparel market literature highlighted enhancing the 

fashion industry with a sustainable garment production system by providing the garments 

according to the buyer’s personalised body dimensions. Garment size and fitting literature 

discuss comfort in clothing, garment fit evaluation, consumer fit satisfaction, body shape 

classification, body cathexis and consumer fit preferences. The size and fitting literature 

discussed the necessary principles and evaluation criteria used by consumers to assess the 

garment fit to provide a rationale justification for the study's findings. In deciding to purchase 

a garment, besides a trendy design, the key triggers are the feeling of well-being and comfort. 

Moreover, various research studies evidenced that fit is one of the chief parameters for 

acquiring adequate thermal and moisture properties in a garment (De Raeve, De Smedt and 

Bossaer, 2012). Apparel fit is an incredibly important concern when selecting favourite 

garments (Le Pechoux and Ghosh, 2002). Fit, in a virtual market, is evaluated as pre-purchase 

and post-purchase. de Klerk and Tselepis (2007) considered fit an imperative measurement of 

clothing that brings functional and cognitive satisfaction to the consumer. Consumers usually 

measure fit by numerous factors presented at different phases of the shopping journey, and it 

also involves several facets of satisfaction. Availability and access (both online and offline) of 

sizing and fit the consumer is essential to find garments fit (Ashdown and Loker, 2010). 

1.15.2. Limitation of web 2.0 technology features in Fashion e-commerce (Chapter 3) 

The literature provides insights into the limitations of e-commerce and m-commerce 

using the web 2.0 technology features fashion product viewing technology and Fashion service 

technology in terms of size and fitting tools, the inability of virtual trying-on, immersion, 

interactivity, and attraction during online product examination. Pakistan’s influence on the 

global fashion market and global consumer penetration for online shopping has been discussed 

to provide detail on the Pakistani fashion industry has a huge impact on the international 

market, and it needs to enhance the e-commerce platforms using the web 3.0 technology 

features. 
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1.15.3. 3D mobile application body scanning: Metaverse fashion technology tool in virtual 

commerce (Chapter 4)  

Virtual commerce introduced realistic and engaging distinct features with enhanced 

sensory depth virtual experience compared to e-commerce since users can engage with highly 

detailed 3D features than 2D static images (Altarteer and Charissis, 2019). The metaverse 

technology of virtual commerce has the potential to improve the consumer’s experience and 

trust by offering hedonism and utilitarian value on the strength of offering interactive features 

such as 3D body scanning along with augmented and virtual reality features (Wang, 2021; Sohn 

et al., 2020). A successful online interface can present numerous classifications to virtual 

consumers, from the non-professional to the expert and from the target directed to the 

pragmatic user (Rajan et al., 2021). Moreover, consumers require engaging, interactive and 

memorable experiences to be more confident when selecting an item in an online atmosphere 

(Brannon Barhorst et al., 2021). Therefore, virtual shoppers visit and buy from the virtual 

interface if it offers a viable choice comparable to in-store services or combines benefits 

(Battistoni et al., 2022). Web 3.0 technology has enhanced significantly since 3D body 

scanning mobile applications were introduced. Extensive literature is provided regarding the 

3D body scanning mobile application as the main focus of this research study. Virtual size and 

fitting are advancing with 3D mobile app scanning technology and have the potential to 

amalgamate with virtual reality, augmented reality and metaverse platforms to enhance the 

consumer’s shopping experience in finding the right size in the online platform (Sohn et al., 

2020; Lim and Jafari, 2021; Mikalai et al., 2022). In addition, 18 different mobile applications 

have been reviewed to understand the strengths and limitations of mobile app scanners. In 

addition, pattern construction studies using body scanning technology to enhance the pattern 

construction methods and the adoption of technology for developing new sizing and garment 

customisation systems have been discussed. Recent studies of 3D body scanning technology 

adoption for size and fit recommendation and visualisation have been discussed. In addition, 

3D body scanning tools are discussed as a tool studied by researchers for garment 

customisation and virtual try-on for fashion e-commerce interfaces. Moreover, various 

researchers using the TAM framework studied virtual fitting room approaches using virtual 

commerce tools or metaverse fashion technology.   
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1.15.4. Theory of consumer behaviour (Chapter 5) 

The theory of consumer behaviour indicates how consumers make decisions and behave 

in online shopping journeys and how much they are influenced by internal and external stimuli 

(Foxall, 2009). Limited research has been noted in context with 3D mobile app scanner 

technology regarding consumers’ responses to bespoke product post use evaluation. Thi 

Nguyen et al., 2022 established a body scanning technology that facilitates buying ready-to-

wear and customised garments on both online and offline platforms (Thi Nguyen et al., 2022). 

The research study focused on consumer responses in all the stages of pre-purchase 

information, and post-purchase behaviour has been evaluated, for instance, keeping, returning 

or altering the garment after the trying-on process. The research can aid insight into the 

influence of size and fitting technology on buyer decision making. The research has employed 

Lemon and Verhoef (2016) to evaluate responses to bespoke garments in the pre-purchase, 

purchase and post-purchase stages.  

1.16 Summary 

The research will investigate consumer perceptions and technology acceptance about 

apparel size and fit in the e-commerce environment by utilising virtual size and fitting 

technologies for data collection. The quantitative online survey of study 1 will evaluate the 

consumer’s response to the virtual size and fitting interfaces stimuli, Fit analytics (size 

recommendation interface) and virtual outfits (Virtual try-on interface, size and fit 

recommendation and visualisation). (Study 1) The structural equation modelling technique has 

been employed to analyse quantitative responses. The hypothesis has been developed 

employing the Technology acceptance model (TAM). Fit and sizing software developers and 

fashion companies can get insights into consumers’ responses to evaluate the practicability and 

usefulness of fit and sizing tools for the future e-commerce model. The quantitative comparison 

of Size stream SS20 and MeThreeSixty mobile app scanners has been conducted to understand 

the reliability and validity of the recently introduced mobile app scanner. Size Stream company 

has been serving the size and fitting industry for almost two decades, and various researchers 

and technologists have analysed the validity of Size Stream SS19 and SS20 booth scanners 

(Almalki et al., 2020; Smith et al., 2021). Quantitative data analysis is done using structural 

equation modelling (SEM). (Study 2) For comparative analysis of Body scanning technology, 

T-test is used for standard error of mean (SEM) (Reliability) and mean of measurement 

differences (validity) to ANSUR allowable errors (Koval, 2020; Parker et al., 2022). The results 
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will ensure the technologist how much they can rely on body dimensions acquired from the 

body scanners and how they can use the body dimensions for pattern construction of various 

garments styles. Moreover, according to their proposed product offer, fashion retailers can also 

understand mobile scanner technology and how to use it as an e-commerce tool. The mixed-

method approach has been used (Study 3). In stage 1, mobile applications body measurements 

were compared, and quantitative analysis will be conducted similar to study 2. In stage 2 

quantitative online survey will be analysed using the TAM framework. In stage 3, qualitative 

interviews will analyse the consumers’ responses towards the bespoke garment constructed 

with body dimensions acquired from the mobile app scanners. The responses will be analysed 

by employing thematic analysis and grounded theory. The study also compares the mobile 

application scanners and analyse the usefulness and ease of use of mobile application scanners. 

The study’s outcome will present a new viewpoint on consumer assessment of mobile app 

scanners and bespoke garments in the post-purchase and trying-on stages. This study will 

impact the retailers to develop their online selling environment by using 3D body scanning, 3D 

virtual size and fit avatars visualisation and recommendation system using smartphones. 

Therefore, Pure-play retailers and (SME) small and medium enterprises will be able to prosper 

nationally and internationally. 
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Chapter 2. Unstitched Apparel a Sustainable Product  

2.1 Introduction 

This chapter provides an overview of ready to wear garments, limitations of size and 

fitting, and sustainability issues with the mass production system. The chapter highlighted the 

difference between UK and Pakistan apparel industries. Pakistan has a rich history of 

customisation of garments, and the unstitched apparel market is famous globally. The 

unstitched apparel product is sustainable, and a comparison of fast fashion and the unstitched 

fabric is discussed to analyse how unstitched fabric can be used for mass customisation. 

Garment size and fitting literature discuss comfort in clothing, garment fit evaluation, 

consumer fit satisfaction, body shape classification, body cathexis and consumer fit 

preferences. 

2.2 Ready-to-wear clothes  

The trend of ready-to-wear clothing and fashion brands has a rich and long history 

(White, 1996; Deceulaer, 2000). Clear traces of this history date back to 1910 (Aldrich, 2007b), 

when specific sizes were determined for clothing to develop a clear sizing system for mass 

production of ready-to-wear clothes (Green, 1997; Aldrich, 2007). The ready-to-wear 

collections are v a garment is purchased without the hassle of getting it stitched by the tailor. 

However, there have been reports about unsatisfied masses due to the lack of flexibility in the 

sizing systems (Goldsberry, Shim and Reich, 1996). The apparel industry has long been 

criticised regarding the standardisation of clothing sizes (Aldrich, 2007b). However, consumer 

satisfaction with the sizing system has always remained crucial in understanding whether the 

system is completely applicable (Ugolini, 2003). One of the most common drawbacks of the 

ready-to-wear collection is that the sizing system does not suit the entire population (Waddell, 

2013). There has always been a concern about pre-tailored clothes either being a bit loose or 

tight. The differences in body types and weights affect how well the garments would fit 

different individuals (Klepp and Laitala, 2018).   

The presence of specified sizes such as small, medium, large, and extra-large is 

inadequate for fulfilling the entire population’s needs. Surveys have found that almost 50% of 

women do not find their size among the clothing lines that present ready-to-wear garments (Xu 

et al., 2002; Faust and Carrier, 2009). The trend is for people to guess the size that would fit 

them best by looking at the clothes or the measurements the vendors share. The possibility is 

to try different sizes at the clothing outlets to determine the best size. Even after all this effort, 

most consumers are dissatisfied with finding the right size that fits them perfectly according to 
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their preferences (Guo, 2016). The differences in body types and sizes among individuals 

become the most pronounced when ready-to-wear clothing fails to provide what the customers 

seek (McKinney et al., 2017). This points towards the need to develop a system to ensure that 

all body types are catered to equally and that size choices are broadened (Jain, Sundström and 

Peterson, 2018).  

A major trend noted among many countries worldwide is the wish among people (mostly 

young females) to try and change their body size or reduce weight to fit into trending clothes 

(Chattaraman and Rudd, 2006). This trend is partly associated with the fact that most people 

with a higher disposable income but are bulky figure wise enough have to search for their size 

in the ready-to-wear clothes section. The struggle is very real for people who are overweight 

or obese as they have to struggle with finding appropriate clothes. This was tested through 

interviews of people who considered buying ready to wear clothes. Still, it was found that the 

sizing system was not satisfactory for most buyers as they reported being troubled with 

inappropriately fitting garments (Takebira, Mohibullah and Murshed, 2018). Moreover, the 

motivation of being able to wear what is trending without looking odd or struggling to fit in 

has caused a lot of hassle for most people. Although the process of losing weight is generally 

considered healthy, there is a chance that most people would try and reduce beyond the levels 

of healthy weight loss (Bishop, Gruys and Evans, 2018). Therefore, these drawbacks of fashion 

and the trend of ready-to-wear clothes are among the shortcomings and drawbacks of the 

fashion industry. Even though one can list these issues among the personal choices and extent 

of societal issues, it is important to realise that the sizing systems are generally very limited 

when it comes to readymade clothing choices (Ridgway, Parsons and Sohn, 2017).   

2.3 The difference between the apparel industry in UK and Pakistan  

According to Mintel UK, despite in-store shopping, online shopping still dominates. 

The most recent research presents that 84% of women have used online platforms to shop for 

clothes in the last 12 months (Mintel, 2022c). The number of buyers in the apparel e-commerce 

segment will reach 24.9m by 2025. The forecasted consumer penetration will be 8.0% in 2022 

and is estimated to reach 10.3% by 2025. The estimated average revenue per user (ARPU) will 

reach US$32.71 (Statista, 2022a). Although the trend of online shopping for clothing has 

increased, it has been noted that 57% of shoppers have returned the garments purchased online 

in the last 12 months. The prominent reason for returning the clothing items is a poor fit, and 

50% of female shoppers struggle to find the correct sizes online. The returns are financially 
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and environmentally expensive for retailers. In reaction to high return rates, Zara, Next, Uniqlo 

and Mango have initiated to charge a fee for online returns (Mintel, 2022a).   

The cultural difference of the United Kingdom and Pakistan is reflected in both 

countries' clothing choices and fashion industry. It is not only the type of clothes people wear 

but also about how the fashion industry operates. The materials available to the population 

depend upon the extent of options made available by the clothing brands and textile industry. 

The sizing system and how garments are provided to the public are extremely different between 

the UK and Pakistan. The fast fashion industry exists in both countries and there are various 

brands in both countries which provide consumers with the ready-made clothes. However, the 

apparel industry is not devoid of the cultural influence. Interestingly, Pakistan has a rich history 

in textile designing and tailoring of clothes (Harris, 1995). The concept of tailoring clothes for 

individuals specifically has existed in Pakistan since long. The costs associated with tailored 

clothes are generally very low in Pakistan (Idrees et al., 2020b). In contrast, the UK population 

is more accustomed to choosing pre-stitched or ready-made clothes. Buying a fabric, choosing 

a design, and getting it stitched in the size that fits best to an individual is a common custom in 

Pakistan (Kumar and Walia, 2017). This makes it important to identify how the concept of 

body measurements work in Pakistan and whether the 3D body scanning methods could 

become common in Pakistan (Afreen and Haq, 2017).   

Cultural differences and the clothing industries of different countries have been studied 

throughout history to identify how different cultures uphold their values and reflect them 

through their fashion and clothing choices. The clothing styles, measurements of garments, 

materials and costs of the end products greatly differ across the globe (Bruzzi and Gibson, 

2013). The textile industries are also very different regarding working conditions and 

production norms. For example, Pakistan is rich in cotton production, and the textile industry 

heavily relies on cotton. However, the same is not true for the UK. Similarly, the weather 

conditions also significantly affect how the clothing brands will target their audience. The 

Pakistani fashion industry sells lawns yearly because of the long summer season. The lawn is 

generally a single colour or brightly coloured with various hues, cotton fabric sold by retailers 

in both stitched and unstitched form (Sewport, 2022). Comparatively, the UK has longer 

winters and summers have not been sweltering hot. Therefore, blends of fibres and yarns are 

most commonly used. For instance, 96% polyester, 4% elastane; 95% cotton, 5% elastane; 

82% polyester · 15% viscose · 3% elastane and different types of wool blends were used 

for knitting and weaving of fabrics (Zara, 2022).   
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It has been argued that the fast fashion industry, such as pureplay retailers Asos, 

Boohoo and Missguided and high street retailers such as H&M, Next Zara and Topshop, is 

leading to cultures being borrowed due to the strong influence of the developed countries like 

the UK (Mintel, 2018). However, the industries’ and materials' costs still significantly affect 

how different countries manage their garments (Hameed and Umer, 2017).   

Tailoring is a traditional art and has largely been restricted to developing countries. 

However, the fashion industry worldwide appreciates the art of tailoring as an essential element 

(Ahmed et al., 2016). In the UK, tailoring rose as a profession and was quite well developed 

between the twelfth and fourteenth centuries (Almond, 2011). Modern-day Europe is more 

bound to the fast fashion industry. It has a high rate of mass-producing fashion brands and 

outlets which rely more on technology and massive production of predefined designs and cloth 

sizes than specifically tailored clothes. One of the reasons behind the shift from tailoring to 

readymade outfits in the modern world is the high cost associated with selecting fabric and then 

getting it specifically stitched by a tailor. This stands to be true in many of the developed 

countries where readymade brands are providing cheaper clothes in a variety of designs. 

However, developing countries such as Pakistan still value tailoring skills. Even though mass-

producing brands exist in such countries, the costs of fabrics and specifically getting them 

tailored are not as high as presumed in other parts of the world (Ahmed et al., 2016). Women 

in Pakistan are very particular about fashion, and getting clothes stitched as per their designs 

is a common practice across the country (Mair, 2018). Also, many women work as home-based 

tailors, which further aid Pakistan's profession and the economy of the fashion world (Amir et 

al., 2018). The fashion culture trends prove significant differences between both cultures 

(Crane et al., 2016). The next section will discuss Pakistan's Unstitched Fabric market, which 

has a promising influence and acceptance in the Pakistan fashion industry and among 

consumers.       

2.4 Unstitched apparel market of Pakistan 

The products of the unstitched apparel market are demarcated by the components of the 

garment; therefore, they need to be considered initially. The unstitched apparel items 

encompass the upper garment containing separate fabric pieces or one full piece of fabric 

providing the front, back, and sleeves along with detached one-piece of fabric for the lower 

garment, which is decorated with myriad options such as printed and embroidered fabric pieces. 

Product availability is generally in particular lengths and widths established by the size 

requirements of an individual’s body shape, size, and fitting style. There are numerous ranges 
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offered when buying these products, including 3-piece products (trousers/shalwar (2.25 

meter/2.50 meter), shirt (3 meter (front 1.25, back 1.25 meter, sleeves 0.50 meter)), dupatta 

(2.25)) and 2-piece product (trouser/shalwar, shirt) or (shirt, dupatta) and 1-piece product 

comprising any one of stated options. Decoration methods to the fabric (such as printing, 

machine embroidery and hand embellishments) are employed with added trims and accessories 

such as buttons, laces, and embroidered pieces for patchwork conforming to the design 

requested. Furthermore, for customising purposes and style presentation, a model illustration 

is suggested by fashion retailers to consumers with every single unstitched apparel product.  

The model illustration permits tailors to recognise the style of garment to provide a particular 

style of garment with individualised size and fitting of consumers Figure 2.1, Figure 2.2, Figure 

2.3, Figure 2.4 and Figure 2.5. The customisation of garments according to wearer choice and 

size, including in their production techniques, has been indicated as a sustainable apparel 

production technique. The unstitched apparel product is available in brick-and-mortar and 

online stores (Idrees et al., 2020a; Sapphire, 2019; Elan, 2021).   

Consequently, the demand for unstitched apparel products has escalated globally since 

buyers get the customised experience, whereby the garment is manufactured corresponding to 

consumers’ body measurements (Sapphire, 2019). Unstitched apparel items are considered 

luxurious because of their uniqueness, quality, exclusiveness, timeliness, elegance, and worth 

(Elan, 2021). In Pakistan, the vogue of unstitched garments makes sense to people as getting 

tailored clothes is considered a luxury and easy to get a personalised fit (Sapphire, 2019). 

Similarly, the idea of getting unstitched fabric and tailoring it per one’s design, measurements 

and ideas is also present in certain parts of the world, such as South Asian countries. 

Particularly Pakistan is famous and has a diverse market for unstitched fabrics which can be 

brought by the masses and tailored specifically (Latham, 2016).  

The e-commerce market of Pakistan has impacted the worldwide growth rate of 29% in 

2021. The ranking of fashion e-commerce in 2021 has been exceeded because of Pakistani 

designers (Bashir, 2022). The fashion brand Limelight has been stated as the most prominent 

performer, with a net sale of US $ 50 million. Gul Ahmed shop holds the second position with 

a net sale of US $ 48 million. The third place is taken by Khaddi, with a net sale of US $ 29 

million, followed by Sana Safinaz and Alkaram Studio, with net sales of US $ 23 million and 

US $ 22 million, respectively (Bashir, 2022). There were over 61 million users in Pakistan in 

January 2021, noted user expansion was 11 million from the previous year (Bashir, 2022).  
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Traditional body measurement techniques have been used for customised garment 

construction in Pakistan. Therefore, this is the major barrier to developing a worldwide mass-

customised e-commerce model (Idrees et al., 2020a). Another barrier is consumers are 

incapable of measuring their body dimensions. To obtain the body dimensions, technical 

expertise is required to detect precise body landmarks. Therefore, with the traditional tape 

measurement method, human error is involved, such as self-measuring is difficult; and expert 

measuring is not achievable due to constraints in accessibility. Besides, traditional 

measurement is time-consuming (Almalki et al., 2020). Correspondingly, the standard sizing 

systems (such as numerical (8, 10, 12) and alphanumerical (S, M, L) are deficient because of 

the population within countries and worldwide (ex: US, UK, Pak, EU etc.) having various body 

types and sizes (Jain et al., 2018). Consequently, it is challenging to achieve the requirement 

of providing personalised garments to consumers globally in a virtual environment where 

consumers are incapable of virtually try-on garments to find their true size (Reid et al., 2020). 

Besides, to obtain rich product data, 2D images have been debated to be incompetent to achieve 

global consumers' requirements (Idrees et al., 2020b). The idea of garment customisation has 

been common in Pakistan for centuries. However, there has been an absence of technology 

related to body scanning and virtual fit. Tailors and fashion retailers have used manual 

methods. Customised garments have been stitched in bulk, comparable to the sales of 

readymade garments in Pakistan, but incapable of fulfilling the global customisation demand 

(Mair, 2018).  
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Figure 2.1 Unstitched Apparel Product with Demonstrated Garment 

Style Model Image 

Figure 2.2 Unstitched Garment after 

Personalise Tailoring 

 

 

Figure 2.3 Unstitched category in Apparel interfaces of Pakistan (Sapphire,2019) 
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Figure 2.4 Unstitched Product Description (1) 

 

 

 

Figure 2.5 Unstitched Product Description (2) 

2.5 Fast fashion versus unstitched clothes  

The life cycle of garments has become increasingly fast due to the excessive speed at which 

garments are produced and sent out to the markets. The mass production of clothes leads 

towards constantly changing fashions and rapid replacement of garments not only in the 

markets but also in the wardrobes of the populations at large (Buzzo and Abreu, 2019). The 

idea of fast fashion has positively turned the economy of fashion industries worldwide. 

However, sustainability is under threat due to the massive increase in how clothes are 

discarded, and newer fashion statements give rise to the need for newer garments. One of the 

key short-term goals in the fast fashion industry is to enhance the speed at which garments are 

produced and sent out to the markets and to reduce the costs of production so that massive 

production could prove to be positive for business growth (Caro and Martínez-de-Albéniz, 

2015). However, brands and labels also follow the same trend. Despite the high prices, the fast 

fashion industry and the bulk of consumers ensure that these brands benefit equally in making 
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money through fast fashion. Hence, high speed and relatively low production costs drive people 

towards the dynamic fashion industry and readymade clothes (Linden, 2016).     

Unstitched clothes, on the other hand, are mainly limited to Asia, and the concept of buying 

clothes and then getting them stitched as per one’s need has only largely been seen in Pakistan, 

India, Bangladesh, and a few other parts of Asia (Padmanabhan et al., 2015). Although tailors 

are present in many regions of the world, the idea of a large part of the population buying fabric 

and then getting it stitched themselves is not common. This is believed to be a method which 

involves hassle and a lot of time and is also generally believed to be more expensive than 

buying readymade clothes (Ahmed et al., 2016). Analysing the case of Pakistan, one can 

identify that the market for unstitched fabric is much more diverse than that of stitched 

garments (Memon, 2017). This possibly points towards the people’s choices in Pakistan and 

the ease of getting material tailored to one’s own choice. The development of augmented 

reality-based virtual fitting rooms is a long way in the future for Pakistan. Still, the fashion 

industry is conscious about creating materials specifically suited to individuals and women in 

Pakistan who have a high sense of esteem when it comes to uniqueness in clothing choices (ul 

Haq and Farooq, 2019). Hence, getting materials self-tailored to live up to individual 

expectations is common practice in Pakistan. The costs associated with this practice are not as 

immense as believed in other parts of the world. A comparison of costs associated with clothing 

and garments in Pakistan and the UK can help in better identifying the choice of garments in 

both countries (Hameed and Umer, 2017). Moreover, understanding the cultural differences 

and the satisfaction levels with different types of clothes among the citizens of both regions is 

also crucial (Hussain et al., 2017).     

A higher utility is associated with tailored clothes as they are made to fit individual 

customers. Even though the brands and labels work towards providing different sizes of clothes 

for the masses, the readymade variety contains a strictly limited number of sizes available. 

These sizes depend on the manufacturers' perceptions about the average sizes that may suit 

most of the population (Varma, 2015). Here, the element of well-fitted and specificity are 

significantly reduced. The made-to-measure clothes gained high popularity in the UK in the 

early 1900s, and the mass markets began providing customers with specialised clothing 

(Godley, 1995). As time passed, the fashion industry of the UK saw major changes. With the 

increasing costs associated with getting bespoke apparel made as per the customer’s 

instructions from scratch, the idea of switching to mass produced readymade clothes became 

more common. The readymade outlets and brands have largely overtaken the fashion industry. 
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There is now a massive diversion in the developed countries where the bespoke clothing outlets 

and tailors working as individual retailers suffer losses. The major motivating factor behind 

readymade clothes is the cost difference and the ease of selecting clothes and buying what fits. 

For example, a brand store like Zara sells a readymade shirt for around 30 pounds in the UK, 

which is far cheaper than buying fabric and getting it stitched (Ghemawat, Nueno and Dailey, 

2003). On the other hand, bespoke clothes or those tailored from scratch, are more expensive 

and may involve the hassle of selecting and designing clothes oneself (Lucas and Campbell, 

2016).   

2.6 Sustainability and fast fashion 

Fast fashion is a flourishing industry worldwide, making it important to understand the 

dynamics of sustainability associated with this industry. The first thing to consider when 

looking for sustainable fashion is the fibre. The choice of fibre can be the first step to ensure 

that problems associated with fashion-related environmental issues are tackled initially (Jahan, 

2017). Synthetic fibres and polymers have been reported to be extremely problematic from the 

point of degradation. Their disposition in the open environment leads towards threats to the 

biodiversity of planet Earth. Hence, naturally-grown cotton and silk are far better options 

(Janigo, Wu and DeLong, 2017). It is important to note that the same fabrics are used 

enormously in countries like Pakistan, where cotton is a richly grown crop, and the fashion 

industry heavily relies on its use as the most common choice for fabric. The selection of fabric 

is the key step, but this does not handle all the fashion-related troubles. The processes used for 

manufacturing the finished products or the readymade clothes are also laden with 

environmental issues. These issues include but are not limited to intense chemicals and dyes 

during cloth dyeing, weaving and textile designing (Zahid et al., 2017). Hence, many different 

things need to be analysed before the fashion world can achieve sustainability (Pedersen and 

Andersen, 2015). 

The fast fashion industry generates a huge amount of waste and is responsible for serious 

environmental pollution (Brewer, 2019). Every year, more than $500 billion is lost globally 

because of unsatisfactory clothing consumption and the absence of recycling. Retailers such as 

Zara, H&M and Topshop are renowned for designing fast fashion products and promoting 

"throwaway fashion" (Liu, Liu and Gong, 2021). Furthermore, the wastes produced by fashion 

goods, such as textiles and chemical dyes, enforce environmental damage, water pollution and 

climate change. By contemplating, the whole fast fashion garment manufacturing and supply 

chain system, it is anticipated that the fast fashion industry is accountable for 3.3 billion tons 
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or 10 percent of global CO2 productions and 20 percent of global waste streams (Liu, Liu and 

Gong, 2021). In the meantime, due to the unnecessary consumption of buyers, many useless 

products are burned or landfilled, ultimately leading to environmental pollution and waste of 

resources (Brewer, 2019).   

The problem with the mass market and fast fashion is that copying a single design for a 

massive population leads to a heightened wastage of fabric. The designing process includes 

cutting fabric and creating designs that have been pre-determined for mass production. These 

processes cause an increase in the amount of fabric wasted as the specific cuts and designs are 

repeatedly copied, directing excessive wastage. This is extremely problematic and also cuts 

down the window of sustainability. Therefore, it is crucial to evaluate the design process and 

cut down the excessive mass production or only copy those designs in mass production, which 

prove to have less wastage and higher sustainability. For example, creating a design minimises 

the number of pieces cut separately to be removed from the final stitched fabric. Once a design 

with minimum fabric wastage has been identified, the same can be used for mass production, 

possibly enhancing sustainability in fast fashion. This can be achieved through technology and 

software-based identification of minimum waste of fabrics (Nayak and Padhye, 2016). Such 

technology is already available in developed countries and might be used more widely in the 

future (McQuillan et al., 2018).  

2.7 Sustainability and unstitched fabrics 

The rational way of consuming apparel goods is slow fashion. It is more environmentally 

friendly regarding fibre, fabric, and dye choices. In slow fashion products, natural materials 

such as cotton, linen, wool, and silk fabrics are mainly used (Liu, Liu and Gong, 2021). Pakistan 

mainly uses lawn fabric, a cotton fibre product for unstitched apparel, mainly used for the 

summer and spring seasons (Sewport, 2022). Natural materials meet the requirement of 

environmental benefits. The fabrics are biodegradable with additional properties such as 

hygroscopic and breathable. The fabrics can be dyed with natural dyes extracted from plants, 

flowers, fruits, roots, leaves, and other natural parts. Natural plant dye is harmless, non-toxic, 

and non-polluting compared to synthetic chemical dyes. Natural plant dyes have anti-bacterial, 

anti-ultraviolet, deodorant, and anti-insect mildew functions (Liu, Liu and Gong, 2021).    

The unstitched fabrics go through the initial phases of weaving and dyeing, which pose 

health threats and exposure to chemicals similar to that of the finished products of the fast 

fashion industry. This problem makes it necessary to analyse the materials used in fabric 
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processing and work towards identifying chemicals that can be more environmentally friendly 

and less toxic (Sadaf, Saeed and Kalsoom, 2017). Cutting down the element of toxicity can be 

the best thing in the case of the unstitched fabric industry, and the tailoring processes are not 

massive. The designs are generally specific as per the customer. Here, it is the task of 

individuals and the tailors working in this sector to identify ways to reduce cloth wastage. 

Narrowing down the waste materials is one of the best ways to develop an environment-

friendly industry (Noh et al., 2017). As it happens, the cloth wastage among the local tailors 

and specifically stitched garments on small scales is quite low compared to the massive losses 

waste created by the fast fashion industry. This is because of the size-specific cuts and using 

fabric only as per requirements for each specific garment rather than creating a massive number 

of clothes from the same bulk fabric (Saeidi and Wimberley, 2018).   

Once the garments have been dispatched to the end users, the ball of sustainability resides 

in their court. How cloth is used and the energy used for washing, drying and ironing the clothes 

is up to the customers. One way the fabric industries could work towards reducing energy 

consumption is to identify better materials and create aesthetic products that are not only 

comfortable for the end users but also good and feasible from an environmental point of view. 

In the case of customised clothes or the markets working on selling unstitched fabric, the design 

processes and mass production are relatively low or generally absent, which creates a chance 

to ensure that the cloth life cycle is increased in terms of usage and the necessity of putting 

energy into creating newer designs is cut down (Saeidi and Wimberley, 2018). This makes the 

unstitched fabric industry possibly better modelled for creating a sustainable space and 

enhancing the overall garment suitability and sustainability (Clifford, 2018).    

2.8 Garment size and fit 

Consumers assess the garment fit and sizing by physical fit evaluation when the product 

arrives at home when the garment is purchased online. Recently web 3.0 virtual fit and sizing 

assessment tools (chapter 4) have been available in the e-commerce platforms. The research 

study needs to focus on the necessary principles and evaluation criteria consumers use to assess 

the garment fit to justify the study’s findings. In the process of deciding on the purchase of a 

garment, besides a trendy design, the key triggers are the feeling of well-being and comfort. 

Moreover, various research studies evidenced that fit is one of the chief parameters for 

acquiring adequate thermal and moisture properties in a garment (De Raeve, De Smedt and 

Bossaer, 2012). Apparel fit is an important concern when selecting favourite garments (Le 

Pechoux and Ghosh, 2002). To resolve the issue of perfect garment size as this is difficult to 
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obtain with the Ready to wear (mass production) garment sizing system. Similarly, various 

surveys determined that above 50% of the consumers surveyed reported that it is hard to find 

a right-fit garment in the existing sizes (Ashdown, 2000). Most consumers’ dissatisfaction with 

apparel fit is due to the outdated sizing systems used by apparel manufacturers and retailers 

and inadequate body information that obstructs consumers’ capability to make a well-informed 

purchase (Dekker, 2000); Gu et al., 1998).  

Fit is an incredibly effective marketing strategy and an interesting tool for mass 

customisation (De Raeve, De Smedt and Bossaer, 2012). This is opposed to the previous idea 

of ‘mass production’ concerned with developing a huge number of garments in specified sizes 

(Sharpe, 1995). On the contrary, the phenomenon of mass customisation refers to the 

development of unique products for individual customers. This idea was first coined in 1987 

by Davis (Dong et al., 2012) when the vision of creating specified garments to fit the need of 

customers was realised (Ribeiro et al., 2017). For several decades, the fashion industry has 

been trying to develop a business model to determine a solution to the customisation paradigm 

at the cost of mass production. In the context of a company offering mass customisation, the 

production is started after the placement of specific order by a customer. At this level, the 

supply chain must be organised strategically so that products can be delivered at the price of 

mass production. Mass customised products should be differentiated from handicrafts by 

production within an industrial setting at the highest productivity (and low production costs). 

It has several aspects, and the prime misconception of mass customisation is that the 

manufacturer allows whole freedom to the customer to design a product exclusively according 

to one’s personal choice. Instead, a limited number of business environments enable this kind 

of service (Blecker and Friedrich, 2006; Li and Cohen, 2021).  

However, garment sizes and fit are challenging concepts to discover and calculate as 

the phenomenon is two-fold in determining the relationship between the human body and the 

garment. The methods adopted previously are based on ideal dimensions representing a single-

fit model. Subsequently, the size ranges are obtained by applying proportional grading rules to 

the basic pattern. Consequently, a graphical and 2D (length and width) calculation associates 

linear clothing pattern dimensions and body measurements. Although for the evaluation of 

simple fitting results, this approach is useful, they are not successful in assessing the intricacy 

of the complex relationship between the body and clothing of a bigger population with 

comprehensive variations of body types in one size (Sajib, Islam and Nizam, 2018).  
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2.8.1. Measuring physical fit of garments  

Fit is complicated in structure, having many facets or qualities. It involved the liaison 

between the wearer and the garment. Fit can be described in various aspects based on external 

factors, including wearer preferences and fashion customs (Yu, 2004). According to Mastamet-

Mason et al. (2012), the physical fit is the particular figure or outline of a garment that is 

suitable for the body shape of the wearer. Every individual has a different body figure, and 

their definition of fit will differ depending on their body shape. Fit is just like a customised 

feature or quality influenced by the wearer’s preferences (Yu, 2004).   

The wearer has their own definition of physical fit, and it depends on his perception of 

it. Wearer’s insight can be influenced by current fashion trends and culture. Kinley (2010) 

portrayed a similar concept that fit is diverse and assorted in its nature depending on the wearer 

of the garment. Furthermore, he concluded that fashion trends concerned appearance because 

the wearer is inclined toward garments fitted closer to the body. While on the other hand, 

comfort-focussed garments are designed to provide more ease (more distance between the 

garments and the body) and are not influenced by appearance (Labat and Delong, 1990).    

According to Hazen (1994), an even and proportioned fit is a good fit because garment 

symmetry defines how it looks and how it is made. Different perceptions and concepts that 

define fit are responsible for its complex and interconnected nature. For clothing product 

development research, the criteria to express fit are slightly different. Technologists and 

professionals often assess the fit, and it is less concerned with the perception of consumers who 

wear the garment (Pisut and Connell, 2007). In addition, limited data is available about the 

reference or standard by which fit can be measured or judged (Gill, 2015).  

There is no correlation between the fit defined by consumer’s insight and the one 

defined by technical perception. Guide on clothing fit assessment lacks universal data; 

however, academic moves towards fit can assist in understanding the technical aspects of fit. 

The following are five components that provide a base to assist fit assessment (Erwin and 

Kinchen, 1969). 

2.8.1.1. Grain 

According to Chen (2007), Grain involves the bond between the fabric or pattern of a 

garment and the wearer. When the wearer stands, the grain should be parallel or at a 90-degree 

angle with the floor. Garment should be cut on the grain, and an on-grain garment will droop 
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well on the body (Gill, 2015). In addition, it will not show any folds or twists where unintended 

if the grain is aligned (Brown and Rice, 2014).    

2.8.1.2. Line  

The line is an aspect of design by which the zips and ridges of the garment sketch 

around the body. In addition, lines map out the areas, such as the neckline or armhole, and 

outline the form of the garments (Brown and Rice, 2014). Chen (2007) stated that the line must 

be perpendicular or parallel to the floor. Brown and Rice (2014) added that flits should go 

straight to the garment or outline the section they intended to fit.    

2.8.1.3. Set  

The garment is denoted as “Set” when there is no wrinkle on it (Chen, 2007). According 

to Brown and Rice (2014), a garment will have wrinkles when it is set the wrong way (e.g. 

when it is too big or small). In comparison, a smooth garment is generally set correctly and 

seems wrinkle-free. Gill (2015) defines the set as when a garment creates an association 

between the silhouette and the lines. There are five categories of set-associated wrinkles: 

horizontal, vertical, loose vertical and diagonal, and loose horizontal wrinkles. When the 

garment is too narrow, horizontal wrinkles crop up under tension. On the other hand, when the 

garment is much wider than the body, it will show loose vertical wrinkles on it. Vertical 

wrinkles can be observed when the garment is shorter than expected. Loose horizontal wrinkles 

appear when the garment is much longer for the body. When a garment does not fit on the curve 

of the body, diagonal wrinkles can be seen on it (Brown and Rice, 2014). Therefore, the five 

fit principles include further divisions within them and exhibit fit complications.  

2.8.1.4. Balance  

Balance is a garment characteristic when it is suspended evenly on the wearer or dress-

makers dummy. Brown and Rice (2014) explained it as a skirt on the wearer’s body likely 

being balanced when the garment will not touch the legs of the wearer.    

2.8.1.5. Ease  

Ease can be measured as the space between the garment and the wearer’s body. It may 

be purposeful or a fad. Brown and Rice (2014) asserted that fabric should be measured 

according to the shape of the wearer’s body, and ease can lead to garment fit, fullness, and 

design. Style ease and fit ease are two overarching classifications of ease (Brown and Rice, 

2014). Alexander et al. (2005) defined style ease as adding comprehensiveness to craft visual 

effects. Oversized garments are a true example of style ease because it is created by reckoning 
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more ease. Such garments, with variations in size, should go through easy calculations to 

maintain a reliable amount of ease. Fit ease allows movements like breathing, walking, and 

sitting, making the wearer easy and comfortable (Brown and Rice, 2014).   

 Brown and Rice (2014) expressed that dynamic fit is one of the characteristics of 

functional ease (as fit ease), and the garment is dynamically fit when it enables the wearer to 

move freely and comfortably in the garment. Similarly, stationary clothing fit deals with the 

stationary form (Brown and Rice, 2014). Various literature studies correlated ease with size. If 

the garment size is fit according to the wearer’s body, it will provide ease and comfort. Off the 

peg, garments provide a consistent amount of ease, claimed by (Petrova and Ashdown, 2012). 

Ease can be defined in different manners for non-fashion and fashion garments. Non-fashion 

garments have pre-defined ease, while consumer preference makes them different from fashion 

garments (Meng et al., 2012). Ease plays an important role in analysing the garment’s fit and 

size because it strongly impacts style, comfort, and movement.        

2.8.2. Psychological aspect of comfort in garment fit evaluation 

Fourt and Hollies (1970) and Goldman (2005) revealed that four particular features 

(feel, fashion, fit, and function) had been used to define comfort in clothing, and it involved 

thermal and non-thermal aspects. Slater (1985) defined comfort as the synchronisation of 

physical, psychological, and physiological properties. Due to the multi-dimensional nature of 

comfort, it aids in clothing fit assessment. Moreover, comfort is associated with a range of 

external and internal incentives (Choudhury et al., 2011). Perceived clothing comfort has a 

direct effect on fabric content (Kadolph et al., 1993). It is the comfort of the fabric that 

influences the decision of the consumer to hold or return a particular garment (after trying the 

garment on the body) is influenced by the comfort of the fabric. According to Labat and Delong 

(1990), comfort involves various psychological aspects. For example, how a wearer feels about 

the trend, style, fit, or colour of the garment in a social gathering is an indirect way to measure 

how comfortable it is for the consumer.  

In consumer fit assessment, comfort can symbolise visual or emotional levels of 

garment satisfaction (de Klerk and Tselepis, 2007). Additionally, the body shape and style of 

the garment have been found to be related to comfort (de Klerk and Tselepis, 2007). In 

consumer fit settings, functional, emotional, and aesthetic are the three parameters to measure 

comfort. Therefore, comfort is a multifaceted and important characteristic of customer garment 
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satisfaction. Moreover, it is an essential concern during post-purchase assessment and product 

development.  

2.8.3. Assessment of garment fit during product development  

Garment fit evaluation is the knot between the clothing and the wearer’s body (defined 

by a variety of methods to analyse features including comfort, appearance, and ease of body 

movement) (Ashdown and Loker, 2010, p.158). Patterns are created from basic blocks in 

product development settings (e.g., 2D garment construction). Furthermore, pattern specialists 

altered these basic blocks to a design specification and the resulting garment is then 

transformed to fit a dummy model until the final form is created (Meng et al., 2012). The fit 

model, as the final consumer of the garment, will display the garment on its body (along with 

the accessories) (Brown and Rice, 2014). During product development, all the garments are 

measured and assessed to ensure a good fit is achieved. Product development teams adjust the 

garment epitomes several times during the product development processes (Bye and LaBat, 

2005). It is very important to deliver the end product to the consumer in the most desirable 

form; therefore, the manufacturers and the retailers make necessary changes to the garment to 

achieve the needed style, shape, shape, and design (Brown and Rice, 2014).  

Most of the time, merchandisers and dress designers are more concerned towards 

garment fit than any other technical team member of garment fit. During garment fit sessions, 

garment designers are more expressive regarding the garment fit requirements. In addition, 

expressions and communication of notes in fit sessions are effective ways to make desired 

changes to the prototype (Bye and LaBat, 2005). It could be one of the reasons that the change 

is not persistent is the absence of experts who change and modify the garments at initial 

communication sessions (Bye and LaBat, 2005). Problems may be faced at the manufacturer 

level before the garments reach the end user (Fan, 2004).  

 Fan et al. (2004) concluded that the subjective opinions of the product development 

team add more complexity to the expected garment fit. Communication of fit models’ iterations 

, their experience with the garment, and lack of opinion are other issues. On the other hand 

(Ashdown and Loker, 2010) fit model’s viewpoint perhaps cannot give a reason for a 

population of target consumers. 

 Tyler (2003) stated that outsourcing garment technologists and manufacturing skills to 

distant areas via globalisation can cause sizing and fit issues. Precise garment fit for wearers 

depends on multiple factors, including outdated size charts used in the fashion community, lack 
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of up-to-the-minute sizes and dimensions of the wearers and absence of perceptive of ease in 

scholastic and industry sites (Simmons et al., 2004; Gill et al., 2008; Wren and Gill, 2010). 

These factors make it difficult to achieve a perfect garment fit for the population. Literature 

added that problems related to fit come into sight at various stages proceeding to the wearer’s 

garment fit measurement; eventually, it is the wearer that weighs up the garment performance 

and then decides the magnitude of acceptable garment fit (Ashdown and Loker, 2010).    

2.8.4. Consumer fit satisfaction evaluation 

Various research studies performed by Alexander et al. (2005), Otieno et al. (2005), 

and Eckman et al. (1990) have highlighted fit as the most significant factor for consumers when 

they purchase garments. Kim et al. (2002) stated that when the garment size and fit are 

according to the consumer needs and perspectives, it increases the garment satisfaction level. 

Fit, in a virtual market, is evaluated as pre-purchase and post-purchase. de Klerk and Tselepis 

(2007) considered fit an imperative measurement of clothing that brings functional and 

cognitive satisfaction to the consumer. Consumers usually measure fit by numerous factors 

presented at different phases of the shopping journey, and it also involves a number of facets 

of satisfaction. Availability and access (both online and offline) of sizing and fit the consumer 

is essential in order to find garments fit (Ashdown and Loker, 2010).   

 Pisut and Connell (2007) concluded that retailers, most of the time, do not pay attention 

to the current and updated form while offering a series of garments to consumers. Therefore, it 

creates dissatisfaction among consumers and raises concerns regarding garment fit. Now, the 

consumers are well aware and have their own fit bench markers (as compared to the standards 

made in 1950). Gill (2015) stated that the retailers in the UK do not provide variations in sizing 

to the consumers, which can cause issues in garment fit evaluation (Grogan et al., 2013; Gill, 

2015). The standards of fit exhibited by the fashion market do not pay attention to the 

consumers’ insight into a fit (Ashdown and O’Connell, 2006; Gill, 2015). A research study 

performed on the fit preference of young wearers portrayed the importance of a positive body’s 

sense of worth (as a result of garment fit) for young female consumers (de Klerk and Tselepis, 

2007). In addition, the above research study also dogged that the judgments of other people do 

not concern the importance of fit, which emphasises the stage of bias of fit satisfaction down 

to the individual consumer (de Klerk and Tselepis, 2007).  

Reliance loss in sizing labels, absence of suitable sizes for consumers’ body shapes, 

imprecision and variation are some characteristics of consumer concerns with sizing 
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(Kasambala et al., 2016). On the other hand, the intensity of bias in fit makes it complicated to 

define fit. In online milieus, the practice of visualising fit can be complicated. (2013) studied 

the relationship between online shopping and fit and concluded that consumers put great effort 

into visualising garment fit from a digital shopping perspective. Kim and Damhorst (2013) 

found out that female wearers, especially young females, are more anxious about their general 

appearance, transferring the overall impression and inability to try on garments. Consequently, 

the studies’ results make obvious the need to discover the effect of sizing and fit technologies 

(especially digital fit visualisation) on consumer acuity of fit and sizing. Kim and Damhorst 

(2013) did not pay attention to the garment fit post-purchase, which could lead to the 

development of apparent issues when using online shopping means. In order to remove the fit 

and sizing concerns in online shopping, there is a need for physical try-on for the consumers. 

Several virtual try-on tools have come into existence to address these problems.     

Customer retention is most important for retailers because it is easy and less costly to 

retain regular consumers than constantly appealing to new consumers (Westbrook and Oliver, 

1981; de Klerk and Tselepis, 2007). According to de Klerk and Tselepis (2007), continuous 

demand for providing consistent fit and sizing will facilitate sellers to distribute improved 

goods to win consumer satisfaction. Fit integrate satisfaction into the cognitive, sensory and 

emotional responses of consumers (Fiore and Kimle, 1997; de Klerk and Tselepis, 2007). The 

sensory response is associated with the extent to which the garment fits on the wearer’s body, 

while the cognitive response deals with the consumer’s feeling that they are in control. 

Additionally, affective or emotional response concerns consumer involvement in a social 

faction (Fiore and Kimle, 1997; de Klerk and Tselepis, 2007).  

Several studies have focused on the significance of fashion incorporated in style and 

fabric, meaning it must be well-matched to the wearer displaying the garment (de Klerk and 

Tselepis, 2007). For that reason, consumers may not only settle on procuring a garment 

anchored in deep-down aspects of fit but will also think about the extrinsic elements. Absence 

of the sense of touch during virtual shopping, extrinsic aspects may not be comprehended by 

the consumer until acceptance of the physical garment. In addition, online dealers must 

endeavour to expose the extrinsic dynamics of garments through online techniques (Figure 

2.6). 
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Figure 2.6 Intrinsic and Extrinsic factors 

Source: de Klerk and Tselepis (2007) 

2.8.5. Classification of body shape 

Alexander et al. (2005) identified the body shape classification as an effective tool to 

establish fit similarities between populations. Furthermore, while measuring the fit similarities, 

the abnormalities observed are often screened (Chen, 2007). Conversely, body shape 

classification does not endow with a precise illustration of body differences, which are inbuilt 

across a large number of consumers. Studies performed on garment fit stated that information 

about the body shape is inconsistent in sizing and grading. Undeniably, fit judges have 

equipped themselves with professional knowledge of garment fit. In the same way, a fit model 

in the product development practice employed by the retailer will also have this professional 

acquaintance. Hence, it may not correspond to the dissimilarities in body shape and the 

consumer’s viewpoint of fit from an unproven angle. Perhaps it is considered the most 

imperative reason in the vending of garments; to prop up the prerequisite for buyer incorporated 

fit approaches.   
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2.8.6. Body cathexis - image and shape appreciation  

Body cathexis psychology has entirely changed the perception of consumers about 

body image and shape. It signified customers with superlative fashion practices accessible in 

magazines, ramps and digital settings. Literature studies (Rasband and Liechty, 2006; Faust 

and Carrier, 2011; Grogan et al., 2013) stated that the ideal body image and shape that the 

wearer tries to attain is the hourglass. Fashion trends and vogues can influence negative body 

image by the disappointment of fit, and this trend was obvious with the surfacing of size zero. 

According to Pisut and Connell (2007), new fashion trends make happen a standard hypothesis 

of body image and size. Hoegg et al. (2014) found a complex and intricate relationship between 

body image and body self-respect. The association of clothing (body image) and the 

understanding of sizing (self-worth) for the consumer can be accredited closely to buyer 

gratification and positive retailer approaches (Aydinoǧlu and Krishna, 2012). Concerns 

regarding body fit and negative body self-esteem have a strong correlation (Kim and Damhorst, 

2010; Faust and Carrier, 2011). According to Jourard and Secord (1955), women customers 

wear clothes to fiddle with the culture and romanticise body shape and size. The relationship 

between larger size and diminished self-esteem has been claimed by (Hoegg et al. (2014) 

(Figure 2.7).  

Aydinoǧlu and Krishna (2012) stated that the small size generates more self-correlated 

images in a widespread theme among customer literature on vanity (self-love) sizing. The 

connection between awareness of sizing and clothing can be endorsed profoundly to positive 

retailer attitudes and consumer satisfaction (Aydinoǧlu and Krishna, 2012). These issues can 

be observed when wearers must way out to choosing large sizes often as a consequence of 

misguidance of sizing precincts between the manufacturer and the retailer.  

Proportionate to this, some consumers may not manage size (Hoegg et al., 2014) ahead 

of the contraption of the “size zero”. Therefore, their observation regarding size is tilted in the 

direction of a vanity perception. Furthermore, Hoegg et al. (2014) associated the concept of 

vanity sizing with the industry trend shift near vending at small sizes. Therefore, according to 

Kim and Damhorst (2010), consumers who have not adopted this trend and come across large 

sizes in stores will have a lower self-image because of this incident. This squabble can lead 

towards an unrefined and linear approach, and in this way, consumers will keep paying money 

for other products that assert their self-esteem. Nonetheless, it may be disputed that the 

trustworthy and dependable consumers of retailers put on inbuilt facts about their sizes in each 

store, allowing them to pay money for the precise apparel. Now, the consumer has adapted to 
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the concept of vanity sizing and recognises that shops may supply sizes that fit according to 

their body.   

Psychological or intellectual perception of body shape is perhaps terrific to the 

consumer as it is pre-set within cognitive progression and experiences. Consumers are more 

focused on the (size) numbers on the label, which may assume they are not attaining the most 

valuable fit. Hence, it would be a contradictory dispute to vanity sizing. Supplementary 

research work in this field might prove discriminating to accepting consumer perceptions of fit 

proportionate to the theory of vanity sizing. 

 

Figure 2.7 Conceptual Framework: Moderated Mediation Model for Vanity Sizing, Imagery, Product Evaluation, 

and Self-esteem 

 

2.8.7. Theory of consumer body satisfaction  

According to Alexander et al. (2005), only a few proportions of the population have 

balanced figures, and prêt-à-porter fashion is typically created for harmony and rhythm in body 

shape. The sizing system facilitates the consumer to quantify body size with a particular 

number, and in this way, the customer naturally evaluates their size to an ideal (Labat and 

Delong, 1990). Comparing garment size to an ideal sometimes creates negative body 

contentment, as discussed previously. Various studies have been performed on consumer body 
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satisfaction theories, focusing on consumer reactions to their body images using marginal 

approaches (Rosa et al., 2006; Grogan et al., 2013).  

Similarly, Grogan et al. (2013) used recording techniques in order to assess the response 

of wearers about the garment. They recorded their responses in the fitting room setting when 

customers tried the garments. Furthermore, all the respondents were photographed in particular 

garments to achieve a more biased view of fit. This technique was also used to get an idea about 

customers’ voiced processes. Though, cognitive assessment of responses can give the 

arithmetic rationale of consequences and also fluctuate in the emotional and verbal response. 

Moreover, in such experimental settings, customers may give partial responses, and it can mis 

representative of their normal shopping manners. Rosa et al. (2006) inspected the association 

among respondents’ views of their bodies, concern with garments and odds of consumption. 

Customers who recorded the responses had just procured garments online; however, no direct 

linkage to a digital fit environment was established. Additionally, a correlation between body 

esteem and consumer fit satisfaction was observed.   

2.8.8. Fit preferences of consumers 

The concept of consumer fit preferences is difficult to understand. Several inbuilt 

problems have been observed with sizing and fit in the production of garments. A study was 

conducted by Pisut and Connell (2007) in which they asked customers to answer a 

questionnaire about their fit preferences for particular garments. Though, there is still a need 

to conduct an in-depth qualitative study to attain a more profound understanding of the 

emotional and cognitive response to fit because of its far above the ground subjectivity. In the 

same way, Otieno et al. (2005) performed a study in which respondents were asked to answer 

certain questions about their affordability, preferences of fit, and range of styles on the UK 

high street. On the other hand, an accompanied store may be more appropriate to get more 

precise information.   
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2.9 Summary 

The current focus in the fashion world is to integrate technology with cloth production 

so that mass production does not suffer and the overall speed of making products reach the 

customer remains quick. The increasing efforts have led to the idea that a system should be 

developed which scans the body of the customer without any physical contact and leads 

towards recording the exact measurements (Shin and Nam, 2017). Once this is done, it would 

be possible to gain data about individual customers and create highly specific clothes that suit 

consumers’ body types. Developing high-end technologies with lowered costs may be far in 

the future for developing countries. Still, many developing countries, including the UK, are 

already working towards such integrations (Tania, 2017).  

The major gaps that have so far been identified in this area of work include the absence 

of a profound sizing system and the absence of efficient technology which can gain precise 

measurements without any body contact. To overcome these issues, there is a need to further 

develop modern technology for 3D body scanning and virtual fit platforms to incorporate an 

appropriate fit and sizing system. Besides, the fashion Industry of Pakistan is the biggest market 

for the unstitched clothing category among various product selling options. The size and fit 

technology have a greater potential to be readily accepted by consumers and retailers in 

Pakistan. Moreover, size and fit literature have been discussed to evaluate the size and fit of 

bespoke garments study presented in Chapter 10 Study 3 (stage 3). 
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Chapter 3. E-Commerce and Limitation of Web 2.0 Technology Tools  

3.1 Introduction 

This chapter introduces the e-commerce market, which includes different types of e-

commerce platforms used by retailers, online retailing channels and technological influence on 

retailing channels. This chapter provides the commercial background of the online global 

fashion retail market. Pakistan’s fashion retail market is discussed with an influence of global 

internet usage and global internet penetration by consumers to buy products online by utilising 

these channels and how these channels contribute to online fashion retailing. Moreover, web 

2.0 fashion product viewing technology and Fashion service technology has been highlighted 

to understand the limitation of web 2.0 technology in terms of size and fitting tools, the inability 

of virtual trying-on, immersion, interactivity, and attraction during online product examination. 

3.2 E-Commerce and overseas markets 

E-commerce refers to the purchase and selling of goods through online platforms (Lin, 

Li and Wang, 2017). Although E-commerce is not entirely a very recent idea but is currently 

in developmental stages and is likely to gain universal practice of trade being conducted, trade 

over the internet. Retailers have found innumerable advantages of e-commerce, such as lower 

cost and convenience (Jimenez, Valdes and Salinas, 2019). Most flourishing businesses now 

own their own websites and online shops. With the advent of internet technology and its 

worldwide usage, it is easier to conduct business nationally and internationally with the click 

of a button (Ma et al., 2018). The success of businesses is reliant on e-commerce in future, with 

the utilisation of web-based business; shoppers can currently shop online from any corner of 

the world. People now spend less time on entertainment, such as television, radio, and 

newspapers, and like to spend more time surfing the internet; more consumer traffic is seen on 

social media websites, such as Facebook and Twitter (Cho, Smith and Zentner, 2016).  

Internet surfers are potential e-commerce consumers for global business. Well-designed 

and conventionally accessible features in e-commerce websites around the globe are vital in 

the success of e-commerce businesses and competing with e-business competitors (Rahman, 

2018). Many researchers propose the idea of culturally friendly e-commerce websites for 

successful businesses around the world (Chen et al., 2015). The important factors to be added 

to websites are region and culture, web content accessibility, ease of use, secure authentication, 

payment, fraud detection, performance, trust, stability, technology, and convenience for 

successful online businesses and to improve interest and satisfaction to consumer (Rahman, 

2018).    
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It was reported by Marius (2018) that the worldwide e-commerce retail sales from 2014 

to 2021 stood at 4.88 trillion US dollars, as indicated in Statista. Shopping practices have 

evolved and now represent a changed picture from the past. E-Commerce is a familiar world 

for consumers now. Retailers should find ways to satisfy online buyers as loyal e-marketers, 

similar to how retailers have competed with loyalty with brick-and-mortar stores during the 

last 100 years. Now it's time to maintain a reputation with the new technology of e-commerce  

(Marius, 2018). The adoption rate of the internet is increasing, as well as the number of online 

buyers; steady growth is seen in e-commerce with every passing year. The future of retail is e-

commerce; most retailers are growing their business in taking place in digital space (Dave, 

2017). 

3.3 Types of e-commerce 

Sila (2013) demonstrated that e-commerce benefits are offering valuable information, 

managing, and assisting in buying and selling goods and services via electronic platforms. In 

e-commerce communication, there are three important groups that are of relevance. They are 

businesses (B), consumers (C) and governments (G). Moreover, a variety of activities happen 

in e-commerce dealing, which mainly occurs in these market groups as Business to Consumer 

(B2C), Business to Business (B2B), Business to Government (B2G) and Consumer to 

Consumer (C2C). Therefore, consumers can buy and sell goods according to their needs online 

using any group. Ayo, Adewoye and Oni (2011) reported that B2C and B2B markets are 

leading B2G and C2C markets, where frequent e-business activities occur. The most frequently 

used e-commerce type is B-2-C to conduct businesses directly with consumers.  

3.3.1. B2C (Business-to-Consumer):    

Dan (2014) has presented a perspective regarding the B2C business model as this model 

provides an opportunity to conduct trade directly between the company and consumers via a 

website. In the B2C model, goods or services are traded by organisations with consumers over 

the internet for consumers’ own use. B2C commerce is defined by Ahmad as Commercial trade 

between companies and individuals or business-to-consumer e-commerce contains the 

collection of information and buying and selling of physical goods or information goods 

through an electronic medium (Ahmad et al., 2015). The most common figure of this type of 

e-commerce is unusual in the areas of buying products and information and dealing with 

personal finance, which relates to the dealing of private investments and finances with the 

utilisation of online banking tools. B2C is an e-commerce process where internet technology 

lets customers congregate data and buy commodities. Although this information technology 
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facilitates benefits to materialise, online activities should be adopted by consumers, i.e., to 

secure information and to purchase products from commercial websites (Kabir and Musibau, 

2018; Shaw, 2000). 

3.4 Retailing channels of e-commerce  

The modernised methods of buying and selling stuff over the Internet have been 

subjected to various modifications. Multiple channels are now used for carrying out electronic 

commerce (e-commerce). Many businesses have become globalised to include multiple 

channels for dealing with customers simultaneously (McDermott and Payvision, 2015). These 

channels include online stores, mobile applications, and third-party websites advertising 

different stores, like Amazon and other online platforms. These multichannel facilities increase 

the business’s growth and expand the range of consumers (Yang and Shi, 2016). Moreover, it 

has been found that multi-channel commerce leads towards higher profits than businesses that 

operate through a single channel for their business. Also, consumers involved in shopping from 

different channels are likely to spend more than those individuals who stick to a single type of 

store or channel (Cao and Li, 2015). These findings point towards the edge that businesses can 

gain through switching towards multi-channel retailing and expanding their e-commerce 

(Verhoef, Kannan and Inman, 2015).    

The idea of online retailing and the history of internet-based commerce point towards 

innovative thoughts that changed the business world (Ono et al., 1999). There are now various 

interactive sources for purchasing and selling products within the fashion industry (Blázquez, 

2014b). Moreover, retailers can build their businesses without operating from a physical store. 

Even though online retail is common to big brands and various store-based businesses, online 

retailing and other e-commerce methods have proved to be a great source of help for boosting 

the business of small enterprises and home-based entrepreneurs (Overdiek, 2018). Some of the 

key methods used for retailing in the world of e-commerce and together comprise the group 

commonly known as multi-channel e-commerce are discussed in the following sections.    

3.4.1. Online retailing 

Online retailing is among the most widely studied area of e-commerce. The revolution 

in the business world, which enhanced the growth potential of many enterprises and 

independent sellers, has largely been based on online marketing and retailing (Jones and 

Livingstone, 2015). The initial evidence of online retailing can be traced back to as early as 

1994 when Michael Aldrich, an English entrepreneur’s idea of digitalising the markets was 

picked up and a website was developed by the name of Net Market (Harn et al., 2006). This 
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was further picked up with the development and success of Amazon, followed by eBay and 

other web fronts (Kidane and Sharma, 2016). Today, numerous websites and online retail stores 

provide customers worldwide with the option of buying what they need or wish for from the 

comfort of their homes (Xiao et al., 2017).  

The basic concept of online retailing is using the internet for purchasing goods. This 

started as soon as the internet became accessible to the public. Since the beginning of the 

internet era, e-commerce was regarded as a business means that was here to stay and continue 

growing over the years (Adam, 2011). Today, with a huge portion of the world’s population 

having internet access, the chances for online retailing are brighter than ever. In the UK alone, 

around 22 million households have been estimated to have internet access, roughly 84% of the 

entire population (Ramachandran et al., 2011). Such widespread internet access has been 

positively linked with the high acceptance of online retailing. It is also important to note that a 

significant percentage of online retail stores solely work through the internet, meaning there is 

no actual store-based retail for such businesses (Jones and Livingstone, 2015).  

The increasing popularity of e-commerce and online retailing has provided an 

enhancement to home-based business owners, small-scale retailers and entrepreneurs. The task 

of reaching customers has become easier than ever before. This has led to a direct increase in 

the number of business ventures and online retail stores. Noticeably, entrepreneurship ventures 

have primarily been associated with ethnic minorities in the UK (Turkina and Thi Thanh Thai, 

2013). The reason behind the involvement of minorities in online retailing is the general lack 

of resources or seed money for starting up a business (Jones et al., 2014). In such cases, online 

retailing has proved to be a safe method to explore the business market and invest in small-

scale businesses (Anwar and Daniel, 2016). According to Lassalle and McElwee (2016), small 

businesses and online retailing ventures by immigrants are generally successful as they meet 

the needs of their fellow immigrants. This is simply a case of smart business investments and 

recognising opportunities when they arise. For example, people from a particular region 

understand their culture more deeply than the country’s retailers that they migrate to. This 

creates a window of opportunity for immigrants to start their businesses, and the online retailing 

sector is the safest zone for exploring new ideas and ventures in a foreign land (Jones and 

Livingstone, 2015).   
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Along with the blooming benefits, online retailing also has a few drawbacks. These 

drawbacks are mainly related to gaining customer trust and the quality of goods being delivered 

(Rafiq et al., 2013). The sustained growth of online businesses is largely dependent upon 

customer satisfaction. Therefore, maintaining the quality of products should ideally always be 

the top priority of all vendors and retailers operating through online retail channels (Kim and 

Lennon, 2013). Another concern associated with online retailing is gaining long-term and loyal 

customers (Jiang et al., 2013). However, retaining customers depends on the online store’s 

operations and supply chain. One of the key methods of attracting customers is to keep the 

online shopping experience easy and smooth for the customers. The websites need to be hassle-

free, and the payment methods need to be secure and easy to understand (Wells et al., 2011). 

Without these assurances, it is unlikely that customers would continue shopping at any 

particular online retail store. Moreover, delivering goods is also a key point in maintaining 

customer trust. Many times, online retailers struggle with ensuring the timely delivery of goods. 

To overcome such hassles, certain options in Europe have been set up to suit the customers and 

the business. These options include automated parcel stations (APS), where the customers are 

assigned a locker or a pre-agreed pick-up point, from where they can pick up their deliveries 

once posted or sent by the retailers (Wang et al., 2018). This reduces the time devoted to making 

parcels reach the homes of individuals and also reduces the chances of extreme delays 

(Morganti et al., 2014). However, online shopping-related concerns are not over, and service 

and product quality need to be maintained by businesses to maintain their sales and customers 

(Januszkiewicz et al., 2017).    

3.4.2. Multi-channel retailing 

Multi-channel retailing is perhaps the most diverse way of engaging with consumers 

and marketing products far and wide. As indicated by the name, multi-channel retailing relies 

on using more than one platform for branding and selling fashion goods. The channels included 

in multi-channel retailing can include physical stores, mobile apps, interactive websites, and 

third-party websites for retailing products on behalf of fashion brands. The widely spread 

sources of interacting with consumers and selling products were not always present within the 

fashion industry. Moreover, the fashion industry is considered one of the slowest sectors to 

move towards multi-channel retailing (Blázquez, 2014b). This is due to the barriers in ensuring 

the product quality to the consumers. Clothing brands have struggled a lot in creating their 

space in online stores as the cloth sizes, overall look and quality are among the essential 

features that hold the consumers’ concerns (Diamond et al., 2015). However, there has now 
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been a steady rise in the performance of the clothing brand, and many stores have moved 

towards opting for online stores as additional channels for reaching their customers. 

Established brands have the edge of selling at higher profits since consumers are aware of their 

product quality and cloth sizes, which are generally standardised by the brands (Huang et al., 

2015). Thus, with a slow and steady pace, the fashion industry also moved towards e-

commerce. Today, it is one of the most profitable sectors operating through multiple channels 

for business (Kent et al., 2018).   

The multi-channel retailing in the fashion world and the consumers’ concerns regarding 

product quality and size have led to further developments in fashion-based technology. One of 

these technologies is 3D modelling which enables consumers to choose their clothes from 

online interactive websites by trying different items based on their body type and size and 

picking only what they think would best suit them (Parker and Doyle, 2018). This technology 

is in a growing phase and is becoming accepted in many countries over time. Recent data from 

the UK suggests that fashion is the most quickly growing online business, and people are 

constantly looking for solutions for their fashion-related queries and hassles (Toma, 2018). 

Thus, the window of opportunity for multi-channel retailers is large and seems to have the 

possibility of expanding further in the near future (Parker and Doyle, 2018). 

In addition to 3D modelling, other aspects of virtual reality are increasingly finding 

their way into online retailing (Toma, 2018). These trends are significantly adding to the 

growth of multi-channel retailing. Augmented and virtual reality tools are now also being 

involved in enhancing the experience of the customers and helping them choose the right 

products through web-based stores (Parker and Doyle, 2018). These new mediums are being 

explored by various brands and fashion conglomerates, including Nike and Tommy Hilfiger 

(Toma, 2018). It has been estimated that investing in technology helps brands in exploring new 

opportunities, reach customers more effectively and create diversified products by keeping 

consumer feedback in mind (Saleem et al., 2019).     

The product markets are becoming globalised and foreign brands are increasingly 

gaining popularity in local markets. This case is observed in many countries around the world 

regarding different types of businesses. Fashion retail is no different, and multi-channel 

retailing has led to the expansion of fashion brands far and wide (Burt et al., 2017). The 

presence of a physical store in every region is still applicable, but the absolute necessity of the 

same is now being overcome. Many brands and fashion labels successfully operate in regions 
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where they are not physically present (Morbe, 2018). As a matter of fact, the fashion industry 

is one of the quickest to expand through the use of multi-channel retailing, and some of the 

most dynamic multi-channel retailers in the international business market are apparel retailers 

(Schröder, 2014). This is possibly due to the increasing fashion awareness and brand 

competitiveness in the fashion industry and the rise in the number of consumers who choose to 

explore their options when it comes to fashion and apparel brands (Sezer et al., 2016).   

Multi-channel retailing has been linked with the added advantage of having higher 

levels of customer loyalty (Frasquet et al., 2017). This is explained with the idea that the 

retailers who operate through both the online and the physical stores have the chance to interact 

with consumers, explore their needs and provide better customer care. Customer loyalty has 

been studied from varying perspectives over the years, but the development and influence of 

loyalty in multi-channel retailing have only just begun to be realised (Ribeiro et al., 2017). It 

is suggested that the brand loyalty attached to the offline shops is generally transferred to the 

online fronts as well. This implies that consumers are likely to trust the multiple channels 

adopted by brands and retailers that they are already familiar with (Frasquet and Miquel, 2017).  

One core area that needs action is the supply chain maintenance by the brands. There 

is a need to develop a supply management system which caters to the requirements of the 

consumers and ensures the timely delivery of goods to the buyers. The multi-channel retailing 

is a very good option for reaching more customers. Still, at the same time, it proves a threat to 

the management of product delivery and business impact if the supply chain is not managed 

efficiently (Hübner et al., 2015). Therefore, it is crucial for fashion retailers to develop a 

pipeline for managing their sales and determining how they would reach their customers and 

retain the trust and loyalty of their customers over time through timely response and product 

delivery. Managing various channels at once and ensuring that none of the tasks overlaps or 

that there is no shortage of desired products once a consumer’s request for purchase has been 

accepted requires careful thought and a proper system for automatic supply chain management 

(Ofek et al., 2011). Thus, technology development is a core area for fashion brands operating 

through the multi-channel retailing approach (Saleem et al., 2019).     
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3.4.3. Mobile commerce 

Mobile commerce is also commonly referred to as m-commerce. As the name implies, 

this type of trade is carried out by smartphones and other wireless devices. Such business 

largely depends on developing user-friendly applications and easy to understand mobile 

approaches for accessing fashion retail websites or online stores and purchasing without any 

trouble. Fashion retailers and apparel brands are regarded as innovators who have spiked the 

exploration of different modes of e-commerce, and mobile commerce are also generally 

associated with fashion brands (Ko et al., 2017).  

The key to ensuring the long-term interest of the consumers in purchasing from a 

fashion brand through m-commerce is to keep the mobile applications updated and interactive 

(Parker and Doyle, 2018). The look and feel of the apps have to be good and user-friendly. The 

apps need to be updated constantly to ensure that businesses can truly benefit from investing 

in and operating through m-commerce. Some key features consumers report behind using 

mobile apps for exploring and buying products online is the increased security, personalisation 

and freedom they feel when operating from their own device (Ko et al., 2017). Moreover, 

exploring the latest fashions and trends online and while on the go further increases consumers' 

overall usage of m-commerce (Nauwelaerts and Chakri, 2016).   

Mobile shopping or mobile commerce has been positively linked with impulsive buying 

behaviours among consumers. A study that explored the interests of youngsters when using 

mobile shopping apps or mobile apps found that the fashion industry had the highest ratings. 

Utility items were not of significant interest to youngsters, but the range of shopping interests 

was highly focused on fashion and apparel. It was reported that indulging in purchasing fashion 

products was a source of satisfaction for a great majority of the study participants (Park and 

Kang, 2016). Such findings point towards the edge that the fashion industry has in the retail 

market. This information can thus be put to use for the benefit of fashion brands and labels, 

which can boost their business by selling their products over mobile commerce channels (Ots 

and Abidin, 2015). 

The perspective of the consumers and their idea about online shopping is the key to 

understanding why mobile commerce can be a successful approach for retailers. As it happens, 

consumers of the modern world are more aware of their own needs and the brands available 

than those of the previous era. The increasing brand and product awareness ensure that people 

choose what they truly feel comfortable with. M-commerce provides consumers to pick, choose 
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and compare different items before they finally make a decision about their purchases. Mobile 

apps and online shopping options provide consumers with a higher range of flexibility and 

personalisation as compared to other means of shopping (Donni et al., 2018). The increasing 

diversity and the numerous operations available to consumers make m-commerce a preferred 

mode of remaining associated with brands and labels of their choice (Parker and Doyle, 2018). 

Exploring the extent of brand loyalty through m-commerce is a key component of 

gaining success through this mode of business. Tracking customer loyalty can be easy through 

the m-commerce channels. The statistical data of product purchases for an individual customer 

can be analysed to identify whether they shop from the same brand over time or switch brands 

and retailers when making purchases (Bhaskar and Kumar, 2016). This also includes 

identifying the product choices of consumers to determine the types of products which make 

the most sales or attract the most customers in a particular region (Guercini et al., 2018).  

Researchers in the field of e-commerce have explored m-commerce to reveal that the 

design and aesthetics of mobile apps are key components for attracting customers and 

determining their long-term association with a brand. Such indications have also led to an 

increased interest in identifying how trust towards m-commerce can be increased among 

consumers. Until now, no significant amount of data can indicate the levels of trust people 

associate with mobile commerce (Donni et al., 2018). Although ease of shopping has been 

associated with m-commerce, brand trust and loyalty need to be determined. Customer 

satisfaction is indicated to be the key towards identifying the true extent of ease they feel 

towards sticking with m-commerce (Dužević et al., 2016). Developing a concrete framework 

for exploring consumer choices and the ideas they generally associate with mobile commerce 

is needed (Donni et al., 2018). Such a framework would not only determine that businesses 

gain an understanding of marketing their products through different channels but will also help 

ensure that the consumers are provided with what they need. They can truly begin to trust 

mobile applications and m-commerce (Ladhari et al., 2019).    
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3.4.4. Omni-channel retailing 

Omni-channel retailing is the availability of multiple channels for product distribution, 

which can be availed by customers with the option of exploring different purchasing channels 

such as mobile apps, offline stores, interactive websites and other such options (Lee et al., 

2016). Omni-channel basically stems from the multi-channel approach but is different because 

it includes integrating the different modes used for conducting business. With the increase in 

consumer traffic towards online stores, numerous brands and retailers are increasingly opting 

for exploring e-commerce, particularly m-commerce (Jensen, 2018). The idea of buying from 

more than one source while choosing the same retailer is feasible and flexible for the customers 

and holds great business potential for the retailers (Lee et al., 2016).  

Omni-channel retailing has been associated with providing a unified shopping 

experience to customers. Since the different shopping fronts are all integrated into such an 

approach, consumers can explore as much as they want and gain a wider perspective on the 

products they are looking for (Cassab and MacLachlan, 2009). However, achieving an Omni-

channel based business is a long-term process requiring excessive research and exploration of 

different techniques. Developing fully-integrated business channels and making them 

operational for wider populations is a long process and requires excessive detailing. These 

details include the management of databases, determining means of transactions and 

identifying methods through which all operations could be tracked without any chances of 

errors (Jensen, 2018). Thus, the requirements for turning an Omni-channel based retail service 

are extensive and complex (Ryu et al., 2019).   

Studies from China indicate that the successful implementation of Omni-channel 

retailing can significantly encourage business. The examples of Alibaba and Taobao are crucial 

in understanding how customers can be provided with diverse products and varying methods 

for availing of those products (Ye et al., 2018). Small and medium enterprises are the easiest 

areas to target when suggesting new business approaches and expanding business methods. 

These businesses are generally more accepting of change and readily explore new ideas and 

initiatives (Cao and Li, 2015). Thus, Omni-channels could possibly be opted for by the smaller 

businesses before it makes it to the big markets and retailers around the globe. Importantly, 

thus far, there is no evidence of any surety of success with the use of Omni-channel based 

retailing options. The true growth potential of such retailing methods needs to explore before 

they can be suggested for bigger businesses (Jensen, 2018).  
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Despite the concerns over the true potential of Omni-channel retailing, it has been found 

that the fashion and apparel industry stands to be on the brink of expansion when it comes to 

sales through multiple channels. It has been reported that the fashion industry earns most 

significantly through online retailing channels. This has been found to be true even when the 

physical stores of various apparel brands seem to be suffering from a lack of sales (Kang, 

2019). The readiness of supply chains is one of the crucial factors which help in ensuring the 

success of Omni-channel retailing. Also, it is important to note that in the case of Omni-channel 

retailing, it is not only the steady economies and big retailers who have the chance of gaining 

profits; rather, the small businesses and rising economies also have a chance of gaining 

significantly through such business ventures (Hansen and Sia, 2015).    

 The increase in shopping methods and channels can make it complex for 

businesses to operate seamlessly. The area that suffers the most due to multi-channelling in 

business is the supply chain (Baird and Kilcourse, 2011). The manufacture of products and 

their delivery to the final consumer is a long process and can become burdened if the 

operational channels are not well managed. Retailers are required to offer various options to 

their customers for product purchasing and payments, along with different channels for 

shopping. This further complex matters and may make businesses suffer if the supply chain is 

not managed appropriately. Omni-channel retailing is laden with the throbbing tasks of 

identifying and managing logistics. The idea of keeping an end-point warehouse for product 

collection and delivery has also been explored and indicated to hold potential (Hübner et al., 

2015). However, there is a need to carry out an in-depth analysis to truly determine how 

businesses can manage their logistics and supply chain while trying to expand and meet 

customer needs by operating with an Omni-channel approach (Ryu et al., 2019). 

3.4.5. Pure-play fashion retailing 

Pure-play fashion retailing refers to businesses that only deal with products from and 

for the fashion industry. The basic concept that lies behind pure-play retailing is the use of a 

single method or a single activity to carry out retailing business (Tojo and Matsubayashi, 2011). 

For example, a business could be involved in dealing with online retailing. Such businesses are 

pure-play online businesses  (Ashworth, 2012). The world of e-commerce has opened doors 

for various global brands and labels that operate specifically to sell their products and purely 

use online forums for selling their products (Ashman and Vazquez, 2012). Online retailers are 

the key to the success of such businesses since they can influence how a supplier markets their 

products and can also directly influence the choices of the customers. Since retailers are at the 
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centre of the relationship between the consumers and the suppliers, their role is critical to the 

success of a business (Yang et al., 2017).  

Information and Communication Technology (ICT) is at the heart of fashion retail 

today. Retailers are increasingly relying on data gathered over the internet regarding the fashion 

choices of consumers and using the same information for marketing their products 

(McCormick et al., 2014). Thus, pure-play fashion retailers have the task of covering all 

internet-based information sources for identifying the fashion sense and needs of a particular 

community. This involves understanding and using different platforms, such as social media, 

mobile applications and interactive websites. Such innovations can easily lead fashion retailers 

to expand their business while dealing with a single business venture (Martino et al., 2016).  

The fashion industry has moved towards e-commerce in a very short time, and retailers like 

Net-a-Porter remain a source of convenience for customers who have ready cash flow but lack 

the time to visit stores (McCormick et al., 2014). This situation created a great opportunity for 

pure-play fashion retailers as they can work towards increasing customer convenience and 

developing a supply chain tailored to suit both the suppliers and the consumers. Similar 

approaches have been used in the UK by other retailers such as My Wardrobe and ASOS. These 

platforms are leading the markets in the UK and have grabbed a wide niche in the pure-play 

fashion niche (Brownlie et al., 2013). The consumers trust these retailers and approach them to 

enjoy hassle-free shopping and also to determine their complete outfits, and look for different 

occasions without having to move between streets and shops within cloth markets to identify 

suitable clothing (Braithwaite and Ng, 2018).  

Pure-play fashion retailing through online platforms suits those businesses which are 

unable to interact physically with their consumers. These can be small businesses or newly 

rising businesses enterprises. However, the general concept associated with pure-play fashion 

retailers is that they do not have any stores or outlets. Rather their entire business is purely 

through their website or an alternative online platform (Ashworth, 2012). One of the keyways 

for such businesses to succeed is to ensure that they use interactive web platforms and provide 

sustainable fashion options to their customers. However, this does not mean that pure-play 

retailers are always restricted to online platforms. As explained earlier, pure-play can refer to 

the sales method and the industry focused on. Many of the pure-play fashion retailers also buy 

store fronts and interact with their customers through store-based retail (Bonetti et al., 2018).   
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Research in the area of pure-play fashion retail is still very fragmented, and a lot needs 

to be explored in the near future. However, so far, pure-play fashion retail has mainly been 

associated with small to medium enterprises and has proven to be a source of positive 

development for firms looking for a boost in their business without having to make excessive 

investments Bonetti (Ashworth, 2012). Over the years, the idea of using a single source to 

provide customers with clothes and other goods has been debated. The advantages and 

disadvantages are currently balanced, and a conclusive prediction cannot yet be made to 

determine the exact future for the retailers. Perhaps, the expansion and growth in online fashion 

retail will lead to identifying ways in which pure-play retailers can further expand their 

horizons and gain more business (Sebald and Jacob, 2018).   

3.5 Globalization of fashion Business 

Fashion has evolved immensely over the centuries, and it is likely that the globalisation 

of fashion began in Europe. This assumption is supported by the idea that much of Europe’s 

business was already global in the 16th century, and fashion flourished and grew (Rabine, 

2017). The phenomenon of corporate brands and style icons is also believed to have originated 

from the same roots as fashion and clothing styles. With time and the spread of media and the 

internet, the globalisation of fashion become more prominent (Beatty, 2015). These dynamic 

changes in the world, in general, greatly affected the fashion industry as well. Famous brands 

in one country started becoming famous worldwide, and the barriers to ordering clothing from 

across the country have now nearly nullified. This is due to the increasing ease that electronic 

commerce provides consumers worldwide in picking and choosing clothes and accessories as 

they please (Rabine, 2017). 

3.5.1. Global apparel market 

Retailers always face fierce competition in overseas markets. Textiles and clothing 

exporters of Punjab are boosting their experience in the jovial domestic apparel market with a 

promising future. Mainly, retailers are investing heavily in women’s clothing. Most of retailers 

expect to make noteworthy profits. Moreover, they are supporting the domestic apparel 

industry owing to the increasing affluence of the middle-income section of the country’s 

population (Liu and Yuan, 2022). 

The apparel market worldwide is divided into numerous major and smaller companies 

in the market. Developed countries have a strong apparel market offering a broad range of 

apparel items. The expanded dispersal network of worldwide enterprises impacts the global 



91 

markets but deals with excessive competition from local firms concerning regional fashion 

likings and rates. PVH Corp., Kering S.A., LVMH, and Inditex are the major players in the 

apparel market (Intelligence, 2022). In the apparel market the major companies are Nike Inc., 

VF Corp, Adidas AG, Hanesbrands Inc., Levi Strauss & Co., Kering SA, Under Armour Inc., 

Mitsui, Berkshire Hathaway Inc. and Itochu Corp (Liu and Yuan, 2022). The major regions of 

the apparel market are Asia-Pacific, Western Europe, Eastern Europe, North America, South 

America, the Middle East, and Africa (Liu and Yuan, 2022). 

The projected apparel market growth is noted to expand from $551.36 billion in 2021 

to $605.4 billion in 2022 at a compound annual growth rate (CAGR) of 9.8%. The apparel 

market is projected to increase to $843.13 billion in 2026 at a compound annual growth rate 

(CAGR) of 8.6% (GlobeNewswire, 2022). The apparel market comprises apparel sales by 

entities (organisations, sole traders and partnerships) that create apparel (GlobeNewswire, 

2022). 

3.6 Pakistan fashion e-commerce market  

In Pakistan, the fashion industry is a remarkably important part of e-commerce. In 2021, 

revenues and profits increased with e-commerce platforms. It was noted as US$4,094m 

(Statista, 2021a). The Pakistani unstitched and ready to wear fashion marketing and fashion 

show events in both online and offline environments have enhanced e-commerce traffic 

(Arifeen, 2017). Pakistan’s e-commerce market’s revenue is projected to achieve 

US$7,666.00m in 2022. The profits are expected to provide an annual growth rate (CAGR 

2022-2025) of 6.09%, which will lead to a projected market volume of US$9,153.00m by 2025, 

with an estimated market volume of US$1,412.00bn in 2022 (Statista, 2022b). Pakistani 

fashion segment revenue reported estimated growth is US$1,439.00m in 2022 by Statista. The 

projected growth rate (CAGR 2022-2025) annually is recorded to be 5,09%, resulting in a 

projected market volume of US$1,670.00m by 2025, with a projected market volume of 

US$312.20bn in 2022 (Statista, 2022c). The apparel segment revenue of Pakistan in 2022 is 

expected to accomplish US$597.50m. The profits are expected to provide an annual growth 

rate (CAGR 2022-2025) of 2.57%, resulting in a projected market volume of US$644.80m by 

2025, with an estimated market volume of US$167,900.00m in 2022. Consumer penetration in 

Pakistan’s apparel segment is expected to reach 24.9m by 2025. The projected user penetration 

will be 8.0% in 2022 and is expected to reach 10.3% by 2025. The anticipated average revenue 

per user (ARPU) will reach US$32.71(Statista, 2022a). Although internet and smartphone 

usage has increased the user penetration of Pakistan e-commerce worldwide, various 
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technological challenges are still restraining the development of the e-commerce industry in 

Pakistan (Iqbal et al., 2018). Such limitations are linked with modern e-commerce technology, 

such as mobile body scanners, virtual reality, augmented reality, and mixed reality, which have 

been discussed in Chapter 4 to provide insight into its functionality and importance in fashion 

e-commerce.   

Pakistan has a casual cash-based economy. Cash or cash on demand (COD) conducts 

most B2C transactions, while banks draft and pay orders for more significant sales. Most 

studies suggested that Pakistan's informal economy is up to 60 percent (Export.gov., 2018). 

The population of Pakistan preferred COD (cash on delivery) to credit card advance payments. 

The buyer pays cash after receiving the parcel delivered at home to the buyer’s address is 

known as cash on delivery (Shopping, 2022). The Pakistani consumers considered this method 

valuable for both buyers and sellers. This method is trustable for both buyer and seller. 

Pakistani buyers show reluctance to pay online due to the trust factor of paying online. 

Moreover, they don’t want to pay without checking the retailer's quality of products and 

services (Shopping, 2022). This payment method enhances the quality of products and the 

delivery of services to the enterprise. When the buyer comparatively ensures the item’s value 

and then pays the retailer. Therefore, retailers maintain the quality of products to reduce the 

hassle of returns. Quality enhancement paired with cash on delivery offers multiple advantages 

for all buyers (Shopping, 2022).   

The Eid shopping season significantly contributes to the increase in online sales in 

Pakistan. Then in 2018, the market could go way past the threshold of $ 1 billion (Khan, 2018). 

Online business retailers appreciate overwhelming traffic during religious festivals. For 

instance, Eid-ul-Fitr (June), Eid-ul-Adha (September), Black Friday, New Year and Wedding 

Season (October through April). The traditional apparel items, shalwar kameez and footwear 

with modified designs for both genders were in higher demand (Export.gov., 2018; Arifeen, 

2017). Pakistan has copious luxurious fashion brands that are famed worldwide, which gives 

them the business of billions of rupees during annual sales volume. These brands develop novel 

designs yearly to compete in the global market (Arifeen, 2017). Both male and female fashion 

designers have burgeoned highly innovative and current collections of the most modern 

clothing, footwear and accessories designs in the style and clothing enterprise (Arifeen, 2017). 

3.6.1. Pakistan and global e-commerce Market 

According to Chevalier (2021), global e-commerce retail sales are estimated to be 

around 4.9 trillion U.S. dollars worldwide. This amount is estimated to increase by 50 percent 
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over the next four years, achieving about 7.4 trillion dollars by 2025 (Chevalier, 2021). The 

global e-commerce market is precedence by China, reporting 52.1% of all retail e-commerce 

sales globally, with complete online sales just above $ 2 trillion in 2021. China holds the 

world’s biggest population of digital buyers, 824.5 million, signifying 38.5% of the world’s 

total (Keenan, 2021).  After China, the USA e-commerce market is projected to attain over 

$875 billion in 2022. The United Kingdom holds the third-largest e-commerce market, 

covering 4.8% of retail e-commerce sales. Japan with 3%, and South Korea holds a 2.5% share 

of e-commerce sales worldwide (Keenan, 2021). The eMarketer indicated that trends in the top 

five e-commerce markets will remain the same until 2025 (Keenan, 2021). Pakistan holds the 

37th position in the world’s e-commerce market, with a profit of US$5.9 billion in 2021, ranking 

it at the forefront of Iran and before Israel (EcommerceDB, 2021). The e-commerce market of 

Pakistan contributed to the global expansion rate of 15% in 2021. It is anticipated to grow 

yearly by 7% between 2021 to 2025 (EcommerceDB, 2021).   

3.7 Limitations of E and M commerce (Web 2.0) for fashion retailing 

The following section outlines the limitations of web 2.0 technology marketing tools in 

the e and m-commerce platforms. The Web 2.0 technology tools have been criticised in terms 

of immersion, interactivity, attraction, and accuracy while fashion product viewing and virtual 

garment selection in terms of size and fitting issues in the online shopping atmosphere. 

Pakistani fashion e-commerce platforms are still using Web 2.0 technology features which are 

restraining the growth of online fashion businesses compared to international fashion 

companies (Idrees et al., 2020b).      

3.8 Web 2.0 technology 

The platform of Web 2.0 is participatory, where consumers can contribute and produce 

new content by uploading and sharing data and can download data. Innovative ideas such as 

tagging, blogs, wikis, and mashups are associated with this technology, which aids in linking 

both retailers and consumers (Darwish and Lakhtaria, 2011). The fashion product viewing and 

service technologies of Web 2.0 have evolved drastically and have been in use since the fashion 

industry entered e-commerce platforms (Table 3.1 and Table 3.2). A paper is published 

comparing the weaknesses of Web 2.0 and strengths of Web 3.0 tools in detail with examples 

of UK and Pakistan fashion e-commerce (Idrees et al., 2020b).    
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3.8.1. Web 2.0 fashion product viewing technology 

Appreciating web 2.0 fashion product viewing technologies offered by online platforms 

outlines the beginning of awareness of how e-commerce platforms have been established to 

provide product viewing and fit and sizing e-commerce tools that fashion retailers of Pakistan 

and the UK have employed. Web 2.0 fashion product viewing technologies are recapitulated 

in Table 3.1. 

Table 3.1 Web 2.0 Fashion Product Viewing Technology 

Technology Definition 
Pakistani 

Retailer example 

UK retailer 

example  
Reference to study 

2D Image 

(Product, 

Model and 

Outfit view) 

A static image view of products is 

offered by Web 2.0 technology. The 

products are presented on a 

mannequin, model or as an outfit with 

mix and match accessories and 2D 

images. 

(Nishat, 2019)                 

(Sapphire, 2019) 

(GulAhmed, 

2019) 

 

Topshop, ASOS, 

Shein, Mango, 

Zara, Marks and 

Spencer 

Kim and Forsythe 

(2008) 

Front, side, 

and back view 

The retailers present product images 

from different angles, including 

Front, side, and back views. 

(Nishat, 2019)                 

(Sapphire, 2019) 

(GulAhmed, 

2019) 

Topshop, ASOS, 

Shein, Mango, 

Zara, Marks and 

Spencer 

Song and Kim 

(2012) 

Angled 

viewing 

The users can view products from 

different angles for detailed viewing 

(Nishat, 2019)                 

(Sapphire, 2019) 

(GulAhmed, 

2019) 

Topshop, ASOS, 

Shein, Mango, 

Zara, Marks and 

Spencer 

Huang and Liao 

(2015) 

Zoom/close up 

Zooming in and out option aid in 

looking at product details of specific 

areas 

(Nishat, 2019)                 

(Sapphire, 2019) 

(GulAhmed, 

2019) 

Topshop, ASOS, 

Shein, Mango, 

Zara, Marks and 

Spencer 

Kim and Forsythe 

(2007) Cases, 

(2002), Ashman and 

Vazquez (2012) 

360° product 

rotation 

The product image can be viewed 

with 360°s rotation 
(Sapphire, 2019) 

Marks and 

Spencer, 

Topshop, Miss 

Selfridge   

Pentina et al. (2011), 

Verhagen et al. 

(2014) 

Catwalk video 

Retailers present a catwalk video 

with a product styled on a model. The 

video catwalk permits buyers to view 

the product on the moving model and 

how fabric drapes with different 

movements. 

(Nishat, 2019)                  

Topshop, ASOS, 

Shein, Mango, 

Zara 

Ashman and 

Vazquez (2012), 

McCormick and 

Livett (2012) 
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3.8.2. Web 2.0 fashion service technology 

The fashion e-commerce platforms offered fashion service technology other than 

product viewing. The following Table 3.2 highlights the primary fashion service technology 

tools employed in the fashion e-commerce platforms by retailers in Pakistan and the UK.  

Table 3.2 Web 2.0 Fashion Service Technology 

Technology Definition 
Pakistan retailer 

example 

UK and 

international 

retailer 

example 

Reference to 

study 

Recommendations 

‘You might also like’ 

and ‘Other customers 

also. 

Bought’/You may also 

like 

At the bottom of the product viewing 

page, a toolbar is generally presented 

with similar other product 

recommendations, a mix and match of 

accessories recommendations and 

items that other customers bought 

based on the product bought. 

(Nishat, 2019) 
Topshop, 

ASOS, Shein 

Ashman and 

Vazquez 

(2012), 

Benlian, Titah 

and Hess 

(2012) 

Wishlist, Save for 

Later 

Online buyers can save the products 

in the wish list to buy those products 

when they wish to buy them after 

revisiting the interface of brands. The 

website also saves previous viewing 

products of buyers to offer 

personalised services. 

(Nishat, 2019)                 

(Sapphire, 2019) 

(GulAhmed, 

2019) 

Topshop, 

ASOS 

Gonçalves and 

Zhang (2013) 

Lookbooks, Mood 

boards 

A new trend, new season launch and 

latest product promotion in done 

through lookbooks and mood boards. 

The communication is done through 

short moving images (GIFs), videos 

or slideshows with hyperlinks to 

items.  

(Sapphire, 2019) 

Mango, Zara, 

Marks and 

Spencer 

Magrath and 

McCormick 

(2013) 

Online Magazine 

Every season, an inspirational theme, 

feature, or trend is set to promote 

products to sell online via an online 

magazine tool.  

(Nishat, 2019) 
Next, Net-a-

Porter 
Rowley (2009) 

Blog 

The brands have offered the latest 

trends by providing an overview of 

trends, new brands, collaborations, or 

product launches with a QR code or 

link to a brand interface by writing a 

blog. 

Online websites 

for blogging only, 

not by fashion 

brands websites 

such as 

PAKSTYLE 

Pakstyle (2023) 

ASOS, 

Missguided 

Keeling et al. 

(2010) 

 

# Inspiration 

Fashion retailers employ the hashtag 

tool to gather images (Instagram) and 

tweets (Twitter) of buyers wearing 

their products into one digital 

platform by utilising the brand 

hashtag. 

(Nishat, 2019)                 

#ForAllOfYou 

#NLFusion 

#HappyShopping 

#MYKM 

#Asseeononme 

Auinger et al. 

(2016), Hsieh 

et al. (2014) 
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3.9 Limitation of immersion, interactivity, and attraction during product examination   

Currently, web 2.0 features are in practice by various retailers in Pakistan in fashion e-

commerce platforms. Despite many benefits, the ineptitude to practice immersion, interaction, 

and attraction with goods in a virtual environment often deters buyers from shopping. The 

shoppers commonly purchase apparel items online, comprising 50.7% of the population (Afrin 

et al., 2022). Web 2.0 platforms of e-commerce and mobile apps, online shoppers cannot 

experience a real store environment for instance, interact with salespeople, garments trying-on, 

mix and match apparel items by wearing on themselves or enjoy sensory motivation (Escobar-

Rodriguez and Bonson-Fernandez, 2017). These vital factors reduce buyers’ general attractive 

and immersive experience. Interactivity, rich data representation and realism are vital buyers’ 

needs that satisfy the consumer’s relational expectations. The former web 2.0 technology tools 

approach relies on two-dimensional (2D) images or animation/video footage/catwalk. The web 

2.0 tools approach is inherently deficient in providing rich data with no sensory interaction 

compared to what a three-dimensional (3D) personalised virtual model can offer (Altarteer and 

Charissis, 2019). A practical interface that provides functional and clear data with high 

interactivity levels, immersion and attraction is vital to compensate for the non-physical 

presence of a product. The rich online data presentation can be accomplished by incorporating 

web 3.0 virtual reality, augmented reality and mixed reality interactive tools for the natural 

interaction between consumers and virtual products (Altarteer and Charissis, 2019).   

3.10 Inaccuracy of size and fit during online shopping with web 2.0 tools 

Web 2.0 technologies presented in Table 3.1 and Table 3.2 have limitations in offering 

virtual size and fit accuracy. The fashion e-commerce web 2.0 tools do not meet the consumers’ 

demand for selecting the garment online. They are deficient in offering the sensory technology 

of size and fit recommendation and visualisation. Therefore, consumers are uncertain about 

their size and fit during garment selection on the online platform. Thus, there is a requirement 

for sensory tools that offer consumers online size, fit and style recommendations and virtual 

trying-on with 360-degree rotation to evaluate the garment before purchase. The Pakistani 

interfaces have been explored to understand the technology currently used by Pakistani fashion 

e-commerce retailers for offering fashion viewing and service technologies in the online 

interface. The following section will discuss the development of sizing systems and virtual size 

and fitting tools approaches adopted by fashion retailers.    
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3.10.1. Development of sizing systems  

Gill (2015) introduced the concept that sizing systems are the reason to categorise 

populations into sub-groups. In addition, they can be well-defined as the least possible number 

of sizes to gratify plenty of consumers (Gill, 2015). Sizing systems hold information about how 

retailers advertise their garment collections (Gill, 2015). Garment sizing depends upon the 

wearer’s body size as a foundation for scaling and count of ease to each size via the grading 

process (Petrova and Ashdown, 2012). They also stated that anthropometric measures 

(including body height, weight, arm length, head circumference, hip circumference, waist 

circumference etc.) are used to analyse body sizing. The sizing methods do not reveal 

multiplicity in populations, which is still applicable today (Labat and Delong, 1990). The 

findings of Kasambala et al. (2016) portrayed that retailers and manufacturers failed to generate 

a standardised system of sizing. This scarcity is causing problems for consumers when 

choosing a particular garment size and the final garment satisfaction.  

3.10.2. Virtual size and fitting tools approaches adopted by various Fashion retailers 

The most critical phase in online shopping is size selection. Worldwide consumers have 

differences in their body types and sizes (Hwangbo et al., 2020). The standard body sizes have 

been used for the construction of ready to wear garments. There is a specific standard sizing 

system for US, UK and EU and other South Asian countries such as China, India and Pakistan 

regarding their population body structure (Reid et al., 2020). Additionally, differences have 

been observed in the sizing charts of fashion brands (Hwangbo et al., 2020).   

Consumers often find contradictions amid high-street retailers’ sizing systems, resulting 

in inadequately fitted garments (Jones and Giddings, 2010). Pisut and Connell (2007) asserted 

that features like age, body shape and culture change with the passage of time and their 

contradictory nature make it hard and complex to develop a standard system for fit and sizing. 

Grading and sizing practices failed to relate the incremental grading heave in pattern blocks 

with the inconsistent dimensions of the actual female body form (Schofield and LaBat, 2005). 

According to Ashdown and Loker (2010), various sizing systems in the fashion industry 

settings existed in the late nineteenth century. Therefore, this lack of correspondence (Otieno 

et al., 2005) between sizing systems and the general wearer has brought discontent about fit 

from the consumer’s viewpoint.   

Therefore, standard sizing systems of ready to wear garments and the inability to try on 

garments and display 2D images during online shopping lead to dissatisfied consumers 

choosing the right size and fitting of garments and halt making a confident purchase online 
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(Lee and Xu, 2020). Thus, retailers experience high garment returns in online shops, 

predominantly because consumers could not confirm whether the apparel fit their bodies 

accurately, regarding their length and circumference, before buying online (Hwangbo et al., 

2020). The consumer body types and their attitudes towards online shopping above a 

relationship due to their specific body types, and each consumer has different fit challenges 

(Altarteer and Charissis, 2019).  

Inappropriate sizing chart display while online shopping is the most frequent cause of 

online returns. Previous studies portrayed that high online returns of garments are due to 

dissatisfaction with the physical fit (Des Marteau, 2000). When consumers purchase garments 

online, they do not get to try on the garment before purchasing it. They actually measure or 

witness the amount of fit after receiving that garment (Cases, 2002). Objective fit concepts 

(such as wear tests to analyse fit, designer-led, consumer view of fit not identical to the criteria) 

play an important role in identifying the issues with garment fit and sizing (Ashdown and 

Loker, 2010). Elements of fit (e.g. body size, shape and wearers’ personal perceptive of fit) 

must be addressed by the manufacturers and the designers (Alexander et al., 2005). All these 

issues highlighted above strongly suggest that there should be a widespread semantic or fit 

system to prioritise the standards of fit among manufacturers, retailers and consumers to 

overcome these issues.   

Clothing shoppers are deficient in knowledge concerning the extraction of body 

measurements manually. Since there are technical challenges involved in taking body 

dimensions manually, such as locating the right landmarking points while measuring the human 

body (8559-1, 2017; Almalki et al., 2020). Thus, customised garment services are challenging 

with traditional measuring the body dimensions (Idrees et al., 2020a). Consumers try on clothes 

during in-store shopping. However, during online shopping, consumers correlate their body 

dimensions with standard size charts and apparel images to make a size decision. Consumers 

need to remember their body dimensions or measure themselves using tape measurement 

methods to correlate the body measurements with standard size charts fashion brands provide. 

The whole process is time consuming and needs profound knowledge to acquire precise body 

dimensions (Hwangbo et al., 2020). Thus, size selection is an extremely complicated method 

in an online environment. For ease in online shopping, free returns are offered by fashion 

platforms. Therefore, retailers have faced noticeable garment returns due to size and fit issues 

in online shopping platforms, increasing noteworthy operational costs (Abdulla et al., 2019).  
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Developments like digital data, interactivity and internet technology are the principal 

sources of changing purchasing behaviour of online apparel (Loker, Ashdown and Carnrite, 

2008; Parker and Wang, 2016). There is a great potential to upsurge retail engagement and 

market share with virtual fit platforms. This is the biggest support for consumers and designers 

for purchasing and selling garments, reducing the perceived risk in garment returns due to poor 

sizing fit information (Gill, 2015). The recent developments in the fashion industry and a 

growing sense and awareness among the designers regarding the size choices of the masses. 

The shift in focus has led towards searching for a method that would enable clothing 

manufacturers to come up with solutions that could benefit everyone (Asif, 2018). Some 

initiatives have been taken by software and fashion retailer companies. For instance, a 

technology start-up company designed Metail. This interface is integrated into existing e-

commerce websites and creates a 3D avatar using a database filled with 5.000 male and female 

body measurements. However, many companies have tried and remain unsuccessful in solving 

the online clothing problem by using various business models by putting laser range scanners 

in every shopping mall to CAD style GCI graphic models.  

The reason for remaining unsuccessful is the market, technology, and user proposition 

were not there. As explained by Metail CEO Tom Adeyoola, “To create a fast and scalable 

garment digitisation system and process and conquer the complex maths is to understand the 

size and fit relationship between the two” (Bodhani, 2012). Most fashion retailers are providing 

the facility of booth body scanners to customers to shop for customised size and style garments, 

and body metrics accounts can be accessed online (Pani and Sharma, 2012). The founder of 

Fits.me virtual fitting room Heikki Haldre declared that the latest fitting rooms are being 

customised for each new company signed in (Rigby, 2013). Fit Analytics adopts another 

approach to enhance the size and fit. True fit has been established to aid online buyers in 

providing size and fit recommendations and visualisation in online fashion interfaces. The user 

interface method was to manually provide anthropometric data and garment data such as 

former purchase history, preferred fit and style by collecting data via online surveys or 

questionnaires, which is an extensive and indeterminate approach (Januszkiewicz et al., 

2017).    

Companies such as Virtusize, Fits.me, True Fit and Clothes Horse are designing a range 

of technology-based solutions for accuracy in delivering the right size and fit online. Virtual 

fit and technology platforms are still relatively new for users, and software companies are in 

search of establishing a ‘best practice’ approach. Asos is frequently upgrading and designing 

http://www.virtusize.com/
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novel technology to provide more accurate sizing choices and reduce returns with online 

shopping. Instead, most of them are not practical as a customer’s requirement. (Randall, 2015).  

 Januszkiewicz et al. (2017) analysed nine leading virtual fit platforms, which concluded 

that despite a large number of platforms aided with virtual fit technology, hardly a few 

companies exist that deliver such technology and interfaces, frequently based on subjective 

recommendation ‘previous purchases’ rather than scientific calculation. The situation is more 

complicated with subjective measures such as personal perception of one’s body required (e.g. 

what size are you), along with body shape, a concept shown to be ‘broken’ and not fit–for–

purpose (Januszkiewicz et al., 2017 p.210).      

Additionally, most technologies practice limited and misinterpreted body 

measurements frequently. As a result, size and fit recommendations result in a high degree of 

potential error; consumers purchase ‘incorrect’ sizes other than buying ‘perfect fit’ as promised 

by the technology. It is recommended better support these programs. There is a need for 

installed body scanning in these platforms to better support these platforms for the benefit of 

users and retailers (Januszkiewicz et al., 2017). Moreover, the technologies should be improved 

to eradicate human error of self-measurement and self-perceptions of their own bodies to select 

garments online (Raeve, 2018). As Gill (2015) recommended, combining the best elements of 

technology-driven interfaces, such as size and fit recommendation and fit visualisation for best 

practice, is necessary. An Omni-fit model is also designed by Miell et al. (2018). It is suggested 

in the study by analysing consumer reactions to fit in both virtual and real environments with 

an influence of brick and Mortar stores using Augmented Reality and Virtual Reality. A 

combination of three classification areas (size and fit recommendation and fit visualisation) to 

achieve the successful size and fit technologies for both online and in-store platforms as 

consumers intend to buy a garment before having fully informed garment selection information 

as presented in the (Figure 3.1) Omni-fit model (Miell et al., 2018).   
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Figure 3.1 Omni-Fit Model 

  Lee and Xu (2020) talk about virtual fitting rooms as they make online shopping more 

engaging, improve confidence, and make users’ experiences more fun in general. Nonetheless, 

there is a need to upgrade size recommendations and virtual fit models to satisfy consumers 

and make long-term modifications in online shopping behaviour (Lee and Xu, 2020). Kim 

and LaBat (2013) concluded that respondents had positive prospects and readiness to use the 

3D virtual simulation technology for online shopping despite the technology being inaccurate. 

Therefore, to fulfil the requirement of online buyers for confident online shopping. It is 

required to develop a system that has the potential to equally serve all body types and aid in 

expanding the size choices (Jain et al., 2018). Therefore, to rectify the online size and fitting 

issues, a mobile 3D body scanning tool (digital human dimensions) has been instituted along 

with advanced features of virtual trying-on to enhance fashion e-commerce interfaces globally 

to deliver the right size and fitted garment (Idrees et al., 2020a).   

3.11 Summary 

Retailers commonly use B2C to sell products online by utilising a fast wireless internet 

medium available to every social-economic class. Retailers use different online channels 

according to their approach and investment in various channels. Pakistani fashion retailers also 

show significant growth in the past few years and have contributed to economic development 

by utilising e-commerce platforms. Using Web 2.0 platforms, fashion retailers have adopted 

various techniques to target consumers worldwide. However, there are limitations of virtual 

trying-on and inaccuracy of size and fitting systems in the fashion retailers’ platforms to target 

and satisfy worldwide consumers. 
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Chapter 4. 3D Body Scanning Mobile Application: An Essential Tool of Web 

3.0 Metaverse Fashion Technologies in Virtual Commerce to Receive Right 

Size and Fitted Garment 

4.1 Introduction 

This chapter introduces virtual commerce as an immerging marketing and shopping 

platform. Web 3.0 tools have been highlighted as virtual fitting rooms, such as virtual reality, 

augmented reality, mixed reality, and 3D mobile application body scanners. Moreover, the 

fashion metaverse has been discussed as a future trend of virtual shopping. The following future 

marketing and virtual buying platforms would be meta-commerce. 3D body scanning 

technology has been studied as an essential tool of the fashion metaverse to receive the right 

size and fitted garment. Fashion retailers’ application of virtual commerce tools has been 

highlighted in this chapter. From the perspective of size and fit, recommendation and 

visualisation (virtual-trying on) and customisation is debated. Despite entertainment being 

associated with the fashion metaverse platforms, virtual size and fitting is essential to enhance 

the satisfaction of virtual fashion consumers.  

Therefore, 18 mobile applications have been reviewed to understand the strengths and 

limitations of mobile app scanners. In addition, pattern construction studies using body 

scanning technology to enhance the pattern construction methods and the adoption of 

technology for developing new sizing systems and garment customisation systems have been 

discussed. Recent studies of 3D body scanning technology adoption for size and fit 

recommendation and visualisation have been discussed. In addition, 3D body scanning tools 

are discussed as a tool studied by researchers for garment customisation and virtual try-on for 

fashion e-commerce interfaces. Moreover, various researchers using the TAM framework 

studied virtual fitting room approaches using virtual commerce tools or metaverse fashion 

technology. The studies highlighted that consumers showed a positive attitude and intention to 

use the technology because it is easy to use and useful in buying the right fitted garment online.  

4.2 Virtual commerce 

Virtual commerce is an emerging interactive marketing shopping channel. It has 

distinctive features from e-commerce and m-commerce. Virtual commerce offers a virtual 

three-dimensional (3D) environment, with improved functionality, immersion, interactivity, 

attraction, and accuracy in product and finding the right size and fitted garment online. In 

addition, augmented and virtual reality features overcomes the paucity of direct communication 
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between product and people (Wang, 2021). Virtual commerce introduced realistic and 

engaging distinct features with enhanced sensory depth virtual experience compared to e-

commerce since users can engage with more detailed 3D features than 2D static images 

(Altarteer and Charissis, 2019). The metaverse technology of virtual commerce can potentially 

improve the consumer’s experience and trust by offering hedonism and utilitarian value on the 

strength of providing interactive features such as 3D body scanning along with augmented and 

virtual reality features (Wang, 2021; Sohn et al., 2020).    

A successful online interface has a capability to present numerous classifications to virtual 

consumers, from the non-professional to the expert and from the target-directed to the 

pragmatic user (Rajan et al., 2021). Moreover, consumers require engaging, interactive and 

memorable experiences to be more confident when selecting an item in an online atmosphere 

(Brannon Barhorst et al., 2021). Therefore, virtual shoppers visit and buy from the virtual 

interface if it offers a viable choice comparable to in-store services or combines benefits 

(Battistoni et al., 2022). Virtual commerce has developed significantly. For instance, metaverse 

fashion technology which offers an interactive experience with the 3D features introduced by 

mobile app scanners, augmented reality, virtual reality, and mixed reality, has been confirmed 

to be the most visited feature. Researchers and software developers are engaged in enhancing 

and improving virtual commerce tools to improve interactivity to boost online sales (Idrees et 

al., 2020b; Xue and Parker, 2020). Virtual commerce comprises web 3.0 tools such as 

metaverse environment and interactive virtual reality, augmented reality, and mobile app 

scanners, which are discussed in detail in the following sections of the chapter.    

4.3 Web 3.0 technology  

Data integration is the primary source of Web 3.0. By employing metadata entrenched 

in interfaces, information can be converted into important information and intelligent agents 

(IAs) are accountable for discovering, assessing, storing, or providing data (Morris, 2011) IAs 

are software programs that gather data established on the operators’ cooperation with the web 

and undertake jobs to benefit the user (Lu et al., 2002). The web 3.0 metaverse fashion 

technologies are summarised in Table 4.1. A paper is published comparing the weaknesses of 

Web 2.0 and strengths of Web 3.0 tools in detail with examples of UK and Pakistan fashion e-

commerce titled, “Technological advancement in fashion online retailing: A comparative study 

of Pakistan and UK fashion e-commerce” (Idrees et al., 2020b).  
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4.4 Metaverse environment 

The captivating technology encompasses the computer software and hardware that 

stimulate the five senses of humans (i.e., vision, hearing, touch, smell, and taste) in a virtual 

environment to create the experience of being there, i.e., the perception of existence (Suh and 

Prophet, 2018; Xue et al., 2019). The idea of metaverse was taken from the novel “Snow 

Crash”, presented in 1992, by Neal Stephenson and indicates a virtual world with three-

dimensional features in which ‘Meta’ means virtual and abstract, and ‘verse’ means universe 

(Lee, 2021). In the metaverse, users interact with themselves via their own avatars created by 

themselves in a virtual paradigm of the metaverse to engage or renovate real life in a virtual 

figurative atmosphere without physical and geographical restrictions (Díaz et al., 2020). The 

idea of a metaverse or virtual world serves ahead commerce and enjoyment to engender a 

genuine virtual unnatural atmosphere in which digital users or avatars develop into human 

operators and connect entertainingly and economically with each other in a captivating three-

dimensional virtual and multi-user online environment. Lately, smartphones AR and VR 

devices have developed extensively, communication between several genuine and virtual items 

is practical, and the unique world of the metaverse is escalating rapidly (Lee, 2021). Moreover, 

the future trend of virtual shopping would be meta-commerce with the amalgamation of virtual 

commerce tools and the metaverse.   

4.5 Fashion metaverse 

The interaction is collaborative, immersive, and attractive in the metaverse platforms 

for fashion consumers. There are various kinds of solutions of metaverse platforms and avatars 

offered by technological establishments to improve the experience of users in the Fashion 

metaverse, which exhibits diverse levels of realism of virtual atmosphere with real avatars and 

virtual avatars. Various platforms are introduced by software developers, for instance, Roblox, 

Sandbox, Second life, Body Lab, triMirrorTM, Metail’s MeModelTM, Fitle’s 3D model, EZ 

faceTM, Zugara, Fits.meTM, Fitiquette, etc. These virtual platforms offer virtual catwalks, 3D 

360-degree rotation, customisation, garment fit visualisation with heat maps, and mix and 

match of products in the Fashion metaverse (Lee and Xu, 2020; Narin, 2021). 

4.5.1.  Fashion metaverse environment: gaming companies’ collaboration 

To offer a more captivating experience to their users, gaming companies have entered 

the fashion world, heralding the metaverse platform as the future of e-commerce. In the world 

of games, Roblox, Sandbox, and Fortnite are modern examples which encourage gaming 

companies to offer fashion retailers and users an exclusive experience (Narin, 2021). The daily 
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users of Roblox cover 180 countries, with an average of 46.6 million daily operators. To offer 

consumers new experiences and enhance brand awareness, fashion consumers have entered the 

metaverse (Gibson, 2021). Gucci is the front runner at the moment, offering consumers to wear 

a pair of virtual sneakers on Instagram using AR filters, additionally in Decentraland, a 3D VR 

platform and Roblox. To provide a captivating experience to consumers, Gucci joined the 

Roblox gaming space, where buyers with their personalised blank avatars can walk in the Gucci 

Garden (Figure 4.1). The users can manipulate their Avatars through numerous experience 

zones. Different colours and patterns can be included in the character uniquely designed by 

Gucci. Every day, there are five active users, and monthly, 50% of users update their Roblox 

avatar daily.  

The avatars are customised by users with the latest virtual fashion items, presenting 

their real-life style (Gibson, 2021). Eight native Roblox designers created 30 digital fashion 

products for Tommy Hilfiger (Figure 4.2) (Mcdowell, 2022). In the upcoming fashion show 

“phygital” of Autumn collection in September, Tommy Hilfiger, an American clothing brand, 

will be using the Roblox metaverse platform to present his collection “See Now, Buy Now” 

(Hypebeast, 2022). Tommy Hilfiger also presented his latest Spring 2022 collection via 

Metaverse Fashion Week held by Decentraland, the world’s first user-owned virtual world 

where buyers can shop NFTs for their avatars or buy physical products from within the 

Metaverse. The virtual commerce web 3.0 tools permit the seamless exchange of digital 

properties for physical products, services and experiences (PVH, 2022). The virtual brand 

group presented “Shop City”, where Roblox influencers can oversee the stores of Forever 21. 

The latest brands’ collections in the physical world will be accessible in their virtual world 

(Mcdowell, 2022). Human-motivated and entirely virtual avatar influencers have become 

important to the fashion metaverse. Tamara Hoogeweegen, future laboratory strategist, 

explained that the metaverse world of fashion brands would grow into a customisable 

metaverse space with user-generated products, as observed with Forever 21, Tommy Hilfiger 

and Ralph Lauren’s Roblox world, which was encouraged by the behaviour of buyers (Figure 

4.3) (Mcdowell, 2022). This indicates that the Fashion metaverse has countless functional 

applications to exhibit virtual fashion items in the fashion industry. There are wonderful 

approaches for online retailers to experiment with new concepts, improve or even unveil 

complete modern trends in an exclusively low-risk, sustainable approach (Gibson, 2021). The 

web 3.0 metaverse fashion technologies are summarised in Table 4.1. 
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Figure 4.1 Gucci Garden Metaverse Shop (Roblox) 

 

 

Figure 4.2 Tommy Hilfiger Metaverse Shop (Roblox) 
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Figure 4.3 Ralph Lauren’s Roblox World 

Table 4.1 Web 3.0 Metaverse Fashion Technologies 

Technology Definition Example Used by author/reference 

Augmented Technologies 

Augmented 

3D product view 

Try-on 

Virtual Mirror 

Users can view augmented versions 

of products on their bodies using an 

app and a digital device. 

Ralph Lauren (Magic 

Mirror), Sapphire 

(augmented reality 

mobile application) 

El-Seoud and Taj-Eddin 

(2019), Brannon Barhorst et 

al. (2021), Battistoni et 

al.(2022), Pham (2021) 

Virtual store 

Consumers can browse an entire store 

online or on mobile, or using screens 

or glasses. Offers increased 

convenience due to ease of access. 

Asizer, Gucci, Roblox, 

Sandbox, Fortnite 

Masri and Al-Jabi (2019), Li, 

A. and Xu (2020), Tawira 

and Ivanov (2022) 

Virtual Technologies 

Mix and Match –

Dynamic Product 

view 

Users can dynamically view products 

on a model and change outfits by 

mixing and matching products and 

accessories. 

H&M, Louis Vuitton, 

Gucci (Gucci Garden) 

Body lab’s triMirrorTM, 

Metail’s MeModelTM, 

Fitle’s 3D model, EZ 

faceTM, Zugara, 

Fits.meTM, Fitiquette 

Battistoni et al. (2022), 

Tawira and Ivanov (2022), 

Pham (2021) 

Virtual fitting 

room 

(visualisation) 

It provides users with an opportunity 

to view garments on a virtual avatar 

that can be personalised to look like 

the user. 

Forever 21(Shop City), 

Roblox, Sandbox, 

Fortnite, Tommy Hilfiger 

Metaverse Shop Ralph 

Lauren’s Roblox world 

Li and Cohen (2021), 

Sarakatsanos et al. (2021), 

Altarteer and Charissis 

(2019), Fernandes and Morais 

(2021) 

Virtual catwalk 

Immersion by Virtual reality headsets 

within a new season launch. Users are 

virtually present watching the show. 

Burberry, Topshop, 

Rebecca Minkoff, 

Tommy Hilfiger 

triMirror (2022), Asizer 

(2022) 

Virtual 3D body 

scan 

Users can create a 3D image of their 

body ‘at home’ using marker 

variables to gain body measurements 

for online shopping. 

(3DLook, 2022), (Stream, 

2022a) 

Lim and Jafari (2021), Sohn 

et al. (2020), Smith et al, 

(2021), Thi Nguyen et al. 

(2022) 
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4.6 Interactive features of metaverse fashion technologies in virtual commerce 

The metaverse virtual gamified shopping platform has been enhanced by virtual 

commerce tools such as virtual reality (VR), augmented reality (AR), mixed reality (MR) and 

3D body scanning mobile apps. The next section of the chapter reviews the latest developments 

in VR, AR, MR, and 3D body scanning technology. Furthermore, presents the research in 

consumer behaviour concerning intention to use, satisfaction and purchase with virtual 

commerce tools as well as shedding light on the recent examples of interactive technology 

applications in the fashion industry. The focus of the research is on 3D mobile application 

scanners. Therefore, the chapter reviews the 3D body mobile app scanners in detail regarding 

recent developments, consumer behaviour and approaches adopted by fashion technologists 

for product development and selection.  

4.7 Virtual reality (VR) 

Formally virtual reality is “the illusion of participation in a synthetic environment rather 

than external observation of such an environment. VR relies on three-dimensional (3D), 

stereoscopic, head-tracked displays, hand/body tracking and binaural sound. VR is an 

immersive, multisensory experience” (Gigante, 1993, p.3). Particularly, virtual objects and 

environments cannot be visualised within the physical environment and are separated from the 

actual world by a VR screen or head-mounted display such as VR glasses (Belova, 2020).   

4.7.1. Fashion retailers’ application of virtual reality for enhancing virtual size and fit 

To minimise the uncertainty of selecting the right size fashion items and to cut back on 

returns, worldwide fashion brands have employed virtual reality technology. For instance, 

Asizer, a virtual try-on application incorporated with 3D body scanning and garment simulation 

technology, has been introduced, which displays numerous clothing brands to select and buy 

the right size. Users are facilitated with personalised virtual trying on avatars and can analyse 

the garment by viewing with virtual catwalk video to customise the experience in the online 

world (Asizer, 2022). Likewise, triMirror, a Canadian based company, presented virtual fitting 

technology which enables a personalised virtual trying-on experience. Heat maps and virtual 

trying-on are employed to envisage the looseness and tightness of a garment. By moving 

around, fabric performance can be analysed virtually in various styles before buying a garment 

(triMirror, 2022).  
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4.8 Augmented reality (AR) 

The interactive technology of Augmented reality allows the users to examine the real 

environment, with virtual items added up or combined with the actual world. Virtual products 

can also be viewed in place of actual physical products. Furthermore, it offers greater 

information about the item, improving the detailed visualisation of the product (Udiono, 2021).   

4.8.1. Fashion retailers’ application of augmented reality for enhancing virtual size and 

fit 

The users experience enhanced hedonic value by using augmented reality when viewing 

the garments in an augmented environment. Moreover, buyers enjoy detailed viewing of 

garments, minimising the waiting time for fitting rooms and decreasing stress, particularly for 

families with children who may get exasperated when they wait for family members to try 

garments, thus improving the utilitarian value of technology. Moreover, the technology is 

easier to use by any age group (Brannon Barhorst et al., 2021). Augmented reality virtual 

mirrors have been launched by Ralph Lauren for their in-store fitting rooms, which proved 90 

percent of consumers’ involvement with higher hedonic value (Johnson, 2021). Likewise, 

Sapphire, a Pakistani fashion brand, has launched an augmented reality mobile application that 

permits buyers to analyse products on augmented avatars in 360-degree rotation (Sapphire, 

2019; Idrees et al., 2020b). H&M UK fashion brand presents six AR filters to promote the 

1990s streetwear collection. A filter concerning the game League of Legends released by Louis 

Vuitton, the LV fashion brand designed the outfits of game characters. RPR’s virtual clothing 

configurator established by Sack Fifth Ave employs smart glasses and smartphones. Therefore, 

virtual clothing racks can be visited by consumers in-store and at home. The augmented reality 

experience creates recommendations about apparel and accessories (Johnson, 2021).   

4.9 Mixed reality (MR) 

The user interface of mixed reality is a fascinating notion for enhancing user experience 

by incorporating computer-generated knowledge into an actual environment. The combination 

of augmented reality and virtual reality is an alluring way for the virtual commerce 

environment (Wang and Dunston, 2011). The metaverse is a virtual environment. User 

interaction is possible with real and virtual objects and avatars. This is where technologies and 

ideas of augmented reality, virtual reality, and mixed reality have been integrated and 

established into the virtual world. Virtual reality brings items into the simulated environment 

and enables operators to participate in simulated situations. In comparison, augmented reality 

improves the information in the actual environment. Additionally, the situation where both 



110 

augmented reality and virtual reality interaction opportunities are examined within the object 

relates to mixed reality (Cabero-Almenara et al., 2021; Lee, 2021).   

4.9.1. Application of mixed reality for enhancing virtual size and fit 

Sustainability is the biggest issue for online retailers, chiefly because of clothing returns 

due to poor sizing. Thus, the latest virtual commerce tools incorporation is necessary to resolve 

the sustainability and sizing issues in the fashion industry. To facilitate virtual buyers’ retailers 

have presented virtual fitting rooms. The presentation of items is vital for virtual fashion retail 

sales. Thus, the latest technology needs to be incorporated for realistic fashion viewing. Smart 

fitting rooms (SFR), interactive mirrors (IM), Virtual Reality (VR), and Augmented Reality 

(AR) has been examined by appraising their strengths for application in virtual fashion 

commerce. The study established that employing single technology contributes to the 

inadequate business model. Consequently, the combination of innovative technologies such as 

Augmented Reality (AR), Virtual Reality (VR) and Mixed-Reality (MR) and interactive 

mirrors (IM) with the latest smartphone development could introduce results like Smart fitting 

rooms (SFR) to resolve problems like poor fitting, online returns, realistic online fashion 

viewing and sustainability (Fernandes and Morais, 2021).    

4.10 Virtual fitting room studies to enhance the virtual apparel size and fit 

The recent virtual fitting room studies have been demonstrated in Table 4.13, which the 

researcher conducts to analyse the consumers’ response towards virtual fitting room 

acceptance. The studies are presented to shed light and provide evidence that virtual fitting 

rooms are easy to use and have interactive features to enhance interest in viewing products 

during online shopping. Moreover, virtual fitting room tools enhance and improve the sales of 

brands and reduce online returns. Consumers acceptance is the key factor in implementing such 

technology as most of the studies have been conducted in the UK regarding 3D body scanning 

and size and fit virtual platforms (Januszkiewicz et al., 2017; Miell et al., 2018; Loker et al., 

2008; Bye et al., 2006; Song and Ashdown, 2015; Kim and LaBat, 2013; Gültepe and 

Güdükbay, 2014). Previous research studies have explored the impact of IIT on consumer 

reactions to virtual size and fit platforms (Fiore et al., 2005; Fiore and Jin, 2003; Kim and 

Forsythe, 2008; Lee et al., 2010). Table 4.2 presents the recent studies of virtual fitting rooms 

using virtual and augmented reality to enhance the consumer experience in virtual fashion 

interfaces for interactive, useful, and easy online shopping.  
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Table 4.2 Virtual Fitting Room Recent Research Studies to Enhance Virtual apparel Size and Fit 

Author & Title Overview Methodology Findings 

Masri and Al-Jabi 

(2019) 

Virtual Dressing room 

application 

 

Microsoft Kinect sensor is 

employed to establish the 

virtual dressing room 

smartphone application, 

which can improve the time 

effectiveness and enhance the 

availability of garments trying 

on. 

The user’s avatar is created 

in the virtual dressing room 

application by using the 

video stream, avatar 

alignment and skin colour 

detection of the user. The 

modules used by the system 

for the identification of the 

joints for positioning, 

scaling, and rotation align 

the 2D cloth models with the 

user. The users have been 

offered a real-time 

experience overlaying the 

avatar on the user. 

Furthermore, by standing in 

front of kinetic, technology 

creates the human body 

dimensions and displays the 

real human body trying on 

the right size garment.  

The study results revealed that the 

virtual fitting room application is 

appropriate for easy control, user-

friendly and adaptable and an 

actual looking cloth model for the 

operator to wear. 

Hwangbo et al. (2020)  

Effects of 3D Virtual 

“Try-On” on Online 

Sales and Customers’ 

Purchasing 

Experiences.  

The basic meaning of virtual 

try-on has been explored in 

the research. The user 

experience and evaluation of 

the influence of 3D virtual-

try-on on online sales. 

 

The methodology adopted 

was the development of a 

virtual try-on, a virtual 

natural looking 3D model 

was created based on the 

user dimensions, and 

interviews were conducted 

to evaluate the impact of 

virtual try-on on sales 

outcome and response 

towards the system. 

The research outcome 

revealed that virtual try-on 

improve the women’s casual L 

brand sales outcome. The average 

sale per person is enhanced by 

14,000 won (13 USD). The 

essential outcome was that the 

return rate was reduced by 27% by 

separating the inaccurate sizes and 

fits. Thus, the virtual try-on can 

substitute the physical garment try 

rooms.  

Tavira and Ivanov, 

(2022). 

Leveraging 

personalisation and 

customisation 

affordances of virtual 

try-on apps for a new 

model in apparel m-

shopping 

Two theories have been 

employed, such as Sirgy’s 

theory of the self and 

Sundar’s theory of interactive 

media effects (TIME), to 

study virtual try-on apps. 

  

Additional constructs such 

as Photo satisfaction and 

consumer inspiration using 

two virtual try-on apps 

accessible in the market and 

their influence on the 

adoption intention. The 

impacts of personalisation 

and customisation in the 

current generation of virtual 

apparel try-on have been 

studied via a mixed-

methods approach. 

 

The research outcomes revealed 

that accessibility of customisation 

encouraged and influenced 

adoption intention.  The users 

were contented with their avatar 

image presented a higher impact 

on perceived augmentation. 

Furthermore, the study 

demonstrates that TIME’s Sense 

of Agency element facilitated to 

obtain a positive consumer 

reaction to mobile marketing 

technology, which was employed 

in the study as an app’s Mix and 

Match feature. The study 

informed that perceived 

augmentation had been impacted 

by body image for emotional 

opinions developed during the 

pre-task virtual try-on avatar 

formation stage.   

Battistoni et al., 

(2022).  

Interaction 

Design Patterns for 

The role of augmented reality 

as a meta-user interface has 

been explored, founded on its 

applications for interactive 

fitting room systems and its 

To support the interactive 

shopping experience, nine 

interactive design patterns 

were developed for 

augmented reality fitting 

rooms. For example, Body 

measurement; 2. Intuitive 

The proposed patterns to enhance 

the shopping experience was 

influenced by three chief factors, 

for instance, the idea of utility, the 

capability to create interest and 

curiosity and the perceived 

comfort of the user interaction and 
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Author & Title Overview Methodology Findings 

Augmented Reality 

Fitting Rooms 

impact on the related 

shopping experience.  

and comfortable interaction; 

3. Selecting the garment’s 

characteristics; 4. Selecting 

the garment’s 

characteristics 

automatically; 5. Selecting a 

garment in the virtual 

catalogue of a store; 6. 

Selecting a garment in the 

virtual catalogue of the store 

using a second device; 7. 

Physically selecting a 

garment in the store using a 

smart wardrobe; 8. 

Physically selecting a 

garment in the store using a 

mobile device; 9. Magic 

shop window. The patterns 

were assessed with 

stakeholders’ focus group 

evaluation. 

environment in which the system 

is installed. The outcomes showed 

that the patterns effectively 

encourage these factors.  

 

 

4.11 3D Mobile application body scanners 

In the emerging recent solutions to body worn product development and selection, body 

scanning is an essential technology (Apeagyei, 2010; Almalki et al., 2020).  Although fashion 

retailers have not achieved mass adoption for booth scanners due to their limitations of 

inaccessibility due to their big size, technical assistance, and expensive, mobile app scanners 

have the potential to resolve the prior issues by offering benefits directly to consumers (Daanen 

and Ter Haar, 2013). Recent mobile app scanners are accessible to consumers because users 

can easily download an app on their smartphone and use it at home without technical assistance.  

The current mobile app scanners have been reviewed, and their strengths, limitations, and 

potential to improve virtual product development and selection have been explored. The 

scanning apps have the potential to locate body landmarks and parameter dimensions, for 

instance, distances, girths, heights, width, surface area, body fat percentage, and 

circumferences. Mobile scanners offer various scanning options, such as full body scanning or 

separate body parts scanning (TechMed3D, 2020; 3DLook, 2022). The main purpose of 

separate body parts scanning is to provide dimensions to develop personalised helmets, head 

sports equipment, and foot scanning to provide the right footwear. Medical assistance is offered 

by scanning other body parts, such as personalised orthotics and prosthetics (Netvirta, 2022; 

TechMed3D, 2020).  

The mobile app scanners are developed by employing Computer vision and deep learning, 

Proprietary Statistical Modelling and (AI) Machine Learning & 3D Matching (Krafft et al., 
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2020; 3DMeasureUp, 2020; 3DLook, 2022). The image of the human body captured from a 

smartphone is evaluated by employing computer vision and deep learning algorithms, which 

distinguish the attired human body on any background. The neural network technology detects 

landmarks and generates a collection of probability maps. Raw data from body scans have been 

growing steadily. Statistical modelling is employed to create data. Proprietary statistical 

modelling is responsible for generating 3D human avatars. Furthermore, developing a 

distinctive 3D model for every scanned consumer built on identified landmarks allows to 

acquire of human body measurements via machine learning and 3D Matching (3DLook, 2022). 

Mobile app scanning companies are providing different solutions of custom branding 

hardware and plug-in software program to deliver interactive shopping solutions. The main 

three aspects offered by mobile app scanners are 3D body scanning, extraction, and display of 

digital body measurements with personalised avatar creation. Likewise, virtual trying-on 

technology provides product information similar to the information achieved from direct 

product assessment using personalised Avatar (Kim and Forsythe, 2008).   

4.12 Overview of 3D body scanning mobile applications 

The current mobile app scanners’ features, benefits, and proposed solutions presented 

by each app scanner for the benefit of consumers and retailers have been presented in the next 

section of the chapter. The mechanism of scanning applications and output data delivered by 

each scanner after scanning has also been presented in the chapter. The comparison will be 

helpful for fashion retailers in terms of choosing and delivering the right scanning app services 

which they want to offer to consumers via establishing interactive fashion shopping domains.  

A range of different companies and a variety of geographical locations have developed 

body scanning apps (Table 4.3). This presents the extensive potential of the innovative 

technologies as well as wide recognition of the possible advantages and anticipated usage of 

the App. The global population has been targeted by the introduction of mobile app scanners 

since mobile app scanners are an integral part of daily life routines like other essentials of life. 

Smartphone users globally go beyond six billion and are expected to grow by numerous 

hundred million in the next few years. The number of smartphone users in China, India and the 

United States is the highest in number worldwide (Statista, 2021c). Thus, mobile scanning has 

introduced the approach of interactive shopping domains for mass customisation, size 

recommendation and virtual try-on possibilities worldwide. Additionally, virtual consumers 

can enjoy other latest technologies, for instance, augmented reality, mixed reality, virtual 
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assistants’ internet of things and chatbots along with 3D body scanning. These web 3.0 

technology tools significantly change the consumer shopping experience (Hoyer et al., 2020). 
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Table 4.3 3D Body Scanning Mobile Applications 

 

 

 



116 

 



117 

4.13 Technology comprised in 3D body scanning mobile applications 

Table 4.4 encapsulate the technology employed by mobile app scanners of various 

companies. 3D body scanning applications have been developed broadly to provide a user-

friendly interface. The technology employed by each app to provide projected retailing 

solutions has been exhibited in Table 4.8, Table 4.9, Table 4.10, and Table 4.11. 

Table 4.4 Technology 

Technology 

Computer Vision & Deep Learning Proprietary Statistical Modelling 
(AI) Machine Learning & 3D 

Matching 

Using camera-enabled devices, a photo 

is taken of a human body dressed in a 

body-fitted garment on any 

background. The technology analysed 

the image with computer vision and 

deep learning to process the needed 

results. Neural networks have created 

probability maps set to establish body 

landmarks.  

Proprietary statistical modelling is 

responsible for creating human avatars 

of arbitrary complexities. Statistical 

modelling and dataset of the raw scans, 

regularly expanding in scan labs, are 

employed to engender artificial data.  

The underpinning of the fourth 

industrial revolution, artificial 

intelligence, has been discovered 

(Krafft et al., 2020). Machine Learning 

& 3D Matching is employed to 

develop a customised 3D Model of the 

scanned user, established on identified 

landmarks to acquire human body 

dimensions.  

 

4.14 Retailers facing solutions provided by 3d body scanning applications 

Mobile app scanner enterprises have offered several hardware and software solutions, 

for instance, custom branding apps and plug-in software. The solutions provided by each app 

exhibit common areas, such as how to deliver consumer dimensions, and API, PAAS, OEM, 

and SDK are common retailing solutions (Table 4.5).    
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Table 4.5 Retailers Facing Solutions Provided by 3D Body Scanning Applications 

Sr 

No. 

Application 

Name 

3D Scan, Import 

and Export Files in 

Format 

Customer 

Dimensions 
PAAS OEM API SDK 

1 3DsizeME 

IMED, VRML, 

STL, AOP, PLY, or 

OBJ. 

CSV No No Yes Yes 

2 3D Look OBJ CSV No No Yes No 

3 Nettelo 

OBJ and STL 

customer 

dimensions in CSV 

CSV No No Yes Yes 

4 
 Me-Three-

Sixty 

OBJ and STL 

customer 

dimensions in CSV 

CSV No No Yes Yes 

5 Mirrorsize 

OBJ and STL 

customer 

dimensions in CSV 

CSV No No Yes Yes 

6 Verifyt Body  OBJ and STL  CSV No No Yes Yes 

7 
3D Avatar 

Body (IBV) 
OBJ and STL  CSV No No Yes Yes 

8 

Sizer Me/ Sizer 

M2M/ Sizer 

Pro 

OBJ and STL  CSV No No Yes Yes 

9 
SizeYou / Size 

You Pro 
OBJ and STL  CSV No No Yes Yes 

10 SizeMeRight No No No No No No 

11 
ASizer: Virtual 

Fitting Room 
No No No No Yes No 

12 1Measure OBJ and STL  CSV No No No Yes 

13 Fashion Tech No No No No Yes No 

14 Right Fit No No No No Yes No 

15 ZoZo app OBJ and STL  CSV No No Yes Yes 

16 
3D Measure 

Up 
OBJ and STL 

CSV, PDF, 

HTML 
Yes Yes Yes Yes 

17 Presize.ai No 
CSV/JSON via 

URL 
Yes Yes Yes Yes 

18 Meepl No No No No Yes No 

Note:  

OEM stands for original equipment manufacturer version. It is designed by the original manufacturer and offered for 

custom branding.  

 PaaS is Platform as a service, which is a cloud computing model delivers both hardware and software tools. 

This service can be integrated into personal brand apps. 

 API is the acronym for Application Programming Interface, an intermediary software that permits two applications to 

interact with each other. 

 A software development kit (SDK) is a hardware platform, operating system (OS), or programming language.  

Which aid software developers to use specific platform to develop personalise application. 
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4.15 Features and benefits of 3D body scanning mobile applications 

The features of mobile app scanners have been compared and displayed in Table 4.6. 

Each mobile application's common features are 3D body scanning, extraction and 

demonstration of digital body dimensions, and personalised avatar creation. Furthermore, 

additional features have been reviewed to illuminate more benefits that can be employed for 

various solutions using the 3D body scanning technology and can ease the online shopping 

journey.  
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Table 4.6 Features of 3D Body Scanning Mobile Application 
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4.16 Benefits of 3D body mobile application scanners 

Mobile app scanners are a metaverse technology tool that can display several benefits 

to fashion buyers and retailers. Companies are presenting five major benefits to consumers. 

4.16.1. Capturing individual body data 

Mobile app scanners offer instant creation of custom measurements and 3D personalise 

avatars from 2D user images captured by personal smartphones for establishing a fashion 

market of mass customisation.  

4.16.2. Personalise size recommendation 

Personalise size recommendation process is easier with mobile app scanners for fashion 

retailers. By employing the body scan, the body dimensions are matched to the brand/country’s 

proposed fit.  

4.16.3. Virtual trying on 

The potential of garment selection and virtual trying-on at home on personalised avatars 

is easier and more accessible with mobile app scanners. In-store garment trying hassle for 

finding the right size can be reduced with this feature of mobile app scanners.   

4.16.4. Sustainability 

The standard size charts used for ready to wear garments construction increased the 

wastage of fabric, and consumers were dissatisfied with the size and fit of garments due to 

variations in the body types and shapes (McKinney et al., 2017). To achieve a sustainable 

garment production and construction system, fabric wastage needs to be reduced by creating a 

method that can satisfy individual users' demands (Nayak and Padhye, 2016). Mobile app body 

scanners have the potential to create a sustainable, personalised garment manufacturing system 

to ensure all body types and sizes are served equally.   

4.16.5. Low return rates 

Fashion e-commerce platforms offer free online returns. Thus, higher return rates have 

been noted due to poor size and fitting, which increases great number of operational costs to 

fashion retailers (Abdulla et al., 2019). Mobile app scanning technology has a possibility to 

serve all body types fairly. Thus, it is foreseen to have low return rates. 
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4.17 Comparison of mechanism of 3d body scanning mobile applications 

The mechanism and operational requirements are different for mobile app scanners. 

The user is required to develop a profile by registering with an email Id and adding the 

demographic information presented in Table 4.7. The operational requirements, mode of 

scanning, photo capture requirement and time required during the scanning process and output 

features displayed by each mobile application app have been displayed in Table 4.8, Table 4.9, 

Table 4.10, and Table 4.11.   

Table 4.7 Demographic Information to Create a User Profile for 3D Body Scanning 

Sr 

No. 
Application Name Name  Gender Height Weight 

Year of 

Birth/Age 
Location 

1 3DsizeME Yes Yes Yes Yes Yes Yes 

2 3DLOOK No Yes Yes No No No 

3 

Nettelo/  

Nettelo Pro/  

Nettelo-E 

Yes Yes Yes Yes No No 

4 Me-Three-Sixty No No No Yes No No 

5 Mirrorsize Yes Yes Yes Yes Yes No 

6 Verifyt Body Yes Yes Yes No Yes Yes 

7 
3D Avatar Body  

(IBV) 
Yes Yes Yes Yes Yes No 

8 

Sizer Me/  

Sizer M2M/ 

 Sizer Pro 

Yes Yes Yes No Yes No 

9 
SizeYou / Size You 

Pro 
Yes Yes Yes Yes Yes No 

10 SizeMeRight No No Yes No No No 

11 
ASizer: Virtual 

Fitting Room 
Yes Yes Yes Yes No No 

12 1Measure Yes Yes Yes Yes No No 

13 Fashion Tech No Yes Yes Yes No No 

14 RightFit  No Yes Yes Yes Yes No 

15 ZOZO App No No No No No No 

16 3D MEASURE UP No No No No No No 

17 Presize.ai No Yes Yes Yes Yes No 

18 Meeple Yes Yes Yes No No No 

 

4.17.1. 3D body scanning with front and side view photo capture requirements 

Mobile app scanners offer different mechanisms. The most common method companies 

offer is the requirement of front and side-view photo capturing via mobile app scanners (Table 

4.8). The required distance from the mobile app camera is 2 or 3 meters away. The front image 

capture requirement is to stand in A-pose with open arms and legs. However, the method for 

capturing a side/profile pose image is to join the legs and feet in a standing position with both 

arms touching the thighs. The user is required to wear a body fitted attire on both the upper and 
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lower body with bare feet. Thus, the body’s contours can be analysed with great precision (all 

mobile app scanner requirements). To use the application at home, users must go through three 

steps: profile creation, front scan via capturing the image, and side view scan via capturing 

image. After scanning, the application delivers various outputs in the form of body dimensions 

for customisation of garments, personalised avatar, size recommendation, virtual dressing 

room, virtual trying on of various fashion brands options, and body tracking. There are other 

capture requirements offered by mobile app scanners, for instance, more than one photo capture 

requirement (Table 4.9), front, side, and back view photo capture requirements (Table 4.10) 

and 360-degree scanning using additional accessories (Table 4.11). 
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Table 4.8 Applications with a Front and Side View Photo Capture Requirements  
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Table 4.9 Applications with More than one Photo Capture Requirements 

Sr 

No. 

Application 

Name 

Capture 

Requirements 

App 

Technology 

Steps to 

Process 

Scan 

Measure

ment 

Time for 

Scan 

Output = 

List of 

Measure

ments 

Output = 

Features 
Accuracy Modes 

12 
Verifyt 

Body  

2 x Front photo 
2 x Side Photo 

Computer 

Vision &  
Deep 

Learning 

5 <120 Sec Y=200+ 

*Measuremen
ts 

*Body Shape 

*Medical 
Assistance 

+/- 0.5mm 

for large 

girths 
 

Selfie 

13 

Sizer Me/  

Sizer 

M2M/ 

 Sizer Pro 

2x Front photo  

and 1 photo 
with slow 

circular 

movement 
 by raising arms 

in U shape 

Computer 

Vision &  
Deep 

Learning 

4 <120 Sec Y=80 

*Measuremen
ts 

*Size 

Recommenda
tion 

+/- 1cm for 

large girths 

 

Selfie 

14 Presize.ai 

1x Front Photo 

with slow 

circular 

movement (one 

rotation) by 
opening arms in 

A-pose 

Computer 

Vision &  

Deep 

Learning  

4 60 sec Y=20 

*Measuremen

ts 

*Size 

Recommenda
tion  

+/- 1 cm for 

Large Girths 

 
Selfie 

 

Table 4.10 Applications with Front, Side and Back View Photo Capture Requirement 

Sr 

No. 

Application 

Name 

Capture 

Require

ments 

App 

Technology 

Steps to 

Process 

Scan 

Measure

ment 

Time for 

Scan 

Output = 

List of 

Measure

ments 

Output = 

Features 
Accuracy Modes 

15 SizeYou 

1xBack 

photo 
1x Side 

photo 

Proprietary 
Statistical 

Modelling, 

(AI) 
Machine 

Learning & 

3D 
Matching 

3 <120 Sec Y=80 

*Measurements 

*Body Shape 
*Size 

Recommendatio

n 

*Medical 

Assistance 

+/- 1 cm for 

large girths 

 

Snapshot 

16 
Fashion 

Tech 

1x Front 

photo 1x 
Side 

photo 1x 

Back 
photo 

AI, 

Computer 

Vision & 
Deep 

Learning 

4 120 Sec Y= 7 
*Measurements 

*Body Shape 

+/- 1cm for 

large girths 
 

Snapshot 

 

Table 4.11 Applications with 360-degree Scanning using Additional Accessories 

Sr 

No. 

Applica

tion 

Name 

Capture 

Requiremen

ts 

App 

Technology 

Steps 

to 

Proces

s Scan 

Measure

ment 

Time for 

Scan 

Output = 

List of 

Measure

ments 

Output = 

Features 
Accuracy Modes 

17 
ZOZO 

App 

1 x 360-

degree scan 

with ZOZO 

suit 
containing 

marker 

points 

20,000*2 

Fiducial 

marker points 

technology to 
generate body 

measurements 

and Avatar 

3 60 sec Y 

*Measurements 

*Body Shape 

*Size 

Recommendatio
n 

*Medical 

Assistance 

ZoZo suit 

average 

error of 

3.7mm, 

ZoZomat 
average 

error 

1.4mm 
 

360-

degree  
scan 

18 
3Dsize

ME 

1x360-

degree body 

scan with 
Structure 

sensor Mark 
II 

Computer 

Vision & 
Deep 

Learning 

3 ＞60 Sec 

Y= 
Body 

parts 
measure

ments 

*Measurements 

*Body Shape 
*Medical 

Assistance 

+/- 1 cm for 

large girths 
 

360-

degree  
camera 

scan 
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4.18 Fashion retailers’ application of 3D body scanning mobile apps 

Various fashion retailers have employed recent mobile scanning apps which are easily 

accessible to consumers to deliver virtual size and fitting advantages. Element Pure mobile app 

scanner offers a fairly simple process by clicking front and side pose two images, using the app 

and smartphone camera. An app creates the avatar within 60 sec to 5 min. The artificial 

intelligence-based app provides custom-fitted tailored shirts, including slim, regular, or relaxed 

fit offers to buyers. The scanning process is user-friendly, and the method of using the app is 

explained by a video (Element Pure, 2019). Similarly, Nettelo has similar scanning methods 

by employing 2D images and displaying body dimensions for garment customisation and size 

recommendations of different countries, for instance, the EU, UK and USA (Nettelo, 2022). 

Size Stream body scanning enterprise offers meThreeSixty mobile app scanners and Formcut 

3D scanning apps. The total scanning process takes 5 minutes. The user must wear a tight-fitted 

upper and lower garment displaying its body silhouette to extract accurate body dimensions for 

garment customisation (Stream, 2022a). The 3D look mobile application has offered virtual 

trying-on integrated with the 3D body scanning technology. 3D Look company has more than 

100 retailer partners such as uniform industry Safariland and Fechheimer Brothers, a Berkshire 

Hathaway company, a New York based 1822 women’s denim brand is utilising 3Dlook’s 

Yourfit widget, Boost VC, 500 Startups, ICU Ventures, U Ventures are earlier consumer 

retailers of 3D look (3Dlook, 2021; Edelson, 2021).      

4.19 Methods developed to improve fit     

Song and Ashdown (2012) performed a study involving the fit of women’s pants. The 

study was performed on models with three different body shapes and categorised prototypes 

constructed on several fit sittings. The purpose was to augment consistency and legitimacy and 

to better correspond to wearers with different body forms. The facts gathered from three models 

were pooled with a block archetype to report for the variation, therefore recuperating the 

possibility of exactness in the fit of the model’s (women’s) pants. These methods, to obtain a 

quicker representation of the consumer’s body shape, resulted in improved fit satisfaction and 

minimised garment returns by the consumer. On the other hand, retailers support scalable 

modes, and thus, putting into practice innovative methods for sizing and fit may be pricey and 

troublemaking to present methods. Technologies such as online size prophecy devices, 

customised clothing, 3-dimensional body scanning, and clothing experience technology solve 

fit and sizing problems (Ashdown and Loker, 2010).   
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4.19.1. 3D body scanning technology studied by technologist for enhancing the pattern 

construction method and garment manufacturing system  

3D body scanning systems are being researched by many researchers and are explored 

by various technologists in terms of enhancing the size and fit of fashion e-commerce 

platforms. The technologists are trying to understand and develop a pattern construction 

method that can be adopted with a 3D body scanning system and the existing pattern drafting 

methods. The current research studies have explored the relationship with body dimensions, 

body size, body shape and body morphology with the existing 3D body scanning technologies. 

They have also explored the various sizing groups and developed sizing charts accordingly by 

understanding the body shape and size variations (Table 4.12).   

Table 4.12 Technologist Research Studies for Enhancing the Pattern Construction Method and Garment 

Manufacturing System 

Author and Title Overview Methodology Findings 

Sajib, Islam, and 

Nizam, (2018) 

Development of 

basic pattern 

blocks for men’s 

wear applying 3D 

body scanning 

technology 

The basic pattern blocks are 

developed for Bangladesh men’s 

wear to confirm better fit and 

balance using the measurements 

acquired from 3D body scanning 

technology. Human body 

morphology has been studied by 

creating a database directly 

impacting pattern block 

construction. Traditional blocks 

are updated with the additional 

dimensions for one set of basic 

pattern blocks of both shirt and 

trouser to create a development 

system using the scanner 

measurements. The updated and 

traditional block is tested and 

compared on two participants. 

20 male participants 

aged 24-30 were 

scanned using 3D 

body scanning. The 

most frequent body 

shape is identified by 

scanning the avatar, 

which is an inverted 

triangle.  

The results indicated that body 

scanning technology has a possibility 

to serve theory with a better 

understanding of various 

circumstances concerning human 

body dimensions, size, body shape 

and body morphology. Mass 

production and sizing system 

according to the target market can 

also be improved for ready to wear 

garments to acquire better fit and 

balance.  

Ahmed et al. 

(2019) 

The suitability of 

body scanning 

measurement in 

pattern drafting 

methods 

The study analysed the current 2D 

pattern construction methods and 

the countless outputs of body 

scanning technology to analyse the 

compatibility of traditional pattern 

drafting approaches with body 

scanning technology. Ten 

different methods have been 

analysed for bodice block and 

trouser construction. The 

measurements needed for each 

pattern construction have been 

compared with the body scanner’s 

extracted dimensions. The study’s 

primary contribution is to 

emphasise which measurements 

are required for pattern 

construction and which 

measurements are not provided by 

the scanners.  

Ten different women’s 

bodice block and 

trouser drafting 

methods have been 

selected. The drafting 

methods were 

compared and 

critically analysed to 

be used for the 3D 

body scanning system. 

 

The study concluded that there are 

issues with landmarking points which 

identify the locations of body 

measurements. Both manual and 

body scanning measurements differ; 

front shoulder slope, armhole width 

and Centre front neck to the waist are 

not available in scanners but are 

needed for pattern drafting.  
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Author and Title Overview Methodology Findings 

(Alrushaydan et 

al., 2020)  

Enhancing pattern 

construction by 

body scanning: 

the importance of 

curves 

The research has been conducted 

for the enhancement of trouser 

pattern construction through the 

use of 3D body scanning. The 

lower body shapes and pattern 

garment relationship have been 

studied. The study focused on the 

curves necessary to create trousers 

from 3D body scans properly. 

18 different methods 

of pattern blocks have 

been used for the 

construction of trouser 

using the 3D body 

scan of an individual 

Different pattern making methods 

have created different patterns of the 

same sized body form, body shape 

and dimension. The eighteen methods 

do not show a relationship of body 

shape to the pattern. These methods 

are unsuitable for the body scanning 

dimensions for the mass 

customisation process. There is a 

requirement to create a new pattern 

drafting method founded on 

relationships between the body 

measurements and body shape and the 

extracted data from the 3D body 

scans.  

(Almousa, 2021) 

Body 

measurements 

with 3D body 

scanner: the case 

of the female 

population in 

Saudi Arabia 

The study aims to develop a 

standard apparel sizing system for 

the Saudi adult female population 

from the anthropometric data of a 

3D body scanner.  

Four regions of the 

country were selected 

to collect the 

anthropometric data 

from white light 3D 

body scanners from 

1.074 participants, 

with an age range of 

18 and 63.  

Within 12 size designations, 3 sizing 

groups have been identified, and 36 

size variations have been discovered. 

The sizing charts developed for the 

study present that key circumferences 

dimensions such as chest, waist and 

hips are similar to that of ISO 

standard and ASTM D5585-11. 

However, the Saudi female 

population has shorter height brackets 

than ISO and ASTM standards.  

 

4.20 Virtual size and fitting technologies for size and fit recommendation and 

Visualisation 

The main idea of virtual fitting rooms is to “try on” products on virtual avatars. The 

avatars are founded by adding body dimensions manually provided by consumers themselves 

or captured by camera-enabled devices applications or body scanning machines technology 

(Blázquez, 2014b). Different types of solutions are offered to collect the body dimensions to 

store in the database, which is employed to provide recommendations by matching items, 

offering approaches for retailers to offer personalised and pleasurable experiences (Marciniak 

and Bruce, 2007). The consumer experience is “the total of feeling, perceptions, and attitudes 

formed during the entire process of decision making through interaction with people, objects, 

processes, and environment,” and the environmental stimuli bring either positive or negative 

emotional responses (Jain and Bagdare, 2009). Since consumers make cognitive and affective 

assessments on stimuli they interact, it is necessary to determine how the novel technology, as 

a stimulus, can be interacted with while using it during the shopping journey and how it 

improves the experience of consumers (Schimitt, 2003; Velázquez et al., 2009). Various virtual 

fitting room technologies employ different simulation solutions. The consumer experiences 

may differ quite significantly when using the different virtual fitting room technologies. The 
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difference in experience is based on consumers’ insight toward the traits such as style, fit, and 

perceived enjoyment (Fits. me, 2014). The recent technologies may also vary in the experience 

of interactivity and accuracy (Lee et al., 2010; Yang and Young, 2009). Gill (2015) has defined 

the broad areas of virtual size and fitting technologies and summarised them in Table 4.13.   

Table 4.13 Definition of Virtual Fit and Sizing Websites 

Type off   VFR 

(Gill 2015) 
Explanation Examples 

Type of VFR 

(Gill 2015) 

Size 

recommendation 

Basic measurements are entered manually, and information 

about prior purchases and garment fit is collected via an 

interface. Thus, the buyer then receives the size recommendation 

from a particular retailer. 

Dressipi, 

True fit, Fit 

Analytics 

Size 

recommendation 

Fit 

recommendation 

Consumers' bodies are matched and founded on their basic 

dimensions with the other users of similar platforms. The buyers 

are shown the images of other buyers dressed in the garments, 

and they can comment on fit and size by linking with one 

another. The fit recommendation platforms comprise descriptors 

of how a garment would fit the user founded on their basic 

dimensions mapped against apparel dimensions and retailer size 

charts. 

Fitbay, 

Fits. me, 

Virtual 

Outfits 

Fit 

recommendation 

Fit visualisation 

Consumers can assess garments on personalised computer-

generated 3D avatars. Buyers are indicated with tightness and 

looseness of garments through heat or tension maps. Alterations 

in the sheer and colour can also be made. Basic body dimensions 

such as height, weight and bra size are employed.  

Asizer, 

Virtual 

Outfits 

Fit visualisation 

 

4.20.1. Selection of Stimuli for virtual size and fit interfaces study (Study 1) 

Based on the discussion of Gill (2015), two interfaces such as fit analytics (size 

recommendation) and virtual outfits (size and fit recommendation and visualisation), have been 

selected for the quantitative study. A paper has been published comparing the Web 2.0 

technology interfaces used by Pakistani fashion retailers and Web 3.0 technology tools used by 

UK fashion retailers. The paper presented how Pakistani retailers can enhance fashion 

interfaces using the recent Web 3.0 technologies by understanding the recent examples used 

by various UK fashion retailers to enhance the size and fitting experience (Idrees et al., 2020b). 

Table 4.14 illustrates the interface used for the virtual size and fit quantitative study.   
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Table 4.14 Size and fit Recommendations Interfaces Used in The Research 

Size Recommendation Websites 

Company and Description 
Measurement method 

for size comparison 
Platform 

Notable Retail Partners 

 

 

 

The main body dimensions comprise belly 

shape and hip size, founded on 

consumers’ calculations about their 

bodies. The data offered by the user 

permits the interface to locate the best-

fitted size. It is examined that it enhanced 

the conversion rate by 2% through AB 

assessment with North Face (Fit 

Analytics, 2019). 

Height, weight, age, 

belly shape, hip shape, 

bra-size, cup-size, fit 

preference. 

 

PC/smart 

phone/tablet 

ASOS, JD Sports, M&S, 

Boohoo, Mainline 

menswear, Betty 

Barclay, Alexander 

McQueen, Burberry, 

Various brands of USA, 

China and Europe 

Size and fit Recommendation and Visualisation 

 

A virtual personalised wardrobe can be 

created by users employing the virtual 

platform. The users can select different 

garments and accessories of different 

brands by mixing and matching, and 

visualising the products on the 

personalised avatar.  Consumers can 

analyse the product on their realistic 

avatar by uploading their face image and 

body dimensions needed to develop an 

avatar for the user. This process allows the 

user to visualise the garment size and fit 

on a personalised avatar with a virtual 

catwalk in various atmospheres and 

backgrounds (VirtualOutfits, 2019). 

Body shape, height, 

hips, waist and bust 

measurement to create 

an avatar. 

 

PC/smartphone/tablet 

Various, garments are 

selected by users. mix 

and match option. 

Dorothy Perkins, 

Farfetch, Topshop, Miss 

Selfridge and various 

brands of USA, China, 

and Europe. 

 

4.20.2. Intelligent web fashion technology (Web 3.0)  

Advanced information technology has developed intelligent web technology that 

permits advanced information collection, storage, processing, personalisation, and 

virtualisation. Intelligent web is based on artificial intelligence technology and comprises web 

mining and web farming technology (Zhong, 2003). Intelligent web is based on the 

compilation, consumption and employment of large data pools and is frequently linked with 

Web 3.0. The stage of internet evolution is Web 3.0, which permits the amalgamation of the 

latest technologies, such as social networks, big data and the internet of things (physical devices 

linked to other apps, services and communications) (Newman et al., 2016). The intelligent web 

offers various fashion technologies to help consumers in the online decision-making process. 
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Table 4.15 condenses characteristics of intelligent web technologies in fashion retailing (Table 

4.15).   

Table 4.15 Intelligent Web Fashion Technology 

Technology Definition Example Used by author 

Digital styling community 

Online styling and 

fit communities 

Offer buyers with recommendations of identical 

buyers “crowd-power by publishing pictures of 

garments and styles. 

Like to Know it 

Closet space 

Fitbay 

Park and Cho (2012), 

Huang and Benyoucef 

(2013) 

Personalised digital styling 

Digital Wardrobe 

The purchase made by a consumer is recorded by the 

app in the retail stores and virtual platform by e-

receipts and emails. The information is stored in a 

digital wardrobe by tagging. The buyers can view the 

prior purchase history, sizes, products, like and 

dislikes. 

Louis Vuitton, 

Gucci (Gucci 

Garden), 

Forever 

21(Shop City) 

 

Masri and Al-Jabi, 

(2019) 

Tawira and Ivanov, 

(2022) 

 

Online personal 

stylist 

 

A short quiz-based virtual platform recommends the 

options present in the store to provide a personalised 

shopping experience according to the user’s 

preferences.  

Try Tuesday – 

Marks and 

Spencer 

Online personal 

stylist 

Size prediction 
Dimensions information and previous buying are 

used to guess the correct size for an online purchase. 

Zara, ASOS, 

1822 Denim 

Hwangbo et al. (2020), 

Tawira and Ivanov 

(2022). 

 

Size and Style 

recommendation 

Buyer information is collected via a quiz to collect 

information on body confidence, image, personal 

style preference, sizing, height and weight to develop 

a customised style profile that offers buyers product 

and size recommendations. 

Dressipi - 

Topshop, 

Very, John 

Lewis 

Hwangbo et al. (2020), 

Li and Xu, (2020). 

  

Artificial Intelligence Styling 

Image recognition 

styling 

 

Artificial intelligence and machine learning 

technology are used with camera-based smart devices 

to offer size and style recommendations to the user. 

 

Amazon Alexa 

– Echo Look 
Techcrunch (2017) 

 

4.21 Recent Studies of 3D body virtual avatars for size and fit recommendation and 

visualisation for enhancing virtual size and fit  

Li and Cohen, in 2021, introduced a novel and simple 3D virtual fitting room that 

develops a personalised body avatar of the user, which allow virtual garment fitting. The 

application requires less involvement from the user. It requires only two images (frontal and 

profile views of the user) employing the smartphone’s camera to identify the loose or fitted 

garment. The method of reconstruction is accessible and competent and is an effortless 

substitute for acquiring precise body measurements as taken by a tailor. The 3D reconstruction 

offers a precision of greater level when evaluated with the average resolution of the real model 



132 

employing the CAESAR dataset. This application can be applied to online stores’ virtual fitting 

room systems (Li and Cohen, 2021).  

An interactive virtual reality application has been presented for fashion designers, 

which proposes to provide an immersive atmosphere for visualising and evaluating garments 

precisely during the designing process of the garment. The designer fitting room can be 

enhanced with a virtual reality environment, offering a close-up evaluation of a dressed avatar 

in different body movements. Therefore, virtual reality allows designers to have an improved 

assessment of the garment style, fit and behaviour of the final garment. The garment simulation 

is initially reviewed in realistic avatar form in the game engine before implementing the 

suggested application (Sarakatsanos et al., 2021).   

To enhance the size and fit in the online atmosphere, an android augmented reality 

technology has been introduced to evaluate its benefits on consumer behaviour to improve the 

marketing and sales strategies of different fashion brands. Three different sections, such as 

consumer behaviour, consumer experience and the benefit of augmented reality to retail stores, 

have been evaluated in the study. Initially, the outcome of consumers’ behaviour presented that 

the application user interface was acceptable and user-friendly. Moreover, the 3D dynamic 

objects improve the process of decision making. Secondly, the users approved of the efficacy 

of the application in the decision making process by replacing the traditional trying-on 

methods. Thus, the study determined the possibility of sustainability during the pre-purchase 

stage of consumer buying by employing augmented reality. Therefore, the results revealed that 

augmented reality application enhances the decision-making process and the brand image, 

offering high sales and profit advantage (El-Seoud and Taj-Eddin, 2019). 

Lin and Kang (2019) evaluated the 3D body scanning system using the iPad with a 

structured lens. Participants created their own avatars using the body scanner system. The 

results revealed that participants were satisfied with their own avatars, and avatar presentation 

was moderate to very accurate to their bodies. Body scanning technology was inexpensive and 

effortless to operate, and most participants indicated positive responses regarding future 

applications in the fashion industry for size recommendation and visualisation (Lin and Kang, 

2019). Similarly, a study regarding consumer evaluation of smartphone body scanner 

applications has been established. The results revealed that participants found the application 

useful. However, they elaborated that the application was difficult to use and required more 

effort due to manual calibration after a person is scanned. The scanner app has the possibility 
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to deliver customised garments and size recommendations of major international sizing 

systems such as (the US, UK, FR, IT, DE)(Idrees et al., 2020a).    

4.22 3D Body scanning mobile application studies for garment customisation and size & 

fit recommendation and visualisation 

Daanen and Ter Haar (2013) presented an overview of booth body scanners, especially 

on novel sensing and processing technology developments. Structured light scanners have 

initiated the novel era of fast, inexpensive, high resolution and precise scanners. The 

development has started an idea of employing technology for virtual trying on, transforming 

mass production to mass customisation to present true fitted personalised garments in an online 

fashion buying setting (Daanen and Ter Haar, 2013). The booth scanners approach does not 

meet the requirements of consumers and retailers in the e-commerce platforms in terms of its 

big size, not being user-friendly and expensive. Thus, the mobile app scanners have been 

introduced as a user-friendly approach by employing the front and side pose of user images to 

assess the 3D personalise fit visualisation simulation and body measurements. The mobile app 

scanners provide accurate, reliable, and exact technology, as stated by the app scanner 

companies. Lim and Jafari (2021) studied the ten mobile applications to establish their 

characteristics, methods, and advantages. The results revealed that applications presented the 

possibility to be useful for the fashion industry for garment customisation and size 

recommendation technology (Lim and Jafari, 2021).     

De Silva et al. (2019) introduced a collaborative apparel new product development 

model assisted with virtual simulation technology. The demand for mass customisation 

business models with collaborative product development endeavour of value stream partners 

and consumers. Consumers are interested in designing and developing their own garments 

besides buying. They are interested in customising the garments according to their body 

dimensions and can visualise the garment fitting in the virtual environment. Thus, the strength 

of both virtual reality and segmented reality can be used for future business models. For 

example, virtual reality tools such as virtual prototyping are applicable in the development 

stage of garments. However, augmented reality tools are suitable at the point of integration of 

users, such as examining ideas and evaluations of garment fitting (De Silva et al., 2019).  

Mikalai et al. (2022) presented iPhone 12 Pro with an integrated LiDAR scanner for human 

body scanning. The quality of technology has been evaluated by employing the 3D design 

software MeshLab and Rinoceros. The precision of extracting the dimensional qualities of a 

human body employing the 3D model has been evaluated. They proved the possibility of 
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providing accurate body dimensions for constructing bespoke garments (Mikalai et al., 2022). 

Comparably, the possibility of constructing bespoke garments using 3D body scanning has 

been studied with Styku (MyBodee). Digital dimension extracted from the body scanner was 

used for the bespoke garment manufacturing and 3D virtual simulation on the 3D avatar to 

assess the fitting of the garment on the virtual personalise model. The complete virtual fitting 

process has been described as an improved method than conventional ready to wear garments 

(Sohn et al., 2020).  

A procedure has been demonstrated for the automatic development of the size and body 

shape of a 3D-scanned avatar. The factor analysis, linear regression equation, cluster analysis, 

and discriminant analysis were employed to evaluate the body shape and decide the best key 

measurements for establishing the sizing system table. To develop the mathematical model, the 

study employed fuzzy logic. The neck circumference and inseam height are the input variable, 

and human size coding numbers and body shape are the output variables in this model. The 

rotation matrix and optimal function were employed to produce an algorithm to evaluate the 

neck circumference and inseam dimensions. An easy method based on vertices and surface 

normal vector data, along with optimal searching, was adapted to evaluate the primary 

dimensions. The evaluation algorithm, combined with the fuzzy logic model, developed an 

automatic method of obtaining the size and body shape of the avatar. A novel method for rapid 

extraction of the human body shape and dimension has been presented in this research. This 

technology. The technology establishes buying of ready-to-wear and customised garments and 

expedites garment purchases in both online and offline settings (Thi Nguyen et al., 2022).   

Smith et al. (2021) conducted a comparative study of the MeThreeSixty mobile app and 

conventional anthropometry and size stream scanner SS20. The results revealed that 

smartphone app accuracy is equivalent to conventional tape measurement procedures in which 

a qualified technician manages to obtain the data (Smith et al., 2021). For personalise made to 

measure (MTM) integrated solution has been explained by Surc et al. (2020), which is founded 

on 3D body scanning. The acquired body dimensions are automatically transferred from the 

scanner to the flat knitting machine. The procedure reduces the intricacy of the construction of 

personalised lot-size-one garments. After scanning consumers, size charts automatically 

propose the best fitting size and equivalent fit rules for the designated garment type. 

Consequently, knitted garments can be customised by employing a properly arranged flat 

knitting machine (Surc et al., 2020).   
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4.23 Recent Studies of extended TAM framework regarding consumer behaviour with 

virtual commerce tools 

Various studies have used the technology acceptance model to measure the consumer’s 

behaviour towards virtual commerce tools. The main idea of using the technology acceptance 

model is to measure the technology’s ease of use and usefulness. Suppose technology is easy 

to use or user-friendly, and useful regarding its services. Then consumers accept technology 

and show a positive attitude and intention to use technology (Davis, 1989). In addition, the 

extended TAM framework is also used to study other related constructs of consumer traits to 

determine the technology acceptance by consumers. Table 4.16 presents recent studies that 

employed the extended TAM framework to measure consumer behaviour. This study has also 

used the TAM framework to evaluate the consumer responses towards the virtual size and fit 

interfaces and 3D body scanning technology. Chapter 6 explains the TAM theoretical 

framework constructs and their application in the study in detail.   

Table 4.16 Consumer Behaviour Studies with an Extended TAM Framework with Virtual Commerce Tools 

Author & Title Overview Methodology Findings 

Altarteer and 

Charissis (2019) 

Technology 

acceptance model 

for 3D virtual 

reality system in 

luxury brands’ 

online stores 

 

A survey-based study 

using the technology 

acceptance model 

constructs ease of use, 

usefulness, perceived 

experience value, and 

perceived presence as 

independent variables in 

evaluating the attitudes 

toward the online 3D 

virtual reality semi-

immersive system for a 

luxury brand. The 

impact of product 

customisation and 

personalisation features 

on the perceived 

experience value and 

attitudes toward the 

technology. 

Participants were 

observed during the 

session, and a quantitative 

questionnaire was carried 

out to study the pre and 

post-study phases for data 

collection. 

 

The study’s results reported that the 

perceived presence, usefulness, ease of use, 

and perceived experience value positively 

influenced the attitudes toward the 3D 

virtual reality semi-immersive system. The 

3D virtual reality systems offer the 

advantage of real-time manipulation of 

products, and the flexibility in customizing 

the features of 3D models in real-time 

positively impacts the attitudes toward the 

3D virtual reality technology. Furthermore, 

the product customisation feature of an 

online luxury brand presented a positive 

impact on the attitudes towards the 3D VR 

system. 

Li, A. and Xu 

(2020). 

A study of 

Chinese 

consumers’ 

adoption 

behaviour toward 

virtual fitting 

rooms 

The consumer insights 

and their acceptance and 

intention to use virtual 

fitting rooms have been 

explored in this 

research. 

  

The methodology adopted 

for the study was divided 

into four sections. The 

initial section evaluated 

the Chinese consumers’ 

regular virtual shopping 

behaviours comprising 

online shopping 

frequency, issues 

encountered when they 

shop in the virtual 

environment and their 

acquaintance with the 

virtual fitting room 

technology. The second 

The results concluded that fashion 

leadership displayed a moderating impact 

on the consumers’ perception. Therefore, 

consumers with high fashion leadership 

showed higher adoption and intention 

towards virtual fitting rooms. Chinese 

consumers with high fashion leadership 

showed that the impact of perceived ease of 

use on adoption intention towards virtual 

fitting rooms was greater than perceived 

enjoyment and perceived usefulness, 

representing that ease of use was a highly 

attractive feature of virtual fitting rooms for 

users with high fashion leadership.  Yet, 

consumers with low fashion leadership and 
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Author & Title Overview Methodology Findings 

part of the study was based 

on consumers’ insights, 

adoption, and intentions 

towards virtual fitting 

rooms. The third section 

evaluated the personality 

traits comprising fashion 

leadership and technology 

anxiety. The last section 

comprises demographic 

data comprising gender, 

age, level of education, 

marital status, and family 

annual income level. 

  

perceived enjoyment showed the highest 

influence on adoption intention towards 

virtual fitting rooms, equating to perceived 

ease of use and usefulness. Therefore, the 

pleasure was essential for Chinese 

consumers with low fashion leadership to 

accept virtual fitting rooms. The results 

indicated that Chinese consumers display 

positive perceptions and intentions toward 

using virtual fitting rooms as a marketing 

strategy. Fashion retailers can integrate 

virtual fitting room technology to attract 

consumers.  

Islam and 

Stannard (2020) 

Body scanning 

technology 

preferences 

among consumers 

 

The study aimed to 

determine users’ 

preference for the type 

of body scanners among 

three different body 

scanners. Three 

scanners were 

investigated Size 

Stream® SS20 

(traditional body 

scanner), Size 

Stream @ Home® (a 

suit-based scanner), and 

a mobile-based scanner 

MTailor®. Technology 

Acceptance Model 

(Davis, 1989) was used 

as a framework to 

investigate the 

comparison and 

preference of consumers 

for the type of body 

scanner. 

The consumers’ adoption 

behaviour has been 

studied using the TAM, 

considering the constructs 

of perceived usefulness 

and perceived ease of use 

among the three types of 

body scanning 

technologies. Using the 

Qualtrics software, an 

online survey was 

designed. Three types of 

body scanners were shown 

to participants. Each time, 

participants were 

presented with a single 

body scanner. The image 

of the body scanner, 

description of scanning 

procedures, clothing 

requirements, and possible 

use of the scans were 

presented. After an 

overview of each body 

scanner, participants were 

asked 7-point Likert-type 

questions related to the 

perceived usefulness and 

perceived ease of use 

(Davis, 1989) for data 

collection. 

 

The participants’ responses indicated that 

the most useful was the traditional body 

scanner among the three investigated 

scanner types. The mobile-based scanner 

was easier and more convenient than the 

traditional scanner. A higher perceived ease 

of use was reported for the mobile-based 

scanner than the traditional scanner. The 

respondents preferred the mobile-based 

scanner because of their relative comfort 

with mobile technology. 

 

 

 

Jorgensen and 

Sorensen (2021).  

Consumer 

acceptance of 

virtual reality 

when browsing 

for apparel 

Virtual reality 

acceptance has been 

studied among USA 

consumers by using the 

technology acceptance 

model. 

 

On their personal 

computers, users were 

exposed to the virtual 

reality experience. (Online 

survey TAM) PEU, PU, 

PI, PE, ATT, IU 

 

The outcome of the online survey indicated 

that perceived enjoyment presented a 

positive relationship with perceived 

usefulness and perceived ease of use. In 

contrast, perceived usefulness indicated a 

positive connection with perceived 

innovativeness and perceived ease of use. 

Likewise, perceived enjoyment, perceived 

ease of use, and perceived usefulness 

showed a positive influence on the attitude 

and intention to use virtual reality platforms 

during online apparel shopping. 

Oyman et al. 

(2022)    

Extending the 

technology 

The main purpose of this 

research is to determine 

the effect of augmented 

reality use in mobile 

In this study, by 

employing the 

Technology Acceptance 

Model (TAM), The 

The outcome of the study reveals that the 

CNS presented a positive and direct impact 

on perceived augmented reality (PAR); 

PAR and showed a positive and direct 
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Author & Title Overview Methodology Findings 

acceptance model 

to explain how 

perceived. 

augmented reality 

affects 

consumers’ 

perceptions. 

 

applications on 

consumers’ behavioural 

intentions towards using 

the mobile application 

and perceptions 

underlying this effect. 

 

influence of augmented 

reality on behavioural 

intentions for mobile 

applications was studied 

using the TAM framework 

by analysing structural 

equation modelling 

(SEM). The constructs 

measured were consumer 

novelty seeking (CNS), 

technology anxiety (TA), 

perceived augmented 

reality (PAR), PE, PU, 

perceived informativeness 

(PI), PEU and behavioural 

intention to use. 

impact on perceived enjoyment (PE), 

perceived usefulness (PU), perceived 

informativeness (PI), and perceived ease of 

use (PEU). In addition, the study concluded 

that PE, PU, and PI positively and directly 

impacted behavioural intentions to use the 

application (BIUA). 

 

 

 

  

4.24 Summary 

Modern virtual commerce or metaverse fashion technology tools jointly have the 

potential to empower mass customisation that rejuvenates stagnant markets and benefits 

companies to develop the latest opportunities that provide attractive growth and margins. 

Conversely, to develop this next wave of mass customisation, leaders must work in a team with 

business-unit, IT, and functional administrators to create a novel integrated business model. 

The model can connect the power of virtual reality, augmented reality, mixed reality, and 3D 

body scanning technology to cost-efficiently serve customers on their exact needs. Although 

most enterprises have initiated with pilots to evidence the potential, this modification needs a 

real commitment to discontinue various conventional attitudes. Those who lead the change will 

benefit more (Idrees et al., 2023). The prime process of mass customisation is to provide unique 

products to consumers. When, where and how they need them, essentially at a reasonable price. 

The production process of mass-customisation is technology-driven, and mobile application 

body scanners have the potential to offer purchasers to transform a company’s product into 

their personalised design, style and fit (Idrees et al., 2020a).  

Technology has compelled and will persist to compel dramatic output with 

modifications and advancements in manufacturing with body scanning technology. Product 

designs visualisation prior to buying, the latest back-office software and modifiable production 

technology formerly have the ability to lower the costs of mass customisation and product 

returns (Lim and Jafari, 2021). The fashion industry is now increasingly moving towards the 

development of mass customisation and tailoring clothes as per the needs of individual 

customers (De Silva et al., 2019; Idrees et al., 2020a).  



138 

The fashion industry uses technology in the form of 3D body scanning software and 

hardware, which determine the size of individual customers. Moreover, the ease of use of 

technology is associated with the usefulness of virtual fitting platforms (Jorgensen, J.J. and 

Sorensen, 2021). Retailers can provide interactive, experiential platforms using augmented, 

virtual, and mixed reality using gamified metaverse platforms (Idrees et al., 2023). However, 

one of the crucial things to realise in this customisation form is the cost of tailoring. The online 

customisation platforms require better articulation, better tailored and more cost-effective. 

Additionally, the latest crowning strategy is mass customisation. To benefit companies in terms 

of upsurge revenue and achieve a competitive advantage, advance cash flow, and decrease 

waste through on-demand production, Besides, mass customisation can facilitate to create of 

valuable data that will be helpful in the advancement of standard sizing systems and mass 

production in the online fashion business (Sajib et al., 2018; De Silva et al., 2019).   

One of the possible solutions to the sizing issue is the development of a system to 

customise clothes so that they are made for individuals according to their preferred size. This 

solution suggests modifying the existing trade systems with extremely restricted size ranges 

(Almousa, 2021). Among the latest trends in the development of 3D body scanning, which 

provides the facility to customise clothes for individuals to determine the right size and fit 

garment (Stream, 2022a). 3D Body scanning technology is the recent fashion and apparel 

industry technology. Indeed, the purpose of 3D body scanning systems is well-found with 

reliable software, which is designed to serve consumers for countless purposes: “automatic 

extraction of body measurements, recommendation of adequate garment sizes, virtual 

representation of garments on 3D human body model, production of customised 

garments”(Apuzzo, 2009).  

Most UK fashion brands present Virtual fit technology platforms to deliver customised 

apparel products online (Idrees et al., 2020b). Most of these interfaces are developed by 

analysing body-scan data collected by large scale-surveys or by utilising novel technology of 

3D body scanning. These virtual fit platforms are mainly classified as 1) size recommendation, 

2) fit recommendation, and 3) fit visualisation (Gill, 2015). Recent virtual fit technology 

platforms offer innovative tools such as virtual models, virtual catwalks, 360-degree views, 

apparel heat maps, and style recommendation libraries to easily select appropriate garments 

online (Sarakatsanos et al., 2021). The three key points to consider in the case of such 

technology is the appropriate scanning of the body to determine the size, designing a pattern 

which would best meet the needs of the customers and finally, the selection of methods through 



139 

which the fabric would be cut and sewn to fit an individual (Apeagyei, 2010). This 

modernisation is a promising new method of ensuring that customers would have a broader 

range of sizes to select from when choosing clothes and have better knowledge about the sizes 

that fit them the best. Hence, the field of body imaging has recently been gaining huge interest. 

It is likely to achieve more value further as the fashion industry expands and the apparel 

industry becomes accustomed to new methods for mass customisation, virtual size and fit 

recommendation and visualisation and satisfying the consumers (Surc et al., 2020; 

Sarakatsanos et al., 2021). 
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Chapter 5. Consumer Behaviour and Product Evaluation 

5.1 Introduction 

The study seeks to understand how consumers may decide to purchase an online garment 

by using fit and sizing technology tools and the role of fit and sizing tools on consumer 

behaviour and product evaluation. Consumer behaviour theories are designed to investigate 

consumer’s cognition, intention and behaviour in the decision making process to purchase a 

product. It is necessary to consider a consumer behaviour theory to accomplish a complete 

picture of the effects of virtual size and fit technology on decision making and adopt a suitable 

framework on which to base the research. Consumer behaviour plays a fundamental role in 

analysing the success of virtual size and fit technology. Additionally, the encouragement of 

size and fit technology is familiarised through the framework of the consumer shopping 

journey.   

5.2 Consumer behaviour theory 

It is detailed by Foxall (2002) that consumer behaviour is the pertinence of human 

behaviour within marketing economies. Foxall (2009) has claimed that within economic 

atmospheres, behavioural research has yet to recognise the importance of human operant 

psychology. Consumers’ behaviour hence, pursues to comprehend the relationships between 

the analysis of original behaviour and the commutation inherent in marketing activities, such 

as economic exchange (Foxall, 2009). Various sources of information facilitate consumers to 

collect fundamental information regarding their needs and want. Roy Dholakia and Zhao 

(2009) are resolute that numerous reasons force consumers, such as the basic need to satisfy 

hunger or thirst, or more complex reasons, such as to increase one’s self-esteem. The 

consumer’s consumption level of products and services may also determine by more aspects 

such as socio-cultural context, income, politics and economic health (Sethna and Blythe, 2016). 

Consequently, retailers must understand and gain information about consumers and their 

behaviour to shape beneficial marketing strategies. Therefore, understanding consumers and 

their behaviour is central for retailers to shape successful marketing strategies. Formerly, the 

focus of retailers was more on hostile profit enhancement. Recently with growth and 

competition among retailers, implementing strategy in context with consumer preference is the 

key to success for retailers. The retail power is shifted to consumers focused business strategies. 

The research studies in the twentieth century developed consumer behaviour theories. Three 

schools of thought have been focused on theories such as cognitivist (Engel et al., 1986), 

attitude-intention (Fishbein and Ajzen, 1975) and behavioural (Foxall, 1990; Foxall, 2009). 
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Table 5.1 provides information about consumer behaviour theories and how they can be 

implemented in the study.  

Table 5.1 Consumer Behaviour Theories 

Theory  Author  Description 
Cognitivist 

Theory of Buyer 

Behaviour 

(Howard and Sheth 

(1969)  

Consumers are motivated by stimuli; they use substitutes to appraise the 

choice, encouraging a purchase intention. 

Attitude-intention 

Engel, Kollat and 

Blackwell Model 

Engel, Kollat and 

Blackwell (1968) 

  

Knowledge gaining is surveyed by intuitive and learning constructs that 

motivate an approach and buying intention. 
 

Intentions model  Fishbein and Ajzen, 

(1980)  
Demeanour and Idiosyncratic norms motivate a behavioural intention. 
 

Behavioural 
Behavioural 

Perspective 

Model 
 Foxall (1990) 

Prevailing behaviour and acquired history deliver connotation to the 

consumption experience. 
 

Radical 

Behaviourism  Skinner (1953) 
Subjective events are diverse from the situation. Behaviour towards a subject 

can alter. 

 

5.3 Summary of consumer behaviour theories 

The consumer behaviour theories have been summarised in Table 5.1. The consumer 

behaviour theories have been critically analysed, and rudiments of the approach measured for 

this research are studied to conceptualise research. This permits the researcher a holistic 

understanding of the approaches and application of theories for this study. The theory 

applicable to this study is related to the need to compute post-purchase behaviour, attitude, and 

product evaluations. Consequently, existing literature analysis permits the recognition of key 

consumer behaviour related constructs to measure. The traditional models of consumer 

behaviour distinguish the buying experience as a linear process and do not consider the 

influence of external factors on users, such as the use of the internet or technology experience. 

Studies in digital size and fit areas have observed comparable limitations with traditional 

theories and have added the influence of external elements of consumer behaviour such as 

technology optimism (Perry, 2016), technology anxiety and innovativeness (Kim and Forsythe, 

2010). Thus, this study has considered the influence of both external aspects on the consumer, 

attitudes towards the technology driven interfaces and 3D Body scanning and the product post-

purchase evaluations after trying on. Limited prior research in size and fit have combined these 

approaches to consumer behaviour, and this approach is indispensable to developing a holistic 

understanding of the size and fit technologies (Miell, 2018).    
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5.4 The shopping journey 

In numerous disciplines of consumer behaviour, the shopping journey has been studied 

by Howard and Sheth (1969) as discussed in the prior discussion, the consumer-focused retail 

strategies based on consumer experience (Schmitt, 1999; Verhoef et al., 2009; Lemon and 

Verhoef, 2016). Lemon and Verhoef (2016) discussed that the consumer shopping journey and 

experience have three stages: pre-purchase, purchase, and post-purchase (Figure 5.1). 

Consumer shopping journeys tie up within broader disciplines of consumer behaviour and 

experience. Some persuade to the progress of the consumer shopping journey considered 

service marketing, customer relationship management and the multi-channel journey (Lemon 

and Verhoef, 2016). Most research on online consumer experience has been chiefly focussed 

on the purchase intention due to the shopping process (Rose et al., 2012), as Lemon and 

Verhoef (2016) accentuate the journey's paramountcy, which considers three stages. 

The journey will illustrate the study, and responses will be evaluated beyond the 

intention to purchase. Additionally, the model gestates by Lemon and Verhoef (2016) identifies 

the concern of customer experience and how this can react to the consumer journey, which has 

been neglected in former consumer behaviour theories and frameworks. Although prevailing 

models have gestated facets of the consumer journey, they have not amalgamated the effect of 

customer experience.   
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Figure 5.1 Process Model of Customer Shopping Journey and Experience 

Source: Lemon and Verhoef (2016) 

To model consumer responses to the field of online size and fitting tools, the purchase 

and the post-purchase stage are vital. This is due to the primary role of the product evaluation 

process in online purchases using the size and fit technology. Thus, the customer journey is 

used to conceptualise the research approaches undertaken: Quantitative Study 1: Virtual fitting 

room tools (Fit Analytics and Virtual Outfits); Mix-Method: 3D body scanning with mobile 

applications (for evaluation of customised garments) in their respective stages of consumer 

purchase. The size and fit experience are conceptualised within the consumer shopping 

experience journey (Lemon and Verhoef, 2016). 

5.4.1. Pre-purchase 

To shop online, consumers search for information, which is a pivotal step in decision-

making (Detlor et al., 2003). Saarijärvi et al. (2017) identify consumer return products as 

information consumers may evaluate before buying to collect information about the product. 

This can be linked directly to a product consumers intend to purchase. For instance, if a garment 

is described as a slim fit, the purchaser might buy a number of sizes for the assessment to buy 

the right fit. The consumer may intend to buy only one product before purchasing a number of 

sizes of the same product (Saarijärvi et al., 2017). Consumers to assess inspiring products at 
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home with the benefit of a free return option, to try only without any intention to keep that 

product. In addition, free shipping raises returns considerably by up to 18% (El Kihal and 

Shehu, 2022). In online shopping, researchers have studied the support of interactive decision-

making (Wang, 2021). Online retailing has provided an opportunity to increase the number of 

product options for consumers, as well as recommendation agents, support consumers in the 

pre-purchase stage in extenuating the effort of appraising alternatives in the online retailing 

environment (Kim, Kang and Bae, 2022). Word of mouth from other consumers, product 

reviews and retailer information are chief sources from which consumers seek information 

regarding products (Cuesta-Valino et al., 2022). Product information, brand information and 

former experiences are also central aspects for consumers in making decisions during the online 

pre-purchase stage (Karimi et al., 2015). The significant factors that affect the consumer’s 

experience when using mobile apps are software quality, information quality, and service 

quality (Ho and Hsu, 2022).    

Moreover, consumers gain product information through blogs, product descriptions, 

and fit information with size charts with web 2.0 tools for fit and sizing information in the pre-

purchase stage (Idrees et al., 2020b). This research is focused on using the new size and fit 

technology tools to gain personalise size information with 3D body scanning and virtual fitting 

room interfaces tools to assess product information in terms of size and fit from the retailer’s 

website. The following sections address features of pre-purchase consumer behaviour and 

decision making to be considered for the study.    

5.4.2. Involvement  

Haptic perceptions play a vital role in assessing product properties. The dominant 

attribute is the texture which expresses the garment’s quality, such as softness, warmth, or 

flexibility (Workman, 2010). All senses are involved in the apparel shopping experience 

(Schifferstein and Spence, 2007). In addition, fashion garments worked as experience goods to 

deliver self-identity and expression to users (Song and Kim, 2012; Loureiro, Costa and 

Panchapakesan, 2017). During an online purchase, consumers normally need more 

information. Therefore, the key to facilitating self-extension when shopping online can enrich 

this experience by providing rich data and engagement that satisfy consumers during an online 

purchase (Altarteer and Charissis, 2019). The virtual fitting room tools need to be engaging, 

interactive and memorable to increase involvement during online shopping (Brannon Barhorst 

et al., 2021). The approach adopted to display products can aid consumers in reducing 

perceived risk in such a shopping environment and encourage re-patronage. Online retailers 
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adopted various techniques to address this issue, such as increasing product involvement by 

providing personalised body dimensions and avatars along with virtual catwalks, 3D 360-

degree views of virtual outfits on personalise avatars, heat maps to analyse the tightness and 

looseness of a garment, mix and match of apparel and accessories options which can arouse 

positive responses of consumers through intrinsic media richness (triMirror, 2021; Hwangbo 

et al., 2020). In addition, Lee and Leonas (2018) determined that realistic views and 

engagement with a garment in virtual reality can positively affect buying garments online. 

Furthermore, virtual fitting room tools improve a customer's engagement and provide a high 

possibility to modify the virtual shopping experience in a more immersive and realistic fashion 

(Lee and Leonas, 2018; Rynarzewska, 2018).  

5.4.3. Hedonism and utilitarianism 

Pleasurable aspects of experience with a virtual fitting room are associated with 

hedonism as human nature requires experience with excitement and blending online shopping 

with real world shopping (Lau and Lee, 2019). The consumption of fashion products is 

concerned with both hedonic and utilitarian motives (Babin, Darden and Griffin, 1994), which 

rely on basic factors such as previous information gained, time, disposable income, emotion 

and wellbeing. Holbrook and Hirschman (1982) observed the emission of shopping reasons as 

problem solvers or fun and fantasy probing. In the online atmosphere, the product cannot be 

examined physically. Consumers depend on the information offered by retailers to obtain their 

shopping objectives. An interface that is user friendly, practical and clear information with high 

level interactivity is deemed essential, along with hedonism benefits, that provide a sense of 

physical presence (Altarteer and Charissis, 2019; El-Seoud and Taj-Eddin, 2019). Xue et al. 

(2020) expound that virtual retail can be designed with solutions such as accessibility, 

functionality, assistant system, and content design which makes it easier for consumers to 

collect rich information with hedonism advantages. 

5.4.4. Touch and non-touch preference 

To create an idea of reality, touch is a basic tool to be developed in the virtual 

environment. The preference for touch and non-touch is defined as the demand for haptic 

interactions in virtual reality platforms (Gallace, 2022). Cho and Workman (2011) describe 

two fields of touch witnessed in consumer choice during garment shopping, instrumental touch, 

which integrates the tangible garment properties, for instance, texture and weight and autotelic 

touch, which involves the sensory aspects of touch (Liu et al., 2017). Dholakia et al. (2010) 

stated that it is vital to intromit the cognitive behavioural processes incorporated in haptic 
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garment interactions with their functional and utilitarian features, which permits the foundation 

for virtual interactions (Dholakia et al., 2010). Similarly, technological growth with augmented 

reality features has been developing to offer a solution for autotelic touch in the virtual world, 

specifically by introducing virtual fitting rooms (Gatter, Hüttl‐Maack and Rauschnabel, 2022). 

Autotelic touch embodies the excitement and sensual provocation in the process of garment 

consumption, additionally, with the introduction of fashion metaverse and modification 

towards the involvement of consumers with virtual avatars such as the idea of gamification of 

the online purchase experience (Gibson, 2021). It is claimed, in consequence, that the autotelic 

factors are getting more distinguished in online consumer decisions. Foxall (2009) affirms that 

consumer choice developed from information gained and their behavioural environment, and 

by permitting the consumer to obtain complete information about the garment fit (utilitarian) 

whilst benefiting through visualising the product on their body shape, this will establish 

approach behaviours (Foxall, 2009). In addition, the consumer generates greater meaning with 

this behavioural process before purchase, which may motivate patronage (Foxall, 2009). In a 

recent study, Mehta et al. (2020) concluded that consumers contemplate aesthetic and 

functional assets of garments when shopping online using the augmented reality try-on system 

by having a similar experience of in-store interactivity and real-time experience of wearing a 

garment. Some interfaces introduced augmented and virtual reality or amalgamated both 

technologies to increase the serviceability and consumer experience (Afrin et al., 2022). Kim 

and Sung (2021) explored the relationship between experience economy, perceived flow, and 

continuous use intention in the mixed reality (MR) environment. The results of the avatar mode 

of user showed a positive relationship with entertainment and aesthetic experiences, moreover 

showed a positive impact on continuous use intentions via the mediating impact of flow; and 

the education experience showed a positive impact on the continuous intentions to utilise the 

mixed reality technology (Kim and Sung, 2021). Moreover, body scanning mobile applications 

are integrated with augmented and virtual reality interfaces (Fernandes and Morais, 2021; Li 

and Cohen, 2021). Therefore, technology is advancing and the possibility to offer haptic 

interactions and autotelic touch in online platforms.  
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5.4.5. Perceived risk 

Bauer (1960) demarcated perceived risk as the unreliability a consumer possessed with 

a product or service and, eventually, the connotation of a poor decision. Bangkit, Tumbuan and 

Tielung (2022) concluded that the interface needs to offer exact and recent data to avoid 

misunderstanding. The main concerns of risk are product, financial, and time risks during 

online shopping. The security of financial risk needs to be improved to avoid financial risk, 

develop trust and maintain good relationships with consumers. After sale services and a money 

back guarantee lessen the perceived risk. Similarly, Taylor (1974) expounds that uncertainty, 

anxiety and self-esteem are the main risk factors involved in purchasing. Taylor (1974) 

signifies information levels contribute to reducing risk in consumer buying atmospheres. These 

include information acquisition, transition and processing. Taylor (1974) highlighted that 

marketing strategies that reduce risk should be adopted to target consumers effectively when 

shopping online. Mitchell and Harris (2005) have demarcated risk into five multi-dimensional 

fields of perceived risk witnessed in retail shopping: financial, physical, social, time loss and 

psychological. In circumstantial, financial risk is implicated with how much a consumer may 

employ about their income. A consumer is exposed to safe or unsafe shopping environments, 

accredited as physical risk. Social risk is linked to the psychological dimension in how a 

consumer may attribute the image of a store, poor choice embarrassment, social pressures and 

dimension which contributes to lower self-esteem. In addition, time loss is linked to the time 

spent during shopping, purchase time and time taken to get refunds and returns. With increased 

online shopping, consumers have comprehensively understood the online retail atmosphere and 

established various perceptions of perceived risk (Dai et al., 2014). With the emergence of e-

commerce, new types of consumer behaviour have arisen in the online context. The behaviours 

are searching for products, comparing, ordering, and returning fashion items. The Most vital 

perceived risk is an economic risk, which involves searching and utilising discount codes to 

buy a product at the lowest price. Comparison of prices between different stores to get the best 

price offered. Secondly, a functional risk entails asking for more information regarding the 

product from customer service to make sure it is according to expectations, searching for 

similar products from other retailers to get the desired product, viewing a product in the online 

setting before ordering it, looking at size charts to find the correct size (Sutinen et al., 2022). 

5.5 Purchase 

The purchase stage in the consumer's shopping journey is the choice to pay for a product 

or not, frequently stated as purchase intention. The intent to purchase is the degree to which 
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consumers will buy online and is a main feature of pre-purchase consummation (Chen et al., 

2010; Bai et al., 2008). Linge et al. (2021) evaluated that consumers are likely to have repeat 

purchase intention when they are satisfied with the perceived service quality and trust the 

interface. Similarly, factors that consumers practice evaluating intention to purchase include 

website quality, information and technology (Chen et al., 2010; Hausman and Siekpe, 2009). 

Most research studies explored the use of virtual fitting room tools during online shopping and 

its impact on the behaviour of consumers and purchase intention as a consequence measure 

(Beck and Crie, 2015; Beck and Crié, 2018; Başeğmez and Tuncalı Yaman, 2022; Meirinhos 

et al., 2022; Oya, Topuz and Ruziye, 2022). During the research, there is a requirement to 

provide a relationship between purchase intention in the stages of pre-purchase and post-

purchase evaluation in the online shopping journey, which most of the recent studies have not 

provided (Beck and Crié, 2018; Meirinhos et al., 2022). There is an apparent requirement for 

an organised approach to the interconnected areas of product evaluation, online experience, 

and consumer behaviour online. Additionally, some studies have analysed concrete use of the 

technology or fashion interface studied at the pre-purchase stage (Kim and Forsythe, 2007) and 

(Miell, 2018) have studied the impact of post-purchase garment assessment on the pre-purchase 

product anticipation. 

5.6 Post-purchase 

Consumers decide whether to keep or return a garment in the post-purchase stage. 

Suppose a retailer is providing an offer of customisation. In that case, an additional service 

should be added: alteration of a garment after trying it on when consumers feel dissatisfied in 

the post-purchase stage (Adotey, Pongo and Obinnim, 2017). Saarijärvi et al. (2017) claimed 

that intuition regarding size, style and fit when invalidated, poor quality or incorrect product 

and invalidating anticipation articulate a consumer to return a product post-purchase stage. 

Eckman et al. (1990) recommended consumers might use these four criteria when appraising 

products: aesthetics, usefulness, performance and quality, and extrinsic standard. Yet, 

consuming virtual fitting room tools and mobile app scanners, evaluating these criteria has not 

been conducted in an online purchasing environment.   

Shin (2013) discussed the factors for fit evaluation: physical, functional, and aesthetic. 

Shin and Damhorst (2018) evaluated that physical fit is associated with the aesthetic and 

functional fit. From a user point of view, these three factors of garment fit validate the prior 

theoretical definitions of garment fitting. In addition, the study concluded that social context is 

an important dimension of fit which fluctuates according to social situations when a wearer 
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receives feedback from friends and family. Thus, social comfort can be achieved when three 

fit dimensions are fulfilled. Similarly, Body image perception has been studied by Felicita and 

Shirmila (2022) as a dependent variable of functional fit, social comfort, and aesthetic fit. The 

study concluded that online retailing created consumers’ awareness about body silhouettes. 

Social comfort is stated to be a strong predictor of body image perception. Fashion retailers are 

required to provide multiple options, such as bespoke garments, ready to wear and semi-

stitched apparel. To provide consumers better fit, semi-stitched is a good option. This product 

can be rapidly altered according to the wearer’s body dimensions.  

de Klerk and Tselepis (2007) indicated that garment fit could subsidise highly to post-

purchase gratification and consequently is a crucial part of the post-purchase assessment of 

clothing products. The post-purchase is assessed when a product is bought online, and a 

garment's or product's physical excellence can be evaluated. The post-purchase is habitually 

associated with gratification and the validation or invalidation of expectations. When 

expectations are fulfilled, consumers spread positive reviews, enhanced consumer loyalty, 

word of mouth, and re-patronage of product or brand gratification (Leung, 2020; Rahi, Ammara 

and Qazi, 2021). Consumers’ personal experiences and other reviews are used for making 

product buying decisions (Zhou, Tang and Zhang, 2022). Evaluating consumer experience in 

the post-purchase stage may be considered essential to the consumer shopping journey or 

intention to buy more, as analysing a valid signal of product gratification.   

5.7 Product Returns 

Product return is the action instigated by consumers, which entails giving back the 

purchased product to the retailer and receiving a refund in cash or item exchange. The 

advancement in technology, e-commerce, convenience, online free product returns, and return 

policies has increased the effectiveness of the returns process (Ambilkar et al., 2022). Sahoo, 

Dellarocas and Srinivasan (2018) concluded that online reviews significantly cost the retailer 

beyond the cost of managing the returns. It is noted that consumers write online reviews when 

they return products. These are generally negative reviews that affect retailer product purchases 

from other consumers. It has also been observed that when fewer reviews are available, buyers 

purchase substitutes of similar products to analyse which one is better after purchase. This 

behaviour of consumer lead to massive product returns (Sahoo, Dellarocas and Srinivasan, 

2018).  
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Product returns are the main deliberation in the shopping journey, which starts at pre-

purchase for some consumers. The aptitude for product returns is an aspect that consumers 

habitually ponder before buying a fashion product. Return policies consistently seem to be a 

quality indicator concerning how much effortless and challenging for a consumer to get a 

refund or exchange from the retailer (Petersen and Kumar, 2009). When consumers are offered 

a refund for an unsatisfactory product during purchase, financial risk is lower for consumers. 

However, the retailer must endure the return cost and unsatisfactory products. Retailers 

generally receive positive responses in the post-purchase stage, which facilitates their future 

sales and enhances the brand trust and positive image to new buyers to purchase products 

(Petersen and Kumar, 2009). Zhang et al. (2022) established that shopping with mobile 

channels enhances the convenience and flexibility of accessing information deeply from 

various sources by comparing products and obtaining promotions instantly. It has been noted 

that there is a need to incorporate more strategic insights that help decrease product return 

frequency.  

5.8 Summary 

The consumer decision making process is complex and involves various stages and 

channels. The chapter provided an in-depth analysis of consumer behaviours at each stage of 

the shopping journey. The chapter has also concluded the consumer behaviour theories 

regarding the cognitive, attitude-intention, and behavioural perspectives. After analysing them, 

comprehensive knowledge is gained about consumer behaviours and behaviour theories. 

Lemon and Verhoef (2016) supported the stages of the shopping journey, which entails the 

post-purchase stage, which is neglected in the previous consumer behaviour models (Engel, 

Kollat and Blackwell, 1968; Howard and Sheth, 1969; Foxall, 1990). The main aspect of the 

research is the garment size and fit satisfaction with a post-purchase evaluation of the garments 

stage. Virtual fitting room tools have been developed extensively; therefore, in the post-

purchase stage, the effectiveness of products and interfaces can be concluded to understand the 

ways to improve the e-commerce shopping journey in future. The main idea of conducting 

research is to amalgamate the body scanning technology, which is the main tool of Web 3.0 in 

the current interfaces offering experiential marketing, such as fashion metaverse platforms. The 

study will aid in analysing the decision-making process beyond purchase intention and the 

notion of using the unstitched apparel product with virtual fitting room tools and mobile app 

scanner technology. After analysing consumer behaviour, it is necessary to create a future 

virtual commerce model with a deeper understanding of digital size and fitting, the use of 
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digital tools, and the experiential behaviour of consumers in all stages of the shopping journey. 

To deeper understand the virtual fitting room tools, the multi-disciplinary and theoretical 

approaches of technology (interface and 3D body scanning mobile applications) acceptance, 

consumer behaviour and garment fit evaluation prerequisite should be considered. This chapter 

delineated the three stages of pre-purchase, purchase, and post-purchase are correspondingly 

vital to comprehend how the technology driven interfaces and 3D body scanning technology 

aid the consumer when shopping online and conceptualise the research. 
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Chapter 6. Theoretical Framework  

6.1 Introduction 

This research is carried out to study virtual size and fit interfaces (size recommendation 

and size and fit recommendation and visualisation) and 3D body scanning technology such as 

booth scanners and mobile applications. Virtual size and fitting technology have the potential 

to be implemented in online fashion retailing for size recommendation, fit visualisation, and 

mass customisation of garments. Technology under study is 1) virtual size and fit interfaces, 

which include Fit Analytics (size recommendation) and virtual outfits (size and fit 

recommendation and visualisation). 2) Comparative study of booth scanner Size Stream SS20 

with MeThreeSixty mobile application. 3) 3D Body scanning mobile applications such as Size 

Stream at home, 3Dlook and Nettelo. Overall, the present study is based on consumer 

behaviour, marketing and contemporary size and fit technology used for interactive marketing 

in e-commerce platforms.     

In retailing research, various theoretical frameworks have been used. These theories 

facilitate ascertaining variables to measure. This chapter will discuss the chosen variables and 

testable research hypotheses based on the adopted theoretical framework. A theory must be 

chosen by a researcher who applies to consumer behaviour and perception in an innovative 

way (Malhotra et al., 2017). The overall role of theory in marketing research is provided in 

following Table 6.1. The selected theory facilitates to gestate of the research project and 

permits an understanding of the essential procedures in the research problem (Malhotra et al., 

2017). To operationalise key variables and to select sample and research design (Malhotra et 

al., 2017). Moreover, theory enables a framework for research findings discussion and 

guidance for data analysis (Malhotra et al., 2017). 

Table 6.1 Role of Theory in Marketing Research 

Research Task Role of Theory 

Key variables identification and 

conceptualisation 

Generates a theoretical underpinning and consideration of the 

elementary process underlying the problem. Permits to distinguish 

variables. 

Operationalising key variables Identified key variables are measured by practical means. 

Opting for a Research design 
Formulating a research framework either causal, descriptive, or 

exploratory. 

Sample selection 
Assists in explaining the nature and characteristics of the sample that 

perhaps used to validate the sample. 

Data analysis and interpretation 
Prevailing frameworks, models and hypotheses permit the 

interpretation of results. 
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Research Task Role of Theory 

Findings and discussion 
Future inferences are suggested, and interpretation is made in the light 

of prior research. 

Source: (Malhotra et al. (2017) 

Theories based on consumer behaviour and technology acceptance have been discussed 

in this chapter. It is vital to discuss various theoretical approaches and how they can influence 

the study, as this present study is about three areas of academic discipline. The theoretical 

framework by Davis (1989) Technology Acceptance Model (TAM) is adopted to underpin this 

research (Figure 6.1). This theory applies to online e-commerce platforms and technology 

driven size and fit interfaces, and mobile application and their influence on consumer behaviour 

and acceptance. 

 

Figure 6.1 Technology Acceptance Model (Davis, 1989) 

The present study applies TAM with the post-designed dress using 3D body scanning 

technologies and stages of online fashion shopping and contemplates the technical and 

emotional aspects of garment fit as experienced by consumers. The following section provides 

an overview of various theories pertinent to the research areas identified (Table 6.2) and 

justifies choosing the TAM framework for the research. This section also explains the 

theoretical structure to contemplate how both data types (Qualitative/Quantitative) and 

different stages of consumer experience (3D body scanning phase for personalised garment 

sewing and post-garment try-on phase) can be contemplated in a combined method to support 

integrated model development.  
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Table 6.2 Definitions of Consumer Behaviour Theories 

Theory and Author Description 

Pleasure, Arousal Dominance (PAD)  

Mehrabian and Russell (1974) 

Foxall (1986) devised emotive consumer-based states as teleological in 

signifying a purpose of a process. Therefore, these states are psychodynamic, 

comprising cognitive, affective, and conative events. Two constructs are 

borne through this idea, one interim within the consumer’s intellectual realm. 

Pleasure, arousal and dominance (PAD) factors transpire within the affect 

(emotional) stage and analyse the intention to use or reject behaviour towards 

a stimulus (Schmitt and Zarantonello, 2013). 

Theory of Reasoned Action  

(TRA) Fishbein and Ajzen (1980) 

Attitude and subjective are two components through which the Theory of 

Reasoned Action (TRA) foresees coherent behaviour (Pookulangara et al., 

2014). The layout of TRA is similar to the PAD framework. Conversely, the 

emotive response of the consumer is not considered, which has been 

established in the extent of e-commerce research to provoke buying 

intentions. Figure 6.2 illustrates the Theory of Reasoned Action. TRA is 

frequently connected to the Theory of Planned Behaviour (TPB) 

Theory of Planned Behaviour  

(TPB) Ajzen (1991) 

 

Consumer attitudes are preformed, which can be positive or negative and can 

preside to behaviour outcomes as stated by the Theory of Planned Behaviour 

(Figure 6.3) (O’Cass and Fenech, 2003; George, 2004; Dennis et al., 2009; 

Hausman and Siekpe, 2009). Executed attitudes depend on pre-exposure to 

stimuli, and virtual size and fit technologies research depend on no former 

website exposure. This is to deliver realistic results regarding consumer 

responses to technology-driven platforms without former influence (Fiore and 

Jin, 2003; Fiore et al., 2005; Lee et al., 2010). Besides, most of these platforms 

have not been broadly commercialised (Loker et al., 2008) and consequently 

upkeep the website usage, which participants in the research studies formerly 

used. Studies in the context of the virtual size and fit platforms have used TPB 

to describe the influence of self-congruity, body esteem and confidence in fit 

on pleasure and functional value (Merle et al., 2012).  

Stimulus, Organism, Response (S-O-R) 

Mehrabian and Russell (1974)  

Interaction with stimuli offers users information that can induce ‘approach’ 

or ‘avoidance’ behaviour in cognition or affect and eventually ‘intent to 

purchase’. (Figure 6.4). 

Technology Acceptance Model (TAM) 

Davis (1989) 

Gestate the components associated with approval or refusal of technology. 

Comprises perceived usefulness. The degree to which a technology can 

improve job execution and perceived ease of use – to use a technology free of 

technical complications (Davis, 1989).  
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Figure 6.2 Theory of Reasoned Action 

 

 

 
Figure 6.3 Theory of Planned Behaviour 

Source Ajzen, (1991) 

 

Figure 6.4 Stimulus-Organism-Response Model (Mehrabian and Russell 1974) 

6.2 Technology acceptance model 

The technology Acceptance Model (TAM) by Davis (1989) is included in technology focussed 

frameworks which analyse consumer responses through perceived usefulness and perceived 

ease of use to technology stimuli (Dennis et al., 2009; Hausman and Siekpe, 2009) (Figure 6.1). 

TRA and TPB are the foundations for developing TAM to be applied to accepting information 

technology workspace (Yousafzai et al., 2007). Davis defined perceived ease of use 

theoretically as “the degree to which a person believes that using a particular system would be 

free of effort” (Davis, 1989, p. 320). It was proposed that ease of use is comparable to self-
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efficacy, defined as “judgements of how well one can execute courses of action required to 

deal with prospective situations” (Bandura, 1982, p.122). In addition to the theoretical 

foundation, self-efficacy and ease of use perceptions might be closely associated with intuitive 

and practical foundations. For instance, most users at some point have utilised different forms 

of computer/information technologies. To use a specific new system, computer users retain 

little or no knowledge about the ease of use of technology. To use computer technology, an 

operator may have a well-formed sense or ability to use it in general (Venkatesh and Davis, 

1996). Currently, people are familiar with the smartphone and the use of smartphone 

applications. Therefore, they can operate the smartphone application whether it is new. Islam 

and Stannard (2020) established that the mobile-based scanner was easier and more convenient 

than the traditional scanner. A higher perceived ease of use was reported for the mobile-based 

scanner than the traditional scanner. The respondents preferred the mobile-based scanner 

because of their relative comfort with mobile technology. Perceived usefulness is intimately 

related to information acceptance, which comprises the usefulness of technology a user 

perceives directly associated with their readiness to use the technology. Within this context, 

Csikszentmihalyi (1975) developed the idea of flow, which a user finds comfortable while 

browsing online platforms and the formulation of convincing experiences aided by flow 

(Csikszentmihalyi, 1975; Mathwick and Rigdon, 2004; Schmitt and Zarantonello, 2013). To 

add a significant benefit and positive attitude towards using online applications, the 

development of applications required to be clear, simple to use and easy to navigate. Perceived 

usefulness directly influences the intention to use the technology (Hussain et al., 2016).  

6.2.1. TAM analysis  

Davis (1989) originally theorised TAM with the purpose of aiding IT in job-related 

tasks, but most studies applied this theory to non-organisational settings (Yousafzai et al., 

2007). This simplistic technology acceptance model has been argued to be challenging, to apply 

to large consumers, diverging technologies and user motivations (Bagozzi, 2007). There is an 

addition of moderating variables to perceived usefulness and perceived ease of use to describe 

diverging effects in which the original TAM is limited. Conversely, regardless of technological 

advancement, these variables have not been further developed since their conception. 

Additionally, the genuine function of perceived usefulness and ease of use is required to be 

measured in terms of goal accomplishment and the user’s motivations (Bagozzi, 2007). TAM 

is criticised and lies with a typical critical analysis of TRA and TPB, comprising issues that 

attitude and intention do not associate with genuine use (Bagozzi, 2007). Consequently, it is 
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required to measure genuine user behaviour within TAM. As well as the impact of external 

factors, such as social/psychosocial effects of technology adoption and use, have not been 

considered in TAM. The difficulties that ascend with technology acceptance and measuring 

TAM can add various variables to be tested. The following Table 6.3 summarise the consumer 

behaviour theoretical framework. 

Table 6.3 Summary of Analysis of Consumer Behaviour Theoretical Framework 

Theory  

 

Example in Virtual Fit or 

Product Recommendation 

Study  

Analysis  

 

Pleasure Arousal 

Dominance  
Retief and De Klerk (2010) 

The idea is uncertain to determine which element associates to  

cognitive, affective, and conative. To measure emotions on bi-

polar scale is complex. 

Theory of 

Reasoned 

Action/Theory of 

Planned Behaviour  

Bedi et al. (2017)            

Merle et al. (2012) 

Definite behaviour is not calculated by Attitude/intention. Both 

should be intimately measured for precision. The effect of time is 

not taken into consideration. 

Stimulus-

Organism-

Response  

Shin and Baytar (2014) 

Lee et al. (2010)          

Benlian et al. (2012) 

For each part of paradigm classification of factors is complex, 

advocates a linear pattern to actions of users. 

Technology 

Acceptance Model  

Sagnier et al. (2020)        

Alam et al. (2021)       

Oyman, Bal and Ozer (2022)  

No influence of social. Attitude and Intention do not directly 

analysed or envisage real practice. 

 

Consumer behaviour studies are discussed in the above section, and this research adopts 

TAM as the consumer theoretical basis.  

6.3 Research and theoretical frameworks adopted for study  

The virtual size and fit technology study are focused on the online shopping 

environment. This research aims to develop various virtual platforms for online shopping using 

e-commerce platforms for the convenience of both buyers and retailers. The following section 

discusses the research and theoretical frameworks adopted for this study. 

6.3.1. Theoretical framework adopted  

The present study adopted TAM to measure the technology acceptance by consumers, mainly 

used in research regarding the online shopping journey. Various research studies that have 

studied the virtual size and fit technologies have adopted TAM as a theoretical model presented 

in Table 6.4. The research is mainly focused on three studies such as:     

1. Virtual size and fit technology platforms: Fit analytics is a size recommendation 

interface, and Virtual Outfits is a size and fit recommendation and visualisation 

interface. The hypothesis has been formulated to study the virtual size and fit interfaces. 

These interfaces are studied to understand the acceptance of a platform to be used in 

future to select the right size for virtual shopping. However, current platforms such as 
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Fit Analytics and Virtual Outfits platform are operated by users by adding the body 

dimensions manually to find the right size. Thus, the following two studies have been 

conducted using 3D body scanning technology, which provides digital body 

dimensions and personalised body avatars within a few minutes. The following two 

studies help provide insights into incorporating 3D body scanning technology in 

interfaces similar to Fit Analytics and Virtual Outfits to remove the hassle of manual 

data entry of body dimensions to find the right size online. 

2. Booth scanner (size stream SS20) vs mobile app MeThreeSixty. There is no theoretical 

model. Only a comparison of measurements has been conducted using independent t-

test statistical analysis, standard error of mean and difference of measurements of each 

scanner mean evaluated against allowable error. 

3. 3D body scanning mobile applications (Size Stream at Home, 3DLook and Nettelo): 

The mobile applications study was mixed-method. In the first stage analysis of 

variability of measurements was analysed by comparing the body dimensions and 

patterns of each application. The body dimensions are compared using independent t-

test statistical analysis, standard error of mean and difference of measurements of each 

scanner mean evaluated against allowable error (Koval, 2020; Parker et al., 2022). In 

the second stage, quantitative analysis of mobile body scanners was done using the 

Technology acceptance model (TAM), a prerequisite to qualitative interviews of 

participants after trying-on bespoke garments constructed from digital measurements 

acquired from the mobile body scanner apps. 

As mentioned above, these virtual try-on interfaces and 3D Body scanning tools will 

be studied. Consumer behaviour will be studied and measured through the proposed model of 

TAM to find out the level of acceptance of these technologies (virtual try-on interfaces and 3D 

body scanning tools) among consumers to get insights into the level of satisfaction with the 

environment of virtual platforms and finding the size and fitted garment in the virtual 

atmosphere. This theory allows a researcher to examine.   

 1) Relationship between perceived usefulness and ease of use of virtual size and fit platforms 

(fit analytics and virtual outfits). 

 2) The influence of variables (perceived usefulness and ease of use) on consumer attitudes 

towards virtual size and fit platforms (fit analytics and virtual outfits) and intention to use 

virtual size and fit platforms (fit analytics and virtual outfits). 
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3) In the mobile application body scanner, a quantitative study employing TAM has been 

evaluated by consumers’ responses without formulating a hypothesis and SPSS (SEM) 

statistical analysis. The sample size is too small to test the hypothesis through statistical 

analysis. However, participants’ quantitative responses towards using the mobile body 

scanners are vital to proceed to the qualitative interviews of participants for bespoke size and 

fitting garment evaluation using the digital measurements of mobile apps.  

4) Post-use bespoke garment evaluation using mobile applications such as Size Stream at home, 

Nettelo and 3D Look has been studied using qualitative clothing size and fit evaluation topics 

employed in the previous research studies. 

The theory of TAM permits exploring intrinsic and extrinsic constructs within buyer 

appraisals of new technology. Frameworks regarding consumer behaviour towards technology, 

such as the SOR model, TRA and TPB, were studied and rejected based on the innovativeness 

of the virtual size and fit technologies stimuli. Moreover, there is an importance of acceptance 

level to recognise the latest technologies, as theories such as SOR assess cognitive and affective 

traits within a stimulus and consumer response. However, TAM focuses on the behavioural 

traits related to the novel technology. Accordingly, offers an emphasis on the function of virtual 

size and fit technology as product evaluation tools in e-commerce fashion platforms. Hence, 

the results can provide a path for future broadcasting of such technologies within virtual 

commerce contexts.   

6.3.2. TAM in the shopping journey  

This study exclusively applies the technology acceptance model with stages beyond 

intention to use. The stimuli of virtual size and fit interfaces (study 1) considered in the study 

are fully implemented tools in the e-commerce platforms which retailers use. The tools offer 

consumers size and fit visualisation and recommendation of garments selected. They will be 

studied to determine adoption methods in online retail settings. The use of the TAM framework 

has been dominant in fashion research, and no inaction is shown in research due to its 

application in the latest fashion technology. TAM provides an intrinsic model for enthusiasm 

to use the latest technology, which can also be applied to future novel technologies. TAM is 

under consideration in the study to analyse the user’s current and practical approach to the 

technology. Besides, the chosen stimuli are not broadly implemented across the fashion 

industry. With an update in technology, more in-depth theoretical models can be utilised, and 
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for the current research situation, they are not applied in the theoretical underpinning of the 

study. Table 6.4 represents the relevant studies which adopt the TAM framework. 

6.4 Constructs to be measured in study  

The constructs and hypotheses adopted for this study are introduced in the following 

section for the Virtual size and fit technology study (Study 1, Study 3 (Stage 2)). The 

quantitative constructs are initially explained, followed by the qualitative discussion guides 

(Study 3, Stage 3). 

Table 6.4 Virtual Fitting Room Research using TAM Framework 

Authors  Stimuli  Constructs Investigated  Theory  Sample size  Method  

Lee et al. (2006) 
Virtual Model 

Technology  

Hedonic/utilitarian shopping 

orientation Perceived 

Usefulness Perceived Ease of 

Use Enjoyment            

Attitude                  

Behavioral Intention  

TAM  208  SEM  

Kim and Forsythe (2007) 

3D Viewing 

Technology  

Virtual Model 

Technology  

Perceived Usefulness  

Perceived Ease of Use  

Perceived Entertainment 

Attitude                         

Intention to Use  

TAM  978  SEM  

Kim and Forsythe (2008) 

 

Virtual Model 

Technology  

Technology Anxiety 

Innovativeness            

Perceived Usefulness   

Perceived Ease of Use 

Perceived Entertainment 

Behavioral Intention          

Post-use evaluation  

TAM  491  SEM  

Kim and Forsythe (2010) 

 

Product 

Virtualisation 

Technology for 

online shopping 

small electronics  

Technology Anxiety 

Innovativeness            

Perceived Usefulness    

Perceived Ease of Use 

Perceived Entertainment 

Attitude                         

Intention to use  

e-TAM  681  SEM  

Pantano and Servidio 

(2012) 
3D Virtual Store  

Ease of Use                        

Store perception         

Enjoyment                    

Customer Satisfaction  

TAM 

(HCI)  
150  SEM  

Domina et al. (2012) 

 

 

Fashion Shopping 

with Second Life  

Perceived Enjoyment 

Concentration                 

Control                         

Perceived Ease of Use 

Customer Innovativeness 

Consumer Novelty Seeking 

Consumer Independent 

Judgement Making  

TAM  119  SEM  

Huang and Liao (2015) 

 

 

Augmented Reality 

Information 

Technology (Virtual 

Model)  

Perceived Ease of Use 

Perceived Usefulness   

Perceived Aesthetics Service 

Excellence  

TAM  220  PLS  
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Authors  Stimuli  Constructs Investigated  Theory  Sample size  Method  

Perceived Playfulness  

Presence                    

Sustainable Relationship 

Behaviour  

Perry (2016) 

 

Smart Virtual 

Closets  

Aesthetics                   

Optimism                    

Subjective norm             

Perceived Ease of Use 

Perceived Usefulness     

Attitude                             

Usage Intention  

TAM  443  SEM  

Pookulangara et al. 

(2018) 

 

Ture Fit 

Technology 

Perceived ease of use   

Perceived usefulness 

Confidence of using intention 

to use 

TAM 577 SEM 

Zhang et al.(2019) 

 

 

Virtual Try-on 

Technology 

The role of virtual 

try-on 

technology in online 

purchase 

decision from 

consumers’ aspect 

Perceived Ease of Use 

Perceived Usefulness   

Perceived enjoyment   

Perceived socialization 

Perceived product risk 

Perceived privacy risk    

Attitude                         

Intention to purchase 

TAM 470 SEM 

Sagnier et al.(2020) Virtual Reality 

Perceived Ease of Use 

Perceived Usefulness     

Intention to use virtual reality 

technology 

TAM 89 
PLS-

SEM 

Alam et al. (2021) 

Adoption of AR 

technology  

AR technology in 

the retail sector  

Personal innovativeness 

Perceived Ease of Use 

Perceived Usefulness     

Attitude                      

Behavioral intention              

AR technology adoption 

intention. 

TAM  

233 owners 

or managers 

of retail 

businesses 

PLS-

SEM  

Oyman, Bal and Ozer 

(2022) 

Augmented reality 

(AR)-supported 

mobile applications  

Technology anxiety (TA) 

consumer novelty seeking 

(CNS)                         

Perceived augmented reality   

Perceived enjoyment   

Perceived usefulness  

Perceived informativeness.  

Perceived ease of use. 

Behavioral intention to use. 

TAM 278 SEM 

 

The research hypotheses are postulated based on the proposed theory of TAM, keeping 

in view the relationships between perceived usefulness, perceived ease of use, attitude, and 

intention to use, as well as the direct and moderating effect of innovativeness and technology 

anxiety on the use of Virtual size and fit technologies to be incorporated by current fashion 

retailers in their e-commerce platforms. (Figure 6.5) is presented below to understand the 

formulated hypotheses according to the constructs.  
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Figure 6.5 Quantitative Conceptual Model (Hypotheses according to constructs) 

6.5 Technology readiness index  

The Technology Readiness Index (TRI) emphasises the consumer’s capability to accept 

technology to achieve objectives (Parasuraman, 2000). A person understanding towards a 

technology might be positive and optimistic, and they propensity to find it difficult and 

uncertain (Syamfithriani et al., 2021). Technology readiness offers an outline of a consumer’s 

overall attitude towards the latest technology and willingness to practice a technology 

(Parasuraman, 2000). Syamfithriani et al. (2021) conducted a study to evaluate the technology 

readiness index model with attributes of optimism and innovation of m-commerce. The study 

concluded that consumers have a high level of readiness to accept m-commerce technology. 

The consumers showed high optimism and innovation. However, at the same time, they refuse 

to use the technology if it requires great inconvenience and insecurity. Mick and Fournier 

(1998) explained their research on consumer behavioural and psychological responses to 

technology, which delivered the origin for developing the TRI scale. The TRI has been 

connected too with the theoretical foundation of Rogers (1995) Diffusion of Innovation Theory. 

TRI has progressed into further constructs, and the following section will provide an overview 

of how the constructs have been suggested for the study.    

6.5.1. Technology anxiety  

Technology anxiety was demarcated by Cambre and Cook (1985) as the feeling of 

anxiety, uneasiness and expectation when watching or using technology in reality (Cambre and 

Cook, 1985). Technology anxiety emphasises the perception of users towards their capability 
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and readiness to use technology (Meuter et al., 2003). Technology anxiety and virtual try-on 

explored by various studies have established significant relationships between technology 

anxiety, attitude and intention to use the technology (Kim and Forsythe, 2008; Kim et al., 2017; 

Oyman, Bal and Ozer, 2022). Oyman, Bal and Ozer (2022) concluded that consumers with 

novelty seeking traits positively affected the perceived augmented reality of mobile 

applications. Results indicated that technology anxiety has no significant negative effect on 

perceived augmented reality. It was also concluded that consumers who seek novelty are more 

likely to enjoy new technology. Additionally, Technology anxiety has been examined along 

with user demographics to evaluate factors such as age, or internet use has a backwash on the 

level of technology anxiety (Meuter et al., 2003). Users who try to control their technology 

anxiety are less likely to feel confident while trying the latest technologies. The study employed 

reverse coding after getting the response from consumers. The participants will respond to 

questions on the technology readiness scale. Most research studies have focused on virtual 

fitting rooms exploring fashion leadership and technology anxiety; in addition, the relationship 

between immersive technology of augmented reality with technology anxiety can be associated 

with technology confidence or readiness (Li and Xu, 2020; Vo et al., 2022). As the selected 

sample is cynosure on extremely innovative and technology ready consumers, it is 

hypothesised that the users will respond positively to accept the technology. 

H1: Consumer Technology Readiness will have a positive effect on Perceived Ease of Use of 

Virtual size and fit technology. 

H2: Consumer Technology Readiness will have a positive effect on Perceived Usefulness of 

Virtual size and fit technology. 

6.6 Functional Constructs  

The consumer behaviours related to the use of technology in the study are stated as 

functional constructs (Childers et al., 2001). Functional perceptions have been established to 

boost the embracement of consumers towards novel technologies (Childers et al., 2001). The 

theoretical underpinning and use of perceived ease of use and perceived usefulness constructs 

are overviewed in the following section. 
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6.6.1. Perceived ease of use and Perceived Usefulness 

The Technology Acceptance Model (TAM) formerly projected by Davis (1989) and perceived 

ease of use and perceived usefulness are the dimensions of the theory. Both dimensions 

(Perceived ease of use and perceived usefulness) are associated with external variables (Li and 

Huang, 2009). The external variable measured in this study is Technology Readiness. Davis, 

(1989) enlightened that the perceived ease of use is centred on the user’s capability to outright 

a job. The perceived usefulness of a user is directly linked to the use of technology if it is stress-

free while using it (Kim and Shin, 2015). Both dimensions (Perceived ease of use and perceived 

usefulness) are fundamental to establishing attitudes towards a technology (Davis, 1989). 

Saleem et al. (2021) studied the augmented reality app’s perceived ease of use positively 

influenced the attitude to use the app and intention to use it in future. In addition, Islam and 

Stannard (2020) established that the mobile-based scanner was easier and more convenient 

than the traditional scanner. A higher perceived ease of use was reported for the mobile-based 

scanner than the traditional scanner. The respondents preferred the mobile-based scanner 

because of their relative comfort with mobile technology. Perceived usefulness signifies the 

user’s encouragement and utilisation of technology (Moon and Kim, 2001). Perceived 

usefulness is “the degree to which an individual believes that using a particular system would 

enhance his/her job performance” (Davis, 1989, p.320). Perceived usefulness is objective-

focused, which supports TAM, where technology is specified to assist individuals in 

technological tasks (Davis, 1989; Moon and Kim, 2001). The website dimensions, such as 

website system quality, information quality and service quality, greatly impact consumers’ 

perceived usefulness of apparel m-commerce. The high quality fashion website play an 

important role in meeting the customers’ needs for good serviceability of mobile shopping. It 

is important to find ways to continuously enhance the fashion interfaces for current fashion e-

commerce and m-commerce retailers (Chi, 2018). A user uses technology such as mobile apps, 

augmented reality applications or virtual size and fit applications founded on their 

observational approach. A user understands and performs a task according to their state of mind 

of perceived ease of use and usefulness to use technology (Chung et al., 2015; Jung et al., 

2018). This behaviour directly influences their state of mind towards adapting a virtual size 

and fit technology and mobile application for online shopping or collecting product 

information. Saleem et al. (2021) confirmed that perceived ease of use strongly impacts the 

perceived usefulness to use the augmented reality mobile applications for online shopping. 

Studies which measured the constructs of Perceived ease of use and usefulness are listed in 

Table 6.4. The ease of use and usefulness will be studied to establish the consumer acceptance 
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of virtual size and fit technology platforms and applications within the apparel e-commerce 

platforms.  

H3: Perceived Ease of Use will have a positive effect on Perceived Usefulness of Virtual size 

and fit technology. 

6.7 Attitude  

Attitudes towards virtual size and fit technologies are shaped by perceived usefulness 

and ease of use. Attitude is prior to the intention to use the technology (Kim et al., 2017). 

Childers et al. (2001) explained that usefulness and ease of use would be powerful indicators 

of approaches concerning technology. Perceived functional aspects with a higher level of 

technology will underwrite positive attitudes.    

H4: Perceived Ease of Use will have a positive effect on Attitudes towards Virtual size and fit 

technology. 

H5: Perceived Usefulness will have a positive effect on Attitudes towards Virtual size and fit 

technology. 

6.8 Intention to use 

The intention to buy from, use and re-visit virtual size and fit technologies is stated as 

an intention to use. A positive relationship is determined by (Jorgensen and Sorensen 2021; 

Saleem et al., 2021; Oyman, Bal and Ozer, 2022) between the stimuli, attitudes and intention 

to use. Moreover, virtual fitting room interfaces (size recommendation and size and fit 

visualisation) have been explored among consumers. The impact of virtual fitting tools and 

intention to use the virtual fitting room will be evaluated for future application in fashion 

interfaces. Table 6.5 to 6.8 presents the quantitative questionnaire for online survey. 

H6: Positive Attitudes towards Virtual size and fit technology will have a positive effect on 

Intention to Use 
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 Table 6.5 Demographics Questionnaire for Virtual Size and Fit Interfaces (Fit Analytics and Virtual Outfits) Online 

Survey  

Construct  Item  Reference 

Socio- 

demographics 

Do you shop for clothes online? 

Yes/No  

Goldsmith and Goldsmith 

(2002) 

 
What is your age? 

18-24/25-35/36-45/46-55/55-65/65+ 
Martin et al., (2015) 

 

What is your income bracket? 

Less than £20,000/£20,000-£29,999/£30,000-£49,999/£50,000- 

£99,999/£100,000+ 

or 

Less than Rs.20,000/Rs.20,000 –Rs.29,000/Rs.20,000 -

Rs.29,000/£30,000 – £49,000/Rs.50,000 – Rs.99,000/

 Rs.100,000+ 

Goldsmith and Goldsmith 

(2002)  

 
What is your education level? 

School/ College/ Graduate/Post-graduate 
Powers and Jack (2015) 

 

How frequently do you browse fashion websites? 

Every day/Once a week/Several times a week/Once a month/Every 

couple of months/Couple of times a year/Never 

How frequently do you purchase clothes online? 

Every day/Once a week/Several times a week/Once a month/Every 

couple of months/Couple of times a year/Never 

Rose et al. (2012) 
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Table 6.6 Questionnaire Constructs for Virtual Size and Fit Interfaces (Fit Analytics and Virtual Outfits) Online Survey 

Construct  Item  Theory  Author 

Technology 

Readiness 

1.Technical terms sound like confusing jargon to me  

2. I have avoided technology because it’s unfamiliar to me. 

3. I hesitate to use most forms of technology for fear of making mistakes I 

cannot correct. 

Technology 

Readiness 

reverse 

coded 

Meuter et 

al.(2003) 

Perceived 

Usefulness 

4. I would find the Fit Analytics/ Virtual Outfits helpful when shopping online.  

5. Use of Fit Analytics/ Virtual Outfits could increase the quality of my online 

shopping. 

6. Using Fit Analytics/ Virtual Outfits would make me more productive when 

shopping online. 

7. Using Fit Analytics/ Virtual Outfits would allow me to evaluate garments 

more quickly. 

8. Using Fit Analytics/ Virtual Outfits would improve my online shopping 

ability. 

e-TAM 

(7 point 

Likert scale) 

Kim and 

Forsythe 

(2010) 

Perceived 

Ease 

of Use 

9. Using Fit Analytics/ Virtual Outfits is clear and understandable  

10. Using Fit Analytics/ Virtual Outfits doesn’t require much mental effort 

11. Fit Analytics/ Virtual Outfits is easy to use 

e-TAM 

(7 point 

Likert scale) 

Kim and 

Forsythe, 

(2010) 

Attitude 

16. Using Fit Analytics/ Virtual Outfits is a good/bad idea  

17. Using Fit Analytics/ Virtual Outfits is superior/inferior 

18. Using Fit Analytics/ Virtual Outfits is pleasant/unpleasant 

19. Using Fit Analytics/ Virtual Outfits is appealing/unappealing 

20. Using Fit Analytics/ Virtual Outfits is excellent/poor 

e-TAM 

(7-point 

semantic 

differential 

scale) 

Kim and 

Forsythe 

(2010) 

Childers et 

al. (2001) 

Intention to 

Use 

21. I would be likely to use Fit Analytics/ Virtual Outfits or Similar fashion 

technologies again for fashion shopping in the future. 

22. I would be likely to visit websites like Fit Analytics/ Virtual Outfits or 

similar size and fit technologies for fashion shopping in the future. 

23. I would be likely to purchase fashion from websites that use Technology-

driven size and fit tools such as Fit Analytics/ Virtual Outfits or similar 

technologies. 

e-TAM 

(7 point 

Likert scale) 

Kim and 

Forsythe 

(2010) 

Intention to 

use Use/ 

Recommenda

tion 

24. I would highly recommend that virtual size and fit websites (Fit Analytics/ 

Virtual Outfits) should be incorporated in Pakistani fashion websites for online 

shopping 

25. I would highly recommend that virtual size and fit platforms should be 

developed as an external website for Pakistani fashion brands that gives 

opportunity to retailers to get benefit of selling fashion online. 

e-TAM 

(7 point 

Likert scale) 
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Table 6.7 Demographics Questionnaire for Mobile Applications (Size Stream at Home, 3Dlook and Nettelo) Study 

Construct  Item  Reference 

Socio 

demographics 

Do you shop online for bespoke garments? 

Yes/No 

Goldsmith and Goldsmith 

(2002)  

 
What is your age? 

18-24/25-35/36-45/46-55/55-65/65+ 
Martin et al. (2015)  

 

What is your income bracket? 

Less than £20,000/£20,000-£29,999/£30,000-£49,999/£50,000- 

£99,999/£100,000+              or 

Less than Rs.20,000/Rs.20,000 – Rs.29,000/Rs.20,000 -

Rs.29,000/£30,000 – £49,000/Rs.50,000 – Rs.99,000/  

 Rs.100,000+ 

Goldsmith and Goldsmith 

(2002)  

 
What is your education level? 

School/ College/ Graduate/Post-graduate 
Powers and Jack (2015)  

 

How frequently do you browse fashion applications? 

Every day/Once a week/Several times a week/Once a month/Every 

couple of months/Couple of times a year/Never 

How frequently do you purchase unstitched clothes online for 

construction of Bespoke Garments? 

Every day/Once a week/Several times a week/Once a month/Every 

couple of months/Couple of times a year/Never 

Rose et al. (2012) 
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Table 6.8 Questionnaire Constructs for Mobile Applications (Size Stream at Home, 3Dlook and Nettelo) Study 

Construct  Item  Theory  Author 

Technology 

Readiness 

1. Technical terms sound like confusing jargon to me. 

2. I have avoided technology because it’s unfamiliar to me. 

3. I hesitate to use most forms of technology for fear of making mistakes 

I cannot correct. 

Technology 

Readiness 

reverse coded 

Meuter et al. 

(2003)  

Perceived 

Usefulness 

4. I would find body scanning with Size Stream at Home helpful when 

shopping online for bespoke garment. 

5. Use of Size Stream at Home 3D body scanning could increase the 

quality of my online shopping of bespoke garment. 

6. Using Size Stream at Home 3D body scanning measurements would 

make me more productive when shopping online. 

7. Using Size Stream at Home 3D body scanning measurements would 

allow me the certainty of my body measurements for purchasing online 

bespoke garments.  

8. Using Size Stream at Home 3D body scanning measurements would 

improve my online shopping ability of bespoke garments. 

e-TAM 

(7 point 

Likert scale) 

Kim and 

Forsythe, 

(2010)  

Perceived 

Ease 

of Use 

9. Using Size Stream at Home is clear and understandable. 

10. Using Size Stream at Home doesn’t require much more mental effort 

for extraction of my body measurements. 

11. Size Stream at Home is easy to use 

e-TAM 

(7 point 

Likert scale) 

Kim and 

Forsythe 

(2010)  

Attitude 

16. Using Size Stream at Home is a good/bad idea  

17. Using Size Stream at Home is superior to manual method of 

measurement/inferior to manual method of measurements 

18. Using Size Stream at Home is pleasant/unpleasant 

19. Using Size Stream at Home is appealing/unappealing 

20. Using Size Stream at Home is excellent/poor 

e-TAM 

(7-point 

semantic 

differential 

scale) 

Kim and 

Forsythe 

(2010)  

Childers et 

al. (2001)  

Intention 

to Use 

21. I would be likely to try Size Stream at Home or Similar 3D body 

scanning applications again in the future for online shopping of bespoke 

garments. 

22. I would be likely to visit applications like Size Stream at Home or 

similar 3D Body Scanning applications for Bespoke fashion shopping. 

23. I would be likely to purchase bespoke garments by using Size 

Stream at Home application, as it satisfied me with size and fit of 

bespoke garment buying process. 

24. 3D Body scanning tool would be added in the fashion brands 

application and websites for effective selection of right size and well 

fitted garments online and for customisation of garment? 

e-TAM 

(7 point 

Likert scale) 

Kim and 

Forsythe 

(2010)  
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6.9 Summary 

The initial part of this chapter has discussed the theoretical framework, stated various 

approaches, and analysed critically which framework should be chosen. The Technology 

Acceptance Model is chosen due to its applicability to the stimuli and measurement constructs. 

Therefore, hypotheses are proposed according to TAM constructs to measure the quantitative 

survey.  

6.10 Constructs and discussion topics of Qualitative Bespoke garment evaluation study 

(Qualitative bespoke clothing try-on - stage 2)  

The discussion topics relevant to clothing try-on have been described in the following 

section and are considered vital topics from the literature in Chapter 2, Section 2.8. The existing 

clothing studies overview has been demonstrated in Table 6.9, which presents the constructs 

or topics utilised to study consumers' experience regarding clothing size and fitting. The 

essential themes and criteria have been highlighted, which are employed to describe the 

garment experience of consumers. The qualitative clothing try-on experience is essential to 

understand the success of bespoke garment size and fit constructed with 3D body scanning 

mobile apps. However, few studies focused on physical clothing try-ons using an online virtual 

try-on platform. A range of terms employed in existing studies describes fit and sizing. The 

existing studies have been compared, and factors utilised to measure size and fitting have been 

combined and summarised. Thus, by considering the existing qualitative size and fit studies, 

the constructs or topics and interview questions have been developed to study the qualitative 

assessment of bespoke garments constructed using 3D body scanning mobile application 

technology. The next section of the chapter presents the overview of chosen topics and their 

relevance to the study (Table 6.9). 
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Table 6.9 Qualitative Fit and Sizing Criteria 

Author  Method  Theme/Criteria  Sample Size 

Eckman et al. (1990) Interviews  

Aesthetic criteria: 

Colour/pattern, Styling, Fabric, Uniqueness, 

Appearance. 

Usefulness criteria: 

Versatility, Matching, Appropriateness, 

Utility. 

Performance and quality: 

Fit, Comfort, Care, Workmanship. 

Extrinsic criteria: 

Price, Brand, Competition. 

Intention to buy 

Likes/dislikes 

80 females 

predominantly 

18-30 years 

old 

Abraham-Murali and 

Littrell (1995) 

 

Focus groups  

Physical appearance 

Fabric, Colour/Pattern/Texture, Construction, 

Styling 

Physical performance 

Fabric, Colour, Care, Workmanship, Garment 

Expressive 

Looks good on me 

Provides scope for individual creativity, 

Appropriateness to lifestyle, 

Comments of others 

Extrinsic 

Brand, Price, Store/catalogue, Country of 

origin 

Care label, Service 

31 females 

Alexander et al. 

(2005) 

  

Questionnaire  

Fit preferences 

Body Cathexis 

Clothing benefits 

Fashion image, Figure flaw compensations, 

Sex appeal, Clothing 

preference, 

Fashion innovativeness 

Satisfaction with RTW 

Body shape 

223 females 

de Klerk and Tselepis 

(2007) 

  

Questionnaire  

Expectation 

Functional (comfort) 

Aesthetic (emotional and symbolic) 

Intrinsic 

Ease, Style, Fabric, Size 

Extrinsic 

Fit with opinion of others, Opinion of peers, 

Fashion, feeling good, 

Feeling in control, Brand. 

134 (13 year 

old females) 

Jones and Giddings 

(2010)  

 

36 statements were 

used to identify the 

overall level of 

satisfaction of 

participants with eight 

garment categories for 

misses-size and tall-

size apparel. Five-

point Likert scale was 

used. 

satisfaction with the fit and style of 

apparel for tall women. 

18-54 years 

75 women (5feet 8 

inches) 

Kinley (2010) 

 
Questionnaire  

Clothing benefits sought 

Fashion forward 

Sexy 

Reputation 

Individualist 

150 females 

with a mean 

age of 31 



172 

Author  Method  Theme/Criteria  Sample Size 

Fit preferences 

Fitted 

Semi-fitted 

Satisfaction with fit 

Satisfied 

Extremely satisfied 

Label preferences 

Size by waist 

Size by number 

Holmlund et al. 

(2011) 

 

Interview  

First thoughts                                             

Attitudes 

Clothing purchase behaviour 

Meaning and importance of fashion clothing 

Searching, selecting, choosing, purchase 

intention and decision making 

Clothing problems                                              

Wishes to manufacturers, designers and 

buyers 

10 women, aged 50-

63 

Grogan et al. (2013) 

 

Dress try-ons, 

body scans 

and 

interviews 

Functional aspects of clothes fit 

Body confidence and clothing fit, slim 

hourglass ideal 

Clothes dimensions and size coding 

20 females 

aged 18-45 

McKinney and Shin 

(2016) 

 

Content analysis 

Apparel evaluative criteria: 

Fit (overall, aesthetic, physical, functional), 

garment styling (appearance, style and design 

elements), social feedback (verbal and 

imagined), appropriateness (social situation, 

season), colour and pattern, fabric, physical 

comfort. 

E-service evaluative criteria: 

Traditional service quality, internet specific 

service quality 

Other content: 

Self-descriptive information 

Recommendation, future patronage intention. 

Web content 

analysis 

Brownbridge et al. 

(2018) 

Tried on a number of 

mass-produced 

dresses and asked to 

select on according to 

size and fit 

satisfaction 

Interview 

 

Investigate women’s experiences of dress fit 

and body image.                                                     

Issues in Sizing system of different brands 

Issues that limit the effective development 

and application of sizing systems, the link 

between the complexities of consumer. 

Underdeveloped and ill-informed sizing 

practices, fit dissatisfaction, and the creation 

of textiles waste.                                  

Apparel evaluative criteria: 

fit expectations, body image and self-esteem                  

other content                                                        

Fit dissatisfaction and the creation of 

textiles waste 

20 women,18-45 

years 

Shin and Damhorst 

(2018) 

Focus group 

Interview 

Psychological and Social experience                       

physical fit, aesthetic fit, functional fit, and 

social context. 

66 (11-15 each group) 

18-22 Years 
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6.11 Performance evaluation of garments 

Eckman et al. (1990) studied performance evaluations in a clothing try-on context. 

Performance evaluations of clothing try-on are explained as the qualities associated with the 

garment's fit, comfort, care, and workmanship. Moreover, the relationship between 

expectations, performance and satisfaction has been studied by Swan and Combs (1976). Jones 

and Giddings (2010) have studied the ready to wear garments evaluation of tall women. They 

evaluated the size, fit and style and recommended introducing the mass customisation system 

using body scanning technology because of fitting issues with ready to wear garments. The 

perspective of consumers, such as physical, aesthetic, and functional fit, has been explored by 

Shin and Damhorst (2018) to understand the thinking of clothing buyers and its relation to 

psychological and social experience.  

6.11.1. Clothing fit satisfaction 

Apparel fit is defined by Frost (1988, p.2) as “visual as well as physical satisfaction of 

the garment and its function on the body”. Fit satisfaction is demarcated as “judgements related 

to how the garment conforms to the body” (Eckman et al., 1990, p.17). The Fit of the garment 

is functional and aesthetics, which is associated with the wearer's emotional and functional 

aspects (de Klerk and Tselepis, 2007). Eckman et al. (1990) and Outling (2007) identified that 

apparel fit – the appearance of a garment concerning the body is aesthetic fit, and comfort and 

performance of the garment on the body are considered functional fit. Anderson et al. (2001) 

presented a fit preference scale to evaluate consumer fitting preference (fitted, semi-fitted, or 

loosely fitted). The garment styling and personal preference for garment fit are associated with 

fitting (Kinley, 2010). According to the framework of this study, fit satisfaction has been 

developed as an open-ended question, where the participants are encouraged to respond and 

elaborate on their viewpoint of fit. The grounded theory has been employed for the analysis of 

the qualitative study. The key themes from the responses have been recorded, grouped, and 

analysed.  

6.11.2. Size satisfaction of garments  

de Klerk and Tselepis (2007) established that the intrinsic factor of fit is size 

satisfaction. The amount of ease added to the garment shows a direct relation to size 

satisfaction. Fashion retailers consider size charts (such as numerical (8, 10, 12) and 

alphanumerical (S, M, L) to sell garments in the market (Jain et al., 2018). Various studies have 

evaluated size satisfaction and garment evaluation fitting (Alexander et al., 2005; Hwangbo et 

al., 2020). Kim and Damhorst  (2010) explained that size and fit are the most challenging 
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factors in garment evaluations. Jones and Giddings (2010) concluded that there are various 

categories of size in women, for instance, petite size, tall size, average size, and plus size. The 

study concluded that a mass customisation system needs to implement to cater larger size 

population. The preference of consumers needs to be considered in the product development 

process. The study evaluated size satisfaction using bespoke garments constructed from digital 

measurements of 3D mobile app scanners as a stimulus. The size satisfaction of bespoke 

garments has also been measured with the comparative fit satisfaction of bespoke garments 

they purchased with the traditional tape measurement method.   

6.11.3. Fit expectations of garments 

Fit expectation of a garment is applied to the product predictions “where a consumer 

makes assumptions concerning the future performance of an item” (Swan and Combs 1976, 

p.25). Swan and Combs (1976) established that buyer expectations could be instrumental or 

expressive. When a user wears a garment, the performance is analysed, associated with 

consumers’ expectations before buying. To analyse fit expectations in online garment 

shopping, consumers usually learn through their previous online shopping experience and 

acquire knowledge of specific brands. In addition, consumers found variations in the sizing 

system of each brand for a specific consumer (Jain et al., 2018). However, in this study, 

consumers are offered to evaluate the bespoke garment constructed using a 3D mobile body 

scanner. The participants would evaluate their expectation of fit according to the body 

dimensions they receive from the body scanners and their previous purchase history of bespoke 

garments. According to personalise body dimensions they receive, they would expect to have 

the right fitted garment. However, Labat and Delong (1990) presented that women blame their 

bodies instead of the garment when they are not able to fit into the garment they receive or try 

on. Therefore, with bespoke garment evaluations, this would also be evaluated if they receive 

the right or poor fit garment and how much they are satisfied with their body shape and garment 

fit. Moreover, positive and negative perceptions towards technology on receiving digital 

measurements and bespoke garments with mobile body scanners have also been studied.  

Recent studies by Hwangbo et al. (2020) and Jorgensen and Sorensen (2021) studied 

the interface evaluation in context with virtual garment try-ons. Furthermore, Tawira and 

Ivanov (2022) determined that the availability of customising the garments encouraged and 

influenced adoption intention. The augmented virtual try-on with an avatar image showed a 

higher impact on perceived augmentation. The mix and match feature of garments was admired 

and presented a positive reaction. The study concluded that pre-task virtual try-on and 
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customisation are admired and is a conclusion to cater to a larger population. The consumer 

expectations with mass customised online interface have been studied in context with positive 

and negative perceived performances. Thus, the fit expectations are related to consumers’ 

expectations towards the latest mobile body scanning technology body dimensions and their 

perception of their own bodies.  

6.11.4. Comparative fit expectation  

Comparative fit is associated with assessing garment fit about prior experience and pre-

conceived expectations of garment fit. Oliver (1980) examined product satisfaction with pre-

conceived expectations. Grogan et al. (2013) evaluated consumers’ responses to the fit of 

dresses and compared them to other product types. Moreover, (Brownbridge et al., 2018) 

investigated women’s experiences of dress fit and body image. Investigated the sizing systems 

in context with consumer fit expectations, body image and self-esteem complexities. These 

factors are vital as all participants would have prior clothing fit experience, which would also 

affect their future clothing fit practices. Berry (1980) explains intangibility as a facility that 

cannot be easily defined, formulated, or grasped mentally (Berry, 1980). Mental intangibility 

indicates that the process of a service or product is challenging to comprehend mentally 

(Laroche et al., 2001). Mental intangibility is also associated with comparative fit expectation, 

which can also comprise extrinsic factors such as using mobile applications for garment 

customisation (Nepomuceno et al., 2014). Smartphone mobile body scanning applications used 

for garment construction is a novel idea from the traditional tape measurement method. 

Therefore, it is considered that consumers are unfamiliar with mobile scanners, their concept, 

and their performance. Therefore, mental intangibility is also associated with a comparative fit 

that consumers perceive about the garment size and fit constructed from digital measurements 

and how consumers would feel about their body compared to their past clothing experiences. 

Moreover, consumers can compare the bespoke garments constructed from the mobile 

applications’ body dimensions in a comparative fit. 

6.12 Aesthetic evaluation  

Aesthetic fit entails self-evaluations regarding an overall appearance of a garment 

regarding body proportions that impact the viewpoint of attractiveness (Shin and Damhorst, 

2018). It is concluded by Shin and Damhorst (2018) that consumers indicated that the good fit 

of a garment was associated with whether a normal garment would look good generally or 

present their body attractive to viewers in a positive manner. Swan and Combs (1976) and 

Eckman, Damhorst and Kadolph (1990) established that for garment fit satisfaction, the basic 
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element is aesthetic evaluation. Appearance, quality, and style of the garment are associated 

with aesthetic evaluation. Ashdown and Loker (2010) determined that the evaluation of 

garment fitting is founded on the physical relationship between the body and apparel at 

different body areas by analysing the appearance, comfort, and ease of movement. Physical 

functional, aesthetic, and social aspects are considered as main components. Moreover, 

emotional and functional aspects are also linked with an aesthetic evaluation of the garment 

established by Lamb and Kallal (1992). Similarly, de Klerk and Tselepis (2007) determined 

that aesthetics was associated with sentimental and figurative apparel fit satisfaction traits. 

Moreover, perceived emotional value is also linked with aesthetic evaluation (Bye and 

McKinney, 2007). Length and style aspects are evaluated in the study for the aesthetic 

evaluation of bespoke garments established by Eckman et al. (1990). Responses concerning 

aesthetic evaluation are challenging to evaluate, as aesthetics are generally highly intangible. 

This study presents an analysis of the elements related to the aesthetic qualities of garments 

discussed below.  

6.12.1. Length and style satisfaction  

The physical appearance and the aesthetic evaluation of the garment are associated with 

Styling. Abraham-Murali and Littrell (1995) described Styling as the second most vital element 

in consumer evaluation of clothing qualities. Shim and Kotsiopulos (1990) and Jones and 

Giddings (2010) described that retailers are required to collect information on the style needs 

of consumers which will yield greater satisfaction. Style preference is similar to the 

anthropometric differences and needs, which need pattern modifications and detailing when 

the garment is constructed. Jones and Giddings (2010) reported that style was the vital attribute 

of garments which consumers frequently wear. It was also concluded that casual and career 

apparel garments are normally preferred by consumers. For casual wear, a frequently worn 

style is preferred. The study evaluated the responses to length and style in the context of 

Pakistani women's culturally accepted and frequently worn style, kameez. The kameez style is 

normally worn on all occasions, such as casual, semi-formal, and formal. Formal and semi-

formal garments are embellished with beads and embroidery. The length of garments depends 

on the clothing style and height of the wearer. Normally consumers prefer their body height 

when choosing the garment length (Shin and Damhorst, 2018). Thus, length is personalised 

according to participant height, personal preference, and style requirement.  
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6.13 Interface evaluation  

The quantitative questionnaire has been developed by considering the technology 

acceptance model in the second phase of study 3 when participants use the body scanning 

application. Quantitative mobile application evaluations are necessary to determine new 

technology's ease of use and usefulness. A quantitative survey of mobile applications is a 

prerequisite before the qualitative interviews of bespoke garment-try. The quantitative survey 

presents the participant’s viewpoints on mobile body scanners before garment try-on and the 

full shopping journey from acquiring body dimensions using the app, garment customisation, 

product purchase and post-use evaluation. Participants were encouraged to respond to 

qualitative interview questions regarding incorporating the technology if they found it useful 

in virtual bespoke garment construction, which is aligned with the study of Holmlund et al. 

(2011) comments to manufacturers, buyers, or designers (Table 6.10). Battistoni et al. (2022) 

recently studied augmented reality as a meta-user interface. The interactive virtual fitting room 

system interface is evaluated for the apparel shopping experience. 

6.13.1. Purchase intention  

Participants were asked whether they would keep, return, or alter the garment, which 

directly evaluates purchase intention. This has been employed in the study as the behavioural 

consequence of garment satisfaction. Kim and Damhorst (2010) evaluated the impact of fit and 

sizing issues on buying intention and revealed a partially negative relationship. Overall 

appearance, imagining fit, and size concerns were negatively associated with online purchase 

intention. Recent studies explored virtual fitting room tools during online shopping and their 

impact on the behaviour of consumers and purchase intention of garments using virtual try-on 

tools (Beck and Crie, 2015; Beck and Crié, 2018; Başeğmez and Tuncalı Yaman, 2022; 

Meirinhos et al., 2022; Oya, Topuz and Ruziye, 2022). Consumers are likely to purchase again 

from the same interface when they are satisfied with the perceived quality of the interface and 

trust it for their next purchase (Linge et al., 2021). Hwangbo et al. (2020) concluded that when 

consumers are satisfied with the size and fitting of the garment, they are likely to purchase 

garments from a similar interface. This study evaluates the effect of bespoke garment 

assessment and satisfaction on purchase intention after the bespoke garment was physically 

tried. The notion of intention to buy a product is employed in the study to get insights into post-

use evaluation, which cannot be evaluated in the purchase intention phase (Eckman et al., 1990; 

Holmlund et al., 2011) (Table 6.10). This study comprises the post-try-on intention to purchase, 

either to keep, return or alter the size and fitting. 
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6.13.2. Future use 

When consumers evaluate the interface or application and physical evaluation and 

satisfaction with the size and fit of a garment, then consumers have positive intentions for 

future use (McKinney and Shin, 2016; Hwangbo et al., 2020). Shin and Baytar (2014, p.22) 

have explained future use as the “intention to use virtual try-on model.” Hwangbo et al.(2020) 

studied the basic idea of virtual try-on, which explored the influence of 3D virtual try-on on 

online sales. The study concluded that the virtual try-on reduces the return rate by 27%, which 

separates inaccurate size and fits. Therefore, when consumers are satisfied with the size and 

fitting of the garment and find out the interface is reliable for shopping. They are likely to use 

it again in future. In this study, future use is allied with revisiting and repatronage the mobile 

applications such as Size Stream at home, 3Dlook and Nettelo. Further, their intention is to use 

mobile app scanners for bespoke garments construction and size recommendation.  

6.13.3. Post-use evaluation of responses to online fit  

Post-use assessment is associated with the participant’s responses after utilising the 

technology. Post-use assessment was also studied by (Kim and Forsythe, 2008; Hwangbo et 

al., 2020). Kim and Forsythe (2008) explained that regardless of entertainment and the hedonic 

value of virtual try-on as a direct conclusion, the results revealed less impact on sales on the 

retailer’s website. The virtual try-on users would play with the interface and try on various 

outfits. However, post-use evaluation of the garment and interface is essential, which can only 

be accomplished with garment size and fitting (Kim and Forsythe, 2008). However, Hwangbo 

et al. (2020) established a study on using the virtual try-on direct impact on online sales. Post-

use assessment will thus evaluate respondents’ responses to the overall fit, size and style of the 

bespoke garments in real-world experiences and the evaluation of mobile app scanners. The 

interview guide for the qualitative try-ons is shown in Table 6.10. 
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Table 6.10 Interview Discussion Guide Study 3 (Stage 3) 

Interview Discussion Guide Study 3 (Stage 3) 

Introduction 

Thank you for participating in the research. The aim of the session is to explain 

you the mobile 3D body scanning process and mechanism of mobile apps. Prior 

participating, you are required to give your consent for participation in the study. 

You should be Pakistani female and have shopped online for bespoke garments. 

First you will be scanned via mobile applications, then you are requested to 

complete the online survey regarding questions related to mobile application 

evaluation. Then your digital measurement from each app will be used to 

construct a bespoke kameez that you will try-on when you will receive it at home. 

After that we can schedule the interview at your convenience.  

Today, you have received the bespoke garments. Now we can start interview 

based on performance evaluation, Aesthetic evaluation, and interface evaluation. 

Performance Evaluation Questions References 

Fit satisfaction  

How do you feel the garment fits you?  

Which part of body do you think that 

the garment does not fit properly? 

(Eckman et al., 1990), (McKinney and 

Shin, 2016) 

 Size satisfaction  Are you satisfied with the size? 

Fit expectation  

How does this compare to your 

expectations of fit through the 

garment sewing process of bespoke 

garment with 3D body scanning 

measurements? 

(Grogan et al., 2013) 

 

Comparative fit 

satisfaction 

Are you often satisfied or unsatisfied 

with the fit of garments in similar 

areas to this one? 

Aesthetic Evaluation Questions References 

Length  How do you feel about the length? (Eckman et al., 1990), (McKinney and 

Shin, 2016) Style satisfaction  
How do you feel about the style of the 

garment? 

Interface Evaluation (3D body 

scanning application Evaluation) 
Questions References 

Purchase intention  
Would you keep this garment, or 

would you return it and if so, why? 

(Grogan et al., 2013)  

 
Future use  

Based on your experience of try on 

bespoke garment would you use this 

3D body scanning technology for 

buying bespoke garments online? 

Post-use evaluation  
Any other comments about post-use 

evaluation of bespoke garment? 

 

  



180 

6.14 Summary 

This section of the chapter has discussed existing studies that have evaluated clothing 

traits or employed in clothing try-ons evaluations. Employing this as a basis for the post-

purchase phases of clothing evaluation in the study, a discussion guide was formulated. Each 

concept used in the discussion guide is described.   
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Chapter 7. Research Methodology 

7.1 Introduction 

This chapter describes the methodology that has been applied in the research study. 

People research to find out knowledge systematically, to enhance their learning. The 

“Systematic” phrase indicates that research must be founded on logical relationships, not 

personal beliefs (Ghauri, Grønhaug and Strange, 2020). Methodology deals with the direction 

and description of activities performed in research. The primary aim of the methodology is the 

organisation and regulation of the cognition process or control in the practical development of 

a phenomenon or sequence of methods in the problem-solving process (Singh, 2022). The 

theoretical knowledge in research must be considered before undertaking the research (Carr, 

2006). Philosophical, strategic and theoretical perspectives have been considered in the 

research methodology, which creates a research approach to a study (Malhotra et al., 2017). 

Maclaran et al. (2009) affirm that to comprehend a theory. The researchers must understand 

the idea of philosophical and sociological discussions through which the theory has developed. 

The chief purpose of this study is to enhance apparel size and fit prediction for e-commerce 

interfaces. This chapter is structured as two separate sections. The research philosophies and 

chosen paradigms are discussed in the first section, and the second section discusses deliberate 

methods adopted in the study. This includes the methods adopted for primary and secondary 

data collection, quantitative data collection, and qualitative interviews of female participants. 

Moreover, the data collection sample, research design and approach clearly explain the 

comprehensive methodological overview. Quantitative data analysis (Study 1) is done by 

employing structural equation modelling (SEM). For comparative analysis of participants’ 

body dimensions acquired from Size stream SS20 booth scanner and MeThreeSixty mobile 

application body scanning technology (Study 2) and for comparative analysis of participants’ 

body dimensions acquired from three mobile applications (Study 3 stage 1), the T-test method 

is used. The T-test method is applied for calculating the standard error of the mean (SEM) 

(Reliability), and the mean of measurement differences has been calculated for measurement 

validity to check against the ANSUR allowable errors (Koval, 2020; Parker et al., 2022). In 

study 3, stage 2 quantitative analysis is conducted through participants’ responses using the 

TAM model. Then in Study 3, the stage 3 thematic analysis approach is used for qualitative 

data analysis of the post-use evaluation of bespoke garments. Then triangulation method is 

used for discussion and conclusion by combining the mixed-methods analysis.  
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7.2 Review of secondary data 

A literature review has been conducted on the limitations of Web 2.0 technology 

features and emerging interactive features of virtual size and fit interfaces, such as Web 3.0 

technology, which offers virtual fitting, size recommendation, visualisation, and customisation 

services. Furthermore, the advancement of e-commerce to virtual commerce has been 

discussed, including metaverse, virtual and augmented reality. Moreover, recently introduced 

3D body scanning mobile applications and Web 3.0 tools presented in virtual commerce have 

been reviewed comprehensively regarding their mechanism, features, benefits, and proposed 

solutions for personalisation services in virtual fashion commerce. Furthermore, consumer 

behaviour in the three-stage model of the consumer shopping journey pre-purchase, purchase 

and post-purchase stage has also been discussed to understand the research approach (Lemon 

and Verhoef, 2016). Furthermore, the unstitched apparel market of Pakistan has also been 

reviewed for holistic understanding to incorporate 3D body scanning technology to enhance 

mass customisation in fashion e-commerce. This approach supported a necessary combination 

of 3D body scanning, virtual size and fitting technologies in virtual commerce and unstitched 

apparel product for mass customisation and personalisation approach. This overview has been 

used to define the study’s research problem and guide for research design.   

7.2.1. Approaches derived from virtual commerce platforms 

As consumer-oriented marketing has overcome the paradigm of retailer-controlled 

marketing, it influenced experiential marketing in several ways. The internet provides the 

consumer with numerous experiential opportunities and facilitates consumer-controlled 

(Lemon and Verhoef, 2016; Braun, 2017). This part highlighted the impact of experiential 

marketing from consumer and retailer insights. When customers get to experience at the side 

of substantial goods and services, it augments the success of experiential marketing. Virtual 

commerce introduced distinct virtual features from e-commerce because it is a promising 

collaborating marketing shopping platform. Virtual commerce has introduced virtual three-

dimensional (3D) platforms and features with improved functionality, interactivity, and 

convenience. The lack of direct interaction between products and people has been resolved 

(Wang, 2021) and has enhanced sensory depth compared to e-commerce. Consumers can 

communicate with highly detailed, realistic and engaging 3D features than 2D static images 

(Altarteer and Charissis, 2019). Virtual commerce platforms can provide hedonism and 

utilitarian benefits by offering distinctive interactive features such as augmented reality, virtual 

reality features and 3D body mobile app scanners in one platform, which are also declared as 
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virtual fitting room tools of virtual commerce (Idrees et al., 2020b; Lee and Xu, 2020; Wang, 

2021). The virtual size and fit interfaces and 3D body scanning booths and apps have been 

tested to understand digital experiences that evoke sensory and emotional factors (generate 

experiences that the consumer preserves). The consumers’ satisfaction and positive experience 

have been evaluated using virtual fitting tools (Rose et al., 2012). (Chapter 4) 

7.2.2. Approaches derive from unstitched market of Pakistan 

The idea of garment customisation is common in Pakistan and has been an approach 

developed over centuries. Tailors and fashion retailers have used manual methods, and 

customised garments have been stitched in bulk compared to the sales of readymade garments 

in Pakistan. Still, they need help to fulfil the global customisation demand (Mair, 2018). 

Traditional body measurement techniques have been used as the foundation for customising 

garments in Pakistan. This presents a significant barrier to developing a worldwide mass-

customised e-commerce model (Idrees et al., 2020a). Another obstacle is that consumers must 

be more capable of accurately measuring their body dimensions in a reliable method suitable 

for bespoke production.  

Moreover, technical expertise is required to detect precise body landmarks to obtain the 

correct body dimensions. Therefore, with the traditional tape measurement method, human 

error is involved, such as self-measuring is difficult; and expert measuring is not achievable 

due to constraints in accessibility—besides traditional measurement technique consuming 

procedure (Almalki et al., 2020). Correspondingly, the standard sizing systems (such as 

numerical (8, 10, 12) and alphanumerical (S, M, L) are deficient because of the population 

within countries and worldwide (ex: US, UK, Pak, EU etc.) having various body types and 

sizes (Jain et al., 2018). Consequently, it is challenging to achieve the requirement of providing 

personalised garments to consumers globally in a virtual environment where consumers are 

incapable of virtually try-on clothes to find their true size (Reid et al., 2020). Besides, to obtain 

rich data on product requirements, 2D images have been determined insufficient to meet global 

consumers’ needs (Idrees et al., 2020b). Therefore, the idea of using the unstitched fabric 

(mainly used for customisation) with 3D body scanning mobile applications integrated into the 

virtual size and fit interfaces has the potential to enhance the virtual commerce size and fitting 

and to support achieving the worldwide demand for mass customisation. (Chapter 2) 
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7.2.3. Approaches derived from consumer behaviour literature 

The consumer behaviour literature has been reviewed to determine how consumers 

think and behave when shopping online in different circumstances and atmospheres. The 

Lemon and Verhoef (2016) model applied a three-stage model of the consumer shopping 

journey to find out how virtual fitting room tools can be incorporated with unstitched apparel 

products to initiate mass customisation in Pakistan and how worldwide retailers would adopt 

the idea of mass customisation with the unstitched apparel and virtual fitting room tools. The 

three stages have been discussed, comprising how a product is marketed in the pre-purchase 

stage, the impact of the pre-purchase stage environment on consumers, virtual tools and 

information acquired in the purchase stage and finally, the gratification and invalidation of the 

product in the post-purchase stage. The research has presented a sustainable e-commerce mass-

customisation business model by combining virtual fitting room tools (3D body scanning 

technology) and unstitched apparel products.  (Chapter 5)  

7.2.4. Approaches derived from size and fitting literature and mobile app scanners 

Garment size and fitting relevant literature regarding comfort in clothing, garment fit 

evaluation, consumer fit satisfaction, body shape classification, body cathexis and consumer 

fit preferences are discussed. Apparel fit is a significant concern when selecting favourite 

garments (Le Pechoux and Ghosh, 2002). Fit, in a virtual market, is evaluated as pre-purchase 

and post-purchase. de Klerk and Tselepis (2007) considered fitting an imperative measurement 

of clothing that brings functional and cognitive satisfaction to the consumer. Consumers 

usually measure fit by numerous factors presented at different phases of the shopping journey, 

and it also involves several facets of satisfaction. 

Availability and access to online and offline channels of sizing and fit assessment for 

the consumer are essential to finding the right size garments (Ashdown and Loker, 2010). For 

several decades, the fashion industry has been trying to develop a business model to determine 

a solution to the customisation paradigm at the cost of mass production. In the context of a 

company offering mass customisation, the production is started after the placement of specific 

order by a customer. At this level, the supply chain must be organised strategically so that 

products can be delivered at the price of mass production. Mass-customised products should 

be differentiated from handicrafts by production within an industrial setting at the highest 

productivity (and low production costs). It has several aspects, and the prime misconception of 

mass customisation is that the manufacturer allows complete freedom to the customer to design 

a product exclusively according to one’s personal choice. Instead, a limited number of business 
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environments will enable this kind of service (Blecker and Friedrich, 2006; Li and Cohen, 

2021). Mobile app scanners and fit visualisation virtual platforms are developed extensively to 

enhance the representations and guidance to apparel size and fit before making a purchase 

(Almousa, 2021). The mobile app scanners are created by employing computer vision and deep 

learning, proprietary statistical modelling and (AI) machine learning & 3D matching (Krafft et 

al., 2020; 3DMeasureUp, 2020; 3DLook, 2022). Body scanning companies have introduced 

user-friendly mobile application scanners to be used by both consumers and retailers without 

any technical knowledge (Idrees et al., 2020a).   

7.3 Research philosophies 

The research philosophy is a term that denotes a framework of beliefs and assumptions 

about knowledge development (Lewis and Thornhill, 2019). Establishing a credible research 

philosophy depends on a well-thought-out and reliable set of assumptions underpinning 

methodological choice, research strategy, and data collection techniques and analysis 

procedures; knowledge is developed and validated (Lewis and Thornhill, 2019). The 

assumptions and beliefs certainly shape how a researcher understands his research questions, 

the methods for data collection and the interpretation of research findings (Crotty, 1998). 

Johnson and Clark (2006) explained that business and management researchers must be aware 

of philosophical commitments made by choice of research strategy. Subsequently, this will 

substantially impact what a researcher does and how a research project is understood and 

investigated by a researcher (Johnson and Clark, 2006).    

7.3.1. Philosophical assumptions 

Creswell (2012) discussed four philosophical assumptions in research, i.e., Ontological, 

epistemological, axiological, and methodological assumptions. The details are explained with 

practical implications in Table 7.1. These include assumptions about human knowledge 

(epistemological assumptions), the realities a researcher encounters in his research (ontological 

assumptions) and the extent and ways researcher and respondents’ values influence a research 

process (axiological assumptions) (Crotty, 1998).   
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Table 7.1: Philosophical Assumptions 

Assumptions Implications for Practice 

1. Ontological 

For multiple diverse realities, there is an assumption. 

Researcher reports these various realities by recognising 

several pieces of evidence from people’s experiences and 

perspectives. 

2. Epistemological 

The researcher constructs subjective evidence from 

individuals’ opinions based on the area researched by 

getting very close to the individuals being studied. 

3. Axiological 

Values are established by a researcher while conducting 

research and continue to mention these values by reporting 

more evidence associated with the values. 

4. Methodology 

The researcher formulates the methods to be used in 

collecting and analysing data for research: like, inductive, 

deductive, and shaped the process by his own experiences. 

Source: Creswell (2012).  

7.3.2. Fundamental beliefs of research paradigms in social sciences 

The following Table 7.2 presents the comparison of four different research paradigms 

used to conduct research. The comparison is helpful to a researcher in finding the best possible 

approach to underpin the study. 

Table 7.2: Fundamental Beliefs of Research Paradigms in Social Sciences 

 Research Paradigms 

Fundamental 

Beliefs 

Positivism 

(Naïve realism) 

Post positivism 

(Critical Realism) 

Interpretivism 

(Constructivism) 
Pragmatism 

Ontology: the 

position on 

the nature of 

reality 

External, objective, 

and independent of 

social actors 

Objective. Exist 

independently of 

human thoughts and 

beliefs or 

knowledge of their 

existence, but is 

interpreted through 

social conditioning 

(Critical realist) 

Socially constructed, 

subjective, may change, 

multiple 

External, multiple, view 

chosen to best achieve 

an answer to the 

research question 

Epistemology: 

the view on 

what 

constitutes 

acceptable 

knowledge 

Only observable 

phenomena can 

provide credible data, 

facts. Focus on 

causality and law-

like generalisations, 

reducing phenomena 

to simplest elements 

Only observable 

phenomena can 

provide credible 

data, facts. Focus on 

explaining within a 

context or contexts 

Subjective meanings 

and social phenomena. 

Focus upon the details 

of situation, the reality 

behind these details, 

subjective meanings, 

and motivating actions 

Either or both 

observable phenomena 

and subjective 

meanings can provide 

acceptable knowledge 

dependent upon the 

research question. 

Focus on practical 

applied research, 

integrating different 
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 Research Paradigms 

Fundamental 

Beliefs 

Positivism 

(Naïve realism) 

Post positivism 

(Critical Realism) 

Interpretivism 

(Constructivism) 
Pragmatism 

perspectives to help 

interpret the data 

Axiology: the 

role of values 

in research 

and the 

researcher’s 

stance 

Value-free and etic 

Research is 

undertaken in a 

value-free way, the 

researcher is 

independent of the 

data and maintains an 

objective stance 

Value-laden and 

etic Research is 

value laden; the 

researcher is biased 

by world views, 

cultural 

experiences, and 

upbringing 

Value-bond and emic. 

Research is value bond, 

the researcher is part of 

what is being 

researched, cannot be 

separated and so will be 

subjective 

Value-bond and etic-

emic. Values play a 

large role in interpreting 

the results, the 

researcher adopting 

both objective and 

subjective points of 

view 

Research 

Methodology: 

the model 

behind the 

research 

process 

Quantitative 
Quantitative or 

Qualitative 
Qualitative 

Quantitative and 

qualitative (mixed or 

multimethod design) 

 

Based on Saunders el al. (2009 p.119), Guba and Lincoln (2005), and (Hallebone and Priest, 2009) 
 

 

7.4 Research paradigm 

The above mentioned research paradigms are studied to understand which paradigm is 

applicable to progress the current research project. The researcher is not implementing 

Interpretivism (Constructivism) and Pragmatism paradigm, as constructivism results in the 

generalisation that is subjective and purely qualitative. However, pragmatism is often 

contrasted with post-positivism. Researchers who apply pragmatism come up with the idea that 

embraces those who believe that if an ideology and proposition work satisfactorily, it is true. 

For Instance, unpractical ideas are rejected, while the meaning of preposition is only accepted 

when it is practically acceptable.   

The researcher adopted a post-Positivist (critical realist) research paradigm more 

suitable for the current research project's Studies 1, 2 and 3. The researcher aims to determine 

the impact of virtual size and fit technology on human behaviour within an online shopping 

environment. Participant reviews will be collected with an understanding that the researcher 

remains neutral. In contrast, data collection and the researcher will be biased by respondents’ 

ideas and behaviour when interacting with technology. This is a critical realist ontological 

approach to the chosen paradigm as it properly explains human behaviour towards adopting 

technology. While the epistemological approach is selecting a theoretical framework to 

underpin the study for constructing questionnaires for online surveys and semi-structured 
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interviews to generalise the results. Post-Positivism allows researchers to adopt the mixed-

method approach to data collection. The comparison of Positivism and post-Positivism is 

discussed below, and why post-Positivism was chosen to design the research project and how 

the current study will be validated is also discussed.  

7.4.1. Positivism 

The positivism research paradigm supports an apparent social code, which provides the 

utmost credible data (Saunders et al., 2009). Positivism or logical positivism embraces that the 

scientific method is an appropriate way to establish the truth and objective reality. Positivists 

believe that to obtain true knowledge, science is the foundation. It holds the best framework of 

methods, techniques, and procedures for studying natural sciences and social world 

investigation. Human actions are studied by application of the scientific method in positivism. 

Positivism seems like an objectivist. For instance, objects around us have reality and meaning, 

sovereign of our consciousness of them (Crotty, 1998).   

7.4.2. Post-positivism  

Positivism has an inflexible view of a research study; however, Physicists Werner 

Heisenberg and Niel Bohr turned the emphasis from utter certainty to probability. They 

represented the researcher as one who contributes to knowledge instead of passively observing 

the laws of nature (Crotty, 1998). They argue that “no matter how faithfully the scientist 

adheres to scientific method research, research outcomes are neither totally objective nor 

unquestionably certain” (Crotty, 1998, p.40). This perspective of knowledge contribution is 

post-positivism (or logical empiricism); this presents a flexible view from positivism. Post-

positivist / logical empiricists believe that social scientists and natural scientists consider 

similar goals for research and are engaged in the same methods of investigation. Critical 

realism is a philosophy which is prejudiced from post-positivism (Trochim, 2006). It can be 

differentiated from positivism, conferring either the focus on theory variation (positivism) or 8 

theory falsification (post-positivism) (Ponterotto, 2005). The researcher believes in adopting 

post-positivism as it is more flexible from the positivist viewpoint. Therefore, the researcher 

believes in adopting the Critical realism (Ontology) philosophy. The study's context is to 

determine technology's influence on human behaviour. Human reviews will bias the researcher 

as the participants selected will have no pre-existing knowledge of the study, and the researcher 

will play a neutral role during data collection. This approach would provide a true 

understanding of human behaviour towards adopting or rejecting 3D body scanning technology 

during an online shopping environment. 
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7.4.3. Comparison of both paradigms 

Guba and Lincoln (1994) illustrate an example to explain the difference between 

positivist and post-positivist views in such a way that a million swans cannot prove that all 

swans are white. However, one black swan can disprove this contention. Post-positivists, like 

positivists, support that realities are independent of human perception, which can be studied by 

applying a scientific method (Guba and Lincoln, 1994). Nonetheless, critical realism 

distinguished that perhaps the error is involved in observation, and theories can be revised 

(Trochim, 2006). There is no certainty in reality. There are theory-laden observations and 

prejudice by the observers, respondents, and worldview biases. For instance, a similar event is 

observed by two people, while both of them have dissimilar perceptions built upon their own 

experiences and beliefs. Objectivity can still be accomplished by applying numerous measures 

and observations and by triangulating the data to develop a richer understanding of what is 

happening in reality (Kawulich, 2015).     

7.5 Assumptions about the nature of reality, knowledge, and values  

Positivist/Post-positivist assumptions about the nature of reality (ontology), knowledge 

(epistemology) and values (axiology) are discussed below (Kawulich, 2015).  

7.5.1. Ontology:  

Ontology holds a question of what is nature of reality. Positivists believe that there is a solitary, 

concrete reality that is moderately constant across time and setting, which is also called Naïve 

realism (Wahyuni, 2012). Researchers hold the duty to discover this reality. Positivists 

enlighten that reality is objective and independent of the researcher’s interest. It is calculable 

and can be fragmented into variables. Post-positivists agreed that there is an exitance of reality, 

which can be biased by the researcher’s human limitations (critical realism). Therefore, studies 

1, 2 and 3 have a post-positivist approach because the research outcome is based on human 

behaviour and responses. A scientist can discover reality within a certain realm of probability 

(Ponterotto, 2005; Mertens, 2008). Believers of post-positivism believe in generalisation, 

although they confess that knowledge is an outcome of social conditioning. This is known as 

the critical realist stance, defined as the understanding of social reality necessitated to be 

framed in a certain context of relevant law or active social structures which have formed the 

apparent phenomenon within the social world (Wahyuni, 2012). 

The central theme of the study is 3D mobile application scanners (web 3.0 technology 

tool) incorporation into the virtual size and fitting platform to enhance the apparel size and fit 
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prediction in the online platform. Therefore study 1 evaluated the acceptance of virtual size 

and fitting shopping platforms by collecting responses from consumers who shop online 

frequently to buy garments. Study 2 and Study 3 assessed the 3D mobile app scanners by 

collecting consumer responses, comparing booth scanners with mobile applications and 

comparing the three mobile applications of different companies to find out its strength and 

weaknesses to incorporate the right (easy and useful) technology in the virtual shopping 

platform. Post-positivism believes that knowledge is an outcome of social conditioning and 

human behaviour. Therefore, there is a strong relationship between consumers and technology, 

which is the acceptance of technology by consumers to perform a specific task. If consumers 

do not accept a technology to perform a task, then the technology is useless and cannot be 

implemented to be used by a wider audience. Therefore, social conditioning is the ontological 

position of the study, and the relationship between consumers and technology is tested using 

the TAM theoretical framework. The (TAM) technology acceptance model is based on two 

main aspects: ease of use and usefulness. Therefore, the TAM theoretical framework has been 

employed to study the relationship between consumers, virtual size and fitting technology. The 

study is conducted to find out whether consumers accept technology to buy the right fitted 

garments on an online platform with the evaluation constructs of ease of use and usefulness. 

Thus, the study is conducted to improve the virtual size and fitting platform by providing easy 

and useful technology for consumers to shop for garments online confidently without the 

limitation of dissatisfaction with the size and fitting of a garment. 

7.5.2.  Epistemology:  

Epistemology is concerned with the contribution of knowledge and the methods applied 

for enquiry into the world (Easterby-Smith et al., 2015). It also states assumptions about 

knowledge that establish acceptable, valid, and legitimate knowledge and how knowledge can 

be communicated to others (Burrell and Morgan, 2017). Positivists and post-positivist believe 

that the nature of knowledge is implicit in the natural science paradigm. Positivists and post-

positivists seek knowledge as statements of belief or fact that can be tested empirically, proved, 

verified, invalidated, and are constant and generalised (Eichelberger, 1989). Epistemologically, 

they support utilising the scientific approach by progressing numeric measures to establish 

adequate knowledge. They instigate by testing a theory by formulating hypotheses and 

encompassing statistical tests in their research process (Wahyuni, 2012).  

The researcher has adopted Technology Acceptance Model (TAM) to validate Study 1 

(virtual size and fit interfaces) and 3 (3D body scanning mobile applications) quantitative 
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section (Study 3 Stage 2). Technology Acceptance Model (TAM) by Davis (1989) is included 

in technology focussed frameworks which analyse consumer responses through perceived 

usefulness and perceived ease of use to technology stimuli (Dennis et al., 2009; Hausman and 

Siekpe, 2009). The use of the TAM framework has been dominant in fashion research, and no 

inaction is shown in the study due to its application in the latest fashion technology. TAM 

provides an intrinsic model for enthusiasm to use the latest technology, which can also be 

applied to future novel technologies. TAM is under consideration in the study to analyse the 

user’s current and practical approach to the technology. 

For Study 2 and Study 3 (Stage 1), the reliability of Size stream SS20 and 

MeThreeSixty mobile app measurements (Study 2) and three mobile app 3D scanners (Study 

3, Stage 1) was comparatively analysed by calculating the standard error of mean measurement 

(SEM) to ANSUR allowable errors. SEM was calculated separately for each body dimension 

by performing the independent t-test of identical body dimensions employing the SPSS 

software  (Koval, 2020; Parker et al., 2022). The scanner measurement validity was computed 

under the ISO 20685 validity algorithm. The body dimensions of Size Stream SS20 and 

MeThreeSixty mobile app were calculated for each person. The mean of these differences with 

its associated standard deviation (σ), sample size, 95% confidence interval (CI) and ANSUR 

allowable error (Koval, 2020; Parker et al., 2022).  

The quantitative stages in Study 1, 2 and 3 (Stages 1 and 2) are prerequisites to Study 

3 (Stage 3) qualitative section of bespoke garment size and fit evaluation of garments 

constructed from mobile body scanning applications. Study 3 customised garment evaluative 

criteria themes have been adopted from previous size and fitting research studies. The 

consumer responses have been evaluated by prior research theoretical models for knowledge 

contribution and external validity. External validity can apply to qualitative research (Bryman 

and Bell, 2015) when researchers use theories to go beyond making sense of a specific person 

or situation studied with previous researchers’ approaches to collect and analyse data in a 

similar context. Similarly, the external validity of qualitative research is applicable when 

researchers use the same theoretical framework in different or identical situations. In qualitative 

research, generalisation is relatively manifested in the standards debating the “value and 

implications of research” (Hannes, Lockwood and Pearson, 2010, p.03).   
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7.5.3. Axiology:  

Positivists supported that all inquiries should be value-free. The researcher should apply 

the scientific method for data collection to acquire objectivity and neutrality during the 

investigation. Post-positivists improved the belief that the researcher and the object of study 

were independent in understanding the study's theories, hypothesis, and background. The study 

is value-laden, and the world views, limitation of background knowledge and cultural 

experiences of respondents, can bias the researcher. The researcher is strongly influenced by 

what is observed, how it is observed, and the result of what is observed (Wahyuni, 2012; 

Kawulich, 2015; Saunders et al., 2019). Data collection will be done by consumers’ responses 

and experiences; therefore, the study will be value-laden, and respondents’ viewpoints will bias 

the researcher.  

The purpose of research, in general, is to explore the area of interest, explore new 

information, understand new phenomena, learn, and enhance research practice and skills, 

improve ideas and explain a concept by reviewing existing knowledge, presenting information 

systematically and contributing new knowledge into existing knowledge. My research seeks to 

understand consumer behaviour towards virtual fitting room tools. Therefore, the study 

explores the virtual size and fit interfaces and 3D body scanning mobile applications to 

determine consumer responses and their potential for incorporation into the virtual size and fit 

interfaces instead of manual body data input criteria or manual tape measurement method. The 

research presents a mass customisation business model with empirical evidence of consumer 

behaviour towards virtual fitting room tools and platforms. Study 1, study 2 and Study 3 

collectively contributed to presenting a sustainable mass customisation business model using 

the unstitched product, 3D body scanning as a size and fitting measuring tool and virtual size 

and fit interfaces as a platform to provide services of fashion product purchase.   

This research is helpful for consumers and retailers to reduce the hassle of finding and 

customising the right size during virtual shopping, such as using 3D body scanning technology. 

The fashion e-commerce platforms in Pakistan are practising web 2.0 technology features 

(explained in Chapter 3), a major hurdle in establishing a fashion e-commerce business 

nationally and worldwide. Traditional manual body measurement extraction techniques have 

been used to customise a garment in Pakistan. Correspondingly, the standard sizing systems 

(such as numerical (8, 10, 12) and alphanumerical (S, M, L) are deficient because of the 

population within countries and worldwide (ex: US, UK, Pak, EU etc.) having various body 

types and sizes (Jain et al., 2018). Consequently, it is challenging to achieve the requirement 
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of providing personalised garments and right-fitted garments to consumers globally in a virtual 

environment where consumers are incapable of virtually try-on garments to find their true size 

(Reid et al., 2020). The idea of garment customisation has been common in Pakistan for 

centuries. However, there is an absence of technology related to body scanning and virtual 

fitting simulation in Pakistan. Tailors and fashion retailers have used manual methods for 

customising garments to be stitched in bulk compared to the sales of readymade garments in 

Pakistan. Still, they cannot meet global customisation demand (Mair, 2018). In addition, virtual 

size and fitting platforms should be user-friendly without manual data input requirements 

because of time-consuming processes and inaccuracy (Chapter 3). Therefore, the technology 

can be used by every individual without technical knowledge. Moreover, the study used the 

unstitched apparel product to present a sustainable e-commerce mass-customisation business 

model to reduce fabric wastage with mass production or a fast fashion business model. 

Furthermore, mass customisation and sustainability (fabric cut and sewn according to body 

dimension instead of standard sizing system/ tape measurement method) can be achieved by 

using 3D body scanning technology in an e-commerce platform because the primary function 

of 3D body scanners is to provide personalised body dimensions and avatars. Therefore, 3D 

mobile application scanners have the potential to enhance right-fitted garment production and 

selection in an online shopping platform. The idea of mass customisation with 3D body 

scanning and an unstitched apparel market is presented because a substantial South Asian 

population has experience and knowledge of customised garments. However, other 

international countries like Europe, the UK, China, and the USA can understand the idea of 

customisation with examples of South Asian countries. This mass customisation idea can be 

generalised because of online retailing and the incorporation of mobile application 3D body 

scanners. As e-commerce and web 3.0 tools pave the way for advanced retailing opportunities 

to sell and buy goods globally.    

7.6 Research approach 

In research design, multiple methods can be used, either deductive or inductive 

approach or combining both. For instance, quantitative or qualitative studies might be 

conducted to test a theoretical proposition. Furthermore, quantitative or qualitative research is 

conducted to create a richer theoretical viewpoint. To provide some direction to research, a 

theoretical viewpoint may be used. Therefore, a particular theory emphasises research 

(Tashakkori and Teddlie, 2010). To determine what is true or untrue research approach is 

adopted. The empirical evidence is collected in the induction approach, whereas logical 
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reasoning is studied in a deduction in search of truth (Ghauri and Gronhaug, 2010). The 

outcomes of the inductive approach are centred on empirical observations, where conclusions 

can be utilised to create a theory further. Qualitative research is normally based on this 

approach (Ghauri and Gronhaug, 2010). The findings of the induction approach can 

questionably never be conclusive as it is based on empirical observation. Nevertheless, results 

established on logic or hypotheses that can be proved or disproved are usually taken as 

deductive research. Positivism and Post-Positivism allied researchers usually embrace a 

method built on deduction. This is the path of achieving an outcome if the grounds it is 

developed are true. Opinions are constructed from connections to facts within the question’s 

premise (Malhotra et al., 2017; Saunders et al., 2019). Usually, critical realists or post-

positivists adopt both approaches at various stages during their research to acquire a 

conclusion. Thus the approaches are not entirely divergent (Saunders et al., 2019).   

7.6.1. Deductive reasoning 

The deductive approach permits the researcher to eliminate themselves from the 

location. The deduction is enlightened by the prevailing theory created before testing (Gill and 

Johnson, 2010). Respondents' responses can be evaluated and established on theoretical 

frameworks created earlier and verified. Results are analysed against the theoretical model to 

confirm that conclusions are correlative (Malhotra et al., 2017). Figure 7.1 illustrates the 

method of deduction. It outlines the conventional understanding of the association between 

theory and research (Bryman and Bell, 2015). When adopting deductive reasoning, there 

should be an evident connection between how the data is associated with the notion in the 

study’s hypothesis (Bryman and Bell, 2015).    

The innovative part of science is incalculable, and consequently, the investigation of 

scientific problems should be built on hypotheses and theories that can be systematically 

utilised for solving problems (Popper, 1967; Gill and Johnson, 2010; Sekaran and Bougie, 

2016). Research that starts from theory is frequently constructed from reading relevant 

academic literature, and then a research strategy is designed to test a theory. Then it is a 

deductive approach (Saunders et al., 2019). In a deductive approach, logical reasoning explains 

that, with true premises, the conclusion should be true too. The generalizability of findings is 

general to the specific. The data collection technique assesses propositions or hypotheses 

related to an existing theory. Then falsification or verification of the theory is done (Malhotra 

et al., 2017; Saunders et al., 2019). The ultimate phase of deductive reasoning requires 

induction, where the conclusions are feedback into the novel theory (Bryman and Bell, 2015). 
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Therefore, novel outcomes to the concept can be discovered before the study's final 

conclusions, and the data might or might not suit the unique hypothesis (Bryman and Bell, 

2015).  

 

Figure 7.1 The Process of Deduction (source: (Bryman, 2012 p.24) 

7.6.2. Inductive reasoning 

The inductive approach focuses on the empirical world and how the researcher's 

interpretations can drive a theory subjectively (Gill and Johnson, 2010). Induction is the reverse 

of the deductive approach. The theory does not enlighten the investigation as an alternative. It 

begins with participants’ observations, operating from particular to more general inferences 

(Sekaran and Bougie, 2016). When large samples are used, validity is complicated to prove in 

inductive research (Bryman and Bell, 2015). In inductive reasoning, individual interpretations 

are conducted (Malhotra et al., 2017). The interpretivist researchers used to support induction 

approaches. The reverse method of deduction is induction which is illustrated in Figure 7.2.  
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Figure 7.2 The Process of Induction in Research 

Source: Bryman and Bell (2012 p.25) 

7.6.3. Research approach adopted for Study 1, 2 and 3  

The research approach for Study 1 (virtual size and fit interfaces quantitative, TAM 

survey), Study 2 (quantitative comparison of Size stream SS20 booth scanner and 3D body 

scanning mobile applications), and Study 3 (3D body scanning mobile applications, mix-

methods), stages 1 and 2 are quantitative phases, has adopted a deductive approach. The 

relevant academic literature has been studied, for instance, a review of virtual size and fit 

interfaces, 3D body scanning mobile applications, unstitched apparel market, and consumer 

behaviour literature. Then for Study 1, hypotheses were formulated to draw quantitative 

conclusions (virtual size and fit interfaces quantitative, TAM survey). However, no hypotheses 

were developed for Study 3 (Stage 2) because of the small sample size. The Technology 

Acceptance Model (TAM) (Davis, 1989) has been employed as the theoretical underpinning. 

The TAM evaluates observations to technological stimuli utilising the framework to compose 

responses. The conclusion was deduced using the original theoretical basis. Study 2 and Study 

3 (Stage 1) are quantitative research comparing body dimensions acquired from the Size Stream 

SS20 booth scanner and MeThreeSixty mobile app and comparing measurements of three 

mobile applications. Therefore, the deductive approach has been adopted. For Study 3, phase 

3, the inductive method has been adopted for the qualitative interviews of bespoke garment 

size and fit evaluations constructed from digital measurements acquired from mobile 

application scanners.    

 

 

 

 



197 

7.7 Summary 

The initial section of this chapter has discussed research ontologies and philosophies 

generally used in social science research. The approaches adopted for the research study were 

also delineated. The following section details the data collection approaches of studies 1, 2 and 

3. In addition, the research design, layout, and sampling method have been discussed.  

7.8 Quantitative research 

The numerical data collection has been entailed by quantitative research. This allows 

for connecting theory and research in a deductive approach (Bryman and Bell, 2015). The 

concepts are evaluated as the foundation of theories and vital facets of business research. These 

notions are assessed as a characteristic of the social world operated by businesses (Bryman and 

Bell, 2015). Quantitative analysis individually offers the prospect for replication, causality, and 

generalisation. Nevertheless, quantitative data alone can restrict research from identifying the 

impact of the external world (Bryman and Bell, 2015). This perception of the dissolution of 

quantitative data without differentiating the influence of society around it is sustained by 

(Blumer, 1956).     

7.9 Qualitative research 

Qualitative research entails the discovery of a phenomenon with a holistic 

understanding. It is also an unfolding model that follows that natural environment that permits 

the researcher to create rich detail with deeper involvement in real experiences (Creswell, 

1994). Malhotra et al. (2017) framed various data collection techniques in qualitative research, 

for instance, in-depth interviews, focus groups, discussion, content analysis and visual 

methods. Qualitative research permits understanding the perspective of research participants, 

precisely an interpretive approach. The interpretivism approach is accepted when the 

researcher must adopt observations of participants studied in their natural context or setting to 

understand the connotations attributed to them (Denzin and Lincoln, 2003; Hennink et al., 

2011). Qualitative research is usually assumed in realistic situations of the participants by being 

deeply involved to understand the actual experiences (Creswell, 2003). The researcher 

endeavour to acquire an overview of the context and the feelings of individuals about an 

experience, which can be further utilised to develop key themes (Miles and Huberman, 1994).  
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7.10 Research studies for the research project 

The three research studies have been conducted on the virtual size and fitting 

technology (Figure 7.3). 

Study 1: Virtual size and fit interfaces study (Fit analytics and Virtual Outfits), which 

includes quantitative analysis using the theoretical framework of TAM (Technology 

Acceptance Model). The hypothesis has been developed for quantitative analysis of the study. 

These interfaces are studied to understand the acceptance of a virtual size and fit platform to 

be used in future to select the right size for virtual shopping. However, current platforms, such 

as Fit Analytics and Virtual Outfits platforms, are operated by users by adding the body 

dimensions manually to find the right size. Thus, the following two studies have been 

conducted using 3D body scanning technology, which provides digital body dimensions and 

personalised body avatars within a few minutes. The research aims to incorporate 3D body 

scanning technology into interfaces similar to Fit Analytics and Virtual Outfits to make the 

process of finding the right size in online fashion websites hassle-free. The following two 

studies are conducted to determine the practicability of incorporating 3D body scanning 

technology in interfaces similar to Fit Analytics and Virtual Outfits to remove the hassle of 

manual data entry of body dimensions to find the right size online.  

Study 2: Study 2 compares the Size Stream booth scanner SS20 with MeThreeSixty, a 

product of Size Stream company. The Size Stream company has offered 3D body scanning 

services through booth scanner technology for the past two decades. Prior studies have 

computed the reliability and validity of Size stream booth scanners regarding the accuracy of 

acquiring body dimensions and customising garments (Almalki et al., 2020; Smith et al., 2021). 

However, the booth scanner technology is challenging to incorporate into the e-commerce 

platform due to its size and technology platform. However, the recently introduced mobile app 

3D body scanner (Size Stream at Home and MeThreeSixty) has the potential to be added as a 

size and fitting tool in fashion e-commerce platforms. Therefore, the reliability and validity of 

the Size Stream booth scanner SS20 and MeThreeSixty mobile app 3D scanner’s body 

dimensions must be analysed to proceed to Study 3. Because Study 3 includes an assessment 

of the size and fitting of bespoke garments constructed with the mobile app 3D scanner’s body 

dimensions. Therefore, a quantitative comparative analysis of the Size stream SS20 booth 

scanner and MeThreeSixty mobile application scanner has been conducted in study 2. Both 

technologies are used for 3D body scanning, a contactless method to acquire human body 

dimensions. For comparative data analysis of body dimensions, the independent t-test has been 
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performed to calculate the reliability and validity of measurements for comparative analysis of 

body dimensions. 

Study 3: Mix-methods approach has been adopted for 3D body scanning mobile 

applications (Size stream at home, 3D Look and Nettelo) study. In the first stage, quantitative 

comparative analysis of body dimensions has been analysed by performing the independent t-

test to calculate the reliability and validity of measurements. In the second stage, the technology 

acceptance model (TAM) is used to determine the acceptance of 3D body scanning mobile 

application technology by analysing the participant’s responses to the questionnaire. The first 

two stages were essential before the qualitative interviews of customised garment assessment 

because of the novelty of the mobile app 3D body scanner technology, to understand the 

acceptance of technology mechanism (Stage 2), to find the variability of body dimensions of 

each mobile application (Stage 1) and to customise the garments to proceed to the next stage 3 

of bespoke garment evaluation. In the third stage, customised garments size and fit evaluations 

were done employing qualitative interviews. Finally, the tailored garments of participants have 

been constructed using the personalise body dimensions acquired from mobile application 

scanners. The themes and criteria such as performance evaluation, aesthetic evaluation and 

interface evaluation have been selected from the prior research studies of garments size and fit 

assessment. 
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Figure 7.3 Research Studies  
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7.11 Data sources 

The information is collected from data sources, and these can be primary or secondary. 

The data acquired from the secondary data is the information gathered from previous studies, 

for instance, websites and books (Ghauri and Gronhaug, 2010). Secondary data is vital as it 

supports the identification of the research problem and describes the research questions. In 

addition, secondary data is essential as it assists in understanding the research problem and 

explaining the research questions, supporting the creation of a design, interpreting the data, 

giving insight, and validating findings (Malhotra et al., 2017). Yet, the limitation of secondary 

data is that it cannot precisely answer particular questions associated with research. To rephrase 

it, the data has been collected to gain an in-depth understanding of the phenomenon and thus 

can be used to support it, but results have yet to be confirmed (Ghauri and Gronhaug, 2010). 

Therefore, the secondary data must be assessed frequently regarding its reliability and quality.  

The primary data should be collected once secondary data is depleted (Malhotra et al., 

2017). To acquire answers to research project questions, preliminary data is collected and 

usually unavailable in other secondary sources (Ghauri and Gronhaug, 2010). The advantages 

of primary data collection include selecting a research topic and the capability of the data to be 

verified against hypotheses. The primary data collection entails the researcher with interviews 

and observations or sovereign through online surveys for a research project. Primary and 

secondary has been collected and analysed in the study. A comprehensive literature review has 

presented an outline of the secondary data for the research collected preceding carrying out the 

primary analysis.  

Furthermore, for study 1 review of web 2.0 and web 3.0 (virtual size and fit) interfaces 

(Chapters 3 and 4) has been conducted from secondary data sources and a paper published 

(Idrees et al., 2020b). Then, primary data collection was undertaken (Study 1). For studies 2 

and 3, a review of the unstitched apparel market (Chapter 2) and a review of mobile application 

scanners (Chapter 4) were conducted initially through secondary data sources. Then, the 

primary data collection was conducted for studies 2 and 3 (stages 1, 2 and 3). The secondary 

data has been collected from various sources, such as books, academic publications, interfaces, 

and market information.    
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7.12 Research design 

The research plan or proposal a researcher proposes according to research questions is 

research design (Creswell, 2012; Saunders et al., 2019). Creswell (2012 p.5) declares that 

research design is the “intersection of philosophy, strategies of enquiry and specific methods”. 

In addition, the research design entails the philosophical perception and research methods 

employed. The required elements must be detailed in the research design to address a market 

problem (Malhotra et al., 2017). Commonly, as debated, quantitative research embraces a 

deductive approach by applying structured theories and approaches to data collection (Saunders 

et al., 2019)—the philosophy of quantitative research studies. The research philosophy for 

quantitative studies also gravitates towards interpretivism but can also be pragmatic (Saunders 

et al., 2019). Qualitative approaches are typically interpretivism (Saunders et al., 2019) owing 

to the part of the participant and the researcher’s analysis of the outcomes, but they can diverge. 

Various research designs include mixed methods, exploratory, conclusive, descriptive, or 

causal (Malhotra et al., 2017). 

7.13 Mixed methods research design 

Mixed methods research embraces the strengths of both qualitative and quantitative 

research (Creswell, 2012). Saunders et al. (2019) claimed that the mixed-methods research 

design offers advantages to organisational and industry research as it can defeat flaws in a 

single method. Mixed methods support pragmatists as they consider accepting one theory or 

philosophical perspective impractical (Saunders et al., 2019). Mixed-methods research design 

can be inductive or deductive, where qualitative and quantitative methods can be adopted to 

test the theory (Saunders et al., 2019). Qualitative research acquires connotation from 

procedures that are evaluated employing nonexperimental techniques. Qualitative research 

investigates to obtain an understanding of the nature of experiences and activities within social 

situations (Denzin and Lincoln, 2003). Quantitative research evaluates connections between 

variables, preferential of the method unconstrained by beliefs available in qualitative research 

(Denzin and Lincoln, 2003). The collection and analysis of data in both approaches employed 

distinct methods, using mixed methods approaches challenging for the researcher. The varying 

paradigms that establish both qualitative and quantitative methods are essential to the research 

society and prospects on which the research approach is established (Hennink et al., 2011). To 

foresee results is the purpose of research in the post-positivism paradigm and to test a theory 

or discover the strength of relationships between variables or cause and effect relationships. 
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Studies 1, 2 and 3 (stages 1 and 2) have quantitative research methodology; the 

quantitative research approach includes experimental, quasi-experimental, correlational, 

causal-comparative, and survey designs. Data collection techniques are questionnaires, 

observations, tests, and experiments. Within this framework, the research intends to design 

laws and principles that govern the universe and to envisage behaviours and situations 

(Kawulich, 2015). Post-positivists believe impeccable objectivity cannot be achieved, though 

it is approachable. Data collection techniques can be quantitative or qualitative, and mixed-

method techniques can be applied (Kawulich, 2015; Saunders et al., 2019). Post positivism 

allows a researcher to adopt a mix-methods technique for data collection as it will enable a 

researcher to present a richer information source by combining two methods (Rossman and 

Wilson, 1985). 

Moreover, scholars have accentuated the need for qualitative and quantitative studies 

to enhance research. For example, Kaplan (1964) declared that “quantities are of qualities and 

a measured quality has just the magnitude expressed in its measure” (Miles and Huberman, 

1994). Yet, essentially, both methods aim to create results to research problems (Denzin and 

Lincoln, 2003). The popularity of employing mixed-methods approaches in research is 

triangulation or sequencing (Tashakkori and Teddlie, 2010; Hennink et al., 2011). 

Triangulation in the mix-method approach requires collecting both quantitative and qualitative 

data, examining it and then illustrating combined inferences (Tashakkori and Creswell, 2007). 

Therefore, in the research study, Studies 1, 2 and 3 (stages 1 and 2) methodology are 

quantitative and then in Study 3, qualitative interviews were conducted. For each part of the 

study, sequencing has been employed as the review of relevant literature has been undertaken 

so that the researcher can proceed to the quantitative survey (study 1 and 3 (stage 2)) and 

quantitative analysis using an independent t-test (study 2 and study 3 (stage 1)) and qualitative 

interviews (study 3 (stage 3)) of participants. Qualitative research is a review of the quantitative 

research phase; this can assist in increasing the validity of results seeking causality (Easterby-

Smith et al., 2015; Malhotra et al., 2017). Table 7.3 demonstrates the advantages of mixed-

methods research. These evaluations are outlined by Easterby-Smith (2015), established on the 

work of (Jick, 1979; Tashakkori and Teddlie 2010; Bryman and Bell, 2015).   
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Table 7.3 Advantages of Mixed Methods 

Advantages of Mixed methods Reference 

Credibility and validity of results enhanced 

Easterby-Smith (2015) 

Conclusions are obtained through creative techniques 

Discover novel notions to the research 

Combination and incorporation of theory 

Test challenging theories 

Blending of exploratory and confirmatory research 

Strengthens conclusions 

Deliver richer detail 

Rossman and Wilson (1984, 1991) 

 

Quantitative research can ‘de emphasize specific reasoning and 

qualitative research can deliver richer interpretation and assessment to 

the more theoretical nature of quantitative 

Firestone (1987) 

Source: adapted from (Rossman and Wilson, 1984, 1991; Firestone, 1987; Easterby-Smith et 

al., 2015). 

7.13.1. Exploratory research design 

Exploratory design ‘provides insights and understanding of the nature of marketing 

phenomena’ (Malhotra et al., 2017, p.70). Exploratory research is beneficial in using research 

study as it is flexible and adaptable to change. During exploratory research, researchers can 

change the research direction as an outcome of new data that appear, and new insights occur to 

the researcher. The researcher can adopt numerous ways to conduct exploratory research. 

These include relevant literature search; expert interviews of the pertinent fields; conduction 

of in-depth individual interviews or focus group interviews are likely to be comparatively 

unstructured and to rely on the eminence of the contributions from those who take part to guide 

the consequent phase of your research (Saunders et al., 2019). The estimation of what and how 

is permitted by exploratory research. It applies adequately where a problem or phenomenon is 

relatively under-explored or challenging to understand (Sekaran and Bougie, 2016; Malhotra 

et al., 2017; Saunders et al., 2019). The exploratory research design has been used because the 

virtual size and fit interfaces and 3D body scanning mobile applications are under-explored 

phenomena. Qualitative research frequently characterises exploratory research by utilising 

previous or recent literature, interviews, focus groups and perspectives of prominent industry 

professionals (Saunders et al., 2019).  
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Exploratory research focuses on unstructured and one-to-one session interviews and 

observations (Malhotra et al., 2017). There is flexibility in the exploratory research regarding 

how research started with a broad perspective and literature and became more defined and 

narrower throughout the process (Ghauri and Gronhaug, 2010; Sekaran and Bougie, 2016). 

This development is vital to emerging the study’s conclusions yet explains that the outcomes 

are generally subjective and challenging to generalise. Frequently, exploratory research is 

employed where quantitative approaches could be more utilised. Additionally, it can delineate 

an area with more exactitude (Malhotra et al., 2017), such as reviewing relevant literature 

before advancing to quantitative analysis and interviews with participants, which can permit 

the most perceptive conclusions. Generally, the sample used for the exploratory research is 

small and does not represent the whole segment (Malhotra et al., 2017). Nevertheless, the value 

of the participant’s response permits the researcher to acquire a clear picture of vital ideas on 

the subject matter.  

Furthermore, the exploratory design naturally supports interviews as it allows the 

interviewee to open up to the researcher and confidently elucidate an area where they embrace 

overall experience or knowledge and collect information informally (Sekaran and Bougie, 

2016). Naturally, by exploratory design nature, the researcher may alter the direction because 

of outcomes from the exploratory research. Consequently, this approach can change the 

research direction by the perceptions that can be exposed (Malhotra et al., 2017). Table 7.4 

demonstrates the exploratory and conclusive research design.     

7.13.2. Conclusive research design 

Conclusive research interrogates apparent criteria employing theoretically based 

hypotheses. Explicit topics, constructs and hypotheses can be tested using a conclusive research 

design (Malhotra et al., 2017) (Table 7.4). Conclusive research design is “characterised by the 

measurement of clearly defined marketing phenomena” (Malhotra et al., 2017, p.69). Gill and 

Johnson (2010) specified that theory testing could offer elucidation through operationalisation 

as clear directions are supplied on accomplishing the proposed conclusions. Characteristically, 

quantitative data analysis is utilised. Nevertheless, conclusive research design can be either 

descriptive or causal (Malhotra et al., 2017). These approaches are deliberated in the following 

section.  
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Table 7.4 Exploratory and Conclusive Research 

Type of 

Research  
Aim  Characteristics  Findings  Examples 

Exploratory  

Perceptions 

and 

knowledge 

of phenomena 

of marketing. 

Required information is not 

clearly defined. Flexibility in 

the research process and small 

samples can be used. 

Quantitative or qualitative 

data analysis can be 

employed. 

Own rights can be 

employed. It can be 

supported with conclusive 

research. Conclusive 

findings might be 

illustrated. 

Unstructured interviews. 

Pilot surveys. Secondary 

data. Qualitative 

interviews. 

Quantitative. Exploratory. 

Multivariate methods. 

Conclusive  

Hypotheses 

testing and 

evaluate 

relationships. 

Required information is 

defined. Formal and 

structured research process. 

Large samples. Quantitative 

data analysis. 

Own rights can be 

employed. It can be 

supported with 

exploratory research. May 

establish a framework for 

exploratory outcomes. 

Questionnaires. 

Secondary data. 

Databases. Panels. 

Structured. Observations. 

Experiments. 

 

Source: Malhotra et al. (2017) 

7.13.3. Descriptive research 

Generally, descriptive research is grounded on large samples, for instance, market 

studies or sales analysis (Malhotra et al., 2017). Saunders et al. (2019) presented that 

descriptive research can be an extension or prerequisite to exploratory research. Consequently, 

an apparent depiction of the research area is essential. Descriptive studies intend to acquire an 

apparent and precise perception of a specific problem or topic (Saunders et al., 2019), collecting 

information on the features of matters or individuals (Sekaran and Bougie, 2016). The 

complication in descriptive research is frequently organised and well understood, and the 

purpose of the research is apparent. Sekaran and Bougie (2016) established that descriptive 

research can be qualitative, such as explaining the decision-making process, or quantitative in 

evaluating ratings, figures, or demographics. Further, apparent and competent evaluation is 

employed in the descriptive research to congregate the needed structure, rules, and procedures 

(Ghauri and Gronhaug, 2010).  

7.13.4. Casual research 

Causal research entails a planned approach comparable to descriptive research. 

Variables influencing the dependent variables must be investigated and controlled for the 

research (Malhotra et al., 2017). It is established by Malhotra et al. (2017) that causal research 

permits the recognition of associations and can permit awareness of the independent variables’ 

impact on dependent variables or test hypotheses. On the other hand, casual research centralises 

the problem of establishing the cause and effect of something (Ghauri and Gronhaug, 2010). 

Figure 7.4 illustrates the relationships between marketing research designs.   
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Figure 7.4 Marketing research designs Source: Malhotra et al. (2017) 

7.13.5. Research design for this study  

The research study has adopted a mixed-methods approach for data collection. Initially, 

a comparative review of (web 2.0 and web 3.0) virtual size and fit interfaces (paper published), 

a review of mobile applications and the unstitched apparel market has been conducted as 

prerequisites to the quantitative and qualitative primary data collection. Study 1 is a 

quantitative online survey (conclusive, causal research), study 2 is a quantitative comparative 

analysis of body dimensions from Size stream booth scanner SS20 and MeThreeSixty 

(exploratory), and Study 3 is a 3D body scanning mobile application mix-method study 

(quantitative comparison of body dimensions acquired from three mobile applications (stage 

1), quantitative survey (TAM) (stage 2) and qualitative interviews (stage 3) (exploratory). The 

literature review has been conducted to gain an in-depth understanding of the interfaces and 

mobile app 3D scanners to choose stimuli for study for primary data collection. Then chosen 
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stimuli were studied for consumers’ evaluations of virtual size and fitting interfaces and 3D 

body scanning apps, and bespoke garment evaluation in size and fit. The researcher collects, 

analyse, and mixes (integrates or connects) both qualitative and quantitative data in one study 

or inquiry program multiphase is called a Mixed Method research design (Johnson et al., 2007). 

Rossman and Wilson (1985) acknowledged three reasons for coalescing quantitative 

and qualitative research. First, combinations are used in the study to permit confirmation or 

validation of each other through triangulation. Second, to permit or to advance analysis to 

deliver richer information. Third, to pledge new manners of thinking by joining to paradoxes 

that appear from the two data sources (Rossman and Wilson, 1985). The quantitative online 

survey of virtual size and fit interfaces, 3D body scanning mobile application and quantitative 

comparison of booth and mobile application scanner has been conducted before the qualitative 

bespoke garment size and fit evaluations. This sequence has been followed to support the 

interpretation of the under-explored recent phenomenon of virtual fitting room conclusions. It 

can also contribute to “contextualising the behaviour” and comprehending underlying trends 

(Hennink et al., 2011, p.55). In the study, the conclusions support the validation for employing 

of mixed methods approach in a qualitative followed by quantitative manner. Figure 7.5 

demonstrates the data collection process in this research, with each study stage constructing 

upon the previous to deliver richer meaning for the study. 

 

Figure 7.5 Illustrative Design Linking Qualitative and Quantitative Data 

Adapted From: Miles and Huberman (1994) 

The review of recent size and fit interfaces and mobile app scanners has been attempted 

as an initial sequence as it aims at exploratory evaluations with a focus on choosing the 

interfaces used for the virtual size and fit interfaces online survey and 3D body scanning mobile 

applications’ quantitative comparison of mobile applications body dimensions, quantitative 

survey, and qualitative interviews. Therefore, in primary data collection, the first stage was 

quantitative research for study 1 (virtual size and fit interfaces), which is focused on a 

conclusive research design using causal analysis, which aims to conclude the independent 
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variables’ impact on dependent variables and test of hypothesis. Secondly, study 2 is focused 

on a quantitative comparison of the Size stream booth scanner SS20 and the recently introduced 

MeThreeSixty mobile scanner. Study 2 is also exploratory because data has been analysed to 

deliver outcomes of comparison of scanners’ body dimensions. Moreover, many research 

studies have studied and validated booth scanners (Almalki et al., 2020; Smith, Dechenaud and 

Heymsfield, 2021a). Therefore, the recently introduced mobile app scanner MeThreeSixty is a 

novel technology; therefore, the technology has been explored and analysed comparatively 

with the Size stream SS20 booth scanner in study 2 regarding reliability and validity.  

Moreover, bespoke garment evaluations have been studied in Study 3. In the first stage, 

after the body scanning of participants, the reliability and validity of the body dimensions of 

three mobile applications were comparatively analysed (quantitative). Then the assessment of 

interfaces was conducted by analysing the participants’ responses using the TAM survey 

(quantitative) to determine how scanning technology can be further employed in an online 

shopping environment or interfaces similar to Fit Analytics and Virtual Outfits to deliver 

personalised services. Therefore, study 3 first stage is a quantitative comparison of mobile 

applications, and the second stage is the quantitative survey (TAM using the small sample size). 

Then the third stage is qualitative interviews focused on exploratory post-purchase evaluations 

on customised garments constructed using digital measurements extracted from the mobile 

application scanner. Mobile applications have been introduced recently by body scanning 

enterprises and are an under-explored phenomenon regarding virtual size and fitting garments 

for online shopping environments. Sequencing can enhance the validity of results in seeking 

causality (Easterby-Smith et al., 2015; Malhotra et al., 2017). Respondents were recruited from 

a population in this situation, females who have an experience in online shopping and have 

bought online products. This controlled reliability and validity of the experiments, evaluated 

against theory to create consistent latent constructs and a conceptual model.      

7.14 Choice of stimuli 

Chapter 4, Section 4.20 and Table 4.13 demonstrate the categories of virtual size and 

fit interfaces, such as fit visualisation, size recommendation, and fit recommendation. (Gill, 

2015). Different virtual fitting rooms are available to consumers in online fashion e-commerce. 

Two fitting room interfaces were adopted as a stimulus for Study 1. Idrees et al. (2020b) paper 

presented virtual fitting platforms introduced by various retailers. Those were summarised in 

Chapter 4, Section 4.20.1, and Table 4.14. Moreover, recently introduced mobile applications 

have also been discussed in Chapter 4, Section 4.11, and Table 4.3. Their mechanism, features 
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and proposed solutions have been explored, and mobile app scanners are adopted for Study 2 

and Study 3.  

7.14.1. Study 1  

The size and fitting technology for study 1, used as a stimulus in the research, are two 

types of virtual size and fitting interfaces. I) size recommendation, (ii) size and fit 

recommendation and visualisation. The stimuli for the quantitative study were Fit analytics 

(size recommendation) and Virtual outfits (size and fit recommendation and visualisation). To 

use Fit Analytics, users must enter height, weight, tummy shape, hip shape, bra size, age, and 

fitting preference of tighter, slightly loose, and looser. Then the interface will provide the size 

recommendation for the selected garment. To use the virtual outfits interface, the user is 

required to choose body types such as hourglass, inverted triangle, rectangle, and pear. Then, 

the user must select the height, hips, waist and bust measurements by scrolling the pointer left 

and right to create an avatar. Subsequently, users can choose the garment and visualise the size 

and fit on the personalised avatar to permit consumers to make better decisions regarding which 

size to purchase online.  

7.14.2. Study 2 

The choice of technology for study 2 was the Size Stream SS20 booth scanner and 

MeThreeSixty mobile app 3D body scanner. Both scanners have been studied because they are 

the product of the same company Size Stream (Stream, 2022a). Quantitative comparative 

evaluations have been done by analysing the difference in the body dimensions of each 

participant being scanned with both app and booth scanners simultaneously. The study is to 

quantitatively compare both technologies and extracted body dimensions without participants’ 

responses. 

7.14.3. Study 3 

Study 3 used 3D body scanning mobile applications as a stimulus. 3D body scanning 

mobile applications are novel technology. The scanning apps are free for iOS and Android 

smartphones, making them convenient and accessible to consumers. However, access to 3D 

Body scanning technology was a barrier to adoption for consumers because booth scanners 

were introduced before mobile apps, which were expensive and needed technical assistance. 

To study 3D mobile scanners, three recently introduced mobile applications, such as Size 

Stream at Home, 3D Look and Nettelo, were used as a stimulus. The 3D Look scanning app is 

selected because the fashion industry has initiated using the 3D Look app widget to deliver the 
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right fit garment. For Instance, the American Clothing brand 1822 Denim is utilising body 

scanning technology to provide right-fit garments (3DLook, 2022).  

Similarly, Size Stream at Home has been selected because it is a product of Size Stream. 

Moreover, it has been in body scanning for two decades, facilitating the fashion industry with 

booth scanning such as SS 19 & 20 scanners (Stream, 2022a). Finally, Nettelo has been selected 

because the app has been introduced recently, which claims to serve the fashion industry in 

terms of virtual size recommendation and delivering digital measurements for virtual garment 

customisation (Nettelo, 2022). Furthermore, these scanning apps are available free for users on 

both iOS and Android smartphones. Also, the apps have been chosen because each app has its 

distinct mechanism for smartphone scanning. The mechanism of each application has been 

explained in the findings in Chapter 10, section 10.4.  

7.15 Data collection 

This research employed a mixed-method approach for data collection. Initially, 

quantitative data collection online surveys (conclusive research, Study 1, and Study 3 (Stage 

2), exploratory) and quantitative comparison of body measurements acquired from the Size 

Stream SS20 booth scanner and MeThreeSixty mobile application (Study 2) and comparison 

of body measurements of mobile application (Study 3 Stage 1) was conducted. The quantitative 

stages were prerequisites to the qualitative stages (exploratory). In addition, the quantitative 

stages were necessary to gain the consumer perspective of the virtual size and fit interfaces and 

recently introduced mobile application technology. 

7.15.1. Quantitative data collection for study 1: selection of interfaces for study 1 

The quantitative data collection of study 1 initiated with qualitative literature reviews 

of interfaces of Pakistani fashion interfaces and virtual size and fitting interfaces as a 

prerequisite to the quantitative online survey. This is due to gaining an in-depth understanding 

of Web 2.0 technology and Web 3.0 technology-driven interfaces used in Pakistan and UK 

fashion retailers (paper is published) (Idrees et al., 2020b) after gaining insights into the latest 

virtual size and fitting interfaces used by various fashion retailers. The recent two virtual size 

and fitting platforms, Fit Analytics (size recommendation) and Virtual Outfits (size and fit 

recommendation and visualisation), were selected to model Pakistani consumers’ perspective 

on the virtual size and fitting platforms for online shopping by employing TAM constructs for 

quantitative analysis. Chapter 4, Section 4.21.1, and Table 4.14. Two fitting room interfaces 
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were adopted as a stimulus for Study 1. Idrees et al. (2020b) paper presented virtual fitting 

platforms introduced by various retailers.      

7.15.2. Quantitative data collection for study 3 (stage 2): Selection of mobile application 

for study 3 (stage 2) 

The quantitative data collection of study 3 (stage 2) was initiated with a review of 

mobile application scanners as a prerequisite to the quantitative online survey (stage 2) and 

qualitative interviews (stage 3). This is due to gaining an in-depth understanding of 

mechanisms, features and proposed solutions offered by the recently introduced mobile 

application scanners for personalise garment selection and construction (review paper is 

published). After gaining insights into the mobile application scanners. The recent three (size 

stream at home, 3Dlook and Nettelo) mobile applications have been selected to model Pakistani 

consumers’ perspectives for online shopping of bespoke garments by employing TAM 

constructs for quantitative analysis. Recently introduced mobile applications mechanism, 

features and proposed solutions have been explored and discussed in Chapter 4, Section 4.11, 

Table 4.3 and Table 4.6. The mobile app scanners are adopted for Study 2 and Study 3.    

7.15.3. Online surveys for study 1 (virtual size and fit interfaces) and study 3 (stage 2) (3D 

body scanning mobile application) 

The online surveys are self-completion questionnaires (Bryman and Bell, 2015; 

Malhotra et al., 2017). The low-cost and convenient method for data collection is online 

surveys, which respondents can access by a web browser or mobile (Saunders et al., 2019). 

Online surveys propose several advantages to the researcher and participant, involving an 

approach to distinct populations, time, and cost (Wright, 2005). This research embraced online 

surveys through the University of Manchester Select survey platform to achieve responses for 

quantitative questionnaires for Study 1 and Study 3 (stage 2). The following section illustrates 

the research design for Study 1 and Study 3 (stage 2), comprising the creation and employment 

of the surveys. The quantitative online survey of Study 3 (stage 2) has been explained in section 

7.17.3.  

7.15.4. Quantitative: questionnaires (study 1) 

The questionnaires of quantitative research were a type of inferential survey. This 

permits the testing of constructs (Easterby-Smith et al., 2015). Fit Analytics and Virtual Outfits 

were the stimuli interface utilised for quantitative study 1. This allows for evaluating various 

main elements of creating virtual fit interfaces. Various UK fashion retailers have used both 
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interfaces, and consumers can buy products after receiving size recommendations and size and 

fit visualisation while using the interface. The study aims to determine the Pakistani consumer 

responses to online shopping using virtual fitting interfaces. To analyse satisfaction in terms of 

size and fitting associated with online platforms. To develop a quantitative questionnaire (7-

point Likert scale) ranging from 1 (strongly agree) to 7 (strongly disagree), and 7-point 

semantic differential scale has been used by using TAM constructs.    

A total of 21 items (quantitative analysis) were used to measure the five latent 

constructs: technology anxiety (TA)/innovativeness (INN), perceived usefulness (PU), 

perceived ease of use (PEOU), attitude (ATT), intention to use (IU). To model Pakistani 

consumer responses to examples of technology-driven virtual size and fit interfaces within 

retailers’ sales platforms (Study 1). The participants were recruited through Facebook, 

Instagram, and WhatsApp applications. The select survey platform of the University of 

Manchester has been used to collect online responses from participants. The online survey 

enquires about the participant’s basic demographics, such as age, income etc., before enquiring 

them to use Fit Analytics and the Virtual Outfits interface and completing the remaining 

questions. This permits participants to discover the interface in a way available to existing 

consumers and offers details to facilitate conclusions to be assessed and compared with existing 

studies. Participants were selected before data collection based on their history of the online 

purchasing journey. The admittance criteria utilised in the survey assessment are outlined in 

Table 7.5. These questions were added to ensure that the required sample was evaluated in the 

online survey, the survey associated with the methods and only usable data was collected. 

(Appendix A)   

Table 7.5 Survey Inclusion Criteria 

Question Answer Reject/accept 

What is your age? 

<18 

18-24 

25-34 

35-44 

45-54 

55-64 

65+ 

Reject 

Accept 

Accept 

Accept 

Accept 

Accept 

Accept 

What is your gender? Male 

Female 
Reject 

Accept 

Are you Pakistani or British Pakistani 
Yes 

No 

Accept 

Reject 

Do you shop for clothes online? Yes 

No 
Accept 

Reject 
 

 



214 

Limitations were also established within the survey to confirm that the questions were 

answered in the anticipated format. Each question was marked with an asterisk as a mandatory 

question to be answered by each participant. The incomplete responses were not included in 

the analysis. Questions regarding the behaviour of online shopping were also added to the 

survey. Additionally, if any participant answered that they never shop online, those respondents 

were kindly disqualified.   

After demographics questions, technology readiness was evaluated to understand users’ 

anxiety or confidence before using the virtual fitting room interface. After measuring 

technology readiness, the participants were guided to try both Fit Analytics and Virtual Outfits 

interface. The participants are requested to follow the guidelines by providing interface links 

and guided videos with instructions in the Select Survey platform. The online survey task 

included playing with the interfaces of virtual fitting rooms. For Fit Analytics, users must enter 

height, weight, tummy shape, hip shape, bra size, age, and fitting preference of tighter, slightly 

loose, and looser. Then the interface will provide the size recommendation for the selected 

garment.  

Similarly, for the virtual outfits interface, the user is required to choose a body type 

such as hourglass, inverted triangle, rectangle, and pear. Then, the user must select the height, 

hips, waist and bust measurements by scrolling the pointer left and right to create an avatar. 

Many interfaces have been discussed in Chapter 4, Section 4.21.1, and Table 4.14. 

Moreover, Idrees et al. (2020b) paper presented virtual fitting platforms introduced by 

various retailers, using a similar mechanism of entering body dimensions and style preferences. 

However, the latest trend is incorporating 3D body scanning widgets in the fashion retailers’ 

interface to examine virtual fitting and try-on. Furthermore, participants can further personalise 

the avatar’s appearance by modifying eyes, hair colour, and skin tone and uploading an image 

of the user’s face. The participants are also directed to virtually try-on garments from the 

available brands’ garments in the virtual fitting interface. Once participants had completed the 

task of playing with interfaces and virtual try-on garments, they were re-directed to complete 

the rest of the survey. After completing the task, a mandatory question page was included in 

the survey to ensure all participants had completed the task. Figure 7.6 and figure 7.7 

demonstrates the fit analytics and virtual outfits task.    
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Figure 7.6 Fit Analytics Task 
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Figure 7.7 Virtual Outfits Task 
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The questions and constructs used in the online survey are discussed in the next section. 

The questions and constructs were developed on current marketing scales and literature, and 

dependent variables were established and validated by academic studies. This demonstrated 

that the research approach for Study 1 was deductive (Gill and Johnson 2010). Constructs and 

subsequent responses from the survey were grounded on a theoretical framework employing 

the Technology Acceptance Model (Davis, 1989) and debated in Chapter 6, Section 6.2.   

7.15.5. Question content 

The question content for the research has been acquired from tested marketing scales 

published in academic journal papers. The approach has been adopted to make sure that the 

constructs measurements are accurate and associated with the participant, stimulus, and 

theoretical background (TAM) was accomplished. The content of the question is vital as the 

requirement is to critically address the necessity for engendering the response data from the 

respondent (Brace, 2008). The researchers must determine the content of the question to 

acquire the essential information from participants. This comprises the chosen theoretical 

framework of the constructs to be tested. At the beginning of the survey questionnaire, neutral 

questions might be asked to acquire the participant's involvement. Frequently multiple 

questions are essential to acquire the information from the participant that the researcher 

intends to generate; these can often be pursued with a ‘why’ question (Malhotra et al., 2017). 

When respondents are provided with a ‘why’ or neutral reply, the participant can deliver an 

answer where they might not identify the answer. Additionally, filter questions can be utilised 

to ensure the participants are acquainted with the content. Online surveys permit a favourable 

chance to refine participants on features such as past experiences (Malhotra et al., 2017).  

7.15.6. Question wording 

Malhotra et al. (2017) propose that the question’s wording is the most decisive when 

designing a questionnaire. This can conduce to “item non-response”, where information can 

become problematic to analyse. Or it can conduce to “response error”, which will generate 

results with bias Malhotra et al. (2017, p.329). When using survey questionnaires, the 

researcher is absent, and participants cannot communicate to gain clarity on the poorly worded 

question. Malhotra et al. (2017) have provided three suggestions, comprising “define the 

issue”, “use ordinary words”, and “use unambiguous words” (Malhotra et al., 2017, p.389). 

Moreover, employing investigating words such as who, what, when and where can aid in 

explaining the question. This permits the content of the question to be cautiously contemplated 

and the required information to be attained. Clear and easily understood language must be used 
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when writing a question because the researcher is foisting their words onto participants 

(Malhotra et al., 2017). Connected to this, the unambiguous word should be used. The response 

can be biased by using ambiguous words, which can be eradicated by establishing clear time 

frames within questions rather than unclear measures such as “sometimes” (Malhotra et al., 

2017). 

Correspondingly to Malhotra et al. (2017), Sekaran and Bougie (2016) affirm that 

features comprising correctness, language sophistication, type and form, order and personal 

influence must be measured when phrasing a question for a questionnaire. To confirm the 

variables and signify the notion being evaluated, the question content is challenging. In 

addition, Sekaran and Bougie (2016) stated that the wording and language must be associated 

with the respondent’s level of understanding or culture. Further, informal or slang language 

should be evaded. The question type and form permit diverse response formats, such as open-

ended or closed. Close-ended questions permit the respondents to produce rapid decisions from 

the list of options, whereas open-ended questions need a more careful, personalised approach. 

Positively and negatively phrased questions can drive respondents away from orderly 

responding to questions in a pattern. Contemplating the impact on the question’s wording, the 

projected questions were verified with qualified researchers, modified by the research team, 

and piloted multiple times with pilot sample participants. 

7.15.7. Type of response format 

The simplified composition of questions employed in online surveys is dichotomous 

questions, which enquire about a yes or no answer (Brace, 2008). Another method of closed 

questioning composition is the multiple-choice questions. To offer the respondent a neutral or 

do not know the response is known as a neutral response choice which is also considered 

(Brace, 2008; Malhotra et al., 2017). The measurement scale is another type of response format 

conferred later in the chapter.   

7.15.8. Questionnaire layout 

The order in which a questionnaire is displayed is vital to the exactitude of the research 

and engrossing the respondents in the right way. The order affects the research questions, which 

are comparable and should be accumulated together. Secondly, facts must be enquired about 

before opinions. Thirdly, sensitive or objectionable questions must be asked at the 

questionnaire’s end. This might decrease the likelihood of participants complaining about a 

question. Fourthly, the best method to arrange questions is in chronological order so the 
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participants can easily recall information (Easterby-Smith et al., 2015). Other characteristics 

such as font size, layout and the upper and lower case are all vital in displaying the information 

to make it easy for the respondents or interviewer (Brace, 2008). In online website surveys, 

questions can be arranged in groups on a page or as a single question on one page. Participants 

might use various technologies such as smartphones. Therefore, questions must also be 

considered for multiple-screen design. A single page for each question is recommended by 

Brace (2008). This method can minimise mouse clicks and make it easy. Comprising progress 

bars to propose to evade participant frustration. The layout of the study questionnaire followed 

the existing research and displayed the order of TAM constructs. Additionally, the 

questionnaire was piloted on mobile, desktop and tablet devices. A progress bar has been 

added, and questions were displayed before the ‘fold’ of the scrolling point of the webpage. 

7.15.9. Questionnaire design process 

The choice of questions for the online survey required to be chosen accurately before 

launching. A comprehensive literature review of existing studies is helpful prior to the launch 

of study questionnaires (Saunders et al., 2019) and is meticulously grounded on theory. When 

employing online surveys, there is only one favourable chance to acquire data from a 

participant (Saunders et al., 2019), and it might have monetary and time-related limitations 

attached. Thus, confirmation of the chosen questions and the survey layout being accomplished 

prior to launch is crucial. The vital part of the design of questions is understanding the aspects 

that would form dependent variables and independent variables. A dependent variable 

“changes in response to changes in other variables”. An independent variable “causes changes 

in that independent variable” (Saunders et al., 2019, p.445). This relates to the constructs 

planned to be tested in the research. The pursued research design is summarised in Table 7.6. 

7.15.10. Questionnaire design 

Questionnaires or surveys permit responses to be attained from a sample population. 

Questionnaires are planned to evoke specific information from the sample (Malhotra et al., 

2017). Precise principles are connected with the questionnaire design established by Easterby-

Smith et al. (2015), which permits the most operative gathering of anticipated information. 

Online survey design comprises employing survey systems, for instance, survey monkey. 

However, in the case of this study, a select survey has been employed provided by the 

University of Manchester for researchers (Sekaran and Bougie, 2016). The online system 

allows the researcher to employ arrangements extensively employed in marketing research 

when using an online platform. Responses to questions can be evaluated in real-time and 
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international samples of respondents can be retrieved if required (Sekaran and Bougie, 2016). 

When designing a questionnaire in the online system, it is vital to ponder multiple features to 

confirm responses adjusted with the anticipated area of research. 

Foddy (1994) recommend a systematic procedure to confirm questionnaires are 

designed clearly (Figure 7.8). Firstly, it was vital to institute that “each survey item should only 

express one idea.” This is supported by employing easy language and confirms that the analysis 

does not require to emphasise drawing out data from challenging themes. This method reduces 

unclear responses (Ghauri and Gronhaug, 2010; Easterby-Smith et al., 2015, p.232). Secondly, 

questions were produced to “avoid jargon and colloquialisms” to confirm no misunderstanding 

between participants and probably diverse understanding of the terms. Additionally, 

respondents can easily understand simple words. Thirdly it was identified as vital to evade 

negatives because of the bi-polar nature of Likert scales. Nevertheless, reverse coding is 

frequently used in consumer studies and is considered extensively acceptable (Malhotra et al., 

2017). Fourthly, the appropriate time must be provided for the respondents to deliver accurate 

results. For instance, comprising questions about something respondents did a week ago might 

decrease the credibility of the results. Finally, leading questions were evaded. This is because 

the leading questions are selective, and the respondents' responses might be favoured by the 

researcher's requirements rather than what the participant ponders is right (Easterby-Smith et 

al., 2015, p.232). The designing process of questions for questionnaires is summarised in 

Figure 7., and the research design process for the study is illustrated in Table 7.6.   

 

Figure 7.8 Designing questions for questionnaires 

Adapted from: Foddy (1994) 
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Table 7.6 Research Design Process   

Task  STAGE 1: Quantitative Survey  
STAGE 2: Qualitative Consumer 

Interviews 

Stipulate information 

required.   

Virtual size and fit interfaces and technology 

acceptance of recent female buyers were 

explored. 

To conduct the quantitative study, Technology 

acceptance model constructs were measured, 

such as technology readiness, perceived 

usefulness, perceived ease of use, attitude and 

Intention to use. 

 

Post-purchase responses to virtual size and 

fit interfaces and 3D body scanning, 

comprising the physical garment try-on 

and interface evaluation. The features 

evaluated in the bespoke garment try-on 

are fit satisfaction, size satisfaction, fit 

expectation, comparative fit, length and 

style satisfaction, and future use. 

Stipulate the category 

of interviewing 

technique. 

A self-directed online questionnaire was 

created. 
One-to-one semi-structured interviews 

Establish the 

composition of each 

question. 

The questions were composed of the current 

studies to retain construct validity and 

reliability. For the quantitative study, a 

minimum of three items were examined. 

Qualitative bespoke garment try-on 

questions were founded on current 

clothing try-on research. 

Overcome the 

respondent’s 

incapability or 

disinclination to answer 

Questions were developed carefully by 

employing prior research examples. The 

participants were sourced through What’s app, 

Facebook and Instagram.  

The development of questions was 

carefully done by considering examples of 

existing research. During one-to-one 

interviews, the researcher was present to 

provide elucidation and additional 

information. Names of participants were 

anonymised for analysis. The bespoke 

garments were given to the participants 

after they had tried them on. 

Questions’ structure 

choice  

The structure of questions was founded on 

TAM (Davis 1989). Open-ended questions 

were not used as this does not represent the 

TAM studies. 

The semi-structured questions were 

developed by employing three areas: 

performance evaluation, aesthetic 

evaluation, and interface evaluation. 

The wording of 

questions choice 

The wordings of questions were pilot tested to 

remove the uncertainty. 

The wordings of questions were pilot 

tested to remove the uncertainty. 

Questions arrangement 

The questions were arranged according to 

TAM to permit easy analysis. The relevant 

questions of the specific construct were listed 

per page to make certain easy to view on a 

smartphone or laptop. Respondents would 

understand that they are replying to specific 

constructs at one time. 

 

An order has been established for 

inquiring questions, comprising warm-up 

discussion before recording to develop a 

rapport between researcher and 

participant. However, the discussion was 

adapted according to respondent 

responses. 

The form and layout 

identification  

The questionnaire layout was tested for 

smartphone and laptop devices with specific 

screen sizes, like iPad and tablets. The method 

of questionnaire wording was basic and clear to 

ensure respondents were not distracted or 

confused by the layout. Bold font and less 

colour were used to attract attention to vital 

instructions. 

Not pertinent due to 1-1 verbal interview 

arrangement.  

Reproduction of 

questionnaire 

Online circulation for quantitative surveys 

permits easiness in survey repetition and 

distribution. Before the full sample launch, 

alterations were done where required. 

 

The qualitative interview responses were 

recorded in digital and paper format to 

ensure a backup copy was accessible. The 

qualitative interviews were recorded using 

a mobile phone recorder. 

Eradicate difficulties by 

pilot testing. 

The pilot testing has been done for each stage 

thoroughly with other qualified researchers and 

the target population. This permits any 

adjustments to be completed before the full 

launch. 

The pilot testing has been done on the 

qualitative try-ons employing the target 

sample. This permits to get feedback on 

the procedure to be delivered to the 

researcher before the full sample 

implementation. 

Source: Adapted from Malhotra et al. (2017) 
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7.15.11.   Measurement: scales 

When a researcher requests a respondent to rate the aspects in specific questions, such 

as the variable of attitude under investigation in the study is called a rating scale (Quinlan, 

2011). Sekaran and Bougie (2016) presented that the allocation of numbers to characteristics 

of objects is the measurement, such as measurement scales permitting the numbers of 

employees allocated to support meaning or representation. For surveys, a broad approach is 

offered by scales that use a large number of respondents. Quinlan (2011) stated that the aim of 

employing scales is to ensure that similar responses can be acquired across the sample. The 

scales responses are nominal, ordinal, interval, and ratio (Brace, 2008). The scales comprising 

examples and statistical analysis approaches are explained and demonstrated in Table 7.7. 

Table 7.7 Scales of Measurement  

Type of Scale Example Descriptive Inferential 
Nominal Student number Percentages, mode Chi square, binomial test 

Ordinal Ranking scale Percentile, median Rank order correlation, Friedman, 

ANOVA 

Interval Attitudes, opinions Range, mean, Standard 

deviation 
Product moment correlations, t tests, 

ANOVA, regression, factor analysis 

Ratio Age, income, sales Geometric or harmonic 

mean Coefficient of variation 

Source: Malhotra et al. (2017) 

Nominal scales are designated to discrete categories and are directly linked to a number 

designated to what is being measured (Brace, 2008). Malhotra et al. (2017) established that the 

number and object have a direct relationship as both correspond to one another. In ordinal 

scales, however, the objects are classified in a series, which does not explain their differences. 

The differences between objects can be compared in the interval scales, for instance, the 

temperature measurement. Ratio scales comprise nominal, ordinal, and interval scales with a 

set point of zero. There are several approaches to scaling procedures comprising rating, q-sort, 

constant sum, and rank order. Nevertheless, Likert and semantic differential scales have been 

discussed further. Likert scales are statements of “agreement or disagreement” (Malhotra et al., 

2017, p.349). There are neutral mid-point Likert scales with other positive or negative response 

options (Easterby-Smith et al., 2015). Likert scales evaluate the viewpoint of attitudes towards 

a stimulus and the strength of the attitude (Quinlan, 2011). Semantic differential scales are 

generally seven-point scales identifying scales with a positive or negative meaning. Adjectives 

are frequently used as “boring” and “exciting” (Malhotra et al., 2017, p.351). The scaled 

questions responses can be binary, comprising agree/disagree answers. 
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The response format in numbers comprises a representation where numbers are 

associated to 1=strongly disagree and 5=strongly agree. Oral formats are where each 

participant’s response is fully written, from strongly agree to agree to undecided (Malhotra et 

al., 2017). The numerical response format in bipolar is as ‘A good idea’, 7, 6, 5, 4, 3, 2, ‘A bad 

idea’. Malhotra et al. (2017) presented that the frequency format is where words are used in 

frequency time scales, for instance, all the time, often and fairly often. The participant’s 

responses are identified through semantic differential scales, which best explain participants’ 

attitudes towards the stimuli (Quinlan, 2011). Brace (2008) claimed that the effective 

presentation of scales could be demonstrated in online surveys via various processes 

comprising drop down boxes, arrows, or radio buttons. This study has collected nominal, 

interval and ratio scaled data. The scales were coded before the data entry stage in the SPSS. 

Likert scales and semantic differential scales were employed to evaluate the participant’s 

attitudes. Table 7.8 and 7.9 demonstrates the scale items used for study 1.    

Table 7.8 Scale Items for Study 1 (Demographics Questionnaire)  

Construct  Item  Reference 

Socio- 

demographics 

Do you shop for clothes online? 

Yes/No  

Goldsmith and Goldsmith 

(2002) 

 
What is your age? 

18-24/25-35/36-45/46-55/55-65/65+ 
Martin et al. (2015) 

 

What is your income bracket? 

Less than £20,000/£20,000-£29,999/£30,000-£49,999/£50,000- 

£99,999/£100,000+ 

or 

Less than Rs.20,000/Rs.20,000 –Rs.29,000/Rs.20,000 -

Rs.29,000/£30,000 – £49,000/Rs.50,000 – Rs.99,000/

 Rs.100,000+ 

Goldsmith and Goldsmith 

(2002)  

 
What is your education level? 

School/ College/ Graduate/Post-graduate 
Powers and Jack (2015) 

 

How frequently do you browse fashion websites? 

Every day/Once a week/Several times a week/Once a month/Every 

couple of months/Couple of times a year/Never 

How frequently do you purchase clothes online? 

Every day/Once a week/Several times a week/Once a month/Every 

couple of months/Couple of times a year/Never 

Rose et al. (2012) 
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Table 7.9 Scale Items for Study 1 (TAM Constructs) 

Construct  Item  Theory  Author 

Technology 

Readiness 

1.Technical terms sound like confusing jargon to me  

2. I have avoided technology because it’s unfamiliar to me. 

3. I hesitate to use most forms of technology for fear of making mistakes 

I cannot correct. 

Technology 

Readiness 

reverse coded 

Meuter et al. 

(2003) 

 

Perceived 

Usefulness 

4. I would find the Fit Analytics/ Virtual Outfits helpful when shopping 

online.  

5. Use of Fit Analytics/ Virtual Outfits could increase the quality of my 

online shopping. 

6. Using Fit Analytics/ Virtual Outfits would make me more productive 

when shopping online. 

7. Using Fit Analytics/ Virtual Outfits would allow me to evaluate 

garments more quickly. 

8. Using Fit Analytics/ Virtual Outfits would improve my online 

shopping ability. 

e-TAM 

(7 point 

Likert scale) 

Kim and 

Forsythe 

(2010) 

 

Perceived 

Ease 

of Use 

9. Using Fit Analytics/ Virtual Outfits is clear and understandable  

10. Using Fit Analytics/ Virtual Outfits doesn’t require much mental 

effort 

11. Fit Analytics/ Virtual Outfits is easy to use 

e-TAM 

(7 point 

Likert scale) 

Kim and 

Forsythe 

(2010) 

Attitude 

16. Using Fit Analytics/ Virtual Outfits is a good/bad idea  

17. Using Fit Analytics/ Virtual Outfits is superior/inferior 

18. Using Fit Analytics/ Virtual Outfits is pleasant/unpleasant 

19. Using Fit Analytics/ Virtual Outfits is appealing/unappealing 

20. Using Fit Analytics/ Virtual Outfits is excellent/poor 

e-TAM 

(7-point 

semantic 

differential 

scale) 

Kim and 

Forsythe 

(2010) 

Childers et al. 

(2001) 

Intention to 

Use 

21. I would be likely to use Fit Analytics/ Virtual Outfits or Similar 

fashion technologies again for fashion shopping in the future. 

22. I would be likely to visit websites like Fit Analytics/ Virtual Outfits 

or similar size and fit technologies for fashion shopping in the future. 

23. I would be likely to purchase fashion from websites that use 

Technology-driven size and fit tools such as Fit Analytics/ Virtual Outfits 

or similar technologies. 

e-TAM 

(7 point 

Likert scale) 

Kim and 

Forsythe 

(2010) 

 

Intention to 

Use / 

Recommenda

tion 

24. I would highly recommend that virtual size and fit websites (Fit 

Analytics/ Virtual Outfits) should be incorporated in Pakistani fashion 

websites for online shopping 

25. I would highly recommend that virtual size and fit platforms should 

be developed as an external website for Pakistani fashion brands that 

gives opportunity to retailers to get benefit of selling fashion online. 

e-TAM 

(7 point 

Likert scale) 

 

 

7.15.12.   Fatigue and order effects 

The researcher followed the methods explained in the research design and wording 

sections, and the amount of fatigue can be minimised. Brace (2008) studied that fatigue is 

discursively out of the researchers’ control. Although it can be designed to be minimised, the 

researcher does not fully control it when the participant completes the survey. Moreover, pilot 

studies aid in evaluating the respondents’ level of fatigue when answering the questions and 

improve the quality of the research instrument through testing. Order bias also happens when 

participants might choose a similar item when completing the quantitative questionnaire 

because it happens in a specific place (Malhotra et al., 2017). Online surveys frequently have 
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randomising software to alter the location of items to be random in the whole survey. 

Additionally, positively and negatively worded items ensure the participant is involved 

throughout the survey. 

7.16 Study 2: Quantitative comparison of Size stream SS20 (booth scanner) and 

MeThreeSixty (mobile application) 

7.16.1. Materials and methods 

This study aims to compare the Size stream SS20 booth scanner measurements with 

MeThreeSixty mobile application. The reliability of 3D body scanning technologies has been 

quantified in various studies determining its exactitude (Bradtmiller, B. and Gross, 1999; 

Bougourd et al., 2000; Dekker, 2000; Robinette and Daanen, 2006; Lu and Wang, 2010) and 

its precision compared to traditional measuring methods (Bradtmiller and Gross, 1999; Dekker 

et al., 1999; Paquette et al., 2000; Kouchi and Mochimaru, 2005; Han et al., 2010; Lu and 

Wang, 2010; Lu et al., 2010; Kouchi, 2014). Moreover, Smith et al. (2021) studied a 

comparison of the size stream SS20 booth scanner and the MeThreeSixty mobile application. 

Body scanning permits acquiring body data that has traditionally been challenging to capture 

(Almalki et al., 2020). Mobile scanning solutions offered by companies such as Size Stream 

has offered mobile application MeThreeSixty after facilitating consumers with booth scanners 

for two decades. Fixed booth scanner measurements have been studied and explored for the 

construction of garments (Daanen and Ter Haar, 2013). However, it has not acquired mass 

adoption due to its unavailability for consumers such as retailers and buyers. Mobile app 

scanning can bring advantages directly to the consumer. Mobile scanning is accessible to 

consumers, who can explore their body shape and acquire body dimensions for bespoke 

garments. The study has been conducted to compare the difference in body dimensions 

acquired from both scanners. Size stream booth scanner and mobile app offer 240 body 

dimensions. A total of 11 body measurements have been chosen for comparison. These 11 body 

measurements are generally used to construct a basic bodice block (Table 7.10). The body 

dimensions used for pattern construction were compared to allow practitioners to understand 

mobile body scanner validity and reliability for garments construction.     
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Table 7.10 Body Measurements for Comparative Analysis 

Sr. No Body Measurements 

1 Chest/Bust Circumference 

2 Small of Back Waist 

3 Hip Circumference 

4 CB Neck to Waist 

5 Neck Base Circumference 

6 Scye Depth 

7 Across Back 

8 Across Chest Arm to Arm Length 

9 Shoulder Length Right 

10 Waist to Hip Length 

11 Sleeve Length Right 

 

To recruit female participants, the research has been advertised through WhatsApp and 

Facebook groups as well as by word of mouth of those participants who have already 

participated in earlier stages of the study. The scanning with a Size stream booth scanner and 

mobile app scanning has been conducted at the University of Manchester. The participants who 

agreed to participate in the study were emailed a participant information sheet (Appendix B) 

and requested their available time. Then, the University of Manchester supervisor ensured the 

availability of scanning rooms on specific scanning days. The scanning was completed in 3 

months according to the availability of the scanning room and the participant. Before scanning, 

each participant was requested to complete the consent form for scanning with the SS20 booth 

scanner and MeThreeSixty mobile application. The participant's privacy has been ensured by 

organising a place with a curtain around the scanner so that participants can easily remove 

clothes for booth scanning and change clothes for mobile app scanning. For each participant, 

booth scanning was done before mobile app scanning to maintain the scanning sequence.    

7.16.2. Size Stream SS20 booth scanning 

The Size Stream SS20 booth scanning system comprises a small, enclosed booth with 

a camera and a computer screen. The participants enter the booth, which is covered with a 

curtain for the privacy of removing and changing clothes. The booth scanning was done 

following the ethically approved and documented procedure of ADE at the University of 

Manchester. Participants remove their garments and stand in their undergarments in the booth 

scanner-enclosed space in front of the computer screen to view the scanning process. 
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Participants are required to tie up their hair in a bun form and stand straight in A-pose with 

open legs by following the foot marking on the mat in the booth. Hands should be open in A 

pose by holding the handles in the booth to make the arms position static for scanning. Before 

scanning, the process of scanning has been explained to the participants. After participants took 

the scanning position, they were requested to tell the researcher they were ready for scanning. 

Then the researcher gives the command to the computer to start the booth scanning process. 

The scanning process takes 2 minutes for each participant (Figure 7.9).  

 

Figure 7.9 Size Stream SS20 Booth Scanner 

7.16.3. MeThreeSixty mobile application scanning 

The size stream at home mobile application has been introduced by the size stream 

company, which offers a 360-degree scan with a wide angled lens, a grip, a mat, and a scan 

suit to get body dimensions output. The process was time-consuming and had additional 

gadgets, which is not affordable for buyers. Thus, the company has enhanced the ease of 

navigation without gadgets with user friendly approach. The MeThreeSixty app scanning 

process can be completed using a personal smartphone with front and side pose photo capture 

requirements (Stream, 2022a).  
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For the research study, female participants were scanned wearing body fitted upper and 

lower garments without accessories with hair tied up in a bun form. The participants were 

demonstrated how to use the mobile scanning application for mobile app body scanning. 

Scanning of each participant took around 5 minutes with the mobile app. With mobile app 

scanning, the participant is required to stand 2 or 3 meters away from the mobile camera. For 

the front photo, the participant is required to open their arms and legs in an A-pose. However, 

the requirement for the side/profile pose is that both arms touch the thighs, and legs & feet join 

together in the standing position. While obtaining a photo participant is requested to wear tight 

fitting upper and lower garments with bare feet to assess the body’s shape with high accuracy. 

The application has three steps for scanning comprises profile creation, front scan, and side 

view scan. After scanning, the application provides output in the form of body measurements 

for customisation of garments and personalised avatar and body tracking for comparison of 

before and after scans after body workouts to view the difference in the measurements to keep 

a record of changes in the body dimensions (Figure 7.10). Measurements are presented in 

Appendix B. 

  

Figure 7.10 MeThreeSixty Mobile App Scanning 
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7.17 Study 3 Mix-method research: bespoke garment try-ons of Size stream at home, 3D 

Look and Nettelo mobile body scanners  

The mix-method research has been conducted for the bespoke garments try-on 

constructed with digital measurements acquired from three mobile body scanners (Size Stream 

at Home, 3D Look and Nettelo). To recruit participants, an overview letter was sent with a 

consent form via email to read and consider for participation. The consent was based on the 

participation in the scanning with the mobile application and to complete the quantitative online 

survey after using mobile application body scanners and interviewing after trying on the 

bespoke garments constructed with acquired personalised body dimensions of participants with 

three different mobile app body scanners. The scanning was done using the researcher’s iPhone 

for each participant to keep a record of each participant in the same mobile applications. The 

data has been collected at the researcher and participant’s agreed place and time. In addition, 

each participant was scanned in a room separately, along with the researcher’s presence, to 

explain the method of scanning and to conduct the scanning of the participant.   

7.17.1. Mobile body scanning of participants 

The female participants were scanned wearing body-fitted upper and lower garments 

without accessories with hair tied up in a bun form. The participants were demonstrated how 

to use the mobile application for body scanning. Scanning of each participant took around 10 

minutes for Size stream at Home (scanning and data extraction), 5 minutes for 3D Look 

scanning and 15-20 minutes for Nettelo scanning due to the manual calibration process after 

scanning to acquire the body dimensions. Participants received the output as personalised 

digital body dimensions and avatars. The mechanism and scanning process of Mobile 

application scanners has been discussed in the analysis of Chapter 10, Section 10.4.  

7.17.2. Stage 1: Quantitative comparison of Size stream at Home, 3D Look and Nettelo 

3D Body Scanning Mobile Applications 

This study compares body measurements acquired from mobile applications Size 

Stream at Home, 3D Look and Nettelo. Mobile scanning is accessible to consumers and can 

create a personalised body avatar and provide body dimensions for bespoke garment 

construction. The study has been conducted to compare the difference in body dimensions 

acquired from mobile app 3D body scanners. A total of 22 body measurements have been 

obtained from the Nettelo. 13 body measurements were extracted from Size Stream at Home 

mobile application, and eight body measurements were acquired from the 3D Look mobile app 

3D body scanner. The detail of the measures has been presented in section 10.7.  



230 

Seven body dimensions were compared, and the analysis is presented in section 10.8. 

of Nettelo and Size Stream at Home mobile app 3D body scanners. Comparative analysis of 

Nettelo and 3D Look body dimensions are shown in section 10.9; 5 body dimensions were 

compared. Moreover, four body dimensions were compared and analysed for Size stream at 

home and 3D Look, presented in section 10.10. The comparative analysis of body dimensions 

from the mobile applications was conducted by calculating an independent t-test using the 

SPSS statistical analysis software. The reliability of three mobile app 3D scanners (Study 3, 

Stage 1) was comparatively analysed by calculating the standard error of mean measurement 

(SEM) to ANSUR allowable errors. SEM was calculated separately for each body dimension 

by performing the independent t-test of identical body dimensions employing the SPSS 

software  (Koval, 2020; Parker et al., 2022). The three mobile app 3D scanners’ body 

measurements validity was computed under the ISO 20685 validity algorithm. The body 

dimensions of three mobile app 3D scanners were calculated for each person. The mean of 

these differences with its associated standard deviation (σ), sample size, 95% confidence 

interval (CI) and ANSUR allowable error (Koval, 2020; Parker et al., 2022). 

Furthermore, the difference in the object (.obj) file and 3D body avatar has also been 

compared and analysed in section 10.11. Moreover, the definitions and landmarking of body 

dimensions acquired from the mobile application 3D body scanners have also been studied and 

compared in section 10.12. Finally, the difference in the patterns of each participant from three 

mobile applications was also compared by visual representation in section 10.13.  

7.17.3. Stage 2: Quantitative online survey of mobile app 3D body scanners 

The participants were scanned with three different mobile scanners on the same day 

and requested to complete the quantitative online survey regarding the mobile scanning 

application. The quantitative online survey is conducted to model Pakistani consumer 

responses to the 3D body scanning mobile application as a contact-free solution for acquiring 

body dimensions to purchase bespoke garments online. Same-day scanning of three mobile 

applications has been done to ensure that weight and body dimensions are identical for 

comparative analysis. The select survey platform of the University of Manchester has been 

used to collect online responses from participants. Participants were selected before data 

collection based on their bespoke garment purchase journey history. The admittance criteria 

utilised in the survey assessment are outlined in Table 7.11. 
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Table 7.11 Inclusion Criteria for Qualitative Interviews 

Question Answer Reject/accept 

What is your age? 

<18 

18-24 

25-34 

35-44 

45-54 

55-64 

65+ 

Reject 

Accept 

Accept 

Accept 

Accept 

Accept 

Accept 

What is your gender? Male 

Female 
Reject 

Accept 
Are you Pakistani or British 

Pakistani? 

Yes 

No 

Accept 

Reject 

Do you shop online for bespoke 

garments? 

Yes 

No 
Accept 

Reject 
 

The online survey enquires about the participant’s basic demographics, such as age, income 

etc., before enquiring them to use size stream at home, 3D Look and Nettelo and subsequently 

complete the remaining online survey questions. After demographics questions, technology 

readiness was evaluated to understand users’ anxiety or confidence before using technology. 

After measuring technology readiness, the participants were guided for body scanning using 

the mobile application scanner by following the researcher guidelines on each app. A 

mandatory question page was added to the survey to ensure all participants completed the 

mobile app 3D body scanning task. Using the mobile app 3D body scanning in an original way 

available in the existing platforms allows the participants to have an authentic experience. This 

approach ensures the researcher analyses results and conclusions through actual experience 

with the interface. The quantitative questions inquired after the scanning task was based on the 

TAM constructs. A total of 21 items (quantitative analysis) were used to measure the five latent 

constructs: technology anxiety (TA)/ innovativeness (INN), perceived usefulness (PU), 

perceived ease of use (PEOU), attitude (ATT), intention to use (IU). To develop a quantitative 

questionnaire (7-point Likert scale) ranging from 1 (strongly agree) to 7 (strongly disagree), 

and 7-point semantic differential scale has been used. The mobile application scanning process 

has been discussed in the analysis of Chapter 10, section 10.3. The mobile application study 

was intentionally based on qualitative interviews of bespoke garments. However, a quantitative 

study has been conducted before to get insights into the ease of use and usefulness of mobile 

applications using the TAM constructs before the qualitative interviews. The quantitative 

survey analysis has been done in descriptive percentages due to the inclusion of 10 participants 

for qualitative interviews. The scale items for demographics questions and TAM constructs 
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scale items for the mobile app scanner study is illustrated in Table 7.12 and 7.13. The 

quantitative online survey questionnaire is presented in Appendix C. 

Table 7.12 Scale Items for Study 3 (Demographics Questionnaire) 

Construct  Item  Reference 

Socio 

demographics 

Do you shop online for bespoke garments? 

Yes/No 

Goldsmith and Goldsmith 

(2002) 

 
What is your age? 

18-24/25-35/36-45/46-55/55-64/65+ 
(Martin et al. (2015) 

 

What is your income bracket? 

Less than £20,000/£20,000-£29,999/£30,000-£49,999/£50,000- 

£99,999/£100,000+              or 

Less than Rs.20,000/Rs.20,000 – Rs.29,000/Rs.20,000 -

Rs.29,000/£30,000 – £49,000/Rs.50,000 – Rs.99,000/  

 Rs.100,000+ 

Goldsmith and Goldsmith 

(2002) 

 
What is your education level? 

School/ College/ Graduate/Post-graduate 
Powers and Jack (2015) 

 

How frequently do you browse fashion applications? 

Every day/Once a week/Several times a week/Once a month/Every 

couple of months/Couple of times a year/Never 

How frequently do you purchase unstitched clothes online for 

construction of Bespoke Garments? 

Every day/Once a week/Several times a week/Once a month/Every 

couple of months/Couple of times a year/Never 

Rose et al. (2012) 

 

 

Table 7.13 Scale Items for Study 3 (TAM Constructs) 

Construct  Item  Theory  Author 

Technology 

Readiness 

1. Technical terms sound like confusing jargon to me. 

2. I have avoided technology because it’s unfamiliar to me. 

3. I hesitate to use most forms of technology for fear of making mistakes 

I cannot correct. 

Technology 

Readiness 

reverse coded 

Meuter et al. 

(2003) 

 

Perceived 

Usefulness 

4. I would find body scanning with Size Stream at Home helpful when 

shopping online for bespoke garment. 

5. Use of Size Stream at Home 3D body scanning could increase the 

quality of my online shopping of bespoke garment. 

6. Using Size Stream at Home 3D body scanning measurements would 

make me more productive when shopping online. 

7. Using Size Stream at Home 3D body scanning measurements would 

allow me the certainty of my body measurements for purchasing online 

bespoke garments.  

8. Using Size Stream at Home 3D body scanning measurements would 

improve my online shopping ability of bespoke garments. 

e-TAM 

(7 point 

Likert scale) 

Kim and 

Forsythe 

(2010) 

 

Perceived 

Ease 

of Use 

9. Using Size Stream at Home is clear and understandable. 

10. Using Size Stream at Home doesn’t require much more mental effort 

for extraction of my body measurements. 

e-TAM 

(7 point 

Likert scale) 

Kim and 

Forsythe 

(2010) 
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Construct  Item  Theory  Author 

11. Size Stream at Home is easy to use  

Attitude 

16. Using Size Stream at Home is a good/bad idea  

17. Using Size Stream at Home is superior to manual method of 

measurement/inferior to manual method of measurements 

18. Using Size Stream at Home is pleasant/unpleasant 

19. Using Size Stream at Home is appealing/unappealing 

20. Using Size Stream at Home is excellent/poor 

e-TAM 

(7-point 

semantic 

differential 

scale) 

Kim and 

Forsythe 

(2010) 

 

Childers et 

al. (2001) 

 

Intention 

to Use 

21. I would be likely to try Size Stream at Home or Similar 3D body 

scanning applications again in the future for online shopping of bespoke 

garments. 

22. I would be likely to visit applications like Size Stream at Home or 

similar 3D Body Scanning applications for Bespoke fashion shopping. 

23. I would be likely to purchase bespoke garments by using Size 

Stream at Home application, as it satisfied me with size and fit of 

bespoke garment buying process. 

24. 3D Body scanning tool would be added in the fashion brands 

application and websites for effective selection of right size and well 

fitted garments online and for customisation of garment? 

e-TAM 

(7 point 

Likert scale) 

Kim and 

Forsythe 

(2010) 

 

 

7.17.4. Stage 3: Garment construction process 

The bespoke garments have been constructed after acquiring the body dimension from 

all three applications. The traditional kameez style has been adopted, a culturally accepted 

garment style for Pakistani women. The style is chosen because this style is the most common 

in the fashion market of Pakistan and is offered by each Pakistani fashion brand. The unstitched 

fabric (2.5 metres) for each participant has been purchased from the local market of Pakistan 

and sent to the tailor for customisation. For every participant, three garments were constructed 

for qualitative garment size and fit evaluation. Each application’s body dimensions have been 

used to develop patterns using the Aldrich close-fitting bodice block method for customising 

Kameez. The stitching of the kameez of each participant has been done by a tailor who has an 

experience of more than 30 years of women’s garments tailoring. The style of the garment 

selected for the study is demonstrated in Figure 7.11. The experience of bespoke clothing try-

on permits participants to discover their actual clothing fit experience established on garment 

purchase using a 3D Body scanning application.      
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Figure 7.11 Kameez Traditional Dress Style 

7.17.5. Stage 3: Participant interviews  

Study 3 of the research is centred on one-to-one exploratory interviews. Easterby-Smith 

et al. (2015) established that the researcher must distinguish and remember the critical 

information during interviews. Further, Quinlan (2011) claimed that interviews and primary 

respondents produce qualitative data that can be recognised.  Interview format types comprise 

one-to-one, group interviews, telephone interviews, online interviews, and photo-elicitation 

interviews, permitting an amount of conscious and subconscious response, which is impossible 

through the quantitative investigation process. The main elements that must be considered 

when developing interview research are explained subsequently. Firstly, good listening is 

essential for the interviewers, and they must remain focused on the conversation. Secondly, the 

main components of interviews comprise retaining participant trust and developing a social 

relationship with the participant and the place and the interview setting (Quinlan, 2011; 

Easterby-Smith et al., 2015). Finally, qualitative interviews permit the researcher to be 

engrossed in the information that might be difficult to organise or accept, combining a 

distinctive layer to the analysis. The main advantage of qualitative interviews in research is to 

acquire knowledge that is not exposed and readily available through research environments, 
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for instance, published papers, conferences, commercial publishing, and the media (Malhotra 

et al., 2017).  

7.17.6. Stage 3: Semi-structured interviews 

Hennink et al. (2011) established that structured and unstructured interviews could be 

designed according to the study. Easterby-Smith et al. (2015) claimed that semi-structured 

interviews offer a guide to ideas to be discussed. The interview format generally follows the 

framework of an introduction, comprising the introduction of the researcher, the research topic, 

and any ethical information. Subsequently, it succeeded by opening questions which develop 

relationships. Quinlan (2011) instituted that semi-structured interviews permit the interviewee 

to communicate regarding the stimuli examined. Thus, understanding and personal experience 

can be obtained, whereas the researcher can persist impartial and unbiased. Qualitative 

interviews were conducted in the study with an open-ended questionnaire technique. The 

participant’s interviews regarding bespoke garment try-ons were semi-structured to gather in-

depth information. Unlike quantitative data collection, this allows participants to explain their 

emotions about the situation or merchandise rather than generate precise answers. The 

conversation was founded on a pre-determined interview guide (Table 7.14) which the 

researcher employed to construct the interview.  

7.17.7. Stage 3: Garment try-ons and qualitative interviews 

Each participant received three different personalised garments for evaluation of size 

and fit. The tailored garments of each app measurements (Size Stream at home, 3Dlook and 

Nettelo) were sent to participants at their homes to try on. During the day of Mobile scanning 

with each application, the participants get familiar with the process of using the mobile 

application scanners. They were also provided with the details of interviews regarding the size 

and bespoke garments they would receive after the scanning with a mobile application. The 

researcher built a rapport with the participants through this process. This ensured the researcher 

that participants were transparent with the process. Moreover, an initial phone request is 

rescheduled for interviews where participants agree to an appropriate discussion time. It is 

essential to establish rapport to gain access and accomplish in-depth answers in telephone 

interviews (Saunders et al., 2019). Irvine comments that “small talk” between a researcher and 

interviewee usually describes the initial stage of their meeting to conduct the in-depth interview 

(Irvine, 2011, p. 211; Saunders et al., 2019, p. 475). Irvine also recommends that telephone 

interviews “consider establishing a more relaxed conversational style asking specific interview 

questions” (Irvine, 2011, p. 215; Saunders et al., 2019, p. 475). 
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Once this rapport had been built, the researcher organised a convenient time for the 

garment try-on via what’s an app to view the garment fit online. What’s app viewing of garment 

size and fit has been done because of the Covid-19 pandemic. Therefore, qualitative interviews 

with each participant were conducted on What’s App. A total of 12 items were used to measure 

the post-use evaluation of the size and fit of a garment. For post-use evaluation (performance 

evaluation, aesthetic evaluation, and interface evaluation) of bespoke garments, open-ended 

questionnaires have been developed for qualitative analysis of the study. The interview 

questions are formulated by reviewing the previous studies in Table 6.10 in the theoretical 

framework Chapter 6. The interview questions are presented in Table 7.14. The try-on 

interview was audio recorded, and hand notes were also written during the interview. Scanning, 

pattern making, garment construction and bespoke garment try-on took over four months. In 

the first month, five participants were scanned, and their garments were constructed weekly for 

each participant. Similarly, two participants were scanned in the second month, and three were 

scanned. A total of 10 participants were scanned and received the garments after one week of 

scanning. When all participants received their garments. The interview session was conducted, 

one interview in a day was undertaken, and four interviews in a week were done. It took around 

three weeks to conduct interviews. The interview session was performed according to the 

participant's availability and the researcher's day and time. The try-ons were done in the 

participant’s private homes, and an interview was conducted when the participant tried on the 

garment of each mobile application bespoke garment. While trying-on garments, participants 

were interviewed about evaluating the size and fitting of garments. Ten participants were 

interviewed in 3 weeks. The overall process of Study 3 is summarised in Figure 7.12. The 

qualitative interviews are presented in Appendix C. 
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Figure 7.12 Research Process Study 3 

The exploratory research permits the assessment of what and how. It is explicitly 

employed for an under-explored or challenging issue or phenomenon (Saunders, 2016; Sekaran 

and Bougie, 2016; Malhotra et al., 2017) as 3D Body scanning mobile applications have been 

developed extensively from booth scanning to mobile applications. Thus, at this stage, mobile 

applications are novel in the fashion industry and need to be explored in terms of constructing 

bespoke garments to determine the validity and reliability of the technology. The exploratory 

approach is generally characterised by qualitative research using literature, in-depth interviews, 

focus groups and perspectives of key industry experts (Saunders, 2016).   
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This qualitative research was based on one-to-one sessions with each participant 

through semi-structured interviews (Malhotra et al., 2017). The study has employed (three-

stage thematic analysis) open, axial, and selective coding techniques, which promote thematic 

integration to analyse the data (Williams and Moser, 2019). The available codes, such as 

performance evaluation (reasonable satisfaction, size satisfaction and comparative fit 

satisfaction), aesthetic evaluation (style and length) and interface evaluation (3D mobile app 

scanner), were undertaken as the primary themes. This is further discussed in Chapter 10. The 

interview discussion guide for Study 3 is shown in Table 7.14, and the themes are discussed in 

5.8, Section 0.  

Qualitative research seeks insight into the nature of experiences and processes within 

social settings (Denzin and Lincoln, 2003). The qualitative approach permits the researcher to 

understand the participants’ perspectives, precisely an interpretive approach. The interpretive 

approach is commenced, allowing the researcher to study participants in their natural context 

to comprehend their meanings (Hennink et al., 2011; Denzin and Lincoln, 2003). The common 

experiences of participants have been studied in their natural circumstances, which is garment 

trying-on experience constructed by digital measurements extracted with 3D body scanning 

(Miles and Huberman, 1994). The study aims to get an overview of the context and feelings of 

participants about an experience, which is used to insulate key themes (Miles and Huberman, 

1994). The grounded theory approach was employed to analyse the qualitative interviews to 

evaluate participants’ viewpoints to develop descriptions or theories (Ghauri and Gronhaug, 

2010). During qualitative research, the conscious and sub-conscious states of the participants 

were engrossed. In addition to this, to obtain a holistic understanding of participants' responses, 

researchers can adopt ethnography methods (Malhotra et al., 2017). In the empirical world, 

induction is focused on how the researcher’s interpretations can drive a theory subjectively 

(Gill and Johnson, 2010). The theory originated from participant observations, from particular 

to more general conclusions (Sekaran and Bougie, 2016). When using a large sample, validity 

is difficult to prove in inductive research (Bryman and Bell, 2015) due to individuals’ 

interpretations of the induction method (Malhotra et al., 2017). Thus, frequently in qualitative 

research small sample is employed to conduct research. 
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Table 7.14 Interview Discussion Guide 

Interview Discussion Guide Study 3 

Introduction 

Thank you for participating in the research. The aim of the session is to explain 

you the mobile 3D body scanning process and mechanism of mobile apps. Prior 

participating, you are required to give your consent for participation in the study. 

You should be Pakistani female and have shopped online for bespoke garments. 

First you will be scanned via mobile applications, then you are requested to 

complete the online survey regarding questions related to mobile application 

evaluation. Then your digital measurement from each app will be used to 

construct a bespoke kameez that you will try-on when you will receive it at home. 

After that we can schedule the interview at your convenience. 

Today, you have received the bespoke garments. Now we can start interview 

based on performance evaluation, Aesthetic evaluation, and interface evaluation. 

Performance Evaluation Questions References 

Fit satisfaction 

How do you feel the garment fits you?  

Which part of body do you think that 

the garment does not fit properly? 
Eckman et al. (1990) 

McKinney and Shin (2016) 

Size satisfaction Are you satisfied with the size? 

Fit expectation 

How does this compare to your 

expectations of fit through the 

garment sewing process of bespoke 

garment with 3D body scanning 

measurements? Grogan et al. (2013)  

Comparative fit 

satisfaction 

Are you often satisfied or unsatisfied 

with the fit of garments in similar 

areas to this one? 

Aesthetic Evaluation Questions References 

Length How do you feel about the length? 
Eckman et al. (1990)  

McKinney and Shin (2016) Style satisfaction 
How do you feel about the style of the 

garment? 

Interface Evaluation (3D body 

scanning application Evaluation) 
Questions References 

Purchase intention 
Would you keep this garment, or 

would you return it and if so, why? 

Grogan et al. (2013)  Future use 

Based on your experience of try on 

bespoke garment would you use this 

3D body scanning technology for 

buying bespoke garments online? 

Post-use evaluation 
Any other comments about post-use 

evaluation of bespoke garment? 
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7.18 Sampling 

It is essential to decide the sampling design, whether the research has a single stage or 

multistage. The crucial step in the research project is choosing the study sample. First, the 

study's population and the population's envisioned size are distinguished by sampling. Next, 

the selection criteria or process must be employed to establish the chances of respondents being 

selected for each part of the study. Creswell (2009) identified that stratification should also be 

identified and decided, representing the traits in the sample, e.g., males or females. In 

marketing research, two types of sampling are used, namely probability and non-probability 

sampling. The subsequent section illustrates these approaches and the techniques employed in 

the study. Selection entails six steps, as reported by Malhotra et al. (2017), which are shown in 

Table 7.15. 

Table 7.15 Sampling Design Process 

Design Process of Sampling 
Identify the target population 

Establish the sampling structure 
Choose a sampling method 
Establish the sample size 

Achieve the sampling method 
Validate the sample 

Source: Malhotra et al. (2017)  

7.19 Sampling techniques 

The following section deliberate various sampling techniques employed in marketing 

research. 

7.19.1. Probability sampling 

Sekaran and Bougie (2016) claimed that there is a nonzero likelihood of the elements 

of the population for selection. Each participant’s random selection is made by employing 

probability sampling. Malhotra et al. (2017) established that probability sampling generates the 

lowest quantity of sampling error and contributes to being depictive of a population. Probability 

sampling comprises simple random, stratified, systematic, and cluster sampling (Quinlan, 

2011). Probability sampling is frequently concerned with conclusive research. Studies that 

employ probability sampling intend to generalise the findings to the study population (Quinlan, 

2011). Table 7.16 illustrates probability sampling methods. 
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Table 7.16 Probability Sampling Techniques 

Technique Characteristic Reference 

Simple random sampling 

 

Every single component can be equally 

taken at random, for instance lottery 

system. A sampling structure is collected, 

and every single component has a number, 

numbers are produced at random. “No 

prospect for human bias.” Acts best with 

over 100 components. 

 

Malhotra et al. (2017) 

Bryman and Bell (2015) 

Saunders et al. (2019) 
 

Systematic sampling 

Components are taken at intervals. 

Components are arranged in an order. 

Components are collected in a sequence. 

Can be applicable for any proposed sample 

size. 

 

Malhotra et al. (2017) 

Bryman and Bell (2015) 

Saunders et al. (2019) 
 

Stratified sampling 

Proportional depiction of segments of 

sampling components. Sampling error can 

occur. 
 

Bryman and Bell (2015) 

Cluster sampling 

Can permit attention on geographical 

location. Groups within population are 

taken as sample. Large sample sizes can be 

taken. 

Bryman and Bell (2015) 

Saunders et al. (2019) 

Multistage/Multistage 

cluster sampling 

Can reduce concerns related with 

geographical sampling. Large sample sizes. Saunders et al. (2019) 

 

Adapted from: Malhotra et al. (2017), Bryman and Bell (2015), Saunders et al. (2019). 

 

7.19.2. Non-probability sampling 

Malhotra et al. (2017) established that non-probability sampling is often utilised in 

qualitative research. In contrast, it is not specific to qualitative as some quantitative studies are 

non-probable. A group of respondents have been selected that is not random in nonprobability 

or purposive sampling (Malhotra et al., 2017). Thus, the research questions and context are 

associated with choosing a non-probable sample (Malhotra et al., 2017). The sample cannot 

generalise the population but signifies the population (Quinlan, 2011). Exploratory research is 

associated with non-probability sampling. Table 7.17 explains non-probability sampling 

methods.   
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Table 7.17 Non-Probability Sampling 

Technique Characteristic Reference 

Convenience 
Identified as haphazard sampling. Established on the availability of 

individuals at the time. Prone to bias. Minimal credibility. 
Saunders et al. (2019) 

Purposive 

Critical Case 

Sampling 

Components are chosen and established on the ability to deliver 

answers to research goals. Cases are chosen as they can most 

successfully represent the point expected. The cases are an essential 

section of a focused population. 

Saunders et al. (2019) 
 

Quota 

The sampling process is non-random. Sample signifies the 

difference in a population through a quota of that population. 

Applied for a large target population. The depiction of a quota 

sample relies on selecting distinct quota characteristics. 

Saunders et al. (2019) 
 

Snowball 

Self-selection 

Where it is challenging to find and link up with people that are part 

of the target population expected. Data compiled by advertisement 

of research or approaching people. Cases may have needed traits for 

the research. May have strong beliefs or ideas about the research 

field. 

Saunders et al. (2019) 
 

Source: Saunders et al. (2019) 

7.20 Determining sample size 

Bryman and Bell (2015) identified that it is difficult to define the sample size because 

there is no golden rule employing the number of elements in the sample. However, it is 

generally believed that the larger the sample size, the more outcomes will be accurate. Further, 

Sekaran and Bougie (2016) claimed that to represent the sample, the design of the sample and 

sample size are vital. Nevertheless, the sampling design method choice is essential; if not 

chosen accordingly, it will not represent the population, whether the sample is large. 

Furthermore, large samples, known as Type II errors, can drive researchers to admit the results 

when they should not be accepted (Bollen and Long, 1993). To put it simply, Sekaran and 

Bougie (2016) established that when there is a weak relationship between two variables 

showing significance, they should not be significant. Bryman and Bell (2015) reported that 

large sample sizes should then be accomplished concerning such errors. The central part of 

choosing the sampling size is sampling error, concerning the acceptable error level (Bryman 

and Bell, 2015). Therefore, the analysis process employed for the research is vital for sample 

size (Saunders et al., 2019). 

Additionally, the overall investigated population size should be assessed and reflected 

in the sample size selection (Saunders et al., 2019). Cost and time are noteworthy for 

quantitative surveys when choosing sample size (Malhotra et al., 2017). Regarding sampling 

precision, quantitative researchers are centred on attaining 95% certainty (Saunders et al., 

2019). Saunders et al. (2019) indicated increasing the sample size until data saturation appeared 
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for qualitative samples. To put it simply when no new themes are discovered through further 

analysis.   

7.21 Sampling techniques used in this research  

The methods of sampling employed in the research are purposive and snowballing. 

Table 7.18 illustrates the method utilised at the correlating stage of research. The following 

section describes the detail of the sample in each stage.  

Table 7.18 Sampling Techniques Used in The Research 

Study Data characteristic Sample Size Sampling technique 
Study 1 Quantitative Survey 300 Purposive 

Study 2 Size stream SS20 vs 

MeThreeSixty comparison 20 Snowballing 

Study 3 

Mixed-Methods: Quantitative 

comparative analysis of body 

dimensions of mobile 

applications, Quantitative survey/ 

Qualitative Participants 

Interviews 

10 Purposive 

 

7.22 Quantitative sampling technique and inclusion criteria for online survey (study 1) 

An online survey was established to measure female Pakistani consumer acceptance of 

Fit Analytics (size recommendation) and Virtual Outfits (size and fit visualisation) technology. 

It took around 20 minutes to complete the survey. Five latent constructs were measured by 

employing an online questionnaire, and it took about 20 minutes to complete the online survey 

for each participant. The select survey platform of the University of Manchester has been used 

to obtain the survey responses. The targeted consumers were Pakistani and British Pakistani 

females with the prior online shopping experience. Therefore, the purposive sampling 

technique has been employed. The online survey method has been adopted to collect the virtual 

size and fit data (Kim and Forsythe, 2008). The online survey was distributed through 

WhatsApp, Facebook, and Instagram group of Pakistani and British Pakistani communities, 

which presented many sampling benefits of the study, for instance, speed of the data collection, 

flexibility, and controlled sampling (Evans and Mathur, 2005). The inclusion criteria of the 

quantitative study were Pakistani and British Pakistani females aged 18 -65+ with prior 

experience shopping online. This is supported by the current study, which stated the selection 

of participants of all age groups (Martin et al., 2015). This would ensure how much 

involvement each age group has in using the technology. In addition, this was targeted to 

generate the external validity of results with high credibility (Malhotra et al., 2017).     
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7.22.1. Quantitative online survey sample size (study 1)  

The chosen sample size for the study was n=300, which has been adapted from existing 

studies that have explored the stimuli of the virtual fitting room or virtual closet, TAM 

theoretical framework and structural equation modelling (SEM) analysis (Kim and Forsythe, 

2008; Perry, 2016) displayed in Table 7.19.    

Table 7.19 Sample Sizes Used in Virtual Size and Fit Interfaces Research    

Authors Stimuli Theory Sample size Method 

Lee et al. (2006) 
Virtual Model 

Technology 
TAM 208 SEM 

Kim and Forsythe, (2007) 

3D Viewing 

Technology 

Virtual Model 

Technology 

TAM 978 SEM 

Kim and Forsythe, (2008) Virtual Model 

Technology 
TAM 491 SEM 

Kim and Forsythe, (2010) 
Product Virtualisation 

Technology for online 

shopping small 

electronics 

e-TAM 681 SEM 

Pantano and Servidio, 

(2012) 
3D Virtual Store TAM (HCI) 150 SEM 

Domina et al. (2012) Fashion Shopping with 

Second Life 
TAM 119 SEM 

Huang and Liao, (2015) 
Augmented Reality 

Information 

Technology (Virtual 

Model) 

TAM 220 PLS-SEM 

Perry, (2016) 
Smart Virtual Closets TAM 443 SEM 

Pookulangara et al. 

(2018) 

 

Ture Fit Technology TAM 577 SEM 

Zhang et al. (2019) Virtual Try-on 

Technology              The 

role of virtual try-on 

technology in online 

purchase, decision from 

consumers’ aspect 

TAM 470 SEM 

Sagnier et al., (2020) Virtual Reality TAM 89 PLS-SEM 

Alam et al. (2021) Adoption of AR 

technology                AR 

technology in the retail 

sector 

TAM 233 PLS-SEM 

Oyman, Bal and Ozer 

(2022) 

Augmented reality (AR)-

supported mobile 

applications 

TAM 278 SEM 
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7.23 Quantitative comparative study of Size stream SS20 and MeThreeSixty sampling 

technique and inclusion criteria (study 2)   

The targeted participants were females living in Manchester and University students at 

the University of Manchester and Manchester Metropolitan University interested in trying new 

body scanning technology. They were recruited through advertisement via Facebook, 

WhatsApp and Instagram social media platforms and by employing word-of-mouth techniques. 

Therefore, snowball sampling is used to compare Size Stream SS20 and MeThreeSixty. Age 

groups 18 – 65+ have been selected for scanning to compare the differences in the body 

dimension of each participant. The participants were scanned at the University of Manchester 

with a Size stream booth scanner and MeThreeSixty mobile app on the same day to ensure 

similarity in the participant body dimensions.    

7.23.1. Quantitative comparative study sample size (Study 2)   

The chosen sample size for the study was n=20, which has been adapted from existing 

studies that have explored the stimuli of body scanners. Standard Error of Measurement (mean) 

(SEM) and mean of measurement differences to ANSUR allowable errors have been employed 

for the study analysis. The validity of the sample size is displayed in Table 7.20.   

Table 7.20 Sample Sizes Used in Quantitative Comparative Research (Study 2) 

Authors Stimuli Statistical analysis Sample size 

Smith et al. 

(2021) 

Tape measure, Size 

stream SS20 and 

MeThreeSixty 

Paired 2-sided t-test 59 male and female (40 years) 

Strunevich et al. 

(2020) 
5 mobile applications 

Gage Repeatability and 

Reproducibility (Gage R&R or 

GRR). 

10 male and female (first 

Phase) 

20 male and Female (Second 

Phase) 

Koval (2020) 

Manual measurements vs 

3D Scanner 

measurements 

Standard Error of Measurement 

(mean) (SEM) and mean of 

measurement differences to 

ANSUR allowable errors 

72 Adults, 36 females, 36 

males 

18-57 years 

 

7.24 Sampling technique and inclusion criteria (Mixed-methods: Study 3 (Stages 1, 2 and 

3))    

The sampling method used for qualitative interviews (bespoke garment try-ons) was 

purposive sampling. The required participants were identified at the start of the research, and 

there was no change in the sample characteristics as the research evolved (Malhotra et al., 

2017). The inclusion criteria were Pakistani or British Pakistani who have shopped online for 

bespoke garments and have experience wearing made-to-measure garments. The sample has 
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been replicated for all mobile applications like 3DLook, size stream at Home and Nettelo. Each 

participant was scanned from the body scanning mobile applications on the same day, aiming 

to acquire the body dimension with similar body weight and size. This would ensure that a 

participant’s body has no change in the body dimensions. Before body scanning with a mobile 

application and bespoke garment try-on, the participants were briefly explained the nature of 

the mobile scanners (Poushneh and Vasquez-Parraga, 2016). Age groups 18 – 65+ aligned with 

the study (Martin et al., 2015; Sisca et al., 2022) have been selected. The age groups such as 

Generation Z, Millennial Y, X, and 56-65+ baby boomers have been chosen to determine the 

intention to use the new body scanning technology for acquiring contactless body dimensions 

for bespoke garment shopping. The validity of the sample size is illustrated in Table 7.21.  

Before qualitative interviews, in the first stage, after acquiring the body dimensions 

from the three mobile applications, the participants’ body dimensions were comparatively 

analysed. Therefore, for stage 1, the analysis method was similar to study 2, explained in 

section 7.23.1. However, the sample size was 10 participants selected for the semi-structured 

interviews. In the second stage, a quantitative online survey was conducted with a small sample 

size of 10 participants using TAM theoretical framework. The analysis is performed with 

descriptive analysis using percentages because structural equation modelling analysis was not 

applicable due to the small sample size. The first two stages were essential before the 

qualitative interviews because of the novelty of the mobile app 3D body scanner technology, 

to understand the acceptance of technology mechanism and to find the variability of body 

dimensions of each mobile application. Finally, semi-structured interviews were conducted 

with a sample of 10 participants. 
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Table 7.21 Sample Sizes Used in Qualitative Interviews Research (Study 3) 

Authors Focus of Study Theory Sample size 

Holmlund et al. (2011) 

 

Mature women’s 

buying behaviour and 

attitudes 

In-depth interviews 

First thoughts                                                      

Attitudes 

Clothing purchase behaviour 

Meaning and importance of fashion clothing 

Searching, selecting, choosing, purchase 

intention and decision making 

Clothing problems                                                    

Wishes to manufacturers, designers and 

buyers 

10 Females 

Age 50-63 

Brownbridge et al. (2018)  

Tried on a number of 

mass-produced 

dresses and asked to 

select on according to 

size and fit 

satisfaction 

Interview 

methodology 

Investigate women’s experiences of dress fit 

and body image.                                                                       

Issues in Sizing system of different brands         

Issues that limit the effective development 

and application of sizing systems, the link 

between the complexities of consumer. 

Underdeveloped and ill-informed sizing 

practices, fit dissatisfaction, and the creation 

of textiles waste.                                     

Apparel evaluative criteria: 

fit expectations, body image and self-esteem.                                                

Other content                                                               

Fit dissatisfaction and the creation of 

textiles waste  

20 Females  

Shin and Damhorst, (2018)  

To explore 

consumers’ fit 

perceptions and to 

explore the factors 

that affect 

their satisfaction with 

clothing fit                                

(Focus group)  

Psychological and Social experience                       

physical fit                                                              

aesthetic fit                                                              

functional fit                                                                

and social context   

66 (11-15 each 

group) male 

and female                                            

18-22 Years 

 

7.25 Demographic sample validity of Study 1, 2 and 3 

From a sociological perspective, generation is a term that distinguishes a group of 

people who existed in the same era and were exposed to experiences that depicted it (Katz, 

2017; Dimock, 2019). All individuals are grouped in a generation evidenced by the same 

experiences and are recognised by those born in the same year. Therefore, they share a 

viewpoint on the future and a value system. The reality of association with a specific 'time' 

combines the representatives of a generation (Dimock, 2019). Therefore, it is easier to identify 

five generations that are doubtlessly in the labour market or University students. Moreover, 

their date of birth can be employed as a source for the division into different generations 

(Berkup, 2014; Katz, 2017; Puiu, 2017; Wardhono, 2018; Dimock, 2019; Grechi et al., 2021). 

The quantitative and qualitative studies have used 18 - 65+ age groups (Figure 7.13) to identify 

which group is more involved in online shopping and how much each group is interested in 

using the latest technology. The sample size and age distribution of participants in existing 

studies associated with studies 1, 2 and 3 have been demonstrated in Table 7.22. 
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Figure 7.13 Demographic Sample 

Table 7.22 Sample Size and Age Distribution 

Sample size used in study Age distribution of sample Reference 

Study 1 Quantitative Research 

152 Average age of 21 Merle et al. (2012) 

366 58.8% were 20-24 Verhagen et al. (2014) 

342 Average age of 22 Yu et al. (2012) 

385 Average age of 21 Park and Lennon (2009) 

144 Average age of 22 Park et al. (2005) 

206 92% were 18-25 Lee et al. (2010) 

555 (10% male and 90% female) 18-65+ Martin et al. (2015) 

621 (111 female, 51 male) 18-65+ Sisca et al. (2022) 

Study 2 Quantitative Research (SS20 and Me Three Sixty) 

59 male and female (tape measure, 

SS20 and MethreeSixty) 
40 years Smith et al. (2021) 

10 male and female (first Phase) 

20 male and Female (Second Phase), 

5 mobile applications 

18-55 years Strunevich et al. (2020) 

72 Adults, 36 females, 36 males 18 – 57 Koval (2020) 

Study 3 Mixed-Methods Research 

223 18-29 
Alexander et al. (2005) 

150 18-84, 43% were 18-22 
Kinley (2010) 

10 Females 50-63 
Holmlund et al. (2011) 

37 19-35 Kim and LaBat (2013) 

20 Females 18-45 
Grogan et al. (2013) 

20 Females  18-45 years  Brownbridge et al. (2018)  

66 (11-15 each group) male and 

female 
18-22 Years  Shin and Damhorst (2018)  

 

7.26 Pilot testing 

Quinlan (2011) claimed that pilot studies had been conducted using a small number of 

respondents who imitated those used in the final sample. Quinlan (2011) and Malhotra et al. 

(2017) established that pilot testing should be done carefully and commenced in a one-to-one 

environment. This allows the researcher to identify how participants would respond to the 

questions. Pilot testing is essential in every research to determine any issues that can be rectified 
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before the final data collection and analysis. Pilot tests have been conducted on all studies 1, 2 

and 3. Once pilot tests have been completed, modifications can be made to the online survey 

or interview guide. This practice permits the researcher to correct the data collection method, 

such as questionnaires and the technology used for the study on the final launch. 

7.27 Ethics and incentives 

For any research project, research ethics is a crucial part. Research Ethics Committee 

approval is done before conducting research (Saunders et al., 2019). The protection of 

participants and researchers is essential with this method. Complete information is necessary 

for participants before they participate in a research study, either online or through face-to-face 

interviews (James and Busher, 2007). James and Busher (2007) established that educational 

researchers are responsible for conducting research with an “ethic of respect” for those who 

participate in research. The researcher needs to consider several responsibilities, such as 

ensuring trust, dignity, privacy, confidentiality, and anonymity. Moreover, ethics also comprise 

an ability of a participant to deliver informed consent at the start of any research. This 

procedure is conducted to gain permission for the study (Easterby-Smith et al., 2015). Other 

aspects comprise “benefits, cost and reciprocity” (Miles and Huberman, 1994, p.291). The 

interview and survey questionnaire, consent form, participant information sheet, and invitation 

for the research were sent for ethical review at the University of Manchester’s ethical approval 

board. The study was reviewed and approved by the ethical panel. The ethics application (Ref: 

2020-8579-15064) was approved on 24/04/2020 by the University of Manchester ethics 

committee. Study 1 participants were not incentivised; the correct respondents were targeted 

through the WhatsApp group, Facebook and Instagram Pakistani and British Pakistani 

Communities. Moreover, study 2 was not incentivised, and participants were selected via 

snowballing to collect data at the University of Manchester. In study 3, the participants were 

offered to keep the bespoke garment tailored using digital body dimensions acquired from 

mobile scanning.   
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7.28 Quantitative data analysis (study 1) 

The following section will discuss the data analysis for the quantitative stage of research (study 

1). 

7.28.1. Statistical analysis 

Statistical analysis has been used to analyse the quantitative data. Statistical analysis is 

classified as univariate (using one variable) or multivariate (using multiple variables) (Sekaran 

and Bougie, 2016). In any research, it is associated with the type of data collected. This study 

has employed the multivariate approach, as the data gathered for the research is not metric, and 

there are more than two measures of each element or construct (Malhotra et al., 2017). Factor 

analysis (EFA) has been employed in the research to conduct interdependence techniques. This 

has been undertaken using the SPSS statistical software and permits the researcher to achieve 

a matrix of correlation coefficients between variables (Field, 2009). EFA allows for generating 

the “maximum amount of common variance in a correlation matrix using the smallest number 

of exploratory constructs” (Field, 2009, p.629). The factor analysis models show traditional 

regression; however, the independent variables are not measurable (Blunch, 2013). After 

establishing EFA, confirmatory factor analysis (CFA) can be conducted. The secondary version 

of factor analysis is CFA, which permits testing hypotheses and relationships between variables 

(Field, 2009). Factors and factor loadings can be verified through CFA (Browne and Moore, 

2012). 

Once the factor analysis has been approved through the confirmatory tests, model fit 

requirements and structural equation modelling has been conducted. The modelling of the 

dependence relationships among observed constructs comprising variables is called structural 

equation modelling or SEM (Malhotra et al., 2017). SEM generally illustrates the causal 

process that generates relationships between variables (Byrne, 2010). The integrated model 

with regression weights which exhibit the relationships is the result of SEM. IBM SPSS and 

AMOS software is generally used to support factor analysis and structural equation modelling 

(Field, 2009).   

7.29 Research credibility 

Malhotra et al. (2017) established that the quality of research is associated with several 

factors, and credibility is aligned with the source's trustworthiness. In business research, 

credibility elements comprise research validity and reliability (Bryman and Bell, 2015). 
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Validity and reliability have been discussed further in the chapter as criteria for business 

research credibility.   

7.30 Research reliability and validity 

The evaluation of reliability is whether the study could be replicated. The validity and 

reliability of research are generally entrenched within the ontological approach of the study. 

Smith and Johnston (2014) concluded that critical realism offers various insights that strongly 

clarify a validity debate in practice-oriented theory-testing research. Measurement, internal, 

ecological, and external validity are types of validity (Smith and Johnston, 2014). Quantitative 

research is associated with measurement validity, where the construct should indicate the 

measured area (Bryman and Bell, 2015). Consistency is required to assess the stability of a 

measure (Bryman and Bell, 2015). Reliability is vital as it applies to the capability of the 

research measures employed to be practised in future research circumstances.  

Cronbach’s Alpha is generally used to evaluate the reliability of quantitative data 

analysis (Sekaran and Bougie, 2016). The validity of data can be identified with factor analysis. 

The theorised factors should appear within the analysis and illustrate by the items in the 

measure (Sekaran and Bougie, 2016). The construct measure is unreliable if it is invalid 

(Bryman and Bell, 2015). When the construct is measured, its reliability and validity are 

analysed. The relationship between two variables represents internal validity. When two 

concepts are not correlated and do not share any covariance, it is discriminant validity. The 

high correlation level between ideas that react to the same measure is convergent validity. A 

range of methods and data collection types, such as surveys, can be used with critical realist 

ontology, which allows a researcher to use mix-methods. In addition, the researcher is biased 

by the participant’s viewpoints and remains as objective as possible (Saunders et al., 2019). 

The questionnaires and constructs can be criticised for accuracy commonly. 

Nevertheless, pilot tests can support evaluating reliability to ensure the research generates 

reliable results. External validity concern is also significant regarding the applicability of 

results to other contexts. This study is established on the marketing scales and constructs and 

measured employing factor analysis, confirmatory factor analysis and model fit. If a researcher 

intrudes on the research setting, it might invalidate the results (Bryman and Bell, 2015). The 

external validity measure can apply to quantitative survey settings as they can generalise to 

other samples that employ survey-based research. The survey-based research might be 

considered unnatural and thus results in “limited ecological validity” (Bryman and Bell, 2015, 
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p.51). Bryman and Bell (2015) claimed that external validity could be applied to qualitative 

research. LeCompte and Goetz (1982) used reliability and validity in qualitative research by 

employing the study outcome and quantitative credibility measures. 

The main idea of the qualitative method from the viewpoint of a critical realist is that 

the research is open-ended. This permits the creation of themes during the inquiry that can be 

imagined in advance. Qualitative methods highlight complex concepts and relationships that 

quantitative measures cannot gather (McEvoy and Richards, 2006). Lincoln and Guba (1985) 

emphasise that reliability and validity are commonly associated with quantitative research and 

highlight that terms such as credibility, neutrality and confirmability are more related to 

qualitative research. Moreover, Strauss and Corbin (1990) established that testing new 

definitions requires qualitative research to test the quality. Qualitative research validity has 

been argued to be distinct from quantitative in that it is associated more with rigour in 

subjectivity, reflexivity, and social interaction (Davies and Dodd, 2002). 

7.31 Quantitative comparative data analysis (study 2) (study 3 stage 1) 

The following section will discuss the data analysis for the quantitative comparative 

study of research (study 2). 

7.31.1. Statistical analysis 

Statistical analysis has been used to analyse the quantitative comparative data of body 

measurements. This has been undertaken using the SPSS statistical software, allowing the 

researcher to study the difference between two variables (Field, 2009). An Independent t-test 

has been employed to acquire the standard error of mean to compare with the allowable error 

of body measurements. The Mean of each measurement difference and its associated standard 

deviation have been calculated to compare against the allowable error of body dimensions. To 

determine which measurement falls in the range of allowable error defined for each body 

dimension in the ISO standard (Eliasziw, 1994; Koval, 2020; Parker et al., 2022).  

7.31.2. Research reliability and validity 

The reliability has been analysed via Standard error of measurements mean and 

compared against the ANSUR allowable error of each body dimension. Whereas validity has 

been investigated via the difference of measurement, mean compared with the ANSUR 

allowable error of body dimensions (Eliasziw, 1994; Koval, 2020; Parker et al., 2022).  
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7.32 Qualitative data analysis (study 3, Stage 3) 

Hennink et al. (2011) claimed that to analyse qualitative data, the researcher immerses 

himself within the data and construes the participants’ responses. Qualitative data analysis is 

principally informational and explanatory. The data is organised but presents flexibility 

(Charmaz, 2006). Several approaches to qualitative analysis include discourse analysis, content 

analysis, thematic analysis and biographical or narrative analysis (Hennink et al., 2011). The 

research has adopted grounded theory to evaluate the qualitative data (study 3). The following 

section explains the grounded theory and how it can be utilised in study 3.   

7.32.1. Grounded theory 

Creswell (2003 p.14) defined grounded theory as “researcher attempts to derive a 

general abstract theory of a process, action, or interaction grounded in the views of participants 

in a study”. The research that applies grounded theory commences with information that 

develops into a theory (Leedy and Ormrod, 2001). The grounded phrase offers the idea of a 

process that generates a theory from the information collected in the area of research (Leedy 

and Ormrod, 2001). Initially, grounded theory was used in sociology to explore people's 

activities and interactions. The grounded theory method is to collect data, analyse it and repeat 

the process. This format is called the constant comparative method. The information can be 

collected from several sources, for instance, participants’ interviews or observers, historical 

videotapes reviews or reports, and on-site observations. The data is analysed by employing the 

format of open coding, axial coding, selective coding, and developing a theory (Creswell, 1998; 

Leedy and Ormrod, 2001). Ultimately, grounded theory research combines five aspects: 

explaining the research question, literature review, illustrating the methodology, data analysis 

justifying a theory, and implications discussions (Leedy and Ormrod, 2001). Grounded theory 

tasks are presented in Table 7.23.  

Table 7.23 Grounded Theory Tasks 

Tasks for Grounded Theory 
Verbatim Transcripts 

Anonymization 
Develop Codes 

Define codes in codebook 
Code data 
Describe 
Compare 

Categorize 
Conceptualise 

Develop Theory 

Source: Hennink et al. (2011) 
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7.32.2. Inductive and deductive coding  

The qualitative data has to be converted to verbatim transcripts, and participants are 

given anonymous codes to begin the data analysis. A code can be a topic or idea and an issue 

associated with the data (Hennink et al., 2011). It is essential to coding the data since it permits 

data labelling and grouping a series of information. The initial coding level is to summarise 

data; pattern coding is associated with smaller themes (Miles and Huberman, 1994). The 

themes that originate in the data are inductive codes, and the researcher creates the deductive 

codes (Hennink et al., 2011). The researcher must employ inductive and deductive reasoning 

for qualitative data analysis. Inductive codes establish the elements that appear directly from 

the data, which is vital to grounded theory (Hennink et al., 2011). Inductive codes are acquired 

through repeated words, elucidating transcripts and memo-ing “in-vivo” codes, which are 

words that appear in the transcript (Hennink et al., 2011). The codes are listed and visible in 

the data; the researcher can encapsulate notions and explain relevance in the data (Denzin and 

Lincoln, 2003). Finally, the researcher reports the quotations from the text and explains the 

theory or ideas associated with the data. The concepts acquired from the data can be novel 

discoveries or strengthen existing principles or schools of thought.   

7.33 Triangulation 

The triangulation method is used for three reasons: confirmation, completeness and 

‘abductive inspiration’ or retroduction (Risjord, Moloney, Dunbar, 2001; Risjord, Dunbar, 

Moloney, 2002). Critical realism supports triangulation methods to present the study results 

(McEvoy and Richards, 2006). Campbell and Fiske (1959) established that corroboration and 

multiple methods validate the theory. Moreover, Malhotra et al. (2017) stated that triangulation 

is applied to validate qualitative data. Two data sources are used, qualitative and quantitative, 

for triangulation results (McEvoy and Richards, 2006). Findings can be bracketed to acquire a 

confidence interval (Greene et al., 1989; Miles and Huberman, 1994). Triangulation enhances 

the quantitative findings (Bryman and Bell, 2015). Certainly, triangulation is used to strengthen 

the research to aid in counterbalancing the strengths and weaknesses of mixed methods designs. 

Stiles (2001) established a study highlighting the influence of board members on corporate 

strategy. It has been concluded that “multiple perspectives were necessary to understand the 

nature of board activity” (Bryman and Bell, 2015, p.649). Triangulation may happen as a 

method within the research design or as a post-research process used (unintended) to provide 

value to imbricate the multiple findings (Bryman and Bell, 2015). Triangulation presents a 

prospect to reinforce a study. Triangulation can support a validity method in confirming 
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numerous data sources to develop research themes (Creswell and Miller, 2000; Golafshani, 

2003). Combining qualitative and quantitative data permits essential features of a broad subject 

to be gathered through triangulation (Bryman and Bell, 2015). Qualitative results might 

enhance quantitative results or vice versa (Bryman and Bell, 2015). Triangulation joins a 

complexity where the outcomes do not validate. Therefore, the researcher should choose which 

data source is “right”. This is challenging, though, because both information sources might be 

equally credible. The outcomes from the qualitative data are triangulated with the quantitative 

survey in the research context. Since the quantitative survey is focused on the intention to use 

the virtual fitting rooms, and the outcome of the qualitative interviews is focused on technology 

adoption in the future after post-purchase garment try-ons. 

Thus, the triangulation of Studies 1, 2 and 3 (stages 1.2 and 3) of the research permits 

a greater understanding of the influence of post-purchase viewpoints in their impact on 

technology adoption. The association between post-purchase and acceptance of technology are 

explained in the results (Chapter 10). The quantitative comparative analysis of booth scanner 

SS20 and MeThreeSixty (Study 2)  also provides a solid basis for Study 3 as various researchers 

have assessed booth scanner Size Stream SS20 validity and reliability (Almalki et al., 2020; 

Koval, 2020; Smith, Dechenaud and Heymsfield, 2021a; Parker et al., 2022) and the latest 

mobile scanner introduced by the same company has provided a strong connection between the 

retailer and the consumer, which the booth scanners cannot achieve in the past decades.   
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7.34 Summary 

This chapter has provided an in-depth consideration of the research methodology 

employed in the study. Table 7.24 provides an outline of the methodological choices created 

in the chapter.  

Table 7.24 Summary of Methodological Decisions 

Method Study 1 Study 2 Study 3 

Research Ontology Critical Realist Critical Realist Critical Realist 

Research Philosophy Postpositivist Postpositivist Postpositivist 

Research approach Deductive Deductive Inductive 

Research design Mixed methods - 

conclusive 
Mixed methods - 

exploratory 
Mixed methods - 

exploratory 

Data collection method Quantitative Quantitative Mixed methods  

Format Online survey (TAM) Comparison of technology 

quantitative output 

Comparison of technology 

Quantitative survey 

Semi-structured Interviews 
Sampling Purposive Snowball  Purposive  

Data analysis Reliability, EFA, 

CFA, SEM 

Standard Error of 

Measurement (mean) (SEM) 

and mean of measurement 

differences to ANSUR 

allowable errors  

Percentages / Standard Error 

of Measurement (mean) 

(SEM) and mean of 

measurement differences to 

ANSUR allowable errors / 

Grounded theory 

and Triangulation 
 

The chapter initially discussed the research ontology, philosophy, and approach. 

Subsequently, the data sources and research design has been outlined. Finally, the chapter 

concludes with sampling, pilot testing, ethics, and data analysis. The results of the study have 

been presented in the order of research stages: Study 1 (Chapter 8), study 2 (Chapter 9) and 

Study 3 (Chapter 10), followed by discussion (Chapter 11).  
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Chapter 8. Quantitative Analysis of Virtual Size and Fit Interfaces 

8.1 Introduction 

The quantitative data analysis and results of virtual size and fit interfaces (Fit Analytics 

and Virtual Outfits) have been discussed in the following chapter. The data has been initially 

coded, and subsequently, normal distribution of data, reliability analysis, exploratory factor 

analysis, confirmatory factor analysis and common method bias have been executed prior to 

progressing to structural equation modelling (Section 8.12). The consequential model and 

successive path values have been displayed at the end of the chapter (Figure 8.14). The sample 

size validation has been provided in this chapter (Chapter 7). Moreover, reliability and validity 

tests have been performed for factor analysis and structural equation modelling phases that 

have been measured against documented fit indices examined in Section 8.7.8. 

8.2 Descriptive statistics and sample validity 

Descriptive statistics were calculated to measure specified aspects of the sample 

(Malhotra et al., 2017). Descriptive statistics permit the researcher to understand whether the 

proposed sample has been achieved. Gender and age have been measured for frequency 

distributions in the descriptive statistics, as shown in Table 8.1. Acquiring frequencies allows 

a total of the related replies with a value, demonstrating the number of responses and non-

responses to a question (Malhotra et al., 2017). 357 full responses were obtained through a 

select survey of the University of Manchester. Prior to completing the online survey, the 

participants were asked if they had shopped online previously. Additionally, the survey 

participants were pre-screened to confirm that sample requirements had been achieved. The 

participants were Pakistani and British Pakistani females aged 18-65+. The questions have 

been demonstrated in the first columns of Table 8. 1 and signify a 100% valid percent of the 

sample. The other descriptive analysis comprised of frequency of browsing conducted on 

fashion interfaces and online shopping behaviour on fashion interfaces. The results of 

descriptive statistics showed that 42.8 % of participants browse fashion websites several times 

a week respectively. In contrast, 31.0% of participants browse fashion websites once a week. 

The remaining percentage of participants browse fashion websites once a month, every couple 

of months, and a couple of times a year. 27.5% of participants shop online once a month, 28.6% 

of participants shop for apparel every couple of months, and 24.6% of participants shop for 

online garments a couple of times a year. The results of online shopping and browsing 

behaviour illustrates that the participants were competent online fashion shoppers and were 

appropriate for the survey. The analysed demographics include education level 55.4% were 
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postgraduates and 33.8 % were graduate. The incomes were introspective of age and status of 

education demonstrates 21.6% of participants earning Rs.100,000+, moreover 19.0% earning 

Rs.50,000-Rs.99,000 and 16.2% earning Rs.30,000-Rs.49,000. The outcomes of the 

descriptive statistics present that 49.0 % participants were female millennials which is known 

as Generation Y. The millennials are graduate, and postgraduate educated and has a strong 

power buying strength in the market (Valentine and Powers, 2013). The usage of smartphone 

and technology is high among millennials (McCormick, 2016). However, Generation Z is 

frequently considered as the tech-savvy generation, it is noteworthy to mention that the 

generation Y (Younger Millennials (25-31) and Older Millennials (32-40)) are most likely to 

be considered as Tech Obsessives. This age group is grew up with technology paradigm shifts 

and they have buying power than other groups to utilise and invest in the latest technology 

(Mintel, 2022b). Additionally, their attitudes on novel technologies can be employed as a 

foundation to direct how future sections will embrace technology in the future. The sample 

validity has been discussed in the Chapter 7. 

Table 8.1 Descriptive Statistic Frequency Distribution 

Variables Categories Frequency Valid Percent 

Do you shop online? Yes 357 100% 

Gender Female 357 100% 

Age 18-24 

25-35  

36-45 

46-55 

56-65+ 

42 

175 

124 

9 

7 

11.8 

49.0 

34.7 

2.5 

2.0 

How frequently do you 

browse fashion websites? 
Everyday 

Several times a week 

Once a week 

Once a month 

Every couple of months 

Couple of times a year 

Never 

31 

111 

153 

25 

15 

22 

0 

8.7 

31.0 

42.8 

7.0 

4.2 

6.2 

0 

How frequently do you 

shop on fashion 

websites? 

Everyday 

Several times a week 

Once a week 

Once a month 

Every couple of months 

4 

31 

34 

98 

102 

1.1 

8.7 

9.5 

27.5 

28.6 
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Variables Categories Frequency Valid Percent 

Couple of times a year 

Never 

88 

0 

24.6 

0 

What is your education 

level? 

School 

College 

Graduate 

post-Graduate 

0 

38 

121 

198 

0 

10.6 

33.8 

55.4 

Please select your 

income bracket. 

Less than £20,000 

£20,000-£29,999 

£30,000-£49,999 

£50,000-£99,999 

£100,000+ 

Less than Rs.20,000 

Rs.20,000 – Rs.29,000 

Rs.30,000-Rs.49,000 

Rs.50,000-Rs.99,000 

Rs.100,000+ 

36 

38 

27 

6 

4 

8 

35 

58 

68 

77 

10.1 

10.6 

7.6 

1.7 

1.1 

2.2 

9.8 

16.2 

19.0 

21.6 

 

8.2.1. Survey stimuli  

The online survey comprised a link to the Fit Analytics website (size recommendation) 

and the virtual outfits website (size and fit recommendation and visualisation). Additionally, 

the link included a video demonstrating how to use both interfaces. Before using the interface, 

participants were required to enter their body dimensions to view their size and to create an 

avatar to try-on clothes. While using both size and fit interfaces, the participants can view size 

recommendations (fit analytics), modify the virtual model, and choose from a range of outfits 

from various brands to try on their personalised virtual model (virtual outfits). Once 

participants had completed the Fit Analytics and virtual outfits task, they returned to the survey 

to complete the questions. 

8.3 Data analysis – virtual size and fit interfaces (Fit analytics and Virtual outfits) 

The following section presents the statistical tool used to analyse participant response 

data for the virtual size and fit interfaces Fit Analytics (size recommendation) and Virtual 

Outfits (size and fit recommendation and visualisation) quantitative survey and the reliability 

of scale items used.   
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8.3.1. SPSS statistics 

SPSS (statistical package for the social sciences) facilitates quantitative data analysis. 

SPSS operates two main windows: the data editor and the data viewer. The data editor permits 

the input of data and statistical analysis to be accomplished (Field, 2009). The data viewer 

exhibits the output of statistical tests conducted through the data editor window. Based on the 

anticipated output, the results and graphs can be demonstrated (Field, 2009). SPSS allows 

relationships to be described amongst variables founded on correlation utilising regression 

practices (Pallant, 2013). Furthermore, SPSS permits factor analysis, which decreases the data 

to a smaller set of components and their interrelationships (Pallant, 2013). Factor analysis is 

the approach implemented in the initial structural equation modelling (SEM) phase. 

8.4 Descriptive statistics skewness and kurtosis 

The distribution of the predicting variables has been examined and evaluated at the 

interval points and variable results to confirm the assumption of normality. The study utilised 

skewness/kurtosis techniques (Field, 2009) to confirm that data was normally distributed. The 

Skewness and kurtosis test has been performed through SPSS using descriptive statistics 

technique; results of this test are given in Table 8.2. The indicated z-scores in Table 8.2, which 

have been calculated by the division of skewness and kurtosis values by the standard error 

(Field, 2009), are within the acceptable range, i.e., skewness within +2 and kurtosis within +7 

(Hair et al., 2017), and skewness below 3 and kurtosis below 10 (Kline, 2010). Z-scores of all 

variables of this analysis varied between 0.80 to 1.57 for skewness; and fluctuated between -

1.80 to – 3.16 for kurtosis.     

Table 8.2 Descriptive Statistic Skewness and Kurtosis 

Descriptive Statistics 

 N Mean SD Skewness Kurtosis 

Statistic Statistic Statistic Statistic SE Z-scores Statistic SE Z-scores 

TA 357 2.25 0.75 0.202 0.129 1.57 -0.537 0.257 -2.09 

PEU 357 2.25 0.73 0.11 0.129 0.85 -0.462 0.257 -1.80 

PUF 357 2.13 0.69 0.103 0.129 0.80 -0.813 0.257 -3.16 

ATT 357 2.23 0.68 -0.201 0.129 -1.56 -0.478 0.257 -1.86 

IU 357 1.95 0.56 0.202 0.129 1.57 -0.571 0.257 -2.22 

Valid N(listwise) 357         

 

8.5 Reliability analysis of scales and items 

After confirmation that the data is normally distributed, the reliability analysis of scales 

and items was performed. Hair et al. (2014) claimed that reliability measures the consistency 

of measurements included within an overall variable. Reliability evaluates the scores’ 

distribution with other measures within a particular variable. The more reliable scale, the 
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improved analysis (Tabachnick and Fidell, 2014). Kline (2011) defines the reliability of a scale 

as the level of random error-free scores. The most frequently used coefficient is Cronbach’s 

alpha (Kline, 2011). It allows for a measure of internal consistency, or the level of internal 

consistency across items within a variable or measure (Kline, 2011). If the reliability score is 

low, the items might be diverse, and consequently, the score is not the most optimised unit of 

analysis (Kline, 2011). Cronbach’s alpha is displayed in Figure 8.1, where the n=number of 

items, Vt is the variance of total scores, and Vi is the variance of the items. 

 

 

 

 

Figure 8.1 Equation: Cronbach's Alpha Coefficient 

The commonly agreed lower limit of Cronbach’s alpha is 0.7, as Hair et al. (2014) 

reported. The values which are around 0.90 are regarded as “excellent”, and 0.80 are “very 

good”, as confirmed by Kline (2011, p.70). The score of Cronbach’s Alpha for all items has 

been demonstrated in Table 8.3. The overall Cronbach’s Alpha for all items is illustrated on 

the top row of the values. Additionally, Cronbach’s Alpha coefficient and Cronbach’s Alpha 

for the standardised items have been displayed in Table 8.3. 

Table 8.3 Scores of Cronbach's Alpha 

Variable Name Variable 

Label 

Cronbach’s 

Alpha 

Cronbach’s Alpha 

based on Standardized items 

No. of item 

 

Overall Overall .913 .912 21 

Technology anxiety TA .794 .794 3 

Perceive usefulness PUF .865 .865 5 

Perceive ease of use PEU .810 .810 3 

Attitude ATT .793 .793 5 

Intention to use IU .796 .796 5 

 

The values of all individual items are above the proposed threshold of 0.7, representing 

the internal consistency of scales (Table 8.3). The 0.913 was an overall Cronbach’s alpha of 

the study, which is higher than 0.7 and around 0.90, regarded as excellent for reliability. This 

shows consistency of scales, internal reliability, and scales can be further utilised for the study. 
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8.6 Exploratory factor analysis 

Exploratory factor analysis has been undertaken after the reliability of scales has been 

achieved. Factor analysis permits data analysis of large data sets by explaining independent but 

coherent data sets (Tabachnick and Fidell, 2014). The patterns are exposed among the data by 

factor analysis which are not instantly noticeable. Factor analysis permits the contraction of a 

large quantity of variables to smaller relevant factors. This has been achieved by summarising 

variables’ scores and classifying them in their patterns. This is possibly a more resourceful 

approach than calculating individual variables (Tabachnick and Fidell, 2014). There are two 

types of factor analysis: exploratory and confirmatory. The exploratory entails grouping 

variables associated with one another, and the confirmatory is utilised to expose concealed 

relationships between factors accomplished by structural equation modelling (Tabachnick and 

Fidell, 2014). Exploratory factor analysis requires insight into associations and patterns in 

complicated data sets (Hair et al., 2014). Exploratory factor analysis can be utilised to establish 

the number of factors to enlighten the relationships among a set of examined variables 

(Schumacker and Lomax, 2016). The following segment demonstrates the EFA results for the 

final virtual size and fit interfaces survey study. 

8.6.1. Suitability for EFA 

Exploratory factor analysis is an “indeterminate solution because more than one 

configuration of variables exists that could produce the factors” (Schumacker and Lomax, 

2016, p.86). Consequently, features such as sample size, number of factors, rotation method, 

analytic method (Principle component analysis or factor analysis), the retention method 

(eigenvalues greater than one, scree test) and factor scores are evaluated during factor analysis 

(Comrey and Lee, 1992; Costello and Osborne, 2005; Howard, 2016; Schumacker and Lomax, 

2016). The research study focused on the sample size, factor retention, rotation methods and 

the strengths of relationships among the variables or items comprised, which were calculated 

through the Kaiser-Meyer-Olkin test of sampling adequacy (Table 8.4). Table 8.5 presents the 

correlations between variables assessed by Barlett’s test of Sphericity. 

8.6.2. Sample size 

The reliability of factor analysis is extremely affected by the sample size declared by 

Field (2009). A sample of 300 or more is taken as an appropriate solution for factor analysis 

(Pearson and Mundfrom, 2010). Costello and Osborne (2005) established that the factors that 

do not congregate result from a small sample size. Nevertheless, Hogarty et al.(2005) stated in 

favour of sample size, accurate choice of variables is also essential to guarantee the factors 
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congregate and deliver reliable evaluations. Tabachnick, B. and Fidell (2014) stated the 

favoured lowest possible case of 300. An extensively specified sample size used for EFA is 

stated by Comrey and Lee (1992), who summarised that sample sizes of 100 are poor, 200 is 

fair, 300 is good, 500 is very good, and 1000 and over are excellent. For more valid conclusions, 

a more stable sample size (Schumacker and Lomax, 2016). The more complex model requires 

a large sample model (Blunch, 2013). The sample size used in the study was 357, considered 

a good size for EFA, as Comrey and Lee (1992) reported. Costello and Osborne (2005) confirm 

that 20 participants per variable would show favourable consequences for factor analysis best 

practice. Employing this rule in the research would result in a recommended sample of 440. 

The sample obtained was 357, near the suggested sample size range. The sample size support 

was also reviewed in Chapter 7. 

8.6.3. Kaiser-Meyer-Olkin (KMO) sampling adequacy 

The method utilised to evaluate sampling adequacy and suitability for EFA is the 

Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy. KMO signifies the ratio of the 

squared correlation of the variables compared to the squared partial correlations (Field, 2009). 

Figure 8.2 shows the KMO. 

 

 

 

 

Figure 8.2 Equation: Kaiser-Mayer-Olkin 

The results of KMO range between 0-1. Values below 0.50 are barely acceptable, 

suggesting factor analysis might not be the appropriate method. The values closer to 1, for 

instance, 0.90 and over, are excellent results.  A result close to 1 signifies that the relationships 

are efficient, and consequently, factor analysis would deliver reliable outcomes (Field, 2009). 

Table 8.4 demonstrates the outcomes of the KMO test. The value of .887 was accomplished 

and hence was an excellent outcome. This presents the rationale for the use of factor analysis. 
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Table 8.4 Results of KMO 

 Virtual Size and Fit Interfaces 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy .887 

 

8.6.4. Bartlett’s test of sphericity 

Barlett’s test of Sphericity (Figure 8.3) examines whether the relationships in a 

correlation matrix are zero (Tabachnick and Fidell, 2014). This is best to utilise when the 

researcher has to analyse less than five cases because of sensitivity. The correlations are less 

with bigger samples. The results of Bartlett’s Test have been demonstrated in Table 8.5. 

 

 

 

 

 

Figure 8.3 Equation: Bartlett’s Test of Sphericity 

Table 8.5 Results of Bartlett’s Test of Sphericity 

Virtual Size and Fit Interfaces 

 

Bartlett’s Test of Sphericity 

Approx. Chi-Square 3401.552 

df 210 

Sig. .000 

 

 

The significance should be less than 0.05 for factor analysis (Pallant, 2013). The 

significance was 0.00 during EFA, representing that data was appropriate for factor analysis 

(Table 8.5).   

8.6.5.  Factor retention 

The retained number of factors can be concluded via a scree plot chart. Factors need to 

be chosen with one or more eigenvalues – also identified as the Kaiser Criterion (Kaiser, 1960; 

Howard, 2016; Schumacker and Lomax, 2016). Schumacker and Lomax (2016, p.87) 

established that the exploratory part of EFA is to “find the fewest factors that have the largest 

amount of variance”. In EFA, all factors utilised in the research study comprise 2 or more 

variables. 
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8.6.6. Factor rotation 

After accomplishing factor extraction, factor rotation evaluates the level to which 

variables load onto the factors. With the infinite number of solutions that can generate rotation 

methods accessible in SPSS, the researcher should turn the solution to acquire a profound 

outcome (Schumacker and Lomax, 2016). Rotation describes the factors in an order interpreted 

more effortlessly (Pallant, 2013). Higher loadings will be evident on the most vital factors, and 

small loadings on other factors. The oblique and orthogonal are two types of rotation that can 

be used. Oblique rotation permits the factors to associate (Pallant, 2013). When factors stay 

unrelated, that is Orthogonal rotation (Field, 2009). Oblique rotation is used most frequently 

as the first method of rotation. A range of techniques within factor rotation is utilised by SPSS, 

which comprises varimax, promax, direct oblimin, quartimax and equamax (Pallant, 2013). 

Direct oblimin is the most frequently used method. The objective of rotation is to accomplish 

a structured factor matrix where each variable loads only on one component (Pallant, 2013). 

The factor rotation method adopted in the study was varimax with Kaiser Normalisation. 

Varimax is a rapid technique frequently applied for large data sets (Field, 2009). Varimax is 

the most frequently used approach (Comrey and Lee, 2013).   

8.6.7. Factor extraction 

There are various approaches for factor extraction, which comprise principal elements 

analysis and maximum probability factoring. To extract factors, the requirement must be 

balanced for the researcher to discover an easy solution and the need to describe the variance 

in the data as much as possible. To accomplish this, Pallant (2013) proposes factor analysis. 

An exploratory approach should be adopted. The highest possibility aims to assess factor 

loadings that increase the possibility of the correlation matrix (Tabachnick and Fidell, 2014). 

Maximum probability evaluates the values for factor loadings by evaluating the loadings that 

maximise the possibility of sampling the examined correlation matrix from the data 

(Tabachnick and Fidell, 2014). Furthermore, the highest probability is beneficial when 

employing confirmatory factor analysis (Tabachnick and Fidell, 2014). An exploratory 

approach includes testing with a number of factors until a result is attained (Pallant, 2013; 

Tabachnick and Fidell, 2014).    

8.6.8. Factor Loadings and Pattern Matrices 

The EFA assesses factor scores at factor loadings (Schumacker and Lomax, 2016). 

Factor loadings present the level of a variable that signifies the developing factor (Howard, 

2016). Variables that signify numerous or no factors are frequently deleted, with those that are 
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illustrative, retained (Howard, 2016). In pattern matrices, factor loadings are exhibited as 

standardised scores (Schumacker and Lomax, 2016). Schumacker and Lomax (2016, p.92) 

indicated that “the rows of a pattern matrix represent the regression where the standardised 

observed variable is expressed as a function of the factors, and the loadings are the regression 

Coefficients”. The pattern matrix displays the impact of a factor on other variables 

(Schumacker and Lomax, 2016). Costello and Osborne (2005) indicated that .30 supports a 

“good” factor loading. Factor loadings are frequently argued amongst writers in the area of 

EFA; hence, there is no difficult law concerning the cut-off point. The study used various 

exploratory attempts to acquire a favourable and variable combination. After attempting 

various combinations, the resulting 5-factor solution was obtained. Table 8.6 demonstrates the 

final pattern matrix on a 5-factor solution of the study. In the study .40, the loading cut-off was 

applied as admittance for the analysis. A 5-factor result was attained with all factors obtaining 

loadings of 3 or more variables. For evaluating factor scores, the easiest way is to examine 

variables that load the maximum on each factor. Factors loadings over .32 should be recorded 

(Tabachnick and Fidell, 2014). Comrey and Lee (1992) indicated that loadings over .71 are 

excellent, .63 are very good, .55 are good, and .45 are fair. The lowest loading within the 

observed pattern matrix was ATT1 at .498, which is still considered fair. The highest loading 

was IU1 and PEU3 at .795, considered excellent. All variables are loaded onto separate factors, 

with three or more items loaded. This has been acknowledged best by (Pallant, 2013). The final 

pattern matrix was hence regarded as ideal for confirmatory analysis.  

Table 8.6 Final Pattern Matrix 

Factor Items Component 

1 2 3 4 5 

Technology 

Anxiety 

TA1 .777     

TA2 .724     

TA3 .685     

Perceived 

Ease of Use 

PEU1  .704    

PEU2  .702    

PEU3  .795    

Perceived 

Usefulness 

 

PUF1   .756   

PUF2   .722   

PUF3   .743   

PUF4   .725   

PUF5   .792   
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Factor Items Component 

1 2 3 4 5 

Attitude ATT1    .417  

ATT2    .498  

ATT3    .637  

ATT4    .777  

ATT5    .655  

Intention to 

Use 

IU1     .795 

IU2     .642 

IU3     .723 

IU4     .562 

IU5     .792 

Extraction Method: Maximum likelihood.  

Rotation Method: Varimax with Kaiser Normalization. 

a. Rotation converged in 6 iterations 

 

8.6.9. Exploratory factor analysis summary 

21 items are maintained in the final EFA. The retained variables were Technology 

Confidence (TC), Perceived Ease of Use (PEU), Perceived Usefulness (PUF), Attitude (ATT) 

and Intention to use (IU) (Table 8.6). Hair et al. (2014) established that respecifying factors by 

accruing labels delivers meaning to the factor matrix obtained through EFA. The technology 

Anxiety shown in the scale as TA in Table 8.7 has been renamed to Technology confidence. 

The variables were subsequently tested using confirmatory factor analysis.   

Table 8.7 Factor Labels for CFA  

Factor Items Renamed? Label 

1 TA YES (TC) Technology Confidence 

2 PEU No Perceived Ease of Use 

3 PUF No Perceived Usefulness 

4 ATT No Attitude 

5 IU No  Intention to Use 

 

8.7 Confirmatory factor analysis 

Browne and Moore (2012) established that the EFA and CFA create connections 

between variables. Though the data consume EFA and no particular interactions are primarily 
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utilised to develop outcomes, EFA is exploratory. CFA entails a number of factors 

identification and the pattern between the indicators and loadings. Subsequently, the CFA 

solution is tested regarding its ability to replicate the sample covariance matrix of the variables 

(Browne and Moore, 2012). Hair et al. (2014) established that confirmatory factor analysis 

(CFA) tests how strongly variables symbolise a number of constructs. CFA establishes whether 

the hypothesised model produces a matrix comparable to that of the sample (Schumacker and 

Lomax, 2016). The pattern matrix is utilised in CFA by achieving the variables utilised in the 

theoretical calculation model (Schumacker and Lomax, 2016). CFA comprises a number of 

factors and specifications concerned in the model, which is why CFA is after EFA (Brown, 

2015). Bollen and Long (1993) and McDonald and Moon-Ho (2002) confirm that CFA in SEM 

can pursue a five-step procedure, such as model specification, model identification, model 

estimation, model evaluation, and model respecification (Chin et al., 2008). The composition 

of this segment has been presented in this order. 

8.7.1.  Amos 23 

The Amos software has been used to perform CFA (analysis of moment structures), 

which is employed in combination with SPSS. AMOS is a graphical program which permits 

CFA analysis and SEM models (Byrne, 2010). AMOS comprises two modules: AMOS 

graphics and AMOS basics (Kline, 2011). The study employed AMOS 23 graphics as it permits 

the path model to be illustrated and evaluations to be displayed in a latent model (Byrne, 2010; 

Kline, 2011; Tabachnick and Fidell, 2014). Paths contained by the model can be allocated in 

AMOS graphics, and fit statistics can be combined with the subsequent structural model (Kline, 

2011). 

8.7.2. Hypothesized model for the study 

Employing a measurement model, CFA permits the evaluation of a theory (Hair et al., 

2014). Prior studies on web 2.0 and web 3.0 (virtual commerce), virtual garment evaluation, 

and 3D body scanning have been reviewed to evaluate consumer behaviour of virtual fitting 

room technology in fashion e-commerce in Chapters 3 and 4. Further, chapter 6 demonstrates 

the studies that employed the TAM, and a conceptual model has been established according to 

previous studies. The constructs acquired by the literature review were explored by conducting 

a pilot study of a sample of 165 responses before the final research. After reviewing the 

literature, hypotheses were developed to create the analysis model. Variables (Technology 

Anxiety - Technology Confidence) are renamed and exhibited in Figure 8.4, acquired after 

EFA. Thus, the notions were utilised to create the CFA model. 
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Figure 8.4 Conceptual Measurement Model for Study 

8.7.3. Model specification 

The representation of hypotheses within the model is a model specification, the most 

vital step in CFA and SEM (Kline, 2011). Specification utilises theory and recent research to 

model relationships (Schumacker and Lomax, 2016). Various relationships exist between 

variables, and several models can be inferred through relationships between factors and 

variables (Schumacker and Lomax, 2016). The researcher does not receive information 

regarding CFA on how to specify the model but enlightens the relationships between 

parameters in the model (Schumacker and Lomax, 2016). Additionally, specification ensured 
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that each construct's loadings or variance set the correct values (Hair et al., 2014). Added 

limitations might be set as well on factors while model specification. The model specification 

was drawn initially in AMOS 23 and revealed the observed variables retained from Figure 8.4. 

8.7.4. Notation 

Figure 8.5 demonstrates the initial CFA model. Figure 8.6 demonstrates the 

standardised factor loadings between 25 observed variables (rectangles) and 6 latent constructs 

(ovals) and the active relationships between the latent constructs (right-hand side arrows). Hair 

et al. (2014) claimed that the three relationships explained represent measurement relationships 

(items and constructs), correlational relationships (between constructs) and error terms 

(between each item).    

8.7.5. Model estimation 

Chin et al. (2008) established that the statistical method used is model estimation. 

Blunch (2013) presented that methods consist of maximum possibility, generalised least 

squares, weighted least squares, ordinary least squares, and unweighted least squares. The 

parameters in maximum probability are expected to have the major likelihood of delivering the 

sample covariance matrix. Blunch (2013) claimed that maximum likelihood has been utilised 

in the study as the method is preferred for estimation used in SEM.    

8.7.6. Model identification 

Browne and Moore (2012) established that the model should be “identified” as 

conducive to executing CFA. Identifying the model requires verifying no errors before 

estimating the parameter values (Schumacker and Lomax, 2016). The magnitude that the 

values in the model can signify unidentified parameters within the model is displayed by the 

Model identification (Byrne, 2010). Identification also shows if a construct is adequately 

represented. Model identification is associated with the extent of levels of freedom accessible 

to estimate parameters. The saturated model has zero degrees of freedom (Hair et al., 2014). 

Structural models can be “just-identified, over identified or under-identified” (Byrne, 2010, 

p.34). There is a close correspondence between the data and parameters in identified models. 

There are usually no degrees of freedom in just identified models, and it is thus incompetent to 

be rejected by science (Byrne, 2010). The over identified model has >0 has degrees of freedom. 

Consequently, it can be refused and is of “scientific use” (Byrne, 2010, p.34). Thus, the aim of 

SEM are over identified models. Additionally, for degrees of freedom level, Hair et al. (2014) 

affirm that three variables are required to be present in one factor. The Rest of the indicators of 
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identification issues comprises large standard errors and the system's incompetence in 

calculating results. Each factor represents 3 or more variables displayed in the model in Figure 

8.5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.5 CFA Model Specification for Study 

8.7.7. Measurement model evaluation 

The model should signify “valid” and “unidimensional” characteristics of constructs 

when establishing a measurement model in CFA (Hair et al., 2014). Unidimensionality is 

described as a set of variables one construct portrays (Hair et al., 2014). For constructs, the 

minimum and maximum number of indicators should also be contemplated, comprising 

whether constructs and items should be omitted (Hair et al., 2014). After all, evaluations must 

be done as to whether the measures perfectly describe the construct (Hair et al., 2014). 

Measuring a number of factors in the model assessment is favoured. Nevertheless, Chin et al. 

(2008) do not agree on which aspects or threshold values should be described. Figure 8.6 

demonstrates the CFA model with standardised regression weights applied. 
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Figure 8.6 CFA Results with Standardised Regression Weights 

8.7.8. Goodness-of-fit 

The model needs to be assessed for goodness-of-fit or model fit after CFA (Hair et al., 

2014). Tabachnick and Fidell (2014, p.770) claimed this is between the “covariance matrix and 

the estimated population covariance matrix”. This might be misunderstood that the Chi-square 

assessment is the only measure of model fit. Consequently, measuring model fit is the most 

precise way to evaluate various methods (Tabachnick and Fidell, 2014). Numerous indices are 

applied to assess model fit, including RMSEA, GFI, RMR and CFI. The criteria of model fit 

are based on the distinction between the observed and reproduced variance covariance matrices 

(Schumacker and Lomax, 2016). These are demonstrated in Table 8.8. This is vital to notice 

that there is no perfect value for model fit because of various sample sizes across studies, for 
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instance (Tabachnick and Fidell, 2014). Consequently, the values stated must be used as a 

guide. In the following section, the goodness-of-fit indices used in the study are enclosed, and 

their proposed values are discussed in the literature.  

Table 8.8 Summary of Fit Indices of the Initial CFA Measurement Model  

Fit Index Initial Measurement Model Suggested Values and Reference 

Chi-Square 2.727 (df = 179), p = .000 
P<0.05 Schumacker and Lomax (2016) 

RMSEA .070  

≤0.6 Tabachnick and Fidell (2014) 

<0.5-≤0.8 Browne and Cudeck (1999) 

<.07 with CFI of ≥.92 Hair et al. (2014) 

ECVI 
Default = 1.663 > Saturated = 1.298 < 

Independent = 9.888  

ECVI<ECVI Saturated 

ECVI<ECVI Independent Byrne (2010) 

CFI .905 
≥.95 Tabachnick and Fidell (2014) 

≥.92 Hair et al. (2014)  

NFI .860 
>.95 Tabachnick and Fidell (2014)  

>.90/.95 – Good fit Schumacker and Lomax (2016) 

TLI .889 > .92 Hair et al. (2014)  

RMR .036 
<.05 Schumacker and Lomax (2016)  

≤.08 Hair et al. (2014)  

GFI .889 
>.90 Hair et al. (2014)  

~.90-.95 – Good fit Schumacker and Lomax (2016)  

PGFI .689  

>.50 

0-1 (closer to 1) Malhotra et al. (2012) 

 

 

8.7.9. Chi-square (x²) 

The Chi-square is frequently described as the “most basic” of the model fit indices 

(Kline, 2011, p.199). Hair et al. (2014) established that the Chi-square is the difference between 

the observed and estimated covariance matrices. The closer values present, the better the model 

fit (Hair et al., 2014). To confirm the sample and model covariances are equal in a population, 

the statistical significance of chi-square is tested (Hair et al., 2014) (Figure 8.7). 

 

 

 

Figure 8.7 Equation Chi-Square (x²) 

As mentioned by Schumacker and Lomax (2016) a chi-square of 0 would signify a 

perfect fit., To be significant, the p-value should be small (<0.5) (Field, 2009). Schumacker 

and Lomax (2016, p.113) affirm that “a non-significant chi-square would show that observed 

and implied variance covariance matrices are similar.” In the initial test, the p-value was 
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p=<0.01, which is below the recommended value of 0.05 reported by Field (2009). The Chi-

square test is used due to the issue of rejecting the model due to the large sample size (Blunch, 

2013). Thus, a range of fit indices must be undertaken when evaluating whether the data 

support the model (Blunch, 2013). 

8.7.10. RMSEA  

The Root Mean Square Error of Approximation (RMSEA) is utilised to assess the lack 

of fit in a model by comparing it to a saturated model (Tabachnick and Fidell, 2014). RMSEA 

may also be described as badness of fit (Hair et al., 2014). RMSEA has been identified as one 

of the most beneficial fit indices because of approximating “how well the model with optimal 

parameters would fit the sample covariance matrix” (Byrne, 2010, p.80). RMSEA signifies a 

model fit compared to a population than an estimated sample (Hair et al., 2014). The degrees 

of freedom and the sample size is considered by RMSEA (Schumacker and Lomax, 2016), 

with a common law that more relationships exist between variables if there is a higher number 

of degrees of freedom. RMSEA perceives the model’s quality (Hu and Bentler, 1998; Byrne, 

2010). Tabachnick and Fidell (2014) affirm that .06 or lower signifies a good fitting model, 

with values of about .10 representing poor fitting models. The RMSEA value 0 would signify 

the best fit (Kline, 2011). The RMSEA was .070 of the initial model, which shows an 

acceptable fit. 

8.7.11. ECVI 

Browne and Cudeck (1989) proposed the Expected Cross Validation Index. The 

saturated and independent model is used to compare models from one sample ECVI. 

Schumacker and Lomax (2010, p.230) mentioned, “ECVI is a function of chi-square and 

degrees of freedom.” Schumacker and Lomax (2010) affirm that the model compared within 

ECVI, or the alternative model reveals the “smallest ECVI value is the most stable”.  The ECVI 

evaluates how perfectly the data would fit compared to a calibrated sample compared to other 

validated samples (Kaplan, 2000). Byrne (1998) indicates visualising ECVI values on a scale, 

along with the independence model at one high level and the saturated model at the other. The 

ECVI for the hypothesised model should be in between for an ideal fit. The ECVI of the 

saturated and independent models must be compared with ECVI (Byrne, 2010). The ECVI of 

the hypothesised model must be lesser than the independent and saturated model (Byrne, 2010). 

If the ECVI of the hypothesised model is higher than the saturated model, thus presents that 

the recommended value is not achieved. 
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8.7.12. NFI  

The Normed Fit Index (NFI) evaluates the estimated model by comparing the chi-

square value of the model to the chi-square of the independence model (Tabachnick and Fidell, 

2014). The sample size and the CFI are employed by NFI (Bentler, 1990; Byrne, 2010). The 

NFI is used when the restricted model is compared to a full model using a null baseline model 

(Schumacker and Lomax, 2016). Usually, the outcome value ranges between 0-1, and a value 

greater than .95 presents a good fitting value (Tabachnick and Fidell, 2014). When NFI is used 

with small samples, it is problematic as it might underestimate the model’s fit (Tabachnick and 

Fidell, 2014). The result of an NFI is .860 in the initial test, which was a little below the good 

fitting index. Schumacker and Lomax (2016) affirm that an NFI of .90 is acceptable. Therefore, 

the initial NFI value is acceptable.  

8.7.13. TLI  

When alternative or proposed models against a null model are compared, the Tucker 

Lewis Index (TLI) can be used. The TLI value is expressed as 0=no fit to 1=perfect fit 

(Schumacker and Lomax, 2016). The complexity of the model can be taken into account with 

TLI (Hair et al., 2014) and “penalizes” models with numerous parameters (West et al., 2012). 

The initial model created a TLI of .889, which was near the recommended value of 1 (Blunch, 

2013). This was an agreeable result. 

8.7.14. CFI 

The comparative fit index assesses the enhancement of the specified model over a 

baseline model, which is frequently the independence model (Kline, 2011). Bentler (1990) 

determined that the comparative fit index overpowers the concerns with NFI. Bentler, (1990) 

affirms that of NFI and CFI, CFI must be recorded and selected over NFI, as NFI can indicate 

that model fit is minimal. Exclusively, CFI comprises a series of models from less obstructive 

to saturated (Schumacker and Lomax, 2016). The CFI calculates the enhancement from the 

theoretical model with the non-centrality parameter to describe comparative fit (Schumacker 

and Lomax, 2016). The CFI is used when the model is relatively complex (Hair et al. 2014). 

Hair et al. (2014) reported that CFI is the most widely used model fit indices. The suggested 

value for CFI is .95 or above, and the declared initial model value is .905, closer to the 

suggested value and considered a good CFI.   
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8.7.15. RMR  

The Root Mean Square Residual is the fit index centred on the differences between 

sample variances, covariances, and the estimated population. RMR is the “average residual 

value derived from the fitting of the variance-covariance matrix of the model to the variance 

covariance matrix of the data” (Byrne, 2010). The better fitting model is with a smaller RMR 

(Tabachnick and Fidell, 2014). Standardised RMR values are proposed to be less than .05, 

explained by Schumacker and Lomax (2016). The RMR for the initial model was .036, 

according to the suggested value and considered the best RMR value.   

8.7.16. GFI and PGFI 

For sample size Goodness of Fit Index (GFI) is less sensitive than Chi-Square (Hair et 

al., 2014). GFI is cantered on the ratio of the squared differences between observed and 

reproduced matrices to the observed variances (Schumacker and Lomax, 2016). The better fit 

model value is, the closer to the value of GFI which is 1 (Hair et al., 2014). The values which 

are above .90 are taken as good (Hair et al., 2014). The value of the GFI of the initial model is 

.889, which is closer to the suggested value and is acceptable. (Byrne, 2010, p.77) affirms that 

the hypothesised model with other models is not compared in GFI and is thus considered an 

“absolute” fit index (Hu and Bentler, 1995). the complexity of the number of parameters within 

the model is considered PGFI (Byrne, 2010). Comparably, with GFI, the Parsimony Goodness 

of Fit Index (PGFI) must have a value of 0-1, with values nearer to 1 indicating better fit 

(Tabachnick and Fidell, 2014). The initial model produced a PGFI result of .689, within the 

recommended range. For fit statistics, PGFI indices are likely lower than other thresholds 

(Byrne, 2010).   

8.7.17. CFA Model modification 

Hair et al. (2014) claimed that for goodness-of-fit assessment, the path evaluations, 

standardised residuals, and modification indices need also be examined to decrease difficult 

items and develop model fit. To delete any participant path estimates, facilitate recognising 

them. This might be because loading is lower than recommended cut-off levels (Hair et al., 

2014). Additionally, standardised residuals can be chosen to exhibit the highest values. 

Modification indices are also utilised when adding or establishing covariances or paths between 

variables (Schumacker and Lomax, 2016). This permits the final model to be created with the 

ideal relationships and thus model fit indices. Modification indices can support when indicators 

share a distinctive characteristic of the factor, including a covariance that can support 

measurement error (Schumacker and Lomax, 2016). When a model modification is employed, 
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the model fit must be evaluated as to whether it also entails improvement. Figure 8.8 displays 

the final CFA model where covariances have been included. Nevertheless, no variables were 

removed through modification indices. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.8 Final CFA Measurement Model 

 

Table 8.9 demonstrates the model fit indices summary for the final model. The outcome 

has been enhanced as compared to the initial results. RMSEA, CFI, NFI, TLI, RMR, GFI, and 

PGFI resulted in improved indices according to the suggested values. Moreover, the value for 

ECVI has been improved in the final model and is according to the suggested value. 
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Table 8.9 Summary of Initial and Final Measurement Model Fit Assessment 

Fit Index 
Initial Measurement 

Model 
Final Measurement Model 

Suggested Values and 

Reference 

Chi-Square 2.727 (df = 179), p = .000  1.741 (df = 175), p = .000  P<0.05 Schumacker and Lomax (2016) 

RMSEA .070  .046 

≤0.6 Tabachnick and Fidell (2014) 

<0.5-≤0.8 Browne and Cudeck (1999) 

<.07 with CFI of  ≥.92 Hair et al. 

(2014) 

ECVI 

 

Default = 1.663 > Saturated 

= 1.298 < Independent = 

9.888  

Default = 1.289 < Saturated = 

1.416 < Independent = 10.006 

ECVI<ECVI Saturated 

ECVI<ECVI Independent 

Byrne (1998) 

CFI .905 .960 
≥.95 (Tabachnick and Fidell, 2014) 

≥.92 Hair et al. (2014) 

NFI 

 
.860 .912 

>.95 (Tabachnick and Fidell, 2014) 

>.90/.95 – Good fit 

Schumacker and Lomax (2016) 

TLI .889 .952 >.92 Hair et al. (2014) 

RMR .036 .030 
<.05 (Schumacker and Lomax, 2016) 

≤.08 Hair et al. (2014) 

GFI .889 .927 

>.90 Hair et al. (2014) 

~.90-.95 – Good fit 

Schumacker and Lomax (2016) 

PGFI 

 
.689 .703 

>.50 

0-1 (closer to 1) 

Malhotra et al. (2012) 

 

8.8 Reliability and validity 

To validate constructs, CFA can be employed (Browne and Moore, 2012). Browne and 

Moore (2012) established that measurement error and error theory are altered when applying 

CFA to calculate reliability and validity. However, other processes, for instance, ordinary least 

squares, do not account for measurement error. Hair et al. (2014) claimed that validity is the 

degree to which the result created is perfect. For each respondent, AMOS calculates latent 

scores (Hair et al., 2014). The construct validity can be calculated. This shows that the items 

assessed from the sample present the exact score in the population (Hair et al., 2014). AMOS 

calculates The construct’s correlations records automatically (Hair et al., 2014). The validity 

of constructs comprises four characteristics: convergent validity, average variance extracted, 

reliability and discriminant validity. Other characteristics that are also evaluated comprised of 

maximum shared variance and average shared variance, which have been described in the 

following section.   
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8.8.1. Reliability 

Reliability requires confirming that the construct will acquire similar outcomes in 

repeated measurements (Blunch, 2013). The convergent validity is indicated by reliability. The 

most frequently used method for SEM models to estimate reliability is construct reliability 

(Hair et al., 2014). For each construct, CR is assessed by the squared sum of factor loadings 

and the sum of error variance for a construct. CR is where an assessment of a particular 

construct should “correlate positively or negatively with measurements of other constructs” 

(Blunch, 2013, p.47). The reliability of the construct is theoretically and empirically justified 

(Blunch 2013). It is evidenced by Table 8.10 that all factors generated a CR of .7 or above 

(Hair et al., 2014). The high construct reliability indicates internal consistency, which means 

that all items in the scale show the observed latent construct (Hair et al., 2014). 

Table 8.10 Reliability Test Results 

                                                                                              CR 

Technology Confidence 0.794 

Perceived Usefulness 0.866 

Attitude 0.769  

Perceived Ease of Use 0.811 

Intention to Use 0.828  

 

8.8.2. Convergent validity 

To evaluate the validity, Campbell and Fiske (1959) suggested a range of methods 

called the “multitrait-multimethod technique” (Blunch, 2013, p.48). This technique is 

employed to evaluate construct validity (Blunch, 2013). Convergent validity is displayed by 

theoretically identical constructs that are intensely interconnected (Browne and Moore, 2012). 

Convergent validity can be calculated by the Average Variance Extracted (AVE) (Hair et al., 

2014). The mean variance on items within a construct which signifies convergence is AVE 

(Hair et al., 2014). The average squared standardised factor loading is the AVE (Hair et al. 

2014). It is identified by Hair et al. (2014) that .5 or higher AVE is a good indicator of 

convergence. It is clear from Table 8.11 that all factors demonstrated an AVE of .5 or above 

except Attitude and Intended use, which is below and closer to 0.5. Therefore, HTMT analysis 

results have been reported, confirming the measurement model's validity (Table 8.11).  
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Table 8.11 Convergent Validity Test Results 

                                                                                              AVE  

Technology Confidence 0.562  

Perceived Usefulness 0.563  

Attitude 0.401  

Ease of Use 0.589 

Intention to Use 0.495 

8.8.3. Discriminant validity 

How much a construct is different from the other observed construct is discriminant 

validity (Hair et al., 2014). The construct is unique if a high discriminant validity is generated 

(Hair et al., 2014). The theoretically distinct constructs that are not correlated are discriminant 

validity (Browne and Moore, 2012). Comparing the average variance extracted values with the 

square of the correlation between the two constructs is one way to test discriminant validity 

(Hair et al., 2014). Discriminant validity can be concluded by comparing the factor correlation 

matrices (B. . Byrne, 2010). The cross-loading is another test for discriminant validity. If cross-

loadings are available (in EFA), then this reveals that the item signifies more than one 

construct. This describes why any high cross-loadings discovered in EFA are deleted (Hair et 

al., 2014). The average variance extracted (AVE), maximum shared variance (MSV) and 

maximum reliability (MaxR (H)) are compared in Table 8.12. Another test for discriminant 

validity is to present that AVE is higher than the square of the correlations (Malhotra et al., 

2012). This is demonstrated in Table 8.13.  

Table 8.12 Discriminant Validity Analysis Results (AVE, MSV, MaxR (H)) 

 AVE MSV MaxR(H) 

Attitude 0.401 0.578 0.774 

 Intention to Use  0.495 0.239 0.851 

Ease of Use  0.589 0.578 0.813 

Perceived Usefulness 0.563 0.542 0.866 

Technology Confidence 0.562 0.525 0.796 

 

The results in Table 8.14 reveal no validity concerns with the measurement model. The 

Heterotrait-Monotrait Ratio (HTMT) of the correlations have been reported, which is now 

considered a better technique than the technique (Fornell and Larcker, 1981). However, Fornell 

and Larcker's (1981) test has also been presented, where AVE for each variable is evaluated 



281 

against the shared variance of other variables; AVE must be greater than the shared variance. 

It is evident from Table 8.13 that the AVE is higher than the MSV (except ATT and IU) 

between the construct and the other constructs. 

Table 8.13 Discriminant Validity Analysis Results 

 CR AVE MSV MaxR(H) IU TC PUF Attitude PEU 

IU 0.828 0.495 0.239 0.851 0.703     

TC 0.794 0.562 0.525 0.796 0.458*** 0.750    

PUF 0.866 0.563 0.542 0.866 0.431*** 0.576*** 0.751   

Attitude 0.769 0.401 0.578 0.774 0.488*** 0.724*** 0.736*** 0.634  

PEU 0.811 0.589 0.578 0.813 0.376*** 0.682*** 0.578*** 0.760*** 0.767 

 

8.8.4. HTMT analysis results 

Since the square root of the AVE for ATT and IU was less than the criteria of 0.5, 

therefore, Heterotrait-Monotrait Ratio (HTMT) of the correlations has been reported, which 

has been considered a better technique than the technique of Fornell and Larcker (1981). 

Discriminant validity is violated when the HTMT is > 0.85 (Kline, 2011). Table 8.14 indicated 

that HTMT values were less than 0.85 for all variables, confirming the measurement model's 

validity.  

Table 8.14 HTMT Analysis Results 

Variable IU TC PUF Attitude PEU 

Intention to Use -     

Technology Confidence 0.500 -    

Perceived Usefulness 0.486 0.578 -   

Attitude 0.511 0.712 0.702 -  

Perceived Ease of Use 0.426 0.683 0.581 0.740 - 

 

8.9 Method effects 

Browne and Moore (2012) stated that it is distinct from EFA, where measurement error 

is accidental. Correlated measurement error is included in CFA. The covariation is exemplified 

by something other than the associations between variables. As in EFA, when the measurement 

error is random, the relationship between two variables can be taken as a correlation of zero 
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(Fornell and Larcker, 1981). The correlation between two variables is associated due to their 

impact on the variable, though some covariation is because of other sources which show 

method effects (Browne and Moore, 2012). The additional covariation might be influenced by 

the measurement approach (Brown, 2015). Brown (2015) affirms that positively and negatively 

phrased items can cause method effects, as happened in this research. Testing for latency 

contained by the outcomes can enhance the model’s viability, comprising the amount of 

variance displayed (Brown, 2015). The following sections examine how method effects were 

discovered and alleviated in CFA's final model development phase.    

8.10 Method bias (MB) and Harman’s single factor test 

Method bias is modifying the true influence of correlations among variables due to 

information being compiled “in the identical study at the same time” (Malhotra et al., 2017, 

p.193). Podsakoff et al. (2003) affirm that method bias is generally recognised in calculating 

the model instead of the constructs. Misspecification of one measured construct can have 

severe concerns for the model (Jarvis et al., 2003). Random and systematic components are 

present in method bias, and systematic error can be especially problematic for the model due 

to the possibility of generating false results (Podsakoff et al., 2003). Method bias can 

considerably increase or depressed influence on the relationships between measures (Podsakoff 

et al., 2003). Bias may appear due to respondents delivering satisfactory answers in 

questionnaires or responding in socially agreeable directions rather than delivering accurate 

replies (Malhotra et al., 2017). To identify method bias, one of the most common methods 

employed is Harman’s Single Factor Test (Podsakoff et al., 2003; Malhotra et al., 2017).  One 

factor will carry a considerable quantity of the shared variance (Podsakoff et al., 2003). 

Harman’s Single Factor Test can be detected by restricting factors to one through extraction 

and utilising the total variance table. However, Harman’s Single Factor Test can be employed 

to establish the existence of method bias, which does not operate statistically for the method 

variance (Malhotra et al., 2017). Therefore, we consulted the CMB by conducting a common 

latent/single factor test, which is given in Table 8.15. Table 8.15 presents that the highest 

variance caused by any single factor does not present a major variance (> 50% of the total), so 

CMB was ruled out.  
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Table 8.15 Harman's Single Factor Test 

Component 

Initial Eigenvalues Rotation Sums of Squared Loadings 

Total % of Variance Cumulative % Total % of Variance 
Cumulative 

% 

1 7.688 36.610 36.610 3.573 17.012 17.012 

2 1.930 9.192 45.802    

3 1.582 7.533 53.335    

4 1.086 5.171 58.506    

5 1.026 4.884 63.390    

6 0.852 4.056 67.446    

7 0.783 3.730 71.176    

8 0.729 3.473 74.649    

9 0.652 3.106 77.755    

10 0.575 2.737 80.492    

11 0.568 2.704 83.196    

12 0.493 2.349 85.544    

13 0.461 2.193 87.738    

14 0.424 2.021 89.759    

15 0.399 1.902 91.661    

16 0.353 1.679 93.340    

17 0.341 1.623 94.963    

18 0.315 1.501 96.464    

19 0.295 1.404 97.868    

20 0.256 1.221 99.089    

21 0.191 0.911 100.000    

Extraction Method: Principal Component Analysis. 

 

An alternative technique in alleviating method bias is to utilise a common latent factor, 

as shown by the CLF oval in Figure 8.9 and Figure 8.10. The shared variance is explained in 

this method, which does not recognise the particular variable that is the reason for variance 

(Gaskin, 2012). 
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Figure 8.9 Common Latent Factor Results with Unconstrained Model 
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Figure 8.10 Common Latent Factor Results with Fully Constrained Model 

8.10.1. Chi-square difference test 

In the final factor analysis, the CLF is kept (Figure 8.8), and the chi-square difference 

test is estimated (Gaskin, 2017). This is acquired by subtracting the chi-square value for the 

larger model from the chi-square of the smaller model. Likewise, the degrees of freedom are 

subtracted (Tabachnick and Fidell, 2014). The chi-square difference test might be challenging 

in evaluating the association between sample size and chi-square where smaller samples are 

applied (Tabachnick and Fidell, 2014). Nevertheless, in the case of the virtual size and fit 

interfaces study, a larger sample size was used to alleviate this concern. SEM tests whether a 

variance covariance matrix is encouraged by a theoretical model (Schumacker and Lomax, 

2016). The common variance can be evaluated by recognising a latent variable or common 

method bias in models that are either restricted to 0 or unrestricted (Schumacker and Lomax, 

2016). The chi-square difference test of statistical significance can be employed for this test; 
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this is done by determining the main variables associated with a construct (Schumacker and 

Lomax, 2016). The models are distinct according to significant results, as demonstrated in 

Table 8.16 (Schumacker and Lomax, 2016), and consequently, the latent factor must be 

maintained.   

Table 8.16 Chi-square Difference Test 

 Chi-square df p-value Invariant? 

Overall Model     

Unconstrained 389.9 158   

Fully constrained 488.2 179   

Number of groups  2   

Difference 98.3 21 0.000 NO 

Chi-square Thresholds    

90% Confidence 392.61 159   

Difference 2.71 1 0.100  

95% Confidence 393.74 159   

Difference 3.84 1 0.050  

99% Confidence 396.53 159   

Difference 6.63 1 0.010  

Source: Gaskin, (2017) 

8.11 Summary of confirmatory factor analysis for virtual size and fit interfaces 

Due to the verification of CMB contained by the constructs, as demonstrated in Table 

8.16 and described in Section 8.8, the CLF was retained concerning proceeding to Structural 

Equation Modelling.  

8.12 Structural equation modelling 

Hair et al. (2014) established that Structural Equation Modelling (SEM) permits 

assessing the theoretical model. CFA is employed to test constructs and verify latent variables 

(Schumacker and Lomax, 2016). The importance is on the relationships between latent 

constructs in structural equation modelling (Malhotra et al., 2012). Consequently, the 

covariance matrix transforms, along with the fit statistics representing the structural model, 

distinct from the fit of the measurement model (Malhotra et al., 2012). SEM is a collective 

method of evaluating a theoretical model, including the measurement and structural model in 
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one analysis (Hair et al., 2014). SEM “considers and estimates the linear or causal relationships 

between exogenous (independent) and endogenous (dependent) constructs” (Babin and 

Svensson, 2012, p.321). The preliminary phases of the SEM method rely on generating the 

correct results (Babin and Svensson, 2012). Consequently, it is critical to confirm the theory is 

tested accurately. Figure 8.11 demonstrates the variables and latent constructs that were 

retained for SEM.  

 

Figure 8.11 Variables and Latent Constructs in Structural Equation Modelling 
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8.13 Structural models  

Hair et al. (2014) claimed that measurement theory analyses models in a reliable and 

valid approach by indicator variables of constructs and how they correlate. Linear relations in 

multivariate data in the format of graphs are demarcated in structural models (Ho et al., 2012). 

Construct validity has formerly been debated, and the model fit is calculated to determine 

validity. Structural relationships are presented via a conceptual representation in a model (Hair 

et al., 2014). The relationship is calculated by a path assessment, a value provided to that 

relationship. Structural models present the relationship’s importance, whereas EFA and CFA 

are agitated with the relationships between constructs (Hair et al., 2014). Variables hypothesis 

testing is done with CFA. However, Hoyle (2000) mentioned that CFA is perfectly measured 

in SEM. Structural models are identified employing a path diagram and are frequently 

generated in AMOS. Hair et al. (2014) claimed that the structural model relationships in 

structural equation modelling (SEM) substitute the correlational relationships revealed in CFA. 

Ho et al. (2012) established that structural models are frequently viewed as a perfect method 

of displaying algebraic data. The next section demonstrates the outcomes of the SEM analysis 

profoundly. 

8.13.1. SEM specification 

After discovering the availability of common method bias and the CLF retained, the 

SEM model was identified with the CLF employing the associations from the hypotheses 

(Table 8.17).  

 

Table 8.17 Hypotheses 

No.  Hypotheses 

H1  
Consumer Technology Confidence will have a positive effect on Perceived Ease of Use of Virtual size and fit 

technology. 

H2  
Consumer Technology Confidence will have a positive effect on Perceived Usefulness of Virtual size and fit 

technology. 

H3  Perceived Ease of Use will have a positive effect on Perceived Usefulness of Virtual size and fit technology. 

H4  Perceived Ease of Use will have a positive effect on Attitudes towards Virtual size and fit technology. 

H5 Perceived Usefulness will have a positive effect on Attitudes towards Virtual size and fit technology. 

H6 Positive Attitudes towards Virtual size and fit technology will have a positive effect on Intention to use 

 

The initial structural model was drawn in AMOS. The initial structural model with 

relationships from the hypotheses drawn are presented in Figure 8.12. 
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Figure 8.12 Initial Structural Model 

8.13.2. SEM model measurement  

Figure 8.13 demonstrates the initial estimates. The estimates present that there were 

certain relatively high relationships between constructs. Initially, the model fit was evaluated 

before evaluating the model estimates. The model fit indices were evaluated using the 

recommended values in the CFA steps.   

 

Figure 8.13 Initial Structural Model Estimation 

8.13.3. Assessing the Structural Model Fit and Validity 

The fit indices utilised during CFA are employed to calculate the fit of the structural 

model. Model fit presents how perfectly the model can reproduce the observed data (West et 

al., 2012). Characteristics of the model that should be evaluated comprise path coefficients and 

loading estimates (Hair et al., 2014). Individual parameter estimates should also be analysed to 

confirm they are profound (Hair et al., 2014). Diagnostic features such as the degrees of 

freedom and significance level can deliver an understanding of where paths may be included. 

A summary of the indices for the first model is shown in Table 8.18. 
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Table 8.18 Summary of Fit Indices for Initial Structural Model 

Fit Index Initial Measurement Model Suggested Values and Reference 

Chi-Square 14.437 (df = 4), p = .000  P<0.05 Schumacker and Lomax, (2016) 

RMSEA .194  

≤0.6 (Tabachnick and Fidell, 2014) 

<0.5-≤0.8 <.07 with CFI of ≥.92 Hair et al. 

(2014) 

ECVI 
Default = 79.748 > Saturated = 30.000 

< Independent = 610.196 

ECVI<ECVI Saturated 

ECVI<ECVI Independent. Byrne (1998) 

CFI .909 
≥.95 Tabachnick and Fidell (2014) 

≥.92 Hair et al. (2014) 

NFI .904 

>.95 Tabachnick and Fidell (2014) 

>.90/.95 – Good fit Schumacker and 

Lomax (2016)  

TLI .772 >.92 Hair et al. (2014) 

RMR .038 
<.05 Schumacker and Lomax (2016) 

≤.08 Hair et al. (2014) 

GFI .946 

>.90 Hair et al. (2014) 

~.90-.95 – Good fit Schumacker and 

Lomax (2016) 

PGFI .252 
>.50 

0-1 (closer to 1) Malhotra et al. (2012) 

8.13.4. Diagnosis 

Most of the fit indices revealed that values are unfavourable, presented in Table 8.18. 

The model fit indices that did not fall in the recommended values are highlighted in yellow 

(Table 8.18). The model fit conditions are not fulfilled in the initial structural model. To 

enhance the model fit, the model was respecified, described in Section 8.13.5. 

8.13.5. SEM model re-specification  

The re-specification process of the model is undertaken to acquire a more favourable 

model. This is achieved by evaluating associations by path estimates or standardised residuals 

(Hair et al., 2014). Where justified, co-variances or error terms are included (Schumacker and 

Lomax, 2016). To accomplish a more favourable model fit, respecification is accepted. The 

expressed specifications were assessed to enhance model fit, and model fit requirements and 

relationships were included in the model. The final SEM is presented in Figure 8.14, and the 

final model fit indices are shown in Table 8.19.  
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Figure 8.14 Final Structural Model  

Figure 8.14 illustrates the final SEM. To enhance model fit, one new relationship was 

included in the model. Table 8.19 shows that the model fit had enhanced with RMSEA, CFI, 

NFI and PGFI, having values closer to or according to the suggested values. Moreover, the TLI 

value is closer to the suggested value and can be considered an acceptable value.  

Table 8.19 Summary of Final Fit Index for Structural Equation Model  

Model Fit Statistic Final Measurement Model Suggested Values and Reference 

Chi-Square 13.224 (df = 3), p = .000  
P<.050 Schumacker and Lomax, 

(2016) 

RMSEA .185 

≤0.6 Tabachnick and Fidell (2014) 

<0.5-≤0.8 

<.07 with CFI of ≥.92 Hair et al. 

(2014) 

ECVI 
Default = 63.673 > Saturated = 

30.000 < Independent = 610.196 

ECVI<ECVI Saturated 

ECVI<ECVI Independent  

Byrne (1998) 

CFI .938 
≥.95 Tabachnick and Fidell (2014) 

≥.92 Hair et al. (2014) 

NFI .934 

>.95 (Tabachnick and Fidell, 2014) 

>.90/.95 – Good fit  

Schumacker and Lomax (2016) 

TLI .793  
>.92 Hair et al. (2014) 

RMR .029 
<.05 Schumacker and Lomax (2016) 

≤.08 Hair et al. (2014) 

GFI .961 

>.90 Hair et al. (2014) 

~.90-.95 – Good fit Schumacker and 

Lomax (2016) 

PGFI .192  
>.50 

0-1 (closer to 1) Malhotra et al. (2012) 
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6 out of 9 indices were within the appropriate thresholds, and the fit of the final model 

enhanced significantly. RMSEA, ECVI and TLI were still not according to the suggested 

values. However, the results were considered a good fit. 

8.13.6. Hypotheses testing  

The p-value indicates significance or insignificance in evaluating the hypothesised 

relationships in the study. There is a significant likelihood between the two constructs if p=<.05 

(Field, 2009). Table 8.20 presents the regression weights for the research.   

Table 8.20 Regression Weights for Virtual Size and Fit Interfaces 

Path Estimate S.E. C.R. P Label 

PEU <--- TC 0.535 0.043 12.341 0.000  

PUF <--- PEU 0.305 0.050 6.071 0.000  

PUF <--- TC 0.281 0.049 5.726 0.000  

ATT <--- PUF 0.379 0.044 8.679 0.000  

ATT <--- PEU 0.380 0.041 9.167 0.000  

IU <--- ATT 0.215 0.048 4.499 0.000  

IU <--- PUF 0.203 0.047 4.306 0.000  

 

Table 8.20 presents the significant relationships between measures. The p-value is 

presented by ***. All paths revealed a probability value of 0.000. The value is under the 

threshold of p=0.05, as indicated by Field (2009). Table 8.21 exhibited the final hypotheses for 

the model. One new hypothesis was added, resulting in seven supported hypotheses presented 

in the final model with seven paths (Figure 8.14).    

Table 8.21 Summary of Final Hypotheses 

No.  Hypotheses Supported? 

H1  
Consumer Technology Confidence will have a positive effect on Perceived Ease of Use of Virtual 

size and fit technology. 
Yes 

H2  
Consumer Technology Confidence will have a positive effect on Perceived Usefulness of Virtual 

size and fit technology. 
Yes 

H3  
Perceived Ease of Use will have a positive effect on Perceived Usefulness of Virtual size and fit 

technology. 
Yes 

H4  
Perceived Ease of Use will have a positive effect on Attitudes towards Virtual size and fit 

technology. 
Yes 

H5 
Perceived Usefulness will have a positive effect on Attitudes towards Virtual size and fit 

technology. 
Yes 

H6 
Perceived Usefulness will have a positive effect on intention to use of Virtual size and fit 

technology.  
Yes 

H7 
Positive Attitudes towards Virtual size and fit technology will have a positive effect on Intention 

to use 
Yes 



293 

8.14 Summary of structural equation modelling for virtual size and fit interfaces  

The results of the final fit index of the SEM for virtual size and fit interfaces are 

exhibited in Table 8.20. The results revealed that the technology confidence of consumers has 

a significant impact on the perceived ease of use of virtual size and fit interfaces .535***. 

Technology confidence also has a positive relationship with perceived usefulness .281***. 

This shows that technology confidence and perceived ease of use were central factors in the 

acceptance and use of virtual size and fit interfaces. Moreover, perceived ease of use of virtual 

size and fit interfaces positively influenced the perceived usefulness of virtual size and fit 

interfaces .305***. When consumers had a positive experience with the ease of use and 

usefulness of virtual size and fit interfaces, thus it eventually had a positive impact on their 

attitude toward virtual size and fit interfaces. This displays that ease of use .380*** and 

usefulness .379*** are correlated constructs. Both are vital in forming positive consumer 

attitudes towards the virtual size and fit technology for online shopping. Moreover, perceived 

usefulness positively impacts the intention to use virtual size and fit interfaces .203***. Overall 

positive attitudes towards technology significantly impacted intention to use the virtual size 

and fit interfaces .215***.    
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Chapter 9. Quantitative Body Measurements Data Analysis of Size Stream 

SS20 and MeThreeSixty 

9.1 Introduction  

The following chapter describes the quantitative data analysis and results of data 

captured by both the Size Stream SS20 booth scanner and the Size Stream MeThreeSixty 

mobile scanning application. Body measurement extraction using accurate methods, such as 

the location of exact body landmarks, as discussed in ISO 8559-1, is vital in garment production 

and accuracy in garment fitting (Aldrich, 2007a; ISO8559-1, 2017). In the fashion industry, 

measurements were acquired with the tape measurement method (Idrees et al., 2020a). 

Recently digital measurements founded on 3D scans are changing the traditional method of 

acquiring body dimensions. Scanner-based techniques have advantages in permitting more 

body dimensions to be collected quickly (Bye et al., 2006; Gill, 2015). Companies apply 

artificial intelligence and machine learning technology to create an avatar from 2D human body 

images. The traditional body dimensions use specific body landmarks (palpation of the bones 

underneath the skin) to capture accurate body dimensions (Gill, 2015; 3DLook, 2022). In this 

research, eleven body dimensions were obtained from the scans and analysed comparatively, 

mainly used in constructing the bodice block. The 11 body dimensions have been taken from 

the Aldrich (2015) metric pattern cutting book. The 11 body dimensions, including bust 

circumference, waist circumference, hip circumference, nape to waist, waist to hip, armscye 

depth, neck size or neck base circumference, shoulder, back width, and chest measurements, 

have been used to create close-fitting bodice block and easy fitting bodice block. In addition, 

armscye and sleeve length are used to construct a one-piece sleeve block. The basic bodice 

block pattern is employed and manipulated to style variations in patterns used in garment 

production (Gill and Chadwick, 2009). Formerly most studies have assessed booth scanner 

technology for garment construction (Almalki et al., 2020). In this research, the measurement 

landmarks were studied and analysed in terms of (ISO8559-1, 2017) and measurement 

definitions provided by the Size Stream manual of 3D scanner body dimensions (Stream, 

2022b). Moreover, a comparative analysis of 11 body dimensions (acquired from the Size 

Stream booth scanner and mobile application MeThreeSixty introduced by Size Stream 

company) have been done by calculating the standard error of the mean of measurements and 

the difference of each measurement mean to determine reliability and validity of measurements 

by assessing that measurements have exceeded or in the range of ANSUR allowable error 

(Parker et al., 2022).  
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9.2 Participants 

The subject sample comprised 20 females aged from 18 to 65+ years. 12 participants, 

18-24 and 8 of 25-35 participants participated in the study (Figure 9.1). The participants’ 

weight ranged from min 44- to max 89.35 kg. Average, range and standard deviation provide 

the basis for comparing measurements of participants of similar age ranges. Therefore, Table 

9.1 and Table 9.2 presents the weight distribution and  

Table 9.3 and Table 9.4 in the bar chart. Additionally, the average, range and standard 

deviation have also been calculated. Each participant was measured once from each scanner 

station Size stream SS20 and MeThreeSixty mobile application.  

 

 

Figure 9.1 Age Distribution of All 20 Participants 

Table 9.1 Weight Distribution of 18-24 Age Range Participants 

 

Average Range Standard deviation 
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Table 9.2 Weight Distribution of 25-35 Age Range Participants 

 

Average Range Standard deviation 
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Table 9.3 Height Distribution of 18-24 Age Range Participants  

 

Average Range Standard deviation 

163.1116667 175-154.04 = 20.96 6.866532582 

Table 9.4 Height Distribution of 25-35 Age Range Participants 

 

Average Range Standard deviation 

166.05 175-159=16 5.339609403 

 

9.3 Body measurements 

Eleven body dimensions were obtained from the Size streamSS20 booth scanner and 

MeThreeSixty mobile app scanner used in the basic bodice block. The 11 body dimensions 

have been taken from the Aldrich (2015) metric pattern cutting book (Table 9.5). The 11 body 
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waist, waist to hip, armscye depth, neck size or neck base circumference, shoulder, back width, 

and chest measurements, have been used to create close fitting bodice block and easy fitting 

bodice block. In addition, armscye and sleeve length are used to construct a one-piece sleeve 

block. The basic bodice block pattern is employed and manipulated to style variations in 

patterns used in garment production (Gill and Chadwick, 2009). Technologists and pattern 

makers use these body dimensions for garment construction and manipulation. The right side 

body dimension has been used and analysed. The measurements used in the study are displayed 

in Table 9.6, Table 9.7, Table 9.8, Table 9.9, Table 9.10, Table 9.11, Table 9.12, Table 9.13, 

Table 9.14, Table 9.15, Table 9.16 along with ISO8559-1, (2017) and Size stream (Stream, 

2022b) definitions of landmarking points comparison. 

 

Table 9.5 Eleven Body Dimension Used for Constructing Basic Bodice Block Pattern And Sleeve Pattern For Upper 

Garment Construction  

Pattern Construction Measurements 

Sr. No Body Measurements: close fitting bodice block  

1 Chest/Bust Circumference 

2 Small of Back Waist 

3 Hip Circumference 

4 CB Neck to Waist 

5 Neck Base Circumference 

6 Across Back 

7 Across Chest Arm to Arm Length 

8 Shoulder Length Right 

9 Waist to Hip Length 

10 Scye Depth  

 Body Measurements: one-piece sleeve block 

1 Sleeve Length Right   

2 Scye Depth  

Source: Aldrich, (2015) 

 

Table 9.6 Measurements Definitions and Landmarks  

Measurements Definitions and Landmarks 

Chest/Bust Circumference 
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Measurements Definitions and Landmarks 

  

 

“5.3.4 Bust girth: Horizontal girth measured at bust point level. 

Position: Subject stands erect with arms hanging freely downward. 

Equipment: Tape measure. Note: Identical to chest circumference 

in ISO 7250-1” (ISO8559-1, 2017). 

 

“Chest/Bust Circumference: Horizontal contour 

circumference measured across the Bust points, under 

the Armpits and around the back”(Stream, 2022b). 

Small of Back Waist 

  

“5.3.10 Waist girth: Horizontal girth of the body measured at the 

waist level. Position: Subject stands erect with the abdomen 

relaxed. Equipment: Tape measure. Note: Identical to waist 

circumference in ISO 7250-1” (ISO8559-1, 2017). 

“Small of Back Waist Tape: A user-configurable 

Tape measure circumference Waist measurement. See 

the manual section “Parameterized (Optimized) Waist 

Circumference” for details on configuring a custom 

waist measurement” (Stream, 2022b). 

Hip Circumference 

 

 

“5.3.13 Hip Girth: Horizontal girth of the body measured at the hip 

level. Position: Subject stands erect with feet together with the 

abdomen relaxed” (ISO8559-1, 2017). 

“Hip Circumference: Maximum contour horizontal 

circumference found between the height of the Back 

Waist landmark and Crotch landmark” (Stream, 

2022b). 
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Measurements Definitions and Landmarks 

CB Neck to Waist 

 
 

“5.4.5 Back neck point to waist: Distance from back neck point to 

waist level. Position: Subject stands erect with arms hanging freely 

downward and shoulders relaxed. Head in the Frankfurt plane” 

(ISO8559-1, 2017).  

“CB Neck to Waist: Half Back Center Tape Measure: 

Distance from Back Neck landmark to center Back 

Waist landmark measured along the contour of the 

back”. (Stream, 2022b).  

Neck Base Circumference 

 

 

“3.2.1Neck base line: line at the neck base defined using a 

chainette that passes back neck point and the front neck point. Side 

neck points (3.1.7) are determined when locating the neck base 

line” (ISO8559-1, 2017).  

“Neck Circumference: Contour circumference of the 

base of the neck where it meets the shoulders. 

Circumference Front L&R and Back L&R quarter 

measurements are also available. (Use Hinged Neck 

bool true) The “hinged” neck circumference option 

“drapes” the measurement on the side neck points. 

(Use Hinged Neck bool false) The legacy neck 

circumference option” (Stream, 2022b). 

Scye Depth 

 
 

“5.4.6 Scye depth length: Distance, measured vertically on the 

body from back neck point to the upper edge of a tape measure 

passing horizontally under the arms at axilla. Position: Subject 

stands erect with arms hanging freely downward and head in the 

Frankfurt plane. Equipment: Tape measure” (ISO8559-1, 2017).  

“BackNeck2BackChestContourLength: 

Distance measured along the contour of the body from 

Back Neck landmark to the Back-Chest landmark 

height” (Stream, 2022b). 
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Measurements Definitions and Landmarks 

 
 

 

“BackNeck2BackChestVerticalLength:  

Point to Point measurement from Back Neck landmark to Back 

Chest landmark height” (ISO8559-1, 2017).  

 

 

“BackNeck2ShoulderBladeTapeMeasure: Distance 

measured along the silhouetted side contour of the 

body from the Back Neck landmark down 
to Shoulder Blade height” (Stream, 2022b). 

Across Back 

  

“5.4.4 Across back width: Distance across the back between the 

left and right arm scye lines. The level of measurement is midway 

between the shoulder point and the armpit back fold point. 

Position: Subject sits or stands erect with shoulders relaxed. 

Equipment: Tape measure” (ISO8559-1, 2017).  

“Across Back Tape Measurement: Tape measure 

measurement taken horizontally across the back of the 

Chest between the back-armpit points” (Stream, 

2022b).  

Across Chest Arm to Arm Length 

 

 

“5.4.7 Across front width: Distance across the front between the 

left and right armscye lines. The level of measurement is midway 

between the shoulder point and the armpit front fold point. 

“Across Chest Arm to Arm Length: The minimum 

tape measure distance across the front of the bust as 

measured from the front armpit positions” (Stream, 

2022b).  
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Measurements Definitions and Landmarks 

Position: Subject sits or stands erect with shoulders relaxed. 

Equipment: Tape measure” (ISO8559-1, 2017).  

 

Shoulder Length Right 

  

“5.4.1 Shoulder length: Distance from the side neck point to the 

shoulder point. Position: Subject sits or stands erect with shoulders 

relaxed. Equipment: Tape measure”  (ISO8559-1, 2017).  

“Shoulder Length Right: Point to Point distance from 

the Right-Side Neck point to the Right Shoulder 

point” (Stream, 2022b).  

Waist to Hip Length 

  

“5.4.21 Side waist to hip: Distance down the side of the body from 

the waist level to the hip level (see Figure 105). Position: Subject 

stands erect with feet together, arm abducted to form a 20° angle 

with the side of the body and abdomen relaxed. Equipment: Tape 

measure” (ISO8559-1, 2017).  

“Low Hip to Small of Back Opt Waist: Point to point 

distance from Low Hip to the Left Point of the OPT 

Small of Back Waist. Requires OPT Waist enabled” 

(Stream, 2022b).  

 

Sleeve Length Right 
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Measurements Definitions and Landmarks 

“5.4.17 Back neck point to wrist length: Distance across the 

shoulder and down the arm from the back neck point over the 

shoulder point and the elbow point to the wrist point. Position: 

Subject stands erect with the arms hanging freely downward”. 

(ISO8559-1, 2017).   

“Sleeve Length Right: Point to point distance from 

Back Neck point to the Right Shoulder point to the 

Right Wrist” (Stream, 2022b).  

9.4 Summary of measurement definitions and Landmarks 

The Size Stream, and digital measurement definitions, have been studied against ISO 

8559-1 (2017). The difference has been noted in the landmark identification of across back 

width and Scye depth measurements. The across back width measurement in the Size stream 

is taken too low to suitably capture the shoulder blades in length, which does not align with the 

landmarks of ISO 8559-1 (2017). Moreover, the discussion of scye depth body dimension is 

provided in chapter 10, section 0. 

9.5 Reliability of measurements 

Reliability analysis has been performed regarding Standard error of mean measurement 

(SEM) to ANSUR allowable errors (Koval, 2020; Parker et al., 2022). SEM was calculated for 

each body dimension separately by calculating the independent t–test of identical body 

dimensions using the SPSS software. The results are illustrated in Table 9.8 and Figure 9.3. 

For body dimensions such as chest/bust circumference, small of back waist, hip circumference, 

and waist to hip length SEM exceeded the ANSUR allowable errors, with the higher difference 

in measurements. Moreover, CB neck to waist, scye depth, across back, shoulder length right 

measurements, and sleeve length right SEM exceeded the allowable errors, with slightly higher 

differences in the body dimensions. However, measurements such as neck base circumference 

and across chest arm-to-arm length SEM don’t exceed the ANSUR allowable errors (Parker et 

al., 2022).    

Bust, waist and hip circumferences have shown higher differences; the reliability of 

techniques can be assessed here because body dimensions acquired from both scanners have 

slight differences. For instance, in the booth scanner, participants are required to wear 

undergarments and stand to adjust their foot on the mat footprints with a specific width. 

Moreover, participants are required to hold the handles with their hands at both sides of a booth 

which also provides ease in standing in the accurate position while scanning, due to which 

shoulders and hands remain in the static place. Whereas, with mobile scanners, participants are 

required to wear upper and lower body fitted garments. Adding an extra layer on the body 

would be a reason for differences in the body dimensions of circumferences. Kim et al. (2015) 

concluded that participants wearing undergarments only present larger cup sizes than those 
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scanning with scan suits. A higher difference in cup size has been noted; cup size increased 

from A to D compared to the scan in the scan suit with the scan in the participant’s bra. Kim et 

al. (2015) addressed two main reasons that decreased the cup size of participants in scan 

garments. The primary reason for scan suit scanning was that the breast tissues were 

compressed, which reduced the bust circumference dimensions. Secondly, the midriff girth 

increased due to the scanned garment because the garment spanned the body from the bust 

point to below the under-bust. Using the tape measurement method, if an individual is wearing 

clothes, a practitioner taking measurements can compress the garment and take under-breast 

measures. 

However, the scanner does not compress the scan suit. The above mentioned two 

reasons were the chief reasons for extracting the smaller cup size and decrease in bust 

circumference measurements. The study’s results agreed with the results of Kim et al. (2015). 

Table 9.7 presents the difference in booth scanner and mobile app scanner obj files of the same 

person. The images of scanned participants showed visually higher differences in bust 

circumference and cup size with only undergarments and undergarments along with scan suits.  

The main difference noted was the means of scan capture and how an obj file or a 

personalised avatar was built with both 3D body scanners. Moreover, the participant needs to 

adjust herself in the body silhouette of the mobile app when scanning starts. This would be the 

reason for the difference in the body dimension, especially the hip dimension because it also 

depends on how wide the legs are opened for scanning in both scanners (Jaeschke et al., 2015, 

p.10). Table 9.7 clearly shows how participants stand for scanning with both scanners. There 

is a possibility of the variability of detecting the body landmarks due to differences in scanning 

methods, booth scanning with undergarments and mobile app scanning with scan suit. There 

are five parameters of the hip circumference: buttock girth, middle hip, high hip girth, hip girth 

and hip thigh girth (Jaeschke et al., 2015). Moreover, for manual measurements, participants 

are required to stand with closer legs, not in the A-pose. For the scanner, the participant takes 

a position of A-pose, standing with legs hip-wide apart, to permit the scanner/software to 

accurately detect the crotch (Koepke et al., 2017).  

Moreover, for waist circumferences, according to ISO 8559-1, waist circumference 

needs to be measured midway between the lowest rib point and the highest point of the hip 

bone. 3D body scanning from the mobile app is acquired through the 2D body image, 3D 

Modelling, and Machine Learning. It is a digital imprint of the surface that is challenging to 
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locate the anthropometric points. However, size stream SS20 has 20 infrared depth sensors 

(point cloud) to deliver body dimensions and to locate body landmarks (Stream, 2022a). Table 

9.7 shows the difference in the obj file built with both scanners. The scan garment has 

compressed the waist tissues and shows the visual difference in body dimensions of the waist 

of the same participants. 

 

Table 9.7 Comparison of Object (.obj) File Built with Booth Scanner and Mobile App 

Size stream obj file (booth scanner) In undergarment MeThreeSixty obj file (mobile application) In Scansuit 
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When wearing a scan suit, there are variations to locate the midpoint of the central waist region 

(length the level of midway between the lowest rib point and the highest point of the hip bone). 

Table 9.6 shows the landmarking of waist to hip length. However, both data sets are extracted 

using the studio software from Size stream, and then the variable here is how the obj is built. 

Gill et al. (2014) stated that there is a clear relationship between the limits of the central waist 

region and the overall height of participants. It was concluded that the mean length of the region 

was between 2.4 and 13.4 cm (M = 6.92, SD = 2.23). Gill et al. (2014) presented the range of 

waist regions observed within the data sets illustrated in Figure 9.2. Therefore, there is a 

possibility of variation in the detection of landmarks locations of small of back waist from two 

scanners with undergarments (size stream booth scanner) and scan suit (mobile app scanner). 

Moreover, there are four parameters of waist circumference such as waist girth, high waist 

girth, waistband and belly circumference and five parameters of hip circumference, such as 

buttock-girth, middle hip, high hip girth, hip girth and hip thigh girth (Jaeschke et al., 2015).  

 

Figure 9.2 The Range of Waist Regions 

(Gill et al., 2014) 
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Table 9.8 Standard Error of Mean (SEM) vs Allowable Error (AE) - Size stream SS20 vs MeThreeSixty 

Standard Error of Mean (SEM) vs Allowable Error (AE) - Size stream SS20 vs MeThreeSixty 

Sr. Body Measurements 
SEM 

cm 

AE 

cm 

95% CIs of 

Difference 
SEM:AE 

Lower Upper  

1 Chest/Bust Circumference 3.185  1.5  -6.975 5.920 
3.18 (SEM) > 1.5 (AE): 

Different Measurements 

2 Small of Back Waist 3.242 1.1 -0.845 12.281 
3.24 (SEM) > 1.1 (AE): 

Different Measurements 

3 Hip Circumference 2.633 1.2 -4.881 5.780 
2.63 (SEM) > 1.2 (AE): 

Different Measurements 

4 CB Neck to Waist 0.878 0.5 -1.403 2.151 
0.88 (SEM) > 0.5 (AE): 

Different Measurements 

5 Neck Base Circumference 0.683 1.1 -2.374 0.393 
0.68 (SEM) < 1.1 (AE): Same 

Measurements 

6 Scye Depth 0.740 0.5 -3.089 -0.092 
0.74 (SEM) > 0.5 (AE): 

Different Measurements 

7 Across Back 1.296 1 -4.152 1.094 
1.3 (SEM) > 1 (AE): Different 

Measurements 

8 Across Chest Arm to Arm Length 0.629 0.8 0.363 2.912 
0.63 (SEM) < 0.8 (AE): Same 

Measurements 

9 Shoulder Length Right 0.396 0.3 -0.944 0.659 
0.4 (SEM) > 0.3 (AE): 

Different Measurements 

10 Waist to Hip Length 1.264 0.5 -3.594 1.523 
1.26 (SEM) > 0.5 (AE): 

Different Measurements 

11 Sleeve Length Right 0.621 0.4 -0.153 2.363 
0.62 (SEM) > 0.4 (AE): 

Different Measurements 
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Figure 9.3 Reliability Analysis of Size stream SS20 vs MeThreeSixty (AE cm and SEM cm) 

9.6 Validity of measurements 

The validity of both scanner measurements was analysed according to (BS ISO 20685, 

2010) validity algorithm. The identical measurements of Size Stream SS20 minus 

MeThreeSixty were computed for each person. The mean of these differences with its 

associated standard deviation (σ), sample size, 95% confidence interval (CI) and ANSUR 

allowable error (Koval, 2020; Parker et al., 2022) are reported in Table 9.9 and Figure 9.4. The 

measurements such as chest/bust circumference, hip circumference, CB neck to waist, neck 

base circumference and shoulder length right fall completely inside ISO allowable error. 

Furthermore, measurements such as scye depth, across back, across chest arm to arm length, 

waist to hip length, and sleeve length right measurements have quite small dispersion to fit the 

allowable error. However, the small of back waist has exceeded the range of allowable error. 

According to ISO 8559-1 (ISO8559-1, 2017), waist circumference needs to be measured 

midway between the lowest rib point and the highest point of the hip bone. Gill et al. (2014) 

suggested 17 waist definitions within the TC2 software (Figure 9.5). Due to differences in the 

population's waist heights, the small of back (SOB) is categorised, and heights and segment 

lengths have been indicated according to the shape of the torso. Figure 9.2 presents the large 
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and small central waist regions. The small of the back + 2cm height back is the closer definition 

provided by the ISO 8559-1. 3D mobile app scanner measurements are acquired through the 

2D body image, 3D Modelling, Machine Learning. It is a digital imprint of the surface that is 

challenging to locate the anthropometric points. However, size stream SS20 has 20 infrared 

depth sensors to deliver body dimensions and to locate body landmarks. Further, there are four 

parameters of waist circumference: waist girth, high waist girth, waistband and belly 

circumference. Moreover, the size stream scanner manual shows 8 different landmarks of waist 

measurements. The obj file built after scanning with both scanners have differences due to 

scanning difference with undergarments and scan suit scanning presented in (Table 9.7). The 

study’s results also align with a research study by Kim et al. (2015).   

 

 

 

Table 9.9 Mean of Difference (MD) vs Allowable Error (AE) - Size stream SS20 vs MeThreeSixty 

Mean of Difference (MD) vs Allowable Error (AE) - Size stream SS20 vs MeThreeSixty 

Sr. Body Measurements 
MD 

cm 

SD 

cm 

AE 

cm 

95% CIs of Difference MD:AE 

Lower Upper  

1 Chest/Bust Circumference -0.528 3.18 1.50 -6.975 5.92002 
-0.528 (MD) > -1.5 (AE): Same 

Measurements 

2 Small of Back Waist 5.718 3.24 1.10 -0.8453 12.2813 
5.718 (MD) > 1.1 (AE): Different 

Measurements 

3 Hip Circumference 0.450 2.63 1.20 -4.8808 5.77984 
0.45 (MD) < 1.2 (AE): Same 

Measurements 

4 CB Neck to Waist 0.374 0.88 0.50 -1.4031 2.15107 
0.374 (MD) < 0.5 (AE): Same 

Measurements 

5 Neck Base Circumference -0.991 0.68 1.10 -2.3739 0.39294 
-0.991 (MD) > -1.1 (AE): Same 

Measurements 

6 Scye Depth -1.591 0.74 0.50 -3.0887 -0.09235 
-1.591 (MD) < -0.5 (AE): Different 

Measurements 

7 Across Back -1.529 1.30 1.00 -4.1521 1.09411 
-1.529 (MD) < -1 (AE): Different 

Measurements 

8 
Across Chest Arm to Arm 

Length 
1.638 0.63 0.80 0.36345 2.91155 

1.638 (MD) > 0.8 (AE): Different 

Measurements 

9 Shoulder Length Right -0.143 0.40 0.30 -0.9439 0.65891 
-0.143 (MD) > -0.3 (AE): Same 

Measurements 

10 Waist to Hip Length -1.036 1.26 0.50 -3.5943 1.52329 
-1.036 (MD) < -0.5 (AE): Different 

Measurements 

11 Sleeve Length Right 1.105 0.62 0.40 -0.1533 2.36327 
1.105 (MD) > 0.4 (AE): Different 

Measurements 
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Figure 9.4 Validity Analysis of Size stream SS20 vs MeThreeSixty (AE cm and MD cm) 

 

Figure 9.5 Waist Placement Definitions 

Gill et al. (2014) 

9.7 Conclusion 

The reliability and compatibility of Size Stream SS20 and MeThreeSixty mobile app 

scanners have been analysed. The SEM was computed for size stream scanner SS20 and 

MeThreeSixty mobile app scanners. The study identified that circumference measurements 

such as bust, waist and hips circumference measurements exceeded the range of ANSUR 

allowable error. However, the rest of the measurements showed relatively small dispersion to 

fit the allowable error, and some measures were within the ANSUR allowable error range. 

Furthermore, validity analysis was assessed on the ISO 20685 validity algorithm criteria. 

According to the results, the waist measurement difference of mean does not fall in the range 
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of ANSUR allowable error. The observed main findings were the difference in the means of 

scan capture and how an object (.obj) file or a personalised avatar was built with both 3D body 

scanners. 

Further, there is a possibility of the variability of detecting the body landmarks due to 

differences in scanning methods, booth scanning with undergarments and mobile app scanning 

with scan suit. Table 9.7 shows the difference in the object (.obj) file built with both scanners. 

The scan garment has compressed the bust, waist and hip tissues and shows the visual 

difference in body shape of the same participants. There is a recommendation to create a scan 

suit that does not compress the body's tissues, which is also a reason for providing different 

body dimensions. Or scanning can be done in undergarments to determine an accurate body 

silhouette.     

Chapter 10. Mix-Methods Data Analysis of Mobile Application Scanner: 

Size Stream at Home, 3D Look and Nettelo 

10.1 Introduction 

Emerging technologies such as 3D Body scanning mobile apps are becoming popular. 

With the increase in the requirement of consumers’ customisation demand and excess use of 

mobile and the internet for online apparel, shopping encourages the fashion industry to deliver 

personalised services. The study aims to explore the novel mobile app scanners 3DLook, Size 

Stream at Home and Nettelo digital measurements for delivering the right fit customised 

garments. Section 10.3 presents a justification for selecting mobile applications. The study’s 

findings include the analysis of the mechanism of mobile applications, participant demographic 

information, quantitative analysis, qualitative analysis, and e-commerce model for bespoke 

garments by linking Lemon and Verhoef (2016) online buying process theory. The quantitative 

comparative survey of mobile applications has been conducted using the Technology 

acceptance model. To model Pakistani consumer responses to 3D body scanning mobile 

application as a contact free solution for acquiring body dimensions to purchase bespoke 

garments online. The detail of the mobile app quantitative survey has been discussed in Chapter 

7, section 7.17.2. The quantitative survey analysis has been done in descriptive percentages 

due to the inclusion of 10 participants for qualitative interviews. The qualitative data analysis 

and results have been performed through open, axial, and selective coding. Through analysing 

the sub-themes and apparent emerging elements have been generated for discussion. Moreover, 
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a model was established through a coding process that reveals the interrelations between fit 

and sizing features in the post-purchase garment evaluations.   

10.2 Participants demographic information 

A mix-method study has been conducted using 3D look, Size stream at home and Nettelo 

mobile app scanners stimuli. The mix-method study of mobile applications and justification 

for choosing the mobile apps has been discussed in section section10.3. The University’s 

ethical guidelines have been used to collect quantitative and qualitative data. The ethics 

application (Ref: 2020-8579-15064) was approved on 24/04/2020 by the University of 

Manchester ethics committee. The ethics and incentives have been discussed in Chapter 7, 

section 0. A total of 10 participants took part in the study, using novel mobile apps and final 

bespoke garment try-ons. The sample validity has been discussed in Chapter 7. The 

participant’s demographic information has been demonstrated in Table 10.1. The participants 

were Pakistani females, with an age range of 18-65+, having experience buying unstitched 

fabric and getting them stitched by their tailor by providing the tailor with their body 

measurements through the traditional tape measurements method. The participant’s age range 

analysis revealed that 5 participants were 18-24 years, 2 were 25-35, and 2 were 36-45 years. 

In contrast, the 1 participant’s age range was 46-55. The browsing of fashion applications 

revealed that 5 participants browse fashion applications once a week, and 3 participants browse 

fashion applications several times a week. The analysis of education demonstrated that 6 

participants were graduates, and 3 participants were postgraduates. The income bracket 

analysis revealed that 5 participants fall in the category of Rs 30,000 – Rs 49,000. Whereas 2 

participants fall in the category of Rs.20,000 - Rs.29,000 and Rs.50,000 – Rs.99,000. The 

purchasing of unstitched clothes online analysis demonstrated that 5 participants purchased 

unstitched clothes every couple of months. Whereas 2 participants prefer buying unstitched 

clothes once a month. 

Table 10.1 Descriptive Statistic Frequency Distribution  

Variables Categories Frequency Valid Percent 

Do you shop online for 

bespoke garments?  
Yes 10 100% 

Gender Female 10 100% 

Age 

18-24                                       
25-35                                    
36-45                                               

46-55                                               

56-65+ 

5                            

2                           

2                            

1                          

0 

50.0                                    

20.0                                 

20.0                                

10.0                                  

0.0 
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Variables Categories Frequency Valid Percent 

How frequently do you 

browse fashion interfaces?   

Everyday 

Several times a week                      

Once a week                                  

Once a month                                

Every couple of months                

Couple of times a year                

Never 

0                         

03                           

05                        

01                        

01                        

0                           

0 

0.0                                    

30.0                                     

50.0                                

10.0                                  

10.0                                     

0.0                                       

0.0 

How frequently do you 

purchase unstitched clothes 

online for construction of 

Bespoke Garments?  

Everyday                                     

Several times a week                      

Once a week                                  

Once a month                                

Every couple of months                

Couple of times a year                     

Never 

0                        

01                        

01                      

02                      

05                         

01                      

00 

0.0                                      

10.0                                    

10.0                                  

20.0                                

50.0                                  

10.0                                  

0.0 

What is your education 

level? 

School 

College 

Graduate 

post-Graduate 

0                        

01                       

06                       

03 

0.0                                  

10.0                                  

60.0                                   

30.0 

Please select your 

income bracket. 

Less than Rs.20,000                         

Rs.  20,000 – Rs.29,000               

Rs.30,000-Rs.49,000                   

Rs.50,000-Rs.99,000              

Rs.100,000+ 

0                        

02                       

05                      

02                         

01  

0.0                                        

20.0                                   

50.0                                  

20.0                                

10.0 

 

10.3 Mix-method study stimuli  

The 3D Look, MeThreeSixty and Nettelo body scanning mobile apps are mix-method 

study stimuli. The scanning app is selected because the fashion industry has initiated using the 

3D Look app widget for delivering the right fit garments. For Instance, the American Clothing 

brand 1822 Denim uses body scanning technology to deliver right-fit garments. Furthermore, 

the scanning app is free for iOS and Android users, making it convenient and accessible to 

consumers (3DLook, 2022). Access to technology is often a barrier to adoption because it is 

available at higher prices, such as previously, booth scanners were introduced but did not gain 

popularity as envisioned (Daanen and Ter Haar, 2013). Similarly, size stream at Home has been 

selected because it is a product of size stream, which has been in the body scanning industry 

for two decades, facilitating the fashion industry with booth scanning such as SS 14,19 & 20 

scanners (Stream, 2022a). Nettelo has been selected because the app has been introduced 

recently, which claims to serve the fashion industry in terms of virtual size recommendation 

and delivering digital measurements for virtual garment customisation (Nettelo, 2022).   

10.4 Mechanism of applications 

The mechanism of 3DLook, MeThreeSixty and Nettelo mobile applications has been 

explained in this section. The three applications have been selected because they have been 

introduced by companies with the same hardware but different methods of processing and 
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presenting the data. The detail of the mechanism has been explained, and a comparison has 

been demonstrated in Table 10.2.  

10.4.1. 3Dlook 

The 3DLook scanning apps deliver digital body measurements and personalise 3D 

Avatar after taking the user with both Selfie and snapshot mode. The user is required to wear 

tight-fitted clothing during scanning so that the body contours are exposed properly to get 

accurate user body measurements and personalised avatars. The proposed use of the app is e-

tailoring, size, and fit recommendation, virtual try on and online and in-store size 

recommendation. The sample image indicates clothing which may hide contours due to 

clothing bridging parts of the body. 

Figure 10.1 Front and Side view 

                     

Figure 10.2 Avatar (3DLook) 

 

10.5 Size Stream at home 

The Size Stream at home mobile application has been introduced by the size stream 

company, which has been in the body scanning business for almost two decades, introducing 

the size stream booth scanner. The size stream booth scanner has been studied and evaluated 

for its precision by various researchers, and its body dimension accuracy has been proven to 

be valid for the customisation of garments (Daanen and Ter Haar, 2013; Dekker et al., 1999; 

D’Apuzzo, 2006; Lin et al., 2002; Treleaven and Wells, 2007; Wang et al., 2006). Therefore, 

the size stream at home mobile app has been selected for this study. The app’s proposed 

solutions are e-tailoring and body tracking. The mobile scanning mechanism is different from 

3Dlook. The scanning is done by using accessories such as wide angled lens, which a user has 

to fix on the mobile lens during scanning; a circular mat is used to allow a person to stand in 
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the centre with the correct distance between both feet in A-pose, the stick is used by the person 

who is being scanned. The user can hold the stick for the accurate distance between both hands 

while standing in an A pose and to provide stability to the arms to remove movement artefacts 

from the scan process. Moreover, users can wear a scan suit while being scanned. For scanning, 

there is a requirement for another person to scan the person by rotating in the 360-degree view 

(Figure 10.3, Figure 10.4 and Figure 10.5) (Stream, 2022a). 

 

 

 

 

 

 

Figure 10.3 Scanning Mat, Stick and Scan Suit 

 

 

 

 

Figure 10.4 Wide Angled Lense 

 

 

 

 

Figure 10.5 360 Degree Mobile Scanning Process 

10.5.1. Nettelo 

Nettelo mobile app scanner can be installed free from Apple store. The app's proposed 

solutions are e-tailoring and size recommendation for ready-to-wear (Nettelo, 2022).  

10.5.1.1. Feature 1 

Body scanning from the front and side view images. 
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Figure 10.6 3D Body Scanning Process with Nettelo 

After scanning, the front and side view images have been used to mark body-specific 

parts such as the head top, sides of the face near the chin, underarm points, crotch points, hands 

endpoints and toe points. Next, the Body silhouette has been developed by creating an outline 

of an image. Correspondingly, for the side view image, body points have been marked such as 

head top, chin near to neck, back neck joining shoulder, under breast landmark, hip highest 

point, crotch point, foot heel, toe and front centre of foot joining leg. Next, the side view 
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silhouette was developed by tapping the lines and modifying them by matching them to body 

curves through manual calibration. After the user is satisfied with the body outline, the image 

has been proposed to be processed by the application for delivering body dimensions. The user 

can view personalised avatars and body measurements. The features presented by the Nettelo 

app have been reviewed below, with images captured from mobile (Figure 10.6).   

10.5.1.2. Feature 2 

View of personalise Avatar (Figure 10.7) 

 

Figure 10.7 Personalise Avatar 360 Degree View 

10.5.1.3. Feature 3 

Body measurement data is uploaded in the body metrics feature (Figure 10.8). 

  

Figure 10.8 Body Metrics Data 

 

 



318 

10.5.1.4. Feature 4 

Size recommendation in the size advice option in the mobile application (Figure 10.9). 

 

 

 

 

 

Figure 10.9 Size Recommendation for Ready to Wear 

 

10.5.1.5. Feature 5 

After workout body dimensions can be compared through body tracking (Fig. 10.10). 

 

 

Fig. 10.10. Comparative Analysis or Body Tracking of Body Measurements 

10.5.2. Comparative mechanism analysis of mobile applications 

The comparative mechanism analysis has been demonstrated in Table 10.2 for a holistic 

understanding. The different mechanism has been studied to determine which mechanism has 

been found easier to be operated by the participants and how much they are engaged with the 

app while performing the scanning process through Technology acceptance model constructs. 

Technology acceptance has been discussed in the quantitative analysis section of this chapter. 
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Table 10.2 Mechanism of Applications 

Sr 

No. 
Application 

Name 
Capture 

Requirements 
Application 

Store 

Steps to 

Process 

Scan 

Measurement 

Time for 

Scan 

Output = List 

of 

Measurements 

Output = 

Features 
Reported 

Accuracy 

1 3D Look 
1x Front photo 
1x Side Photo 

iOS/Android 3 <60 Sec Y=70+ 

*Measurements, 
*Body Shape 

*Size 
Recommendation 

+/- 1 cm 

for Large 
Girths 

 

2 Nettelo 

1x Front photo 
1x Side Photo 

With manual 

calibration for 

making silhouette 
of body 

iOS 3 <60 Sec Y= 80 

*Measurements, 

*Body Shape 

*Size 
Recommendation 

+/- 1 cm 

for Large 
Girths 

 

3 
Me-Three- 

Sixty 
1 x 360 degree 

with accessories 
iOS/Android 3 5 min Y= 240 

*Measurements, 
*Body Shape 

+/- 5 mm 

precision 

 

 

10.6 Data analysis – Size stream at home, 3Dlook and Nettelo 

The following section presents the statistical tool used to analyse participant body 

dimension data for the Mobile app scanners such as Size stream at home, 3Dlook and Nettelo. 

10.6.1. SPSS statistics: Quantitative analysis 

SPSS (statistical package for the social sciences) facilitates quantitative data analysis. 

SPSS operates two main windows: the data editor and the data viewer. The data editor permits 

the input of data and statistical analysis to be accomplished (Field 2009). The data viewer 

exhibits the output of statistical tests conducted through the data editor window. Based on the 

anticipated output, the results and graphs can be demonstrated (Field 2009).  

To compare the body dimensions independent t-test is applied to calculate results. To 

test the significance of the mean of the random samples and the difference between the means 

of the two samples t-test is applied. If the sample size is small and is less than or equal to 30, 

the t–test can be applied (Gerald, 2018). In this study independent sample t-test is applied to 

calculate the Standard error of mean of measurement (SEM) and 95% confidence interval (CI). 

The Independent sample t–tests are generally employed in quantitative research analysis to 

statistically assess differences between means. Moreover, descriptive statistics mean, a 

difference of measurement mean, and its associated standard deviation has been calculated to 

draw results of comparative analysis of body dimensions extracted from the mobile application. 
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To analyse the quantitative TAM survey data, descriptive statistics: frequency and percentage 

calculation method has been employed to analyse results due to the small sample size (10 

participants), which is not applicable for hypothesis testing.   

10.6.2. N-vivo software: Qualitative analysis 

A computer software package NVivo, produced by QSR International, is employed for 

qualitative data analysis. The NVivo has many advantages and significantly enhances the 

quality of research. The software package is easier to use when analysing qualitative data and 

provides more professional outcomes. A great number of manual tasks can be reduced by using 

the software, which helps analyse themes and derive conclusions. Additionally, NVivo is 

regarded as a perfect technique for researchers working in a team, which can combine the 

qualitative data of individuals to create one project (Hamed Hilal and Said Alabri, 2013; QSR, 

2016). The next section will discuss the comparison of mobile app scanner measurements.   

10.7 Analysis of body measurements variability of Size stream at home, 3D Look and 

Nettelo 

After scanning participants with three different mobile application body scanners, each 

smartphone application delivered body dimensions and a personalised Avatar. The body 

dimensions of each participant with Size stream at Home, 3D Look and Nettelo applications 

have been illustrated in Table 10.3, Table 10.4, Table 10.5, Table 10.6, Table 10.7, Table 10.8, 

Table 10.9, Table 10.10, Table 10.11 and Table 10.12. The tables illustrate the range of 

differences in body dimensions acquired from the three different mobile application body 

scanners.   
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Table 10.3 Participant: 1 Measurements 

Participant: 1 

 Nettelo  Size Stream at Home  3D Look   

Sr. 

No 

Measuremen

ts 

cm Sr. 

No 

Measuremen

ts 

cm Sr. 

No 

Measurements cm Range of 

difference 

1 Shoulder 

span 

40 1 Shoulder 38.76 1 Back Shoulder width 41.91 3.15 cm 

2 Bust 93 2 Chest 87.17 2 Bust girth 87.88 5.83 cm 

3 Chest 93  

4 Waist 77 3 Waist 69.72 3 Waist girth 68.83 8.17 cm 

5 Low waist 83 4 Stomach 94.99     

      4 Upper hip girth 86.10  

6 Hips 101 5 Hip 95.52 5 Hip girth 92.96 8.24 cm 

7 Inseam 80    6 Inside leg length 73.66 6.34 cm 

8 Biceps 28 6 Left Bicep 29.71    1.71 cm 

7 Right Bicep 28.95 0.95 cm 

9 Thigh 56 8 Left Thigh 56.13    0.13 cm 

9 Right Thigh 56.13 0.13 cm 

10 Calf 34 10 Left Calf 32.05    1.95 cm 

11 Right Calf 32.05 1.95 cm 

11 Arm 61 12 Left Forearm 23.62     

12 Sleeve length 79 13 Right 

Forearm 

24.38  

13 Elbow 24 14 Body Surface 

Area 

 7 Neck to upper hip 

length 

48.51  

14 Wrist 18 15 Body Fat  8 Outside leg length 104.2  

15 Under breast 79        

16 Armhole 41.8

0 

       

17 Neck 36        

18 Ankle 25        

19 Knee 37        

20 Rise 45        

21 Foot 29        

22 Front rise 19        
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Table 10.4 Participant: 2 Measurements 

Participant: 2 

 Nettelo  Size Stream at Home  3D Look   

Sr. No Measurement

s 

cm Sr. No Measurement

s 

cm Sr. No Measurements cm Range of 

differenc

e 

1 Shoulder span 42 1 Shoulder 41.75 1 Back Shoulder 

width 

42.18 0.43 cm 

2 Bust 102 2 Chest 96.39 2 Bust girth 97.06 5.61 cm 

3 Chest 102  

4 Waist 90 3 Waist 82.06 3 Waist girth 83.82 7.94 cm 

5 Low waist 99 4 Stomach 39.8     

      4 Upper hip girth 99.06  

6 Hips 116 5 Hip 104.6

7 

5 Hip girth 101.6 14.4 cm 

7 Inseam 78    6 Inside leg length 66.04 11.96 cm 

8 Biceps 30 6 Left Bicep 30.3    0.3 cm 

7 Right Bicep 30.98 0.98 cm 

9 Thigh 71 8 Left Thigh 59.18    11.82 cm 

9 Right Thigh 59.94 11.06 cm 

10 Calf 38 10 Left Calf 37.8    0.2 cm 

11 Right Calf 37.59 0.41 cm 

11 Arm 64 12 Left Forearm 25.5     

12 Sleeve length 81 13 Right Forearm 25.9  

13 Elbow 27 14 Body Surface 

Area 

 7 Neck to upper 

hip length 

48.26  

14 Wrist 18 15 Body Fat  8 Outside leg 

length 

104.1

4 

 

15 Under breast 94        

16 Armhole 46        

17 Neck 36        

18 Ankle 31        

19 Knee 42        

20 Rise 51        

21 Foot 28        

22 Front rise 22        
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Table 10.5 Participant: 3 Measurements 

Participant: 3  

 Nettelo  Size Stream at Home  3D Look   

Sr. 

No 

Measuremen

ts 

cm Sr. 

No 

Measuremen

ts 

cm Sr. 

No 

Measurements cm Range of 

difference 

1 Shoulder 

span 

41 1 Shoulder 40.2 1 Back Shoulder 

width 

41.67 1.47 cm 

2 Bust 103 2 Chest 93.42 2 Bust girth 94.29 9.58 cm 

3 Chest 103  

4 Waist 88 3 Waist 76.6 3 Waist girth 77.75 11.4 cm 

5 Low waist 97 4 Stomach 93.72     

      4 Upper hip girth 97.02  

6 Hips 105 5 Hip 102.9

1 

5 Hip girth 100.83 4.17 cm 

7 Inseam 81    6 Inside leg length 65.78 15.22 cm 

8 Biceps 30 6 Left Bicep 26.79    3.21 cm 

7 Right Bicep 28.95 1.05 cm 

9 Thigh 66 8 Left Thigh 59.43    6.57 cm 

9 Right Thigh 59.69 6.31 cm 

10 Calf 36 10 Left Calf 36.57    0.57 cm 

11 Right Calf 36.57 0.57 cm 

11 Arm 56 12 Left Forearm 23.87     

12 Sleeve length 73 13 Right 

Forearm 

24.38  

13 Elbow 27 14 Body Surface 

Area 

 7 Neck to upper 

hip length 

50.29  

14 Wrist 18 15 Body Fat  8 Outside leg 

length 

102.68  

15 Under breast 89        

16 Armhole 45        

17 Neck 38        

18 Ankle 25        

19 Knee 41        

20 Rise 47        

21 Foot         

22 Front rise 21        
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Table 10.6 Participant: 4 Measurements 

Participant: 4  

 Nettelo  Size Stream at Home  3D Look   

Sr. 

No 

Measureme

nts 

cm Sr. 

No 

Measurement

s 

cm Sr. 

No 

Measurements cm Range of 

differenc

e 

1 Shoulder 

span 

46 1 Shoulder 43.02 1 Back Shoulder 

width 

43.43 2.98 cm 

2 Bust 113 2 Chest 95.4 2 Bust girth 96.23 17.6 cm 

3 Chest 113  

4 Waist 102 3 Waist 93.94 3 Waist girth 95.5 8.06 cm 

5 Low waist 108 4 Stomach 97.53     

      4 Upper hip girth 105.6

6 

 

6 Hips 116 5 Hip 103.7 5 Hip girth 102.1 13.9 cm 

7 Inseam 75    6 Inside leg length 65.53 9.47 cm 

8 Biceps 32 6 Left Bicep 30.98    1.02 cm 

7 Right Bicep 29.08 2.92 cm 

9 Thigh 72 8 Left Thigh 57.15    14.85 cm 

9 Right Thigh 57.65 14.35 cm 

10 Calf 38 10 Left Calf 36.83    1.17 cm 

11 Right Calf 36.83 1.17 cm 

11 Arm 55 12 Left Forearm 24.13     

12 Sleeve length 73 13 Right Forearm 24.89  

13 Elbow 28 14 Body Surface 

Area 

 7 Neck to upper 

hip length 

47.75  

14 Wrist 19 15 Body Fat  8 Outside leg 

length 

103.3

7 

 

15 Under breast 103        

16 Armhole 48        

17 Neck 42        

18 Ankle 25        

19 Knee 43        

20 Rise 52        

21 Foot         

22 Front rise 22        
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Table 10.7 Participant: 5 Measurements 

Participant: 5 

 Nettelo  Size Stream at Home  3D Look   

Sr. 

No 

Measurement

s 

cm Sr. No Measurement

s 

cm Sr. No Measurements cm Range of 

difference 

1 Shoulder span 46 1 Shoulder 43.8 1 Back Shoulder 

width 

44.45 2.2 cm 

2 Bust 113 2 Chest 102.66 2 Bust girth 103.9

9 

10.34 cm 

3 Chest 113  

4 Waist 105 3 Waist 97.33 3 Waist girth 96.77 

 

8.23 cm 

5 Low waist  4 Stomach 104.14     

      4 Upper hip girth 109.7

2 

 

6 Hips 128 5 Hip 108.06 5 Hip girth 106.6

8 

21.94 cm 

7 Inseam 72    6 Inside leg length 64 8 cm 

8 Biceps 32 6 Left Bicep 31.24    0.76 cm 

7 Right Bicep 29.69 2.31 cm 

9 Thigh 81 8 Left Thigh 60.45    20.55 cm 

9 Right Thigh 60.96 20.04 cm 

10 Calf 38 10 Left Calf 37.59    0.41 cm 

11 Right Calf 37.59 0.41 cm 

11 Arm 59 12 Left Forearm 24.38     

12 Sleeve length 79 13 Right Forearm 24.63  

13 Elbow 30 14 Body Surface 

Area 

 7 Neck to upper 

hip length 

48.51  

14 Wrist 18 15 Body Fat  8 Outside leg 

length 

98.12  

15 Under breast 105        

16 Armhole 47        

17 Neck 41        

18 Ankle 39        

19 Knee 43        

20 Rise 56        

21 Foot         

22 Front rise 25        
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Table 10.8 Participant: 6 Measurements 

Participant: 6  

 Nettelo  Size Stream at Home  3D Look   

Sr. 

No 

Measurement

s 

cm Sr. No Measureme

nts 

cm Sr. No Measurements cm Range of 

difference  

1 Shoulder span 39 1 Shoulder 41.55 1 Back Shoulder 

width 

41.14 2.55 cm 

2 Bust 96 2 Chest 84.6 2 Bust girth 85.4 11.4 cm 

3 Chest 96  

4 Waist 79 3 Waist 69.79 3 Waist girth 71.37  9.21 cm 

5 Low waist 90 4 Stomach 96.52     

      4 Upper hip girth 89.91  

6 Hips 108 5 Hip 93.57 5 Hip girth 96.26 14.43 cm 

7 Inseam 73    6 Inside leg length 64 9 cm 

8 Biceps 28 6 Left Bicep 30.48    2.48 cm 

7 Right Bicep 29.81 1.81 cm 

9 Thigh 67 8 Left Thigh 56.89    10.11 cm 

9 Right Thigh 57.40 9.6 cm 

10 Calf 37 10 Left Calf 36.83    0.17 cm 

11 Right Calf 36.83 0.17 cm 

11 Arm 57 12 Left 

Forearm 

23.87     

12 Sleeve length 73 13 Right 

Forearm 

24.63  

13 Elbow 24 14 Body 

Surface 

Area 

 7 Neck to upper 

hip length 

47.49  

14 Wrist 17 15 Body Fat  8 Outside leg 

length 

101.87  

15 Under breast 80        

16 Armhole 40        

17 Neck 40        

18 Ankle 27        

19 Knee 41        

20 Rise 47        

21 Foot         

22 Front rise 20        
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Table 10.9 Participant: 7 Measurements 

Participant: 7  

 Nettelo  Size Stream at Home  3D Look   

Sr. 

No 

Measurements cm Sr. No Measuremen

ts 

cm Sr. No Measurements cm Range of 

difference 

1 Shoulder span 38 1 Shoulder 40.39 1 Back Shoulder 

width 

40.13 2.13 cm 

2 Bust 90 2 Chest 85.26 2 Bust girth 83.31 6.69 cm 

3 Chest 90  

4 Waist 77 3 Waist 67.39 3 Waist girth 66.29  10.71 cm 

5 Low waist 84 4 Stomach 94.23     

      4 Upper hip girth 82.80  

6 Hips 102 5 Hip 90.38 5 Hip girth 88.64 13.36 cm 

7 Inseam 70    6 Inside leg length 63.24 6.76 cm 

8 Biceps 27 6 Left Bicep 28.95    1.95 cm 

7 Right Bicep 26.61 0.39 cm 

9 Thigh 61 8 Left Thigh 55.88    5.12 cm 

9 Right Thigh 55.88 5.12 cm 

10 Calf 31 10 Left Calf 36.06    5.06 cm 

11 Right Calf 36.06 5.06 cm 

11 Arm 57 12 Left Forearm 23.62     

12 Sleeve length 74 13 Right Forearm 24.13  

13 Elbow 23 14 Body Surface 

Area 

 7 Neck to upper 

hip length 

47.49  

14 Wrist 17 15 Body Fat  8 Outside leg 

length 

100.3

3 

 

15 Under breast 77        

16 Armhole 41        

17 Neck 40        

18 Ankle 27        

19 Knee 36        

20 Rise 44        

21 Foot 27        

22 Front rise 19        
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Table 10.10 Participant: 8 Measurements 

Participant: 8  

 Nettelo  Size Stream at Home  3D Look   

Sr. 

No 

Measurement

s 

cm Sr. No Measuremen

ts 

cm Sr. No Measurements cm Range of 

difference  

1 Shoulder span 39 1 Shoulder 42.26 1 Back Shoulder 

width 

41.91 3.26 cm 

2 Bust 100.3 2 Chest 93.76 2 Bust girth 92.96 7.34 cm 

3 Chest 100.3  

4 Waist 82 3 Waist 76.48 3 Waist girth 75.94 6.06 cm 

5 Low waist 88 4 Stomach 93.21     

      4 Upper hip girth 93.47  

6 Hips 104 5 Hip 100.63 5 Hip girth 98.29 5.71 cm 

7 Inseam 77    6 Inside leg length 64.51 12.49 cm 

8 Biceps 28 6 Left Bicep 35.30    7.3 cm 

7 Right Bicep 34.69 6.69 cm 

9 Thigh 60 8 Left Thigh 54.86    5.14 cm 

9 Right Thigh 68.83 8.83 cm 

10 Calf 33 10 Left Calf 34.79    1.79 cm 

11 Right Calf 34.79 1.79 cm 

11 Arm 58 12 Left Forearm 27.43     

12 Sleeve length 75 13 Right Forearm 30.22  

13 Elbow 26 14 Body Surface 

Area 

 7 Neck to upper hip 

length 

47.49  

14 Wrist 17 15 Body Fat  8 Outside leg length 103.3

7 

 

15 Under breast 87        

16 Armhole 47        

17 Neck 42        

18 Ankle 26        

19 Knee 36        

20 Rise 44        

21 Foot 23        

22 Front rise 18        
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Table 10.11 Participant: 9 Measurements 

Participant: 9  

 Nettelo  Size Stream at Home  3D Look   

Sr. 

No 

Measurement

s 

cm Sr. No Measuremen

ts 

cm Sr. No Measurements cm Range of 

difference 

1 Shoulder span 42 1 Shoulder 40.32 1 Back Shoulder 

width 

41.16 1.68 cm 

2 Bust 93 2 Chest 85.32 2 Bust girth 87.37 7.68 cm 

3 Chest 93  

4 Waist 79 3 Waist 70.76 3 Waist girth 71.37 8.24 cm 

5 Low waist 84 4 Stomach 86.10     

      4 Upper hip girth 85.59  

6 Hips 98 5 Hip 92.58 5 Hip girth 89.91 8.09 cm 

7 Inseam 79    6 Inside leg length 67.56 11.44 cm 

8 Biceps 27 6 Left Bicep 29.71    2.71 cm 

7 Right Bicep 26.46 0.54 cm 

9 Thigh 57 8 Left Thigh 49.53    7.47 cm 

9 Right Thigh 50.29 6.71 cm 

10 Calf 30 10 Left Calf 32    2 cm 

11 Right Calf 32 2 cm 

11 Arm 59 12 Left Forearm 24.63     

12 Sleeve length 76 13 Right Forearm 26.41  

13 Elbow 24 14 Body Surface 

Area 

 7 Neck to upper hip 

length 

46.73  

14 Wrist 18 15 Body Fat  8 Outside leg length 104.3

9 

 

15 Under breast 81        

16 Armhole 43        

17 Neck 41        

18 Ankle 23        

19 Knee 31        

20 Rise 44        

21 Foot 27        

22 Front rise 20        
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Table 10.12 Participant: 10 Measurements 

Participant: 10  

 Nettelo  Size Stream at Home  3D Look   

Sr. 

No 

Measurement

s 

cm Sr. No Measuremen

ts 

cm Sr. No Measurements cm Range of 

difference 

1 Shoulder span 41 1 Shoulder 42.73 1 Back Shoulder 

width 

42.16 1.73 cm 

2 Bust 94 2 Chest 91.16 2 Bust girth 90.12 3.88 cm 

3 Chest 94  

4 Waist 75 3 Waist 71.74  3 Waist girth 70.86  4.14 cm 

5 Low waist 79 4 Stomach 86.10     

      4 Upper hip girth 87.63  

6 Hips 101 5 Hip 92.93 5 Hip girth 92.96 8.07 cm 

7 Inseam 79    6 Inside leg length 67.31 11.69 cm 

8 Biceps 28 6 Left Bicep 29.71    1.71 cm 

7 Right Bicep 26.67 1.33 cm 

9 Thigh 61 8 Left Thigh 49.53    11.47 cm 

9 Right Thigh 50.29 10.71 cm 

10 Calf 30 10 Left Calf 32    2 cm 

11 Right Calf 32.25 2.25 cm 

11 Arm 58 12 Left Forearm 24.63     

12 Sleeve length 76 13 Right Forearm 26.41  

13 Elbow 23 14 Body Surface 

Area 

 7 Neck to upper hip 

length 

47.75  

14 Wrist 17 15 Body Fat  8 Outside leg length 105.6

6 

 

15 Under breast 82        

16 Armhole 45        

17 Neck 38        

18 Ankle 23        

19 Knee 35        

20 Rise 43        

21 Foot 27        

22 Front rise 19        
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10.7.1. Summary 

The range of differences of each participant showed differences; these differences have 

been compared separately for each application in the next sections, 10.8, 10.9 and 10.10. Each 

application delivers different body measurements. For instance, Nettelo showed 22 body 

dimensions, Size Stream illustrated 15 body dimensions, and 3Dlook extracted 8 body 

dimensions. Therefore, all body dimensions cannot be compared. The body dimensions that 

are identical in the applications were compared and analysed with the ANSUR allowable error 

(Parker et al., 2022) of measurement differences. Moreover, body dimensions illustrated in the 

Table 10.19, Table 10.20, Table 10.21, Table 10.22, Table 10.23, Table 10.24, Table 10.25 and 

Table 10.26 have been compared according to the definitions provided by the developers of 

each app and the ISO-8559-1.  

10.8 Comparative analysis of Nettelo and Size Stream at home  

The comparative analysis of Nettelo and Size Stream at home mobile application has 

been done using the reliability and validity analysis methods. The analysis is presented in the 

next section. Measurements are presented in Appendix C.  

10.8.1. Reliability analysis of Nettelo and Size Stream at home  

Reliability analysis has been performed regarding a standard error of mean 

measurement (SEM) to ANSUR allowable errors (Koval, 2020; Parker et al., 2022). SEM was 

calculated for each body dimension separately by calculating the independent t–test of identical 

body dimensions using the SPSS software. The results are illustrated in Table 10.13, and Figure 

10.11; for body dimensions such as shoulder width, bust measurement, waist measurement, hip 

measurement, biceps, thigh, and calf SEM exceeded the allowable errors, with higher 

measurement differences.   

The variation in the shoulder width position is due to A-pose and raising arms to the 

required height, as instructed in the app. According to ISO-8559-1, the shoulder width 

measurement is the “Distance between the right and left shoulder points. Position: Subject sits 

or stands erect with shoulders relaxed”. Arms are joined with the body, not in the A-pose. Size 

stream defined the shoulder width as “contour measurement from one shoulder point to the 

other. Can be taken on the horizontal, at 45 degrees, or through the back-neck point”. The 

Nettelo app doesn’t provide information regarding the landmarks’ identification for shoulder 

width measurement. The requirement of mobile app scanners is to set the accurate shoulders 

position of participants in A-pose. Participants need to relax their arms and shoulders and raise 
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them to the necessary height without moving them. This will help enhance the reliability of 

such measurements. 

Bust, waist, hip, biceps, thigh, and calf circumferences have shown higher differences; 

the reliability of scanning techniques can be assessed here because body dimensions acquired 

from both scanners have differences. For instance, in the Nettelo mobile app scanner, 

participants are required to create an outline of the body silhouette by manual calibration, which 

needs perfection and is also a time-consuming task after body scanning. In the size stream at 

home, participants are required to be scanned in the 360-degree rotation method, by holding a 

stick, due to which shoulders and hands remain in the static position. Participants are required 

to stand and adjust their feet on the mat with a specific width. This would be a reason for the 

difference in the body dimension, especially the hip dimension, because it also depends on how 

wide the legs are opened for scanning in both scanners. In the scanner, participants are required 

to stand in the A-pose with the legs hip-wide apart, which permits the scanner to correctly 

identify the crotch (Koepke et al., 2017). There are five parameters of hip circumference 

indicated by Jaeschke et al. (2015), such as buttock-girth, middle hip, high hip girth, hip girth 

and hip thigh girth. Nettelo application does not provide an accurate definition of the 

landmarking points of body dimensions which is also the reason behind the difference in the 

body dimensions. 

According to ISO 8559-1, waist circumference needs to be measured at “the level of 

midway between the lowest rib point and the highest point of the hip bone”. According to Size 

Stream, waist measurement landmark definition is “horizontal contour circumference taken at 

the narrowest torso width between the chest and hips when viewed from the front”.  Moreover, 

there are four parameters of waist circumference: waist girth, high waist girth, waistband and 

belly circumference (Jaeschke et al., 2015). Size stream scanning technology is based on 3D 

modelling and machine learning. In comparison, Nettelo scanning technology is founded on 

machine learning and 3D matching (silhouette creation after taking front and side pictures of 

the human body). Therefore, due to the difference in the body landmarks, identification and 

technology used in both scanners has a possibility of detecting different landmarks positions to 

display results. Moreover, manual calibration is a major drawback in creating an accurate body 

silhouette.   
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Table 10.13 Standard Error of Mean (SEM cm) vs Allowable Error (AE cm) – Nettelo vs Size Stream at Home 

Standard Error of Mean (SEM) vs Allowable Error (AE) – Nettelo vs Size Stream at home 

Sr. Body Measurements SEM cm 
AE 

cm 

95% CIs of Difference 
SEM: AE 

Lower Upper 

1 Shoulder Width .999 0.8 -2.179 2.023 
0.99 (SEM) > 0.8 (AE): Different 

Measurements 

2 Bust Measurement 3.191 1.5 1.512 14.920 
3.19 (SEM) > 1.5 (AE): Different 

Measurements 

3 Waist Measurement 4.734 1.1 -2.128 17.766 
4.73 (SEM) > 1.1 (AE): Different 

Measurements 

4 Hip Measurement 3.547 1.2 1.952 16.858 
3.55 (SEM) > 1.2 (AE): Different 

Measurements 

5 Biceps / Right Bicep 0.981 0.8 -2.251 1.873 
0.98 (SEM) > 0.8 (AE): Different 

Measurements 

6 Thigh / Right Thigh 2.994 1.0 1.204 13.784 
2.99 (SEM) > 1.0 (AE): Different 

Measurements 

7 Calf / Right Calf 1.286 0.6 -3.458 1.946 
1.29 (SEM) > 0.6 (AE): Different 

Measurements 

 

 

 Figure 10.11 Standard Error of Mean (SEM cm) vs Allowable Error (AE cm) – Nettelo vs Size Stream at home 

 

 

 

 

 



334 

10.8.2. Validity analysis Nettelo and Size Stream at home  

The validity of both scanner measurements was analysed according to ISO 20685 

validity algorithm. The identical measurements of the Size Stream at home minus Nettelo were 

computed for each person. The mean of these differences with its associated standard deviation 

(σ), sample size, 95% confidence interval (CI) and ANSUR allowable error (Koval, 2020; 

Parker et al., 2022) are reported in Table 10.14 and Figure 10.12. The measurements, such as 

bust measurement, waist measurement, hip measurement, thigh, and calf, have exceeded the 

ANSUR allowable error. In comparison, shoulder width and biceps fall completely in the range 

of ANSUR allowable error. The difference in the scanning techniques can be assessed to 

determine the validity of scanner measurements. For instance, size stream scanning technology 

is based on 3D modelling, machine learning. Whereas Nettelo scanning technology is founded 

on machine learning and 3D matching (silhouette creation after taking front and side pictures 

of the human body). Moreover, Nettelo scanning app does not provide the landmarking 

definitions of body measurements. Therefore, due to the difference in the body landmarks, 

identification and technology used in both scanners has a possibility of detecting different 

landmarks positions to display results. Moreover, manual silhouette calibration in Nettelo 

would be a reason to provide inaccurate measurements. 

Table 10.14 Mean of Difference (MD cm) vs Allowable Error (AE cm) – Nettelo and Size stream at home 

Mean of Difference (MD cm) vs Allowable Error (AE cm) – Nettelo vs Size Stream at home 

Sr. Body Measurements 
MD 

cm 

SD 

cm 

AE 

cm 

95% CIs of Difference 
MD: AE 

Lower Upper 

1 Shoulder Width -.078 .999 0.8 -2.179 2.023 
-0.08 (MD) > -0.8 (AE): Same 

Measurements 

2 Bust Measurement 8.216 3.191 1.5 1.512 14.920 
8.22 (MD) > 1.5 (AE): 

Different Measurements 

3 Waist Measurement 7.819 4.734 1.1 -2.128 17.766 
7.82 (MD) > 1.1 (AE): 

Different Measurements 

4 Hip Measurement 9.405 3.547 1.2 1.952 16.858 
9.41 (MD) > 1.2 (AE): 

Different Measurements 

5 Biceps / Right Bicep -.189 .981 0.8 -2.251 1.873 
-0.19 (MD) > -0.8 (AE): Same 

Measurements 

6 Thigh / Right Thigh 7.494 2.994 1.0 1.204 13.784 
7.49 (MD) > 1.0 (AE): 

Different Measurements 

7 Calf / Right Calf -.756 1.286 0.6 -3.458 1.946 
-0.76 (MD) < -0.6 (AE): 

Different Measurements 
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Figure 10.12 Mean of Difference (MD cm) vs Allowable Error (AE cm) – Nettelo and Size stream at home 

10.9 Comparative analysis of Nettelo and 3Dlook 

The comparative analysis of Nettelo and 3D look mobile application has been done 

using the reliability and validity analysis methods. The analysis is presented in the next section. 

Measurements are presented in Appendix C. 

10.9.1. Reliability analysis of Nettelo and 3Dlook 

The reliability analysis regarding a standard error of mean measurement (SEM) to 

ANSUR allowable errors has been performed. SEM was calculated for each body dimension 

separately by calculating the independent t–test of identical body dimensions using the SPSS 

software (Koval, 2020; Parker et al., 2022). The results are illustrated in Table 10.15  and 

Figure 10.13. For body dimensions such as shoulder width, bust measurement, waist 

measurement, hip measurement and inside leg length, SEM exceeded the allowable errors, with 

a higher difference in measurements.  

The variation in the shoulder width position is due to A-pose and raising arms to the 

required height, as instructed in the app. According to ISO-8559-1, the shoulder width 

measurement is the “Distance between the right and left shoulder points. Position: Subject sits 

or stands erect with shoulders relaxed”. Arms are joined with the body, not in the A-pose. 

Similarly, the 3D look followed the ISO-8559-1 and provided the definition “Distance across 

the back between the left and right shoulder points”, but the scanning technique required for 

the 3D look is A-pose to capture the body image, which is also a requirement of Nettelo. 

However, the Nettelo app doesn’t provide information regarding the landmarks’ identification 
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for shoulder width measurement. Mobile app scanners require to set the accurate shoulders 

position of participants in A-pose. Participants need to relax their arms and shoulders and raise 

them to the necessary height without moving their shoulders. This will help enhance the 

reliability of such measurements.    

Bust, waist and hip circumferences have shown higher differences. The reliability of 

scanning techniques can be assessed here because body dimensions acquired from both 

scanners have different scanning methods. For instance, in the Nettelo mobile app scanner, 

participants are required to create an outline of the body silhouette by manual calibration, which 

needs perfection and is also a time-consuming task after body scanning. In the 3D look mobile 

app scanner, the user is required to adjust the body in the body silhouette provided on the app 

screen once the scanning process begins. After adjusting the body in the silhouette, the mobile 

app captures the image of the body for scanning. Therefore, this would be a reason for the 

difference in the body dimension, especially the hip dimension, because it also depends on how 

wide the legs are opened for scanning in both scanners. In the scanner, participants are required 

to stand in the A-pose with the legs hip-wide apart, which permits the scanner to correctly 

identify the crotch (Koepke et al., 2017). There are five parameters of the hip circumference: 

buttock girth, middle hip, high hip girth, hip girth and hip thigh girth (Jaeschke, Steinbrecher 

and Pischon, 2015). Nettelo application does not provide an accurate definition of the 

landmarking points of body dimensions which is also the reason behind the difference in the 

body dimensions.  

Whereas the 3D look followed the ISO-8559-1 to identify the body landmarks such as 

for Bust girth, “The measurement is taken around the fullest part of the bust point level”. For 

waist circumference, “The measurement is taken around the waist level. Person stands upright 

with the abdomen relaxed”, and for hip circumference “, The measurement is taken around the 

fullest part of the hip. According to ISO 8559-1, waist circumference needs to be measured 

midway between the lowest rib point and the highest point of the hip bone. There are four 

parameters of waist circumference: waist girth, high waist girth, waistband and belly 

circumference (Jaeschke, Steinbrecher and Pischon, 2015). The inside leg length definition of 

body landmark identification is similar to the ISO 8559-1 “Vertical distance between the inside 

leg level and outer ankle point”. However, no definition is provided by the Nettelo app for 

landmark identification. The 3D look scanning app technology uses computer vision and deep 

learning, proprietary statistical modelling, machine learning and 3D matching. In comparison, 

Nettelo scanning technology is founded on machine learning and 3D matching (silhouette 
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creation after taking front and side pictures of the human body). Therefore, due to the difference 

in the technology employed, the body landmarks identification method has the possibility of 

detecting different landmarks’ positions to display results.    

Table 10.15 Standard Error of Mean (SEM cm) vs Allowable Error (AE cm) – Nettelo vs 3DLook 

Standard Error of Mean (SEM cm) vs Allowable Error (AE cm) – Nettelo vs 3DLook 

Sr. Body Measurements 
SEM 

cm 

AE 

cm 

95% CIs of Difference 
SEM: AE 

Lower Upper 

1 Shoulder Width .95192 0.8 -2.58891 1.41091 
0.95 (SEM) > 0.8 (AE): Different 

Measurements 

2 Bust Measurement 3.25681 1.5 1.02670 14.71130 
3.26 (SEM) > 1.5 (AE): Different 

Measurements 

3 Waist Measurement 4.81551 1.1 -2.56701 17.66701 
4.82 (SEM) > 1.1 (AE): Different 

Measurements 

4 Hip Measurement 3.49197 1.2 3.54064 18.21336 
3.49 (SEM) > 1.2 (AE): Different 

Measurements 

5 Inseam / Inside Leg Length 1.50948 1.0 7.06570 13.40830 
1.51 (SEM) > 0.8 (AE): Different 

Measurements 

 

 

Figure 10.13 Standard Error of Mean (SEM cm) vs Allowable Error (AE cm) – Nettelo vs 3DLook 

10.9.2. Validity analysis of Nettelo and 3Dlook  

The validity of both scanner measurements was analysed according to ISO 20685 

validity algorithm. The identical measurements of 3Dlook minus Nettelo were computed for 

each person. The mean of these differences with its associated standard deviation (σ), sample 

size, 95% confidence interval (CI) and ANSUR allowable error (Koval, 2020; Parker et al., 

2022) are reported in Table 10.16 and Figure 10.14. The bust, waist, and hip measurements 

have exceeded the ANSUR allowable error. In contrast, shoulder width and inside leg length 

fall completely in the range of ANSUR allowable error. The difference in the scanning 
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techniques can be assessed to determine the validity of scanner measurements. The 3D look 

scanning app technology employed computer vision and deep learning, proprietary statistical 

modelling, machine learning and 3D matching. Whereas Nettelo scanning technology is 

founded on machine learning and 3D matching (silhouette creation after taking front and side 

pictures of the human body). Therefore, due to the difference in the technology employed, the 

body landmarks identification method has the possibility of detecting different landmarks’ 

positions to display results. 

Table 10.16 Mean of Difference (MD cm) vs Allowable Error (AE cm) – Nettelo vs 3DLook 

Mean of Difference (MD cm) vs Allowable Error (AE cm) – Nettelo vs 3DLook 

Sr. 
Body 

Measurements 

MD 

cm 

SD 

cm 

AE 

cm 

95% CIs of Difference 
MD : AE 

Lower Upper 

1 Shoulder Width -.589 .95192 0.8 -2.58891 1.41091 
-0.59 (MD) > -0.8 (AE): Same 

Measurements 

2 Bust Measurement 7.869 3.25681 1.5 1.02670 14.71130 
7.87(MD) > 1.5 (AE): Different 

Measurements 

3 Waist Measurement 7.550 4.81551 1.1 -2.56701 17.66701 
7.55 (MD) > 1.1 (AE): Different 

Measurements 

4 Hip Measurement 10.877 3.49197 1.2 3.54064 18.21336 
10.88 (MD) > 1.2 (AE): Different 

Measurements 

5 
Inseam / Inside Leg 

Length 
10.237 1.50948 1.1 7.06570 13.40830 

10.24 (MD) > 1.1 (AE): Same 

Measurements 

 

 

Figure 10.14 Mean of Difference (MD cm) vs Allowable Error (AE cm) – Nettelo vs 3DLook 
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10.10 Comparative analysis of Size stream at home and 3Dlook 

The comparative analysis of the Size Stream at home and the 3Dlook mobile application 

has been made using the reliability and validity analysis methods. The analysis is presented in 

the next section. Measurements are presented in Appendix C. 

10.10.1. Reliability analysis of Size stream at home and 3Dlook 

The reliability analysis regarding a standard error of mean measurement (SEM) to 

ANSUR allowable errors has been performed. SEM was calculated for each body dimension 

separately by calculating the independent t–test of identical body dimensions using the SPSS 

software (Koval, 2020; Parker et al., 2022). The results are illustrated in Figure 10.19 and 

Figure 10.15. For body dimensions such as bust, waist, and hip measurements, SEM exceeded 

the allowable errors, with higher differences in measurements.   

The shoulder width SEM falls completely inside the range of ANSUR allowable error. 

According to ISO-8559-1, the shoulder width measurement is the “Distance between the right 

and left shoulder points. Position: Subject sits or stands erect with shoulders relaxed”. Arms 

are joined with the body, not in the A-pose, followed by 3Dlook “Distance across the back 

between the left and right shoulder points”. Similarly, Size Stream defined the shoulder width 

as a “contour measurement from one shoulder point to the other. Can be taken on the horizontal, 

at 45 degrees, or through the back-neck point”. This shows that scanner measurements are valid 

and provide accurate landmarks according to the provided definition. Bust, waist, and hip 

circumferences have shown higher differences. According to Size Stream, bust circumference 

definition is “Horizontal contour circumference measured across the bust points, under the 

armpits and around the back. circumference”. Similarly, 3Dlook following the ISO 8559-1 

provided the bust girth definition “The measurement is taken around the fullest part of the bust 

point level. The definitions are comparable, and the reliability of scanning techniques can be 

assessed here because body dimensions acquired from both scanners have differences. In the 

size stream at home, participants are required to be scanned in the 360-degree rotation method, 

by holding a stick, due to which shoulders and hands remain in the static position. Participants 

are required to stand and adjust their feet on the mat with a specific width. In the 3D look 

mobile app scanner, the user is required to adjust the body in the body silhouette provided on 

the app screen once the scanning process begins.  

After adjusting the body in the silhouette, the mobile app captures the image of the body 

for scanning. This would be a reason for the difference in the body dimension, especially the 



340 

hip dimension, because it also depends on how wide the legs are opened for scanning in both 

scanners. In the scanner, participants are required to stand in the A-pose with the legs hip-wide 

apart, which permits the scanner to correctly identify the crotch (Koepke et al., 2017). There 

are five parameters of the hip circumference: buttock girth, middle hip, high hip girth, hip girth 

and hip thigh girth (Jaeschke, Steinbrecher and Pischon, 2015). The definitions provided by 

both scanners can also be evaluated, for instance, “Maximum contour horizontal circumference 

found between the height of the Back Waist landmark and Crotch landmark by size stream”. 

Furthermore, the 3D look followed the ISO 8559-1 “The measurement is taken around the 

fullest part of the hip”.  

According to ISO 8559-1, waist circumference needs to be measured at the level of 

midway between the lowest rib point and the highest point of the hip bone. 3Dlook follows 

ISO 8559-1. The measurement is taken around the waist level. A person stands upright with 

the abdomen relaxed. According to Size Stream, waist measurement landmark definition is 

“horizontal contour circumference taken at the narrowest torso width between the chest and 

hips when viewed from the front”. Moreover, there are four parameters of waist circumference: 

waist girth, high waist girth, waistband and belly circumference (Jaeschke, Steinbrecher and 

Pischon, 2015). Size Stream scanning technology is based on 3D modelling and machine 

learning. The 3D look scanning app technology uses computer vision and deep learning, 

proprietary statistical modelling, machine learning and 3D matching. Therefore, due to the 

difference in the scanning method and technology used in both scanners, it has a possibility of 

detecting different landmarks positions to display results. 
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Table 10.17 Standard Error of Mean (SEM cm) vs Allowable Error (AE cm) – Size Stream at home vs 3DLook  

Standard Error of Mean (SEM cm) vs Allowable Error (AE cm) – Size Stream at home vs 3DLook 

Sr. Body Measurements 
SEM 

cm 

AE 

cm 

95% CIs of Difference 
SEM: AE 

Lower Upper 

1 Shoulder Width .62117 0.8 -1.81604 .79404 
0.62 (SEM) < 0.8 (AE): Same 

Measurements 

2 Bust Measurement 2.72909 1.5 -6.08061 5.38661 
2.73 (SEM) > 1.5 (AE): 

Different Measurements 

3 Waist Measurement 4.76503 1.1 -10.27995 9.74195 
4.77 (SEM) > 1.1 (AE): 

Different Measurements 

4 Hip Measurement 2.70026 1.2 -4.20104 7.14504 
2.7 (SEM) > 1.2 (AE): Different 

Measurements 

 

 

Figure 10.15 Standard Error of Mean (SEM cm) vs Allowable Error (AE cm) – Size Stream at home vs 3DLook 

10.10.2. Validity analysis of Size Stream at home and 3Dlook 

The validity of both scanner measurements was analysed according to ISO 20685 validity 

algorithm. The identical measurements of the Size Stream at home minus 3Dlook were 

computed for each person. The mean of these differences with its associated standard deviation 

(σ), sample size, 95% confidence interval (CI) and ANSUR allowable error (Koval, 2020; 

Parker et al., 2022) are reported in Table 10.18 and Figure 10.16. The measurements such as 

Shoulder width, bust measurement and waist measurement fall completely in the range of 

ANSUR allowable error. The hip circumference exceeded the range of ANSUR allowable error 

(Parker et al., 2022). The difference in the scanning techniques can be assessed to determine 

the validity of scanner measurements. For instance, Size Stream scanning technology is based 

on 3D modelling and machine learning. The 3D look scanning app technology is based on 

computer vision and deep learning, proprietary statistical modelling, machine learning and 3D 

matching. In the Size Stream at home, participants are required to be scanned in the 360-degree 
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rotation method, by holding a stick, due to which shoulders and hands remain in the static 

position. Participants are required to stand and adjust their feet on the mat with a specific width. 

In the 3D look mobile app scanner, the user is required to adjust the body in the body silhouette 

provided on the app screen once the scanning process begins. After adjusting the body in the 

silhouette, the mobile app captures the image of the body for scanning. This would be a reason 

for the difference in the body dimension, especially the hip dimension, because it also depends 

on how wide the legs are opened for scanning in both scanners. Therefore, due to the difference 

in the scanning method and technology used in both scanners, it has a possibility of detecting 

different landmarks positions to display results. 

Table 10.18 Mean of Difference (MD cm) vs Allowable Error (AE cm) – Size Stream at home vs 3DLook 

Mean of Difference (MD cm) vs Allowable Error (AE cm) – Size Stream at home vs 3DLook 

Sr. 
Body 

Measurements 
MD cm SD cm 

AE 

cm 

95% CIs of 

Difference MD: AE 

Lower Upper 

1 Shoulder Width -.51100 .62117 0.8 -1.81604 .79404 
-0.51 (MD) > -0.8 (AE): 

Same Measurements 

2 Bust Measurement -.34700 2.72909 1.5 -6.08061 5.38661 
-0.35 (MD) > -1.5 (AE): 

Same Measurements 

3 Waist Measurement -.26900 4.76503 1.1 -10.27995 9.74195 
-0.27 (MD) > -1.1 (AE): 

Same Measurements 

4 Hip Measurement 1.47200 2.70026 1.2 -4.20104 7.14504 
1.47 (MD) > 1.2 (AE): 

Different Measurements 

 

 

Figure 10.16 Mean of Difference (MD cm) vs Allowable Error (AE cm) – Size Stream at home vs 3DLook 
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10.11 Difference in the object (.obj) file output of mobile app scanners 

Mobile applications using machine learning and 3D matching technology. The artificial 

intelligence technology captures the 2D image and creates a personalised avatar. The accuracy 

in creating the avatar is important, which is the foundation of detecting the body landmarks, 

heights, and circumferences of body parts to deliver the body dimensions. The obj files of the 

same participant represent that the three different applications have created visually different 

obj files, as indicated in (Figure 10.17). Therefore, the measurement differences discussed in 

the above section and the visual difference of the obj file present a need to create a technology 

with better obj file accuracy, and the applications need to follow ISO 8559-1 to identify body 

landmarks.    

 

 

Figure 10.17 Difference of obj output of 3Dlook, Size Stream at Home and Nettelo of Same Participant 
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10.12 Definitions and landmarking of ISO 8559-1 and Mobile Scanner application 

The body dimensions that have been compared in the above section have also been 

illustrated in terms of their definitions provided by app developers and ISO 8559-1. Body 

landmarking definition has also been discussed to analyse the difference and comparability of 

definitions and landmarking points of ISO 8559-1 and mobile application scanners. The 

definitions comparison indicated that 3Dlook, Size Stream and ISO 8559-1 are comparable. In 

contrast, Nettelo did not provide the reference of a standard used for landmark identification 

for the body scanning and extraction of body dimensions. Moreover, landmarking of shoulder 

width, waist and hip circumference have variations as these body dimensions are considered 

important definitions for garment construction practices. The ISO-8559-1 provide definitions 

with regular standing and sitting position not in A-pose. There is a possibility of acquiring 

higher body dimensions with an A-pose scanning, especially shoulder width and hip 

circumference. There is a need to update the landmarking of body scanners according to ISO 

8559-1 and identify the position of a user for body scanning technology (generally A-pose) in 

the ISO standard manual, particularly for 3D body scanning technology, as measurement 

position has been shown to change resulting body morphology and potentially the 

measurements. Creating universal landmarking definitions and using the right ISO standard 

that aligns with the body position and exact landmarking position of specific body dimensions 

is also required. For instance, there are four parameters of waist circumference: waist girth, 

high waist girth, waistband and belly circumference (Jaeschke, Steinbrecher and Pischon, 

2015).  Therefore, different companies from various geographical regions offering mobile app 

scanners can show less variability of body dimensions of the same user and deliver more 

accuracy.     
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Table 10.19 Back Shoulder Width Measurements Definitions and Landmarking 

Back Shoulder width measurements definitions and landmarking 

ISO 8559-1  

ISO Measurement name Definitions 

ISO 8559-1 
5.4.2 Back shoulder 

width 

“Distance between the right and left shoulder points. Position: 

Subject sits or stands erect with shoulders relaxed”. 

Size Stream   

APP Measurement name Definitions 

Size Stream at Home 

(Size Stream)  
Back Shoulder Width 

“Contour measurement from one Shoulder point to the other. Can 

be taken on the horizontal, at 45 degrees, or through the Back-Neck 

point”. 

 

 3D Look  

APP Measurement name Definitions 

3D Look Back Shoulder Width 
“Distance across the back between the left and right shoulder 

points” 

Nettelo   

APP Measurement name Definitions 

Nettelo Shoulder span No definition 
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Table 10.20 Chest/Bust Circumference Measurements Definitions and Landmarking 

Chest/Bust Circumference measurements definitions and landmarking 

ISO 8559-1 

ISO Measurements Definitions 

ISO 8559-1 5.3.4 Bust Girth “Horizontal girth measured at bust point level Position: Subject 

stands erect with arms hanging freely downward”. 

Size Stream   

APP Measurements Definitions 

Size stream at home (Size 

Stream) 

Chest/Bust 

Circumference 

“Horizontal contour circumference measured across the Bust points, 

under the Armpits and around the back. Circumference”.  

 

 

APP Measurements Definitions 

3D Look Bust Girth “The measurement is taken around the fullest part of the bust point 

level”. 

ISO/APP 

 

APP Measurements Definitions 

Nettelo  Bust/Chest No definition 
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Table 10.21 Waist Circumference Measurements Definitions and Landmarking 

Waist Circumference measurements definitions and landmarking 

ISO 8559-1   

ISO Measurements Definitions 

ISO 8559-1  5.3.10 Waist Girth “Horizontal girth of the body measured at the waist level. Position: Subject 

stands erect with the abdomen relaxed”. 

Size Stream 

APP Measurements Definitions 

Size stream at 

Home (Size 

Stream)  

Narrow Waist 

circumference 

“Horizontal contour circumference taken at the narrowest torso width between 

the chest and hips when viewed from the front”. 

 

 

3D Look  

APP Measurements Definitions 

3D Look  Waist Girth “The measurement is taken around the waist level. Person stands upright with 

the abdomen relaxed”. 

Nettelo 

APP Measurements Definitions 

Nettelo  Waist No definition 
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Table 10.22 Hip Circumference Measurements Definitions and Landmarking 

Hip Circumference measurements definitions and landmarking 

 

ISO Measurements Definitions 

ISO 8559-1  5.3.13 Hip Girth “Horizontal girth of the body measured at the hip level. Position: 

Subject stands erect with feet together with the abdomen relaxed”. 

 

APP Measurements Definitions 

Size stream at home (Size 

Stream) 

Hip Circumference “Maximum contour horizontal circumference found between the 

height of the Back Waist landmark and Crotch landmark”.  

 

  

APP Measurements Definitions 

3D Look Hip Girth “The measurement is taken around the fullest part of the hip”. 

 

APP Measurements Definitions 

Nettelo Hip No definition 
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Table 10.23 Inside Leg Length Measurements Definitions and Landmarking 

Inside leg length measurements definitions and landmarking 

 

ISO Measurements Definitions 

ISO 8559-1 5.7.6 Inside leg 

length 

“Definition: Vertical distance between the inside leg level and outer 

ankle point. Calculation: Inside leg height minus outer ankle height”. 

 

  

APP Measurements Definitions 

3D Look Inside Leg Length “Vertical distance between the inside leg level and outer ankle point”. 

 

APP Measurements Definitions 

Nettelo  No  
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Table 10.24 Bicep Circumference Measurements Definitions and Landmarking 

Bicep Circumference measurements definitions and landmarking 

 

ISO Measurements Definitions 

ISO 8559-1 5.3.16 Upper-arm girth  “Definition: Girth of the upper arm measured midway between the 

shoulder point and elbow point. Position: Subject stands erect with 

arms abducted to form a 20°angle with the side of the body”. 

  

APP Measurements Definitions 

Size Stream Bicep Circumference 

Right 

“Largest circumference of the upper Right arm taken along the axial 

cross section of the arm”. 

 

 

APP Measurements Definitions 

Nettelo Bicep No definition 
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Table 10.25 Thigh Circumference Measurements Definitions and Landmarking 

Thigh Circumference measurements definitions and landmarking 

 

ISO Measurements Definitions 

ISO 8559-1 5.3.20 Thigh girth  “Definition: Maximum horizontal girth of the thigh below the gluteal 

fold. Position: Subject stands erect with legs shoulder width apart”.   

  

APP Measurements Definitions 

Size stream Thigh Circumference 

Right 

“Contour circumference of the Right Leg measured 2 inches below the 

Crotch landmark”. 

 

APP Measurements Definitions 

Nettelo Thigh No  
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Table 10.26 Calf Circumference Measurements Definitions and Landmarking 

Calf Circumference measurements definitions and landmarking 

 

ISO Measurements Definitions 

ISO 8559-1 5.3.24 Calf girth “Definition: Maximum horizontal girth of the calf. Position: Subject 

stands erect with legs shoulder width apart”.  

  

APP Measurements Definitions 

Size Stream Calf Circumference 

Right 

“Maximum contour horizontal circumference of the Right Leg above 

the ankle and below the knee”. 

 

APP Measurements Definitions 

Nettelo Calf No definition 
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10.13 Measurements used for pattern making 

Measurements used for constructing patterns are demonstrated in Table 10.28, Table 

10.29, Table 10.30, Table 10.31, Table 10.32, Table 10.33, Table 10.34, Table 10.35, Table 

10.36, and Table 10.37. Moreover, the patterns of each participant have been illustrated after 

demonstrating the participant’s measurement tables. Aldrich method has been used for 

constructing the patterns of each participant's Size Stream at Home, 3D Look and Nettelo body 

dimensions. Measurements used for garment construction are presented in Appendix C of all 

10 participants. 

Size Stream at Home: Measurements for pattern making were collected from Size 

Stream company by providing them with email addresses to create the account and use the 

application to construct patterns. Since the measurements acquired from the mobile app do not 

provide all the measurements required for pattern making, for chest measurement, the ‘upper 

bust front length’ dimension was used by considering the landmarking point used for the 

Aldrich pattern construction. The default Aldrich chest measurement was used for the rest of 

the mobile apps because a few body dimensions were unavailable, which are necessary for 

garment construction. According to the Size Stream landmarking manual, the definition is 

“Contour measurement between armpits across the top of Bust” (Stream, 2022b). Similarly, in 

Aldrich, the method of measuring the chest measurement “ measure the chest 7 cm down from 

the neck point at the centre front (armscye to armscye) (Aldrich, 2015).    

3D Look and Nettelo: The measurements received from the 3D Look and Nettelo 

mobile application also do not provide all the measurements used for constructing the patterns. 

Therefore, default measurements from the Aldrich method used for constructing ready to wear 

garments (standard body measurements sizing chart, for example, 12, 14, 16 etc.) have been 

used according to the bust measurement of each participant received from the mobile 

application. The default measurements have been highlighted in the table in light blue colour. 

Moreover, each participant’s front and back patterns have been acquired from the 

Lectra Modaris software using the Aldrich close-fitting bodice block pattern. The close-fitting 

bodice block pattern has been modified according to the measurement of each participant. 

Moreover, to modify into Kameez pattern, only the length has been increased according to the 

length measurement preference of each participant. Kameez is constructed as it is a traditional 

and culturally acceptable garment in Pakistan.  
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To analyse the visual difference of body measurements of each participant of three 

different applications, back and front patterns, the patterns were created first in the Lectra 

Modaris software and then exported to the CorelDraw software. For each participant, the front 

and back patterns have been arranged in CorelDraw software by overlapping each back and 

front pattern separately for each application. Moreover, each participant’s pattern, front and 

back, has been provided with a specific colour to identify the difference in the body dimension 

acquired for each participant by three different mobile applications. The red colour is given to 

size stream at the home front and Back patterns; Blue represents Nettelo front and back 

patterns, and the yellow colour illustrates the 3D Look front and back patterns. 

10.13.1. Difference of Scye depth and Armhole measurements 

The Scye depth measurement definition and landmark provided by the ISO 8559-1 

(2017) are presented in Chapter 9,Table 9.6. The size stream manual provides three different 

landmarks for scye depth measurements: Back neck 2 back chest contour length, Back neck 2 

back chest vertical length and Back neck 2 shoulder blade. These landmarks do not provide the 

exact scye depth measurements according to ISO 8559-1 (2017) provided definition “Distance, 

measured vertically on the body from back neck point to the upper edge of a tape measure 

passing horizontally under the arms at axilla”. To construct the patterns, armhole measurement 

is used instead of armscye depth because the mobile applications and size stream scanner 

manual do not provide the scye depth measurements. Therefore, the potential difference of 

armhole and scye depth measurements were calculated, which were extracted from the Size 

Stream cloud of the same participants. The mean difference between armhole measurements 

and scye depth is calculated from the data of 20 participants used for Study 2. The mean 

difference presents that armhole measurements are bigger (MeThreeSixty 1.624 cm and Size 

Stream 2.141 cm) than the Scye depth body dimensions (Table 10.27 and Figure 10.18). 

Measurements of Scye depth and armhole are presented in Appendix C. 
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Table 10.27 Difference of Scye Depth and Armhole Body Dimensions 

Scye Depth vs. Armhole Circumference (cm) 

Sr. 

No 
Application 

Scye depth 

Mean 

Armhole 

Mean 

Mean 

Difference 

95% CIs of Difference 

Status 

Lower Upper 

1 MeThreeSixty 18.564 20.188 1.624 2.023 1.225 

Armhole measurement was 

significantly different / 

greater than Scye depth.  

 Different Measurements 

2 Size Stream 20.154 22.295 2.141 3.175 1.106 

Armhole measurement was 

significantly different / 

greater than Scye depth.  

Different Measurements 

 

 

Figure 10.18 Difference of Scye Depth and Armhole Body Dimensions 
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Table 10.28 Measurements Used for Constructing Patterns (Participant 1) 

 P1 Measurements Used for Constructing Patterns 

Names of 

Measurements 

in Aldrich 

Names of Mobile Applications Measurements and body dimensions in cm 

Size Stream at 

home 

cm 3D Look cm Nettelo cm 

1 Shoulder 
Back Shoulder 

width 
38.76 

Back Shoulder 

width 
41.91 Shoulder span 40 

2 Bust 
Chest/Bust 

Circumference 
87.17 Bust girth 

87.88 

88 
Bust/Chest 93/93 

3 Nape to waist 
Half Back center 

Tape Measure 
35.78 

Neck to upper 

hip length 
48.51  

Nape to waist 41.5 (43.5) 

Nape to waist  43 

4 Neck size 
Neck 

circumference 
36.94 (37) Neck size 37 Neck 36 

5 Armscye depth 
Arm 

circumference 
40.51 (20.5) Armscye depth 21 Armhole 41.80 (21) 

6 Waist to hip 
Low Hip to 

SOBOPT Waist 
24.30 Waist to hip 20.6 Waist to hip 21.05 

7 Back width 
Across Back tape 

measure 
35.20 Back width 34.4 Back width 35.65 

8 Chest 
Upper Bust Front 

Length 
32.18 Chest 32.4 Chest 

33.9 

34 

9 Dart Dart 6.85 Dart 7 Dart 7.75 

10 Waist 
Waist 

Circumference 
69.72 Waist girth 68.83 Waist 77 

11 Hip 
Hip 

Circumference 
95.52 (25.38) Hip girth 92.96 (24.74) Hips 101 (26.75) 

12 Armscye 
Arm 

circumference 
40.51 Armscye depth  21 Armhole 41.80 

13 Sleeve Length Arm Length 58.92 Sleeve Length 58.5 Arm 61 

14 Wrist 
Wrist 

circumference 
19.50 Wrist 16 Wrist 18 

15 Length of Shirt 107 cm  

 Height 177 cm 

 Weight 49 kg 
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P1  

 

 

 

 

 

 

 

 

 

 

Figure 10.19 Participant 1 Back Patterns 

 

 

 

 

 

 

 

 

Figure 10.20 Participant 1 Front Patterns 

Table 10.29 Measurements Used for Constructing Patterns (Participant 2) 

 P2 Measurements Used for Constructing Patterns 

Names of 

Measurements 

in Aldrich 

Names of Mobile Applications Measurements and body dimensions in cm 

Size Stream at 

home 

cm 3D Look cm Nettelo cm 

1 Shoulder Back Shoulder 

width 

41.75 (42) 

 

Back Shoulder 

width 

42.18 Shoulder 

span 

42 

2 Bust Chest/Bust 

Circumference 

96.39 Bust girth 97.06 Bust/Chest 102 

3 Nape to waist Half Back Center 

Tape Measure 

39.44 Neck to upper 

hip length 

48.26 

 

Nape to 

waist 

42.4 

Nape to waist 42 

4 Neck size Neck 

circumference 

39.70 (40) Neck size 39.25 Neck 36 

5 Armscye depth Arm circumference 46.27 (23.13) Armscye depth 21.9 Armhole 46 (23) 

6 Waist to hip Low Hip to 

SOBOPT Waist 

22.27 Waist to hip 21.25 Waist to 

hip 

21.65 

7 Back width Across Back tape 

measure 

38.84 Back width 36.65 Back 

width 

37.9 

8 Chest Upper Bust Front 

Length 

34.06 Chest 35.1 Chest 36.6 

9 Dart Dart 8.2 Dart 8.35 Dart 9.1 

10 
Waist 

Waist 

Circumference 

82.06 Waist girth 83.82 Waist 90 

11 
Hip 

Hip Circumference 104.67 

(27.66) 

Hip girth 101.6 

(26.9) 

Hips 116 

(30.5) 

12 Armscye Arm circumference 46.27 Armscye depth 21.9 Armhole 46 
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 P2 Measurements Used for Constructing Patterns 

Names of 

Measurements 

in Aldrich 

Names of Mobile Applications Measurements and body dimensions in cm 

Size Stream at 

home 

cm 3D Look cm Nettelo cm 

13 Sleeve Length Arm Length 56.94 Sleeve Length 59.62 Arm 64 

14 Wrist Wrist 

circumference 

15.84 wrist 17.12 Wrist 18 

15 Length of Shirt 104 cm 

 height 173 cm 

 weight 65 kg 

 

P2 

 

 

 

 

 

 

 

 

 

 Figure 10.21  Participant 2 Back Patterns 

 

 

 

 

 

 

 

 

 

 

Figure 10.22 Participant 2 Front Patterns 
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Table 10.30 Measurements Used for Constructing Patterns (Participant 3) 

 P3 Measurements Used for Constructing Patterns 

Names of 

Measurements 

in Aldrich 

Names of Mobile Applications Measurements and body dimensions in cm 

Size Stream at 

home 

cm 3D Look cm Nettelo cm 

1 Shoulder Back Shoulder 

width 

40.2 Back 

Shoulder 

width 

41.67 Shoulder 

span 

41 

2 Bust Chest/Bust 

Circumference 

93.42 Bust girth 94.29 Bust/Chest 103 

3 Nape to waist Half Back Center 

Tape Measure 

37.89 Neck to 

upper hip 

length 

50.29 

 

Nape to 

waist 

42.5 

Nape to 

waist  

41.6 

4 Neck size Neck 

circumference 

39.05 Neck size 38.5 Neck 38 

5 Armscye depth Arm 

circumference 

45.50 (22.75) Armscye 

depth 

21.6 Armhole 45 (22.50) 

6 Waist to hip Low Hip to 

SOBOPT Waist 

25.75 Waist to hip 21 Waist to 

hip 

21.72 

7 Back width Across Back tape 

measure 

35.00 Back width 35.9 Back 

width 

38.15 

8 Chest Upper Bust Front 

Length 

33.45 Chest 34.2 Chest 36.9 

9 Dart Dart 7.75 Dart 8 Dart 9.1 

10 Waist Waist 

Circumference 

76.6 Waist girth 77.75 Waist 88 

11 Hip Hip 

Circumference 

102.91 (27.22) Hip girth 100.83 (26.7)  Hips 105 (27.75) 

12 Armscye Arm 

circumference 

45.50 Armscye 

depth 

21.6 Armhole 45 (22.50)  

13 Sleeve Length Arm Length 58.52 Sleeve 

Length 

59.25 Arm 56 

14 Wrist Wrist 

circumference 

17.04 wrist 16.75 Wrist 18 

15 Length of Shirt 102  

 height 171 cm 

 weight 65 kg 
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P3 

 

 

 

 

 

 

 

Figure 10.23 Participant 3 Back Patterns 

  

 

 

 

 

 

 

 

 

 

Figure 10.24 Participant 3 Front Patterns 

 

Table 10.31 Measurements Used for Constructing Patterns (Participant 4) 

 

P4 Measurements Used for Constructing Patterns 

Names of 

Measurements 

in Aldrich  

Names of Mobile Applications Measurements and body dimensions in cm 

Size Stream at 

home 
cm 3D Look cm Nettelo cm 

1 Shoulder 
Back Shoulder 

width 
43.02 

Back Shoulder 

width 
43.43 

Shoulder 

span 
46 

2 Bust 
Chest/Bust 

Circumference 
95.40 Bust girth 96.23 Bust/Chest 113 

3 Nape to waist 
Half Back Center 

Tape Measure 
41.37 

Neck to upper 

hip length 

47.75 

 
Nape to 

waist 
43.2 

Nape to waist 41.8 

4 Neck size Neck circumference 
38.98 

39 
Neck size 39 Neck 42 

5 
Armscye 

depth 
Arm circumference 

47.28 

(23.64) 
Armscye depth 21.8 Armhole 48 (24) 

6 Waist to hip 
Low Hip to 

SOBOPT Waist 
24.33 Waist to hip 21.2 Waist to hip 22.25 

7 Back width 
Across Back tape 

measure 
35.39 Back width 36.4 Back width 40.5 

8 Chest 
Upper Bust Front 

Length 
33.09 Chest 34.8 Chest 39.9 

9 Dart Dart 8.05 Dart 8.2 Dart 10.3 

 Waist 
Waist 

Circumference 
93.94 Waist girth 95.5 Waist 102 

 Hip Hip Circumference 
103.7 

(27.42) 
Hip girth 102.1 (27.02) Hips 

116 

(30.5) 
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P4 Measurements Used for Constructing Patterns 

Names of 

Measurements 

in Aldrich  

Names of Mobile Applications Measurements and body dimensions in cm 

Size Stream at 

home 
cm 3D Look cm Nettelo cm 

 Armscye Arm circumference 
47.28 

(23.64)  
Armscye depth 21.8 Armhole 48 (24)  

 Sleeve Length Arm Length 50.87 Sleeve Length 59.5 Arm 55 

  Wrist circumference 18.36 wrist 17 Wrist 19 

 
Length of 

Shirt 
100 cm 

 height 163 cm 

 weight 79 kg 

 

P4 

 

 

 

 

 

 

Figure 10.25 Participant 4 Back Patterns 

 

 

 

 

 

 

 

Figure 10.26 Participant 4 Front Patterns 
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Table 10.32 Measurements Used for Constructing Patterns (Participant 5) 

 

P5 Measurements Used for Constructing Patterns 

Names of 

Measurements 

in Aldrich 

Names of Mobile Applications Measurements and body dimensions in cm 

Size Stream at 

home 
cm 3D Look cm Nettelo cm 

1 Shoulder 
Back Shoulder 

width 
43.8 

Back 

Shoulder 

width 

44.45 
Shoulder 

span 
46 

2 Bust 
Chest/Bust 

Circumference 
102.66 Bust girth 103.99 Bust/Chest 113 

3 Nape to waist 
Half Back Center 

Tape Measure 
40.18 

Neck to upper 

hip length 

48.51 

 
Nape to 

waist 
43.2 

Nape to waist  42.6  

4 Neck size Neck circumference 40.23 Neck size 41 Neck 41 

5 
Armscye 

depth 
Arm circumference 

46.70 

23.35 

Armscye 

depth 
22.6 Armhole 

47 

23.50 

6 Waist to hip 
Low Hip to 

SOBOPT Waist 
27.15 Waist to hip 21.8 Waist to hip 22.25 

7 Back width 
Across Back tape 

measure 
41.52 Back width 38.4 Back width 40.5 

8 Chest 
Upper Bust Front 

Length 
39.67 Chest 37.2 Chest 39.9 

9 Dart Dart 9.1 Dart 9.4 Dart 10.3 

10 Waist 
Waist 

Circumference 
97.33 Waist girth 96.77 Waist 105 

11 Hip Hip Circumference 
108.06 

(28.51) 
Hip girth 

106.68 

(28.17) 
Hips 

128 

(33.5) 

12 Armscye Arm circumference 46.70 
Armscye 

depth 
22.6 Armhole 47 

13 Sleeve Length Arm Length 45.46 Sleeve Length 60.18 Arm 59 

14 Wrist 
Wrist 

circumference 
19.45 wrist 18 Wrist 18 

15 
Length of 

Shirt 
100 cm 

 height 163 cm 

 weight 75 kg 
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P5 

 

 

 

 

 

 

Figure 10.27 Participant 5 Back Patterns 

 

 

 

 

 

 

 

 

 

 

Figure 10.28 Participant 5 Front Patterns 

Table 10.33 Measurements Used for Constructing Patterns (Participant 6) 

 

P6  Measurements Used for Constructing Patterns 

Names of 

Measurements 

in Aldrich  

Names of Mobile Applications Measurements and body dimensions in cm 

Size Stream at 

home 
cm 3D Look cm Nettelo cm 

1 Shoulder 
Back Shoulder 

width 
41.55 

Back 

Shoulder 

width 

41.14 
Shoulder 

span 
39 

2 Bust 
Chest/Bust 

Circumference 
84.6 Bust girth 85.4 Bust/Chest 96 

3 Nape to waist 
Half Back Center 

Tape Measure 
38.22 

Neck to 

upper hip 

length 

47.49 

 
Nape to 

waist 
41.8 

Nape to waist  40.7 

4 Neck size Neck circumference 35.22 Neck size 36.25 Neck 40 

5 
Armscye 

depth 
Arm circumference 43.74 (21.87) 

Armscye 

depth 
20.7 Armhole 40 (20) 

6 Waist to hip 
Low Hip to 

SOBOPT Waist 
25.47 Waist to hip 20.37 

Waist to 

hip 
21.2 

7 Back width 
Across Back tape 

measure 
34.29 Back width 33.65 

Back 

width 
36.4 

8 Chest 
Upper Bust Front 

Length 
32.48 Chest 31.5 Chest 34.8 

9 Dart Dart 6.4 Dart 6.55 Dart 8.2 

10 Waist  
Waist 

Circumference 
69.79 Waist girth 71.37 Waist 79 

11 Hip Hip Circumference 93.57 (24.89) Hip girth 96.26 (25.56) Hips 108 (28.5) 

12 Armscye Arm circumference 45.74 
Armscye 

depth 
20.7 Armhole 40 
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P6  Measurements Used for Constructing Patterns 

Names of 

Measurements 

in Aldrich  

Names of Mobile Applications Measurements and body dimensions in cm 

Size Stream at 

home 
cm 3D Look cm Nettelo cm 

13 Sleeve Length Arm Length 49.55 
Sleeve 

Length 
58.12 Arm 57 

14  Wrist circumference 13.89 Wrist 15.62 Wrist 17 

15 
Length of 

Shirt 
100 cm 

 height 163 cm 

 weight 64 kg 

 

 

P6 

 

 

 

 

 

Figure 10.29 Participant 6 Back Patterns 

 

 

 

 

 

 

 

 

Figure 10.30 Participant 6 Front Patterns 
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Table 10.34 Measurements Used for Constructing Patterns (Participant 7) 

 

P7 Measurements Used for Constructing Patterns 

Names of 

Measurements 

in Aldrich 

Names of Mobile Applications Measurements and body dimensions in cm 

Size Stream at 

home 
cm 3D Look cm Nettelo cm 

1 Shoulder 
Back Shoulder 

width 
40.39 

Back Shoulder 

width 
40.13 

Shoulder 

span 
38 

2 Bust 
Chest/Bust 

Circumference 
85.26 Bust girth 83.31 Bust/Chest 90 

3 Nape to waist 
Half Back Center 

Tape Measure 
39.49 

Neck to upper 

hip length 

47.49 

 
Nape to 

waist 
41.2 

Nape to waist 40.3 

4 Neck size Neck circumference 38.20 Neck size 37.75 Neck 40 

5 
Armscye 

depth 
Arm circumference 

42.45 

(21.22) 
Armscye depth 20.5 Armhole 41 (20.5) 

6 Waist to hip 
Low Hip to 

SOBOPT Waist 
24.28 Waist to hip 20.22 Waist to hip 20.75 

7 Back width 
Across Back tape 

measure 
35.61 Back width 33.15 Back width 34.9 

8 Chest 
Upper Bust Front 

Length 
30.48 Chest 31.9 Chest 33 

9 Dart Dart 6.55 Dart 6.25 Dart 7.3 

10 Waist 
Waist 

Circumference 
67.39 Waist girth 66.29 Waist 77 

11 Hip Hip Circumference 
90.38 

24.09 
Hip girth 

88.64 

23.66 
Hips 

102 

27 

12 Armscye Arm circumference 42.45 Armscye depth 20.5 Armhole 41 

13 Sleeve Length Arm Length 51.33 Sleeve Length 57.87 Arm 57 

14 Wrist 
Wrist 

circumference 
13.89 Wrist 15.37 Wrist 17 

15 
Length of 

Shirt 
98 cm 

 height 161 cm 

 weight 49 kg 
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P7 

 

 

 

 

 

 

 

Figure 10.31 Participant 7 Back Patterns 

 

 

 

 

 

 

 

 

Figure 10.32 Participant 7 Front Patterns 

 

Table 10.35 Measurements Used for Constructing Patterns (Participant 8) 

 

P8 Measurements Used for Constructing Patterns 

Names of 

Measurements 

in Aldrich  

Names of Mobile Applications Measurements and body dimensions in cm 

Size Stream at 

home 
cm 3D Look cm Nettelo cm 

1 Shoulder Back Shoulder width 42.26 
Back Shoulder 

width 
41.91 

Shoulder 

span 
39 

2 Bust 
Chest/Bust 

Circumference 
93.76 Bust girth 92.96 Bust/Chest 100.3 

3 Nape to waist 
Half Back Center 

Tape Measure 
42.18 

Neck to upper 

hip length 

47.49 

 
Nape to 

waist 
42.2 

Nape to waist 41.5 

4 Neck size Neck circumference 39.26 Neck size 38.25 Neck 42 

5 
Armscye 

depth 
Arm circumference 

43.43 

(21.71) 
Armscye depth 21.5 Armhole 47 (23.5) 

6 Waist to hip 
Low Hip to 

SOBOPT Waist 
21.99 Waist to hip 21 

Waist to 

hip 
21.5 

7 Back width 
Across Back tape 

measure 
37.11 Back width 35.65 Back width 37.4 

8 Chest 
Upper Bust Front 

Length 
34.23 Chest 33.9 Chest 36 

9 Dart Dart 7.9 Dart 7.75 Dart 8.8 

10 Waist 
Waist 

Circumference 
76.48 Waist girth 75.94 Waist 82 

11 Hip Hip Circumference 
100.63 

(26.65) 
Hip girth 98.29 (26.07) Hips 104 (27.5) 
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P8 Measurements Used for Constructing Patterns 

Names of 

Measurements 

in Aldrich  

Names of Mobile Applications Measurements and body dimensions in cm 

Size Stream at 

home 
cm 3D Look cm Nettelo cm 

12 Armscye Arm circumference 45.43 Armscye depth 21.5 Armhole 47 

13 Sleeve Length Arm Length 59.15 Sleeve Length 59.12 Arm 58 

14  Wrist circumference 22.17 wrist 16.62 Wrist 17 

15 
Length of 

Shirt 
100 cm 

 height 165cm 

 weight 59kg 

 

P8 

 

 

 

 

 

 

 

Figure 10.33 Participant 8 Back Patterns 

 

 

 

 

 

 

 

 

Figure 10.34 Participant 8 Front Patterns 
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Table 10.36 Measurements Used for Constructing Patterns (Participant 9) 

 

P9 Measurements Used for Constructing Patterns 

Names of 

Measurements 

in Aldrich  

Names of Mobile Applications Measurements and body dimensions in cm 

Size Stream at 

home 
cm 3D Look cm Nettelo cm 

1 Shoulder 
Back Shoulder 

width 
40.32 

Back Shoulder 

width 
41.16 

Shoulder 

span 
42 

2 Bust 
Chest/Bust 

Circumference 
85.32 Bust girth 87.37 Bust/Chest 93 

3 Nape to waist 
Half Back Center 

Tape Measure 
37.66 

Neck to upper 

hip length 
46.73  

Nape to 

waist 
41.5 

Nape to waist  40.9 

4 Neck size Neck circumference 35.25 Neck size 36.75 Neck 41 

5 
Armscye 

depth 
Arm circumference 

42.46 

(21.23) 
Armscye depth 20.9 Armhole 43 (21.5) 

6 Waist to hip 
Low Hip to 

SOBOPT Waist 
24.94 Waist to hip 20.52 Waist to hip 20.97 

7 Back width 
Across Back tape 

measure 
36.44 Back width 34.15 Back width 35.65 

8 Chest 
Upper Bust Front 

Length 
33.32 Chest 32.1 Chest 33.9 

9 Dart Dart 6.55 Dart 6.85 Dart 7.75 

10 Waist 
Waist 

Circumference 
70.76 Waist girth 71.37 Waist 79 

11 Hip Hip Circumference 
92.58 

(24.64) 
Hip girth 89.91 (23.97) Hips 98 (26) 

12 Armscye Arm circumference 42.46 Armscye depth 20.9 Armhole 43 

13 Sleeve Length Arm Length 54.73 Sleeve Length 58.37 Arm 59 

14 Wrist Wrist circumference 20.09 wrist 15.87 Wrist 18 

15 
Length of 

Shirt 
100 cm      

 height 165 cm      

 weight 49 kg      
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Figure 10.35 Participant 9 Back Patterns 

 

 

 

 

 

 

 

 

Figure 10.36 Participant 9 Front Patterns 

 

 

Table 10.37 Measurements Used for Constructing Patterns (Participant 10) 

 

P10 Measurements Used for Constructing Patterns 

Names of 

Measurements 

in Aldrich 

Names of Mobile Applications Measurements and body dimensions in cm 

Size Stream at 

home 
cm 3D Look cm Nettelo cm 

1 Shoulder 
Back Shoulder 

width 
42.73 

Back 

Shoulder 

width 

42.16 Shoulder span 41 

2 Bust 
Chest/Bust 

Circumference 
91.16 Bust girth 90.12 Bust/Chest 94 

3 Nape to waist 
Half Back Center 

Tape Measure 
39.8 

Neck to upper 

hip length 
47.75 

Nape to waist 41.6 

Nape to waist 41.2 

4 Neck size Neck circumference 38.50 Neck size 37.5 Neck 38 

5 
Armscye 

depth 
Arm circumference 44.39 (22.19) 

Armscye 

depth 
21.2 Armhole 45 (22.5) 

6 Waist to hip 
Low Hip to 

SOBOPT Waist 
18.61 Waist to hip 20.75 Waist to hip 21.05 

7 Back width 
Across Back tape 

measure 
35.61 Back width 34.9 Back width 35.9 

8 Chest 
Upper Bust Front 

Length 
34.59 Chest 33 Chest 34.2 

9 Dart Dart 7.45 Dart 7.3 Dart 7.9 

 Waist 
Waist 

Circumference 
71.74 Waist girth 70.86 Waist 75 
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P10 Measurements Used for Constructing Patterns 

Names of 

Measurements 

in Aldrich 

Names of Mobile Applications Measurements and body dimensions in cm 

Size Stream at 

home 
cm 3D Look cm Nettelo cm 

 Hip Hip Circumference 92.93 (24.73) Hip girth 92.96 (24.74) Hips 
101 

(26.75) 

 Armscye Arm circumference 44.39 
Armscye 

depth 
21.2 Armhole 45 

 Sleeve Length Arm Length 59.69 
Sleeve 

Length 
58.75 Arm 58 

 Wrist Wrist circumference 19.25 Wrist 16.25 Wrist 17 

 
Length of 

Shirt 
100 cm      

 height 165 cm      

 weight 48 kg      
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Figure 10.37 Participant 10 Back Patterns 

 

 

 

 

 

 

 

 

Figure 10.38 Participant 10 Front Patterns 
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10.13.2. Summary 

The visual representation of patterns images of all participants and measurements in 

Table 10.28 to Table 10.37 indicated the variability of measurements extracted from the mobile 

app scanner. The patterns provide evidence that measurements acquired from the Nettelo app 

have bigger patterns than the 3Dlook and Size stream at home. 3Dlook and Size stream at home 

measurements in the visual representation of patterns illustrates that they are closer to each 

other and almost comparable. Moreover, bespoke garments are created using the measurements 

provided in the Tables, and the Aldrich bodice block pattern is employed to construct patterns. 

The quantitative analysis of interface evaluation (mobile app scanners) and qualitative analysis 

of bespoke garment try-ons have been presented in the following section. 

10.14 Quantitative analysis of 3DLook, Size Stream at home and Nettelo 

The quantitative analysis aims to evaluate the level of acceptance of 3D body scanning 

mobile app technology. Therefore, technology acceptance model constructs such as 

Technology anxiety/innovativeness, perceived usefulness, perceived ease of use, attitude, and 

intention to use have been used to evaluate participants’ responses. The responses were 

collected after participants had used the mobile application. The study intends to introduce and 

facilitate Pakistani consumers with novel mobile app scanning technology that delivers digital 

measurements to enhance online bespoke garment services. Therefore, the technology can be 

incorporated into the Pakistani e-commerce fashion industry and in virtual size and fit 

interfaces, which require manual body dimension data entry. (Appendix C, quantitative 

questionnaire of three mobile applications separately). 

10.14.1. Technology anxiety  

Technology anxiety is the readiness to use technology. This is vital to measure and 

evaluate the attitude towards utilising technology. People have hesitation and fear while 

thinking and using technology. Users might fear that they cannot operate the technology 

properly (Cambre and Cook, 1985; Meuter et al., 2003; Scott and Rockwell, 1997). 

Nevertheless, some online buyers pursue novel technologies and explore them that provoke 

their imagination (Hirschman, 1984). Table 35 demonstrates participants’ responses about 

technology anxiety towards 3D body scanning technology. It has been noted that participants 

were interested in using the latest technology for bespoke online shopping. Similarly, it is 

determined by Robinson et al. (2004) that technology innovativeness has been understood as 

user acceptance to try a technology without hesitation (Robinson et al., 2004). 9 respondents 

showed that they are not confused by the technical terms of technology. Moreover, 8 
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respondents revealed that they do not avoid technology either because it is unfamiliar to them. 

Similarly, 9 respondents reveal that they do not hesitate to use technology and do not fear 

making mistakes while using technology. Therefore, the participants showed a positive attitude 

towards trying a new technology that would benefit them for online bespoke shopping. In 

comparison, one participant agreed with feelings of fear and apprehension towards using 

technology (Table 10.38). 

Table 10.38 Technology Anxiety 

Technology Anxiety 

1. Technical terms sound like confusing jargon to me. 

3DLook Size Stream at Home Nettelo 

 Frequency Percent  Frequency Percent  Frequency Percent 

Strongly Agree 1 10.0 
Strongly 

Agree 
1 10.0 

Strongly 

Agree 
1 10.0 

Somewhat 

Disagree 
5 50.0 

Somewhat 

Disagree 
5 50.0 

Somewhat 

Disagree 
5 50.0 

Disagree 2 20.0 Disagree 2 20.0 Disagree 2 20.0 

Strongly 

Disagree 
2 20.0 

Strongly 

Disagree 
2 20.0 

Strongly 

Disagree 
2 20.0 

Total 10 100.0 Total 10 100.0 Total 10 100.0 

2. I have avoided technology because it’s unfamiliar to me. 

3DLook Size Stream at Home Nettelo 

 Frequency Percent  Frequency Percent  Frequency Percent 

Strongly Agree 1 10.0 Strongly 
Agree 

1 10.0 Strongly 
Agree 

1 10.0 

Agree 1 10.0 Agree 1 10.0 Agree 1 10.0 

Somewhat Disagree 3 30.0 Somewhat 
Disagree 

3 30.0 Somewhat 
Disagree 

3 30.0 

Disagree 4 40.0 Disagree 4 40.0 Disagree 4 40.0 

Strongly Disagree 1 10.0 Strongly 
Disagree 

1 10.0 Strongly 
Disagree 

1 10.0 

Total 10 100.0 Total 10 100.0 Total 10 100.0 

3. I hesitate to use most forms of technology for fear of making mistakes I cannot correct. 

3DLook Size Stream at Home Nettelo 

 Frequency Percent  Frequency Percent  Frequency Percent 
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Technology Anxiety 

Agree 1 10.0 Agree 1 10.0 Agree 1 10.0 

Somewhat Disagree 5 50.0 Somewhat 
Disagree 

5 50.0 Somewhat 
Disagree 

5 50.0 

Disagree 2 20.0 Disagree 2 20.0 Disagree 2 20.0 

Strongly Disagree 2 20.0 Strongly 
Disagree 

2 20.0 Strongly 
Disagree 

2 20.0 

Total 10 100.0 Total 10 100.0 Total 10 100.0 

 

10.14.2. Perceived usefulness 

The reassurance and consumption of technology indicate its perceived usefulness 

(Moon and Kim, 2001). Perceived usefulness is “the degree to which an individual believes 

that using a particular system would enhance his/her job performance” (Davis, 1989) p.320. 

Table 36 illustrates the percentage of respondents towards the perceived usefulness of body 

scanning technology apps. 3 respondents strongly agreed, and 6 respondents agreed that 

3DLook is helpful for online shopping of bespoke garments. Similarly, 6 respondents agreed 

that size stream at home is helpful for online shopping of bespoke garments. Whereas 5 

respondents strongly disagreed and 5 disagreed that Nettelo is helpful for online bespoke 

shopping. 

For 3D Look, 6 respondents strongly agree, and 4 agree that the application could 

increase the quality of online shopping for bespoke garments. Similarly, for size stream at 

home, 7 respondents agreed, and 3 respondents somewhat agreed that the app would increase 

the quality of online shopping of bespoke garments. Whereas, for Nettelo, 3 respondents 

strongly disagreed, and 5 disagreed that Nettelo could increase the quality of online shopping 

of bespoke garments.   

For 3Dlook, 4 respondents strongly agreed, and 4 agreed that app measurement would 

make them more productive when they shop online. For size stream at home, 7 respondents 

agreed, and 3 respondents somewhat agreed that the mobile app measurements would be more 

productive during online shopping. Whereas, for Nettelo, 3 respondents disagreed, 3 strongly 

disagreed, and 40% somewhat disagreed on app productivity for bespoke online shopping. 

For 3Dlook certainty of digital body measurements for online bespoke garment 

purchase, 4 respondents strongly agreed, 4 agreed, and 2 somewhat agreed. Similarly, for the 

size stream at home app, 8 respondents agreed and 2 strongly agreed on the certainty of body 
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measurements for purchasing bespoke garments online. Whereas 6 respondents strongly 

disagreed, and 4 disagreed with the certainty of Nettelo app measurements to purchase online 

bespoke garments.  

For 3Dlook, 5 respondents agreed, 3 respondents strongly agreed, and 2 somewhat 

agreed that the app measurements would improve the online shopping ability of bespoke 

garments. For size stream at home, 8 respondents agreed, and 2 strongly agreed that online 

bespoke shopping ability would improve using app measurements. Whereas 4 respondents 

strongly disagreed, 6 disagreed that Nettelo mobile app measurements would improve the 

ability of online shopping to customise garments. Thus, it has been reported that the 3Dlook 

and MeThreeSixty measurements were reliable for buying bespoke garments online. The 

respondents showed a positive attitude towards the perceived usefulness of both apps. In 

comparison, respondents have not accepted Nettelo regarding the reliability of measurements 

extracted from the app (Table 10.39). 

Table 10.39 Perceived Usefulness 

Perceived Usefulness 

4. I would find body scanning with 3Dlook, Size Stream at Home, and Nettelo helpful when shopping online for bespoke garment. 

3DLook Size Stream at Home Nettelo 

 Frequency Percent  Frequency Percent  Frequency Percent 

Strongly Agree 3 30.0 Strongly Agree 1 10.0 Disagree 5 50.0 

Agree 6 60.0 Agree 6 60.0 Strongly 
Disagree 

5 50.0 

Somewhat Agree 1 10.0 Somewhat 
Agree 

3 30.0 Total 10 100.0 

Total 10 100.0 Total 10 100.0    

5. Use of 3Dlook, Size Stream at Home and Nettelo 3D body scanning could increase the quality of my online shopping of bespoke garment. 

3DLook Size Stream at Home Nettelo 

 Frequency Percent  Frequency Percent  Frequency Percent 

Strongly 

Agree 
6 60.0 Agree 7 70.0 

Somewhat 

Agree 
2 20.0 

Agree 4 40.0 
Somewhat 

Agree 
3 30.0 Disagree 5 50.0 

Total 10 100.0 Total 10 100.0 
Strongly 

Disagree 
3 30.0 

      Total 10 100.0 
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Perceived Usefulness 

6. Using 3Dlook, Size Stream at Home and Nettelo 3D body scanning measurements would make me more productive when shopping online. 

3DLook Size Stream at Home Nettelo 

 Frequency Percent  Frequency Percent  Frequency Percent 

Strongly 

Agree 
4 40.0 Agree 7 70.0 

Somewhat 

Disagree 
4 40.0 

Agree 4 40.0 
Somewhat 

Agree 
3 30.0 Disagree 3 30.0 

Somewhat 

Agree 
2 20.0 Total 10 100.0 

Strongly 

Disagree 
3 30.0 

Total 10 100.0    Total 10 100.0 

7. Using 3Dlook, Size Stream at Home and Nettelo 3D body scanning measurements would allow me the certainty of my body measurements 

for purchasing online bespoke garments. 

3DLook Size Stream at Home Nettelo 

 Frequency Percent  Frequency Percent  Frequency Percent 

Strongly 

Agree 
4 40.0 

Strongly 

Agree 
2 20.0 Disagree 4 40.0 

Agree 4 40.0 Agree 8 80.0 
Strongly 

Disagree 
6 60.0 

Somewhat 

Agree 
2 20.0 Total 10 100.0 Total 10 100.0 

Total 10 100.0       

8. Using 3Dlook, Size Stream at Home and Nettelo 3D body scanning measurements would improve my online shopping ability of bespoke 

garments. 

3DLook Size Stream at Home Nettelo 

 Frequency Percent  Frequency Percent  Frequency Percent 

Strongly 

Agree 
3 30.0 

Strongly 

Agree 
2 20.0 Disagree 6 60.0 

Agree 5 50.0 Agree 8 80.0 
Strongly 

Disagree 
4 40.0 

Somewhat 

Agree 
2 20.0 Total 10 100.0 Total 10 100.0 

Total 10 100.0       
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10.14.3. Perceived ease of use 

Preceding research studies have proven that perceived ease of use is a central element 

in foreseeing attitudes towards technology adoption self-service (Dabholkar, 1994; Davis et 

al., 1992; Heijden, 2000). Rogers (1995) established that complexity, the reverse of ease of use 

(Agarwal et al., 1998), reduces a user’s readiness to adopt new technology. Therefore, if the 

use of technology is effortless, then perceived to be more practical (Heijden, 2000). For the 

3Dlook mobile application, 4 respondents agreed, 3 strongly agreed, and 3 somewhat agreed 

that the mobile app is clear and understandable. For the size stream at home, 4 respondents 

agreed, and 3 disagreed with the clarity and understandability of the app. Whereas for Nettelo, 

7 respondents somewhat disagreed that the Nettelo app is clear and understandable.     

7 respondents agreed, and 3 respondents strongly agreed that 3Dlook doesn’t require 

mental effort for body dimension extraction. Whereas, 6 respondents disagree that the app 

doesn’t require mental effort to extract body dimension for size stream at home. Similarly, for 

Nettelo, 5 and 3 respondents strongly disagree and disagree, respectively, on the statement. 

Therefore, the Nettelo app requires much more mental effort to acquire body dimensions. For 

3Dlook, 6 respondents agreed, and 4 respondents strongly agreed that 3Dlook is easy to use. 

Whereas for Size stream at home, 4 respondents disagreed and 3 strongly disagreed that size 

stream at home is easy to use. Similarly, 5 respondents disagreed, and 4 strongly disagreed that 

Nettelo is easy to use. Therefore, it has been concluded that the 3Dlook app is easier to use 

compared to the size stream at home and Nettelo (Table 10.40).     

 

 

 

 

 

 

 

 

 

 

 

 

 



377 

Table 10.40 Perceived Ease of Use 

Perceived Ease of Use 

9. Using 3Dlook, Size Stream at Home and Nettelo is clear and understandable. 

3DLook Size Stream at Home Nettelo 

 Frequency Percent  Frequency Percent  Frequency Percent 

Strongly Agree 3 30.0 Strongly Agree 1 10.0 Strongly 
Agree 

2 20.0 

Agree 4 40.0 Agree 4 40.0 Somewhat 
Agree 

7 70.0 

Somewhat 

Agree 
3 30.0 Somewhat Agree 1 10.0 Disagree 1 10.0 

Total 10 100.0 Somewhat Disagree 1 10.0 Total 10 100.0 

   Disagree 3 30.0    

   Total 10 100.0    

10. Using 3Dlook, Size Stream at Home and Nettelo doesn’t require much more mental effort for extraction of my body measurements. 

3DLook Size Stream at Home Nettelo 

 Frequency Percent  Frequency Percent  Frequency Percent 

Strongly Agree 3 30.0 Agree 2 20.0 Somewhat 
Disagree 

2 20.0 

Agree 7 70.0 Somewhat Agree 1 10.0 Disagree 3 30.0 

Total 10 100.0 Somewhat Disagree 1 10.0 Strongly 
Disagree 

5 50.0 

   Disagree 6 60.0 Total 10 100.0 

   Total 10 100.0    

11. 3Dlook, Size Stream at Home and Nettelo at Home is easy to use 

3DLook Size Stream at Home Nettelo 

 Frequency Percent  Frequency Percent  Frequency Percent 

Strongly Agree 4 40.0 Agree 1 10.0 Somewhat 
Disagree 

1 10.0 

Agree 6 60.0 Somewhat Disagree 2 20.0 Disagree 5 50.0 

Total 10 100.0 Disagree 4 40.0 Strongly 
Disagree 

4 40.0 

   Strongly Disagree 3 30.0 Total 10 100.0 

   Total 10 100.0    
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10.14.4. Attitude 

The prior studies on innovation illuminate that a user’s attitude towards engaging with 

technology promotes recognition of the innovation (Rogers, 1995). Therefore, a user’s 

technology employment is the purpose of his or her intent to use a system (Moore and Benbasat, 

1991). The TAM theoretical model is established on the theory of reasoned action, proving that 

the higher the positive attitude towards executing an act, the more likely a user is to achieve 

that act (Fishbein and Ajzen, 1980). Users having positive attitudes toward online buying are 

less likely to halt the proposed transactions (Cho, 2004). The respondents’ attitudes have been 

gathered with a rating scale of 1 to 7. Where 1-3 shows a positive attitude, 4 neutral, and 5-7 

shows a negative attitude towards operating a technology.  

6 respondents chose 2, and 4 chose 1 on the rating scale, which reveals that using a 3D 

look application is a good idea. Similarly, 6 respondents have chosen 2 and 2 have chosen 1 on 

the rating scale, indicating that using size stream at home application is a good idea. Whereas 

7 respondents have chosen 6 and 3, have chosen 5, illustrating that the majority is near to 

responding that using Nettelo is a bad idea.     

4 respondents have chosen 1, and 5 respondents have chosen 2, which reveals that the 

3D Look measurement method is superior to the manual method of extracting dimension. 

Similarly, 7 respondents have chosen 2 on the rating scale, showing that the Size Stream at 

home measurement method is superior to the manual method of extracting dimension. Whereas 

4 respondents chose 5 and 6 on the rating scale, and 2 respondents chose 3 on the rating scale, 

which reveals that the majority didn’t find the Nettelo app superior for the measurement’s 

extraction.  

For 3Dlook, 5 respondents have chosen 1 and 2 on the rating scale, and for size stream 

at home, 4 respondents have chosen 2 and 3 and found both applications pleasant. In 

comparison, 8 respondents have chosen 7 for Nettelo, which is unpleasant on the rating scale. 

6 respondents choose 2, and 4 respondents choose 1, which discloses that the 3DLook 

application is appealing. Similarly, 5 respondents chose 2, which shows that respondents found 

the size stream at home application appealing. Whereas, for Nettelo, 7 found the app 

unappealing by choosing 7 on the rating scale. 

7 respondents have chosen 2, and 3 have chosen 1 on the rating scale, which clarifies 

that using 3Dlook is excellent. Whereas 4 respondents have chosen 2 and 3 on the rating scale, 

which reveals that the size stream at home is near to excellent for the respondents. 4 
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respondents have chosen 5 and 6 on the rating scale, showing that 8 respondents found Nettelo 

near poor technology (Table 10.41). 

Table 10.41 Attitude 

Attitude 

16. Using 3Dlook, Size Stream at Home and Nettelo is a good/bad idea  

3DLook Size Stream at Home Nettelo 

Rating scale Frequency Percent Rating scale Frequency Percent Rating scale Frequency Percent 

A good idea 4 40.0 A good idea 2 20.0 5 3 30.0 

2 6 60.0 2 6 60.0 6 7 70.0 

Total 10 100.0 3 2 20.0 Total 10 100.0 

   Total 10 100.0    

17. Using 3Dlook, Size Stream at Home and Nettelo is superior to manual method of measurement/inferior to manual method of 

measurements 

3DLook Size Stream at Home Nettelo 

Rating scale Frequency Percent Rating scale 
Frequency 

Percent Rating scale Frequency Percent 

superior to manual 

method of human 

measurements 

extraction 

4 40.0 

superior to 

manual method 

of human 

measurements 
extraction 

2 20.0 3 2 20.0 

2 5 50.0 2 7 70.0 5 4 40.0 

3 1 10.0 3 1 10.0 6 4 10.0 

Total 10 100.0 Total 10 100.0 Total 10 100.0 

18. Using 3Dlook, Size Stream at Home and Nettelo is pleasant/unpleasant 

3DLook Size Stream at Home Nettelo 

Rating scale Frequency Percent Rating scale 
Frequency 

Percent Rating scale Frequency Percent 

Pleasant 5 50.0 Pleasant 1 10.0 6 2 20.0 

2 5 50.0 2 4 40.0 7 8 80.0 

Total 10 100.0 3 4 40.0 Total 10 100.0 

   4 1 10.0    

   Total 10 100.0    

19. Using Size Stream at Home is appealing/unappealing 

3DLook Size Stream at Home Nettelo 
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Attitude 

Rating scale Frequency Percent Rating scale Frequency Percent Rating scale Frequency Percent 

Appealing 4 40.0 Appealing 2 20.0 5 7     70.0 

2 6 60.0 2 5 50.0 7 3 30.0 

Total 10 100.0 3 2 20.0 Total 10 100.0 

   5 1 10.0    

   Total 10 100.0    

20. Using 3Dlook, Size Stream at Home and Nettelo is excellent/poor 

3DLook Size Stream at Home Nettelo 

Rating scale Frequency Percent Rating scale Frequency Percent Rating scale Frequency Percent 

Excellent 3 30.0 Excellent 2 20.0 4 2 20.0 

2 7 70.0 2 4 40.0 5 4 40.0 

Total 10 100.0 3 4 40.0 6 4 40.0 

   Total 10 100.0 Total 10 100.0 

10.14.5. Intention to use 

Prior research studies proved robust rational sustenance for a positive relationship 

between perceived ease of use and perceived usefulness (Davis, 1989; Adams et al., 1992; 

Segars and Grover, 1993). Thus, the effortless use of technology is perceived to be more useful 

(Heijden, 2000). The purpose of utilising technology is centred on ease of use and usefulness 

of technology. Additionally, if the technology is useful regarding what it demands, the 

operators would reveal positive intent in utilising technology. If technology involves additional 

endeavour in utilising it, it would negatively affect the intention to use. 6 respondents agreed, 

and 4 respondents strongly agreed that they would likely try 3Dlook or Similar 3D body 

scanning applications again in future for online shopping of bespoke garments. Similarly, 8 

respondents somewhat agreed that they would likely try size stream at home or Similar 3D 

body scanning applications again in the future for online shopping of bespoke garments. 6 

respondents somewhat agreed that revealed respondents might likely try Nettelo or Similar 3D 

body scanning applications again in the future for online shopping of bespoke garments.  

5 respondents Strongly agreed, and 5 respondents agreed that they would be likely to 

visit applications like 3Dlook or similar 3D Body Scanning applications for Bespoke fashion 

shopping. 8 respondents somewhat agreed that they would likely visit applications like size 

stream at home or similar 3D Body Scanning applications for Bespoke fashion shopping. 



381 

Whereas 6 respondents somewhat agreed that they would likely visit applications like Nettelo 

or similar 3D Body Scanning applications for Bespoke fashion shopping. 

6 respondents agreed, and 2 strongly agreed that they would be likely to purchase 

bespoke garments by using the 3Dlook application, as it satisfied them with the size and fit of 

the bespoke garment buying process. 8 respondents somewhat agreed that they would be likely 

to purchase bespoke garments by using size stream at home application, as they have been 

satisfied with the size and fit of bespoke garment buying process. Whereas 6 respondents 

disagreed and 4 somewhat disagreed that they would be likely to purchase bespoke garments 

using the Nettelo application, as it didn’t satisfy them with the size and fit of the bespoke 

garment buying process.  

8 respondents Strongly agreed with 3Dlook that the 3D Body scanning tool would be 

added to the fashion brands’ applications and websites for the effective selection of the right 

size and well fitted garments online and for customisation of garments. Similarly, 9 respondents 

agreed with the size stream at home app. Whereas 6 somewhat agreed with adding the Nettelo 

app as a 3D body scanning tool (10.42).   

Table 10.42 Intention to Use 

Intention to Use 

21. I would be likely to try 3Dlook, Size Stream at Home and Nettelo or Similar 3D body scanning applications again in the future for online 

shopping of bespoke garments. 

3DLook Size Stream at Home Nettelo 

 Frequency Percent  Frequency Percent  Frequency Percent 

Strongly Agree 4 30.0 Agree 2 20.0 Strongly Agree 1 10.0 

Agree 6 60.0 Somewhat 
Agree 

8 80.0 Agree 2 20.0 

  10.0 Total 10 10.0 Somewhat 
Agree 

6 60.0 

Total 10 100.0   100.0 Somewhat 

Disagree 
1 10.0 

      Total 10 100.0 

22. I would be likely to visit applications like 3Dlook, Size Stream at Home and Nettelo or similar 3D Body Scanning applications for 

Bespoke fashion shopping. 

3DLook Size Stream at Home Nettelo 

 Frequency Percent  Frequency Percent  Frequency Percent 

Strongly Agree 5 50.0 Strongly Agree 1 10.0 Somewhat 
Agree 

1 10.0 
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Intention to Use 

Agree 5 50.0 Agree 1 10.0 Disagree 3 30.0 

Total 10 100.0 Somewhat Agree 8 80.0 Strongly 
Disagree 

6 60.0 

   Total 10 100.0 Total 10 100.0 

23. I would be likely to purchase bespoke garments by using 3Dlook, Size Stream at Home and Nettelo application, as it satisfied me with 

size and fit of bespoke garment buying process. 

3DLook Size Stream at Home Nettelo 

 Frequency Percent  Frequency Percent  Frequency Percent 

Strongly Agree 2 20.0 Strongly Agree 1 10.0 Somewhat 

Disagree 
4 40.0 

Agree 6 60.0 Agree 1 10.0 Disagree 6 60.0 

Somewhat 

Agree 
2 20.0 Somewhat Agree 8 80.0 Total 10 100.0 

Total 10 100.0 Total 10 100.0    

24. 3D Body scanning tool would be added in the fashion brands application and websites for effective selection of right size and well fitted 

garments online and for customisation of garment? 

3DLook Size Stream at Home Nettelo 

 Frequency Percent  Frequency Percent  Frequency Percent 

Strongly Agree 8 80.0 Strongly Agree 1 10.0 Strongly Agree 1 10.0 

Agree 2 20.0 Agree 9 90.0 Agree 3 30.0 

Total 10 100.0 Total 10 100.0 Somewhat 
Agree 

6 60.0 

      Total 10 100.0 
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10.15 Summary of quantitative analysis of mobile applications 

The quantitative analysis includes technology anxiety, perceived ease of use, perceived 

usefulness, attitude, and intention to use. The technology anxiety of mobile applications 

revealed that 9 participants were interested and showed a positive attitude towards using 

technology without hesitation and fear. Therefore, the results confirmed the study by Robinson 

in 2004 that technology acceptance by users is technology innovativeness, to try a new 

technology without apprehension. The results of the perceived usefulness of mobile 

applications showed that 3Dlook and size stream at home applications are reliable and useful 

for buying online bespoke garments. Comparatively, Nettelo app body dimensions have been 

unreliable for bespoke garment construction. The results of perceived ease of use of mobile 

applications revealed that the 3Dlook app has an easier mechanism and doesn’t require much 

more mental effort compared to Size Stream at home and Nettelo. The results of attitude 

towards using mobile application scanner reported that participants are interested in using 

3Dlook and size stream at home as the majority has found it a good idea, superior to manual 

measurement methods, and an appealing and excellent app for body scanning and garment 

customisation compared to Nettelo. The results of intention to use mobile applications revealed 

that the majority of participants would like to try and visit and purchase the 3Dlook mobile 

application for online shopping of bespoke garments compared to Size Stream at home and 

Nettelo. Moreover, they agree that a 3D body scanning tool needs to be added to the online 

interfaces for garment selection and production.    

10.16 Qualitative analysis of 3DLook, MeThreeSixty and Nettelo mobile scanning 

applications 

10.16.1. Size and fit satisfaction of consumers 

The primary research theme of the study was size and fit satisfaction, which relates to 

the participant’s bespoke garment evaluation. Previous studies have studied fit evaluation 

(Grogan et al., 2013; Shin, 2013; de Klerk and Tselepis, 2007; Alexander et al., 2005) and 

(Labat and Delong, 1990). The themes that have developed are considered following the 

existing literature in the recent research studies into the area of functional and behavioural 

features of fit/size/style satisfaction, represented as either influential or communicative  (Swan 

and Combs, 1976; de Klerk and Tselepis, 2007). Additionally, technology ease of use and 

usefulness of applications and Psychological / Regular fit, semi-fitted and comfortable fit 

garments, positive body cathexis with customised garments, and positive perceptions about 

real body shape were emerging themes to fit and size satisfaction. The consumer evaluations 
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of size and fit satisfaction results from the 3D Look, Size stream at home and Nettelo study are 

shown in Table 10.43, Table 10.44, and Table 10.45.   

Table 10.43 3Dlook fit Satisfaction, Fit Expectation, and Comparative Fit Satisfaction 

Open code Axial code Selective code Statement Example 

Fit 

Satisfaction 

Functional Fit Conformation 

to Body 

I am highly satisfied with the garment fit.(P2). It fits perfectly (P4) They have good 

fitting (P5) It fits exactly on the body. The size is perfect (P6) Good Fit (P7) Good 

Fitting (P8) 

Semi-fitted, 

Regular Fit and 

Comfort fit 

Slightly loose fit garment from all parts but fits well (P1) Yes, the garments fit me 

well. It’s a comfortable fit garment, not tight not loose. Good Fitting (P3) Little 

loose and good fitting garment (P9) Slightly loose fit garment. The way I wear (P10) 

  Fit Proportion I am satisfied from all the parts of my body for shirt. I feel a bit loose at shoulder 

area. But rest of the areas are ok. I am happy with the fit of the garment. (P1) 

Satisfied from all parts of garment. Good fitting at all parts. Semi-fitted garment. 

(P2) It’s totally ok from all side no alterations. I am happy with fit (P3). All parts 

are ok according to my body shape (P4) Fit from every part of body. It is not tight. 

It is a bit loose fit from all parts. I like the fit of the garment (P6) Garment fit well 

on all parts of my body (P7) I am satisfied with all the parts. It fits well. The garment 

is not too loose. I like the fitting. (P9)  

 Physiological Slightly loose 

garment 

They are fit on all parts, except shoulders. I feel that it is loose a little bit.  

(P5). Size is a bit loose from waist. However, overall look and fit of garment is fine 

and comfortable. (P8) 

 Psychological  Comfortable 

fitted garment 

I am satisfied with all the body parts, slightly loose and have good fitting. Because 

I like to wear a slightly loose-fitting garment not tight garment, because it gives 

space to move my body easily (P10) 

Fit 

expectation 

Bespoke 

garments 

Trueness to 

perception of fit 

The stitching and shape of the garment is good. It is a bit loose than the tailor-made 

garment I wear. I expected to get a perfect fit garment and it met my expectations 

(P1) It has met the expectation. The application worked well by delivering body 

measurements without using measurement tape (P3) The application met my 

expectation for bespoke garment stitching process. However, the application 

technology is new. It will take time to be commercialise (P4) 

 

 Technology 

Readiness 

Negative 

prediction of 

Technology 

My expectation from this application was not positive to provide a good fit garment 

according to my body size. Surprisingly, it has done a good job (P2) Before using 

app, I was thinking it might not provide exact body measurements. But I am happy 

with the garment I received. My expectations were a bit confusing though. The app 

is good and easy to be used for customisation of garment (10) 

 Technology 

adoption 

Ease of use and 

Usefulness of 

App 

For bespoke garment stitching, this technology is quite handy and has met the 

expectation to be use for getting body measurements in one minute (P5) Giving 

measurements to tailor is a difficult process for me but with scanning app. I found 

it quite easier to get body measurements for tailor made garments. Because I usually 

buy unstitched fabric and wear tailor made garments (P6) I think technology is great, 

and my expectations were positive about digital measurements, it saves time, and I 

can get my measurements. Unstitched garment is my prime option because I wear 
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Open code Axial code Selective code Statement Example 

tailor made garments (P7) The app has met the expectations and I am happy to have 

this kind of technology, the easiest way of getting body measurements for tailor 

made garments (P8) I am always looking for the easiest way to get things done. It 

has met my expectations. After using application and I received measurements by 

using an app I was very happy. With mobile scanning the process is easier and I was 

positive about it that I will receive a good fit garment (P9) 

Comparative 

fit 

satisfaction 

Body 

Cathexis/ 

Body shape 

evaluation 

positive body 

cathexis with 
customised 

garments and 

positive 
perceptions 

about real body 
shape  

Application has provided me nice, fitted garment. It is according to my body shape. 

I try to keep my body fit so that I can maintain my body shape to look perfect 

whatever I wear. It is great app for garment customisation (2) I am usually not 

satisfied with my garment size because my waist is not defined. Sometimes my 

garments don’t fit me on my bust and hips too. However, I am satisfied with this 

garment because it has given me a nice loose fit waist and not tight from anywhere 

(5) I am usually happy and satisfied with the size of garments I wear. This garment 

is going with my body size (6) Sometimes, I am not satisfied with the garment fitting 

because I don’t have an ideal body shape, big hips. But with this app I found out 

that this has given me a good fit garment and I am confident while wearing it. (8) I 

normally wear slightly loose garment and I am usually happy with my bespoke 

garment fitting. This app has also provided me a good fit garment because it goes 

with my slim body (7) I am happy with the fitting of garment using this app. During 

scanning I thought it won’t give exact measurements. Surprisingly, I got a right fit 

garment (9) When I wear the garment, it fits well on all parts. Before trying on I 

was thinking that it might not give a perfect fit garment. But it really does (10) 

  Hourglass body 

shape 

Mostly satisfied. Both ready to wear and tailor-made garments. I am slim from all 

body parts so I can fit in mostly in the garments (1) Normally I am satisfied because 

I prefer wearing tailor made garments. Because my hip is bit bigger. With this app, 

I get a good fit garment. I feel the garment goes well with my body shape (3) I am 

not usually satisfied because I like wearing a bit loose fitted garment. It doesn’t 

show my body shape because my upper body part shoulder and bust area is bigger 

and my waist is also equal to my upper part, and hips are big too. Ready to wear 

sometimes are unfit because they are made for normal/perfect body shape (4) 
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Table 10.44 Size Stream at Home fit Satisfaction, Fit Expectation, and Comparative Fit Satisfaction 

Open code Axial code Selective code Statement Example 

Fit 

Satisfaction 

Functional Fit Conformation 

to Body 

I am satisfied with this app fitting too (P2). All areas are perfectly going well with 

the garment shape (P3). It fits well (P4). It fits well according to my body shape 

(P5). I like the fitting of garment (P7). I like the fitting of garment (P8). I like the 

fitting of garment (P9). 

Semi-fitted, 

Regular Fit and 

Comfort fit 

I think, I feel loose at hip area, But I am happy with the fitting. Similar semi fitted 

garment (P2). The shoulders fit is satisfactory than 3D Look. All body parts have 

good fitting. Going with my body size and shape (P5). It also fits well according to 

my body shape, but it has slightly loose fitting (P6). It is slightly loose regular fitted 

garment than 3D LOOK, all parts are little loose but I am happy with the garment 

fitting (P7). I think this has similar fit as 3dlook. Fits well (P10) I think is it same as 

3Dlook, but I think a little looser, but it is regular fit garment not too loose (P10).  

  Fit Proportion All parts are fine I feel like more loose at the hip area but I am ok with this slightly 

loose fit garment. Rest of the areas shoulder, waist and bust fitting is perfect (P1). 

My Shoulders and bust area are broad. Therefore, size is going with my body shape 

(P4). The garment has good fitting, but armhole is loose a little but rest of the 

garment fitting is a good fit garment not loose or tight (P6). This is not loose fitted 

garment. Chest, waist and hip are ok. It is giving a good shape. I feel that all parts 

are ok not tight (P9).  

 Physiological Slightly loose 

garment 

Slightly loose fit garment, however giving a good body shape. I am satisfied with 

the fit (P1). It seems that both applications have given me a good fit garment. All 

parts fitting is ok and satisfied.  

 Psychological  Comfortable 

fitted garment 

 

I am satisfied with the fitting of garment I received. It is also comfortable fitted 

garment (P3). This is slightly loose fitted garment. Chest, waist and hip. It is giving 

a good shape. I feel that all parts are ok not too loose. I can wear it (P8). 

Fit 

expectation 

Bespoke 

garments 

Trueness to 

perception of fit 

This app has met my expectations. Tailor-made is a good option because the 

garment is according to body measurements (P1). The app has met the expectations. 

I got the right fit garment (P3). The application has met the size and fitting 

expectations (P4). I received a slightly loose fitted garment. But I am happy with 

the garment fitting. The technology has worked well (P7) 

 

 Technology 

Readiness 

Negative 

prediction of 

Technology 

I am expecting that application might not be useful to provide exact measurements. 

But it has met my garment fit expectations (P2).  Well, I am not actually expecting 

a right fitted garment with this app too. I never used app before. So I don’t know 

how much it is accurate. The app has provided a right, fitted garment. I am happy 

with the fitting using an application. It is also surprising for me. But now technology 

is advancing in online shopping. This is great that I knew about these applications 

to get body measurements (P10). 

 Technology 

adoption 

Accurate app 

but difficult 

mechanism with 

accessories 

The application is not easy to use, needs lot of accessories, big space and help of 

another person for scanning but has met expectations of providing right fitted 

garment (P5).  
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Open code Axial code Selective code Statement Example 

  Less duration of 

time than 

manual 

measuring 

method 

I like the technology because it gives measurements in 5 minute. Its an advance 

technology in garment customisation. Self-tape measuring method is more longer 

and needs a helper to do that accurately. This app has met the expectation of garment 

fit. I am happy with the fitting (P6). I like the garment fitting and also it has met the 

expectations of giving body measurements in very small time (P8). I am actually 

interested in using technology for most of my things to be done. I like online 

shopping. This is an additional online app to find out body measurements. I like the 

fitting of garments. It has met expectations of right fitted garment (P9). 

Comparative 

fit 

satisfaction 

Body 

Cathexis/ 

Body shape 

evaluation 

 Normal body 

versus oversize 

body 

Semi fitted 

garment 

concealed 

oversize body 

curves 

 

Need of 

alteration for 

ready to wear 

I am more satisfied with size stream at Home app. Mostly I am satisfied as my body 

is normal. I can wear slim fit and regular fit garments (P1). I am normally satisfied 

with the garment fit. I am satisfied with this app garment fitting. If I gain weight 

than normally, I have problem with fitting at hips for ready to wear. That’s y I like 

slightly loose fit garments (P2). I am satisfied mostly. I like to wear slightly loose 

fit garments. It is giving a shape to my body (P7). slightly loose fitted garment I 

received. I am happy with the fitting and size of this app too. I feel like I need to 

conceal my body size by wearing a loose fit garment. I feel it shows my look 

slimmer than my original body or might I don’t want to show my body curves (P8). 

I am generally satisfied with the fitting because I wear bespoke garments. If I wear 

ready to wear than might have some issue sometimes with that bust or chest fitting. 

So, I prefer buying unstitched clothes for tailoring. This has given a right fitted 

garment. I am satisfied with the fitting of this application (P10). 

  Hourglass body 

shape 

 

Normal Body 

size 

 

 

I am usually satisfied with garments I wear. I am not fat. I have normal body, might 

be hourglass. I am happy with the all the areas I have mentioned. Armhole is a bit 

loose but I like wearing semi-fitted and loose fitted garments (P6). I was thinking 

its wasn’t going to do the exact job for what It is designed, or I might not get the 

accurate measurements, but I received a good fit garment. I am often satisfied with 

the fitting because I think my body has normal body shape. I am not fat, so I seldom 

have fitting issues. I received a nice, fitted garment (P9). 

  Ready to wear 

versus 

unstitched 

fabric for 

customisation 

I normally buy unstitched fabric to wear tailor made garments. Sometimes I can’t 

fit in ready to wear. If I wear tailor made, then I am mostly satisfied. I also satisfied 

with the app garment too (P3). As I am broad from all parts. I don’t fit in various 

sizes. I normally go for customised shirts or for ready to wear I need to alter them, 

which is a very longer process. This app has satisfied me with the fit (P4). I am 

mostly not satisfied with the fitting of my garment. Because I am not slim. I need to 

reduce my body to fit into various clothing sizes. Customisation of garment is good 

idea for me. I wear tailor made garments mostly. I also like the fitting of this garment 

too (P5). 
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Table 10.45 Nettelo Fit Satisfaction, Fit Expectation, and Comparative Fit Satisfaction 

Open code Axial code Selective code Statement Example 

Fit 

Satisfaction 

Functional Fit disconfirmation 

to body 

I don’t feel it fits me well. It’s a bigger size, very loose fitting (P1). This app, I can 

say not satisfied, doesn’t do the job (P2). No, it’s not fitting well (P3). I am totally 

not satisfied with the fitting (P4). Dissatisfied with the fitting (P5). No, I am not 

satisfied with the fit I received (P6). No, garment doesn’t fit me well (P7). Very 

loose garment not satisfied (P8). Very loose fitted garment (P9). I think it is very 

loose, doesn’t give a good body shape (P10) 

 Physiological loose garment 

size bust, waist 

and hip 

All areas bust, waist and hip are loose. Not my size at all (P1). Only shoulder is ok. 

but rest of the garment size is very loose, even the app is difficult to use (P2). Bigger 

than my body size. All parts are loose (P4). This garment is big from all parts (P5). 

The garment is bigger than my size (P6). I am not satisfied with the garment fit. All 

parts are very loose (P9). I don’t think that any part is in good fitting (P10). 

  Small shoulder 

size 

Big in size from all parts and smaller shoulders (P7). All parts are big. Shoulder is 

I think small a bit. But rest of the parts are larger than my body size (P8).  

 Psychological  Oversized body 

shows negative 

cathexis 

The size is too big. Seriously, I am not that much fat, The app has given the wrong 

measures (P3).  

Fit 

expectation 

Bespoke 

garments 

Fit 

dissatisfaction 

No, the app doesn’t meet the expectations like other two apps. The body 

measurements are not accurate (P1). This application doesn’t meet the criteria. 

Doesn’t met fit expectations (P2). This scanning app doesn’t met the expectations 

(P3). Not meeting size and fitting expectations (P4).  
 

 Technology 

Readiness 

Manual 

calibration 

exceeded the 

time of scanning 

This application takes a lot of time. I did scan 3 times due to manual outline of body 

then I got results. Even than garment doesn’t fit me (P5). This application did not 

surprise me. I didn’t receive right fitted garment. It was also difficult to use because 

it takes a lot of time when I was using it. 10-15 min (P10).  

 Technology 

adoption 

Inaccurate body 

dimensions 

comparing 

3Dlook and 

MeThreeSixty 

Can’t say anything about the fit here. But for comparison with the two apps, I used 

this app is not doing the right job (P6). This body scanning app doesn’t give a good, 

fitted garment. It is not according to what I have expected to get (P7). If I compare 

with other two apps. I am not happy with the fitting of this app. Not as expected 

(P8). Compare to my fit expectations. It doesn’t fit well on me. By comparing with 

other two apps this app has less accuracy to capture the body measurements (P9).  

Comparative 

fit 

satisfaction 

3Dlook and 

MeThreeSixty 

comparison 

 Loose garment 

comparing 

3Dlook and 

MeThreeSixty 

I am not satisfied with all the areas of my body especially bust, waist and hip (P1). 

I am normally satisfied with bespoke garments I wear. But this has fitting problem 

in all areas. I think there is measurement accuracy issue with this technology (P2). 

This app as compared to the me360 and 3Dlook doesn’t provide the right fit garment 

(P3). No, too big size with this app comparing to other two apps (P4). The garment 

is loose, and I don’t like the fitting from all the areas (P5). I am satisfied with the 

two apps I tried on, but this app has not given the good fitting kameez (P6).  

  Dissatisfied 

with fit 

comparing 

I am not satisfied with this app. Its difficult to use the app as well. Me360 and 3dlook 

comparatively has provided good, fitted garment (P7). My satisfaction level is that 

the garment should be according to my size and give a good shape. But this is too 

big so I think not according to my satisfaction level (P8). I think for this app not 
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Open code Axial code Selective code Statement Example 

3Dlook and 

MeThreeSixty 

satisfied; it has provided a very loose fitted garment. Which is not acceptable (P9). 

I am generally satisfied with the fitting of garments. I like wearing semi-fitted 

garments not tight ones. But this garment has no shape and loose from all areas. I 

will not consider it a good, fitted garment (P10). 

 

10.16.2. Consumer evaluations of bespoke garment aesthetic fit for 3DLook and 

MeThreeSixty mobile app scanner 

It is stated by Labat and Delong (1990) that the main issue with the fit of consumers is 

the lack of garment conformation to the body, and its description is dependent on consumers’ 

evaluation, such as loose fit. Aesthetic fit is defined as the appearance of the garment on the 

body (Shin, 2013). In this study, the aesthetic fit has been used for insight into the conformation 

of the body that “fits perfectly on the body”, “Good fitting and highly satisfied”. It is evident 

from the study that the bespoke garments constructed from 3D Look and size stream at home 

mobile application delivers good fit garment. As it is described by the participants in fit 

satisfaction. 

They have good fitting (P5), It fits exactly on the body. The size is perfect (P6) 

10.16.2.1. Consumer evaluation of semi-fitted, regular fit and comfort fit 

The garment fit preference is classified into closely fitted, fitted, semi-fitted, loosely 

fitted, and very loosely fitted (Keiser and Garner, 2003). Garments are also constructed with 

an option of body fit, slim fit, regular fit, and comfort fit by keeping the consumer’s preference 

of choice of fit they prefer according to their body shape (Yan and Kuzmichev, 2020). 

Consumers’ Fit preferences differ from individual preferences for closely fitted apparel for 

body emphasis to a wish for a loose fit that provides comfort (Pisut and Connell, 2007). The 

tightness of clothing and length are the main concerns of clothing fit. Physical fit preference 

varies from individual characteristics such as height, body shape, and clothing style. 

Consumers complain when garments fail to fit proportionally on the body, concerning the 

tightness-to-length ratio (Shin and Damhorst, 2018). Fit is, thus, a subjective notion of a 

person’s fit perspective, personal preference, attitudes and preferred look inspirations on fit 

preference (Alexander et al., 2005). It is clear from the study that fit is a personal preference as 

for fit satisfaction, the participants are satisfied with semi-fitted garments, which they call 

slightly loose fit garments.   
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Slightly loose fit garment from all parts but fits well (P1), Yes, the garments fit me well. 

A little loose fit but I am comfortable (P3), Little loose and good fitting garment (P9), Slightly 

loose fit garment. The way I wear (P10) 

Interestingly, participants’ responses revealed that (Slightly loose fit garment) semi-

fitted, regular fit and comfortable fit is their chief preference. In the clothing and fit preference 

of consumers, comfort and aesthetics are the chief factors. Ease in the garment is also a 

principal factor that gives the body space to move body easily. The ease allowances permit the 

disparity between apparel and body measurements, which yields an air gap between them 

which allows the wearer a comfortable fit (Yan and Kuzmichev, 2020). Other factors comprise 

current fashion trends, cultural influences, age, sex, body shape, lifestyle, and the fashion 

industry’s perceptions of an ideal and fashionable figure. Personal fit preference might change, 

too, with changes in the elements of a fit set by the fashion industry (Plutt, 2011).  

10.16.2.2. Consumer evaluations of tightness 

The description of tightness is an evaluation of garment ease or movement in the 

garment. From a fit perspective, tightness is generally depicted as stress folds (Gill, 2015; Song 

and Ashdown, 2015). Stress folds are produced when the garment pulls tightly on the parts of 

the body (Erwin and Kinchen, 1969b). In the study result, the tight garment was undesirable, 

and the semi-fitted garment was preferred to move the body easily.   

I am satisfied with all the body parts, slightly loose and have good fitting. Because I 

like to wear a slightly loose-fitting garment not tight garment, because it gives space to move 

my body easily (P10) 

10.16.2.3. Consumer evaluations of garment proportion  

Labat and Delong (1990) explained that the ideal dress figure is used to design new 

garments in garment construction. The ideal figure is described by Armstrong (1987) as a 

proportioned figure. However, Shin and Istook (2007) explained that female consumer 

populations have different body sizes and shape traits. Each of these body shapes have 

personalised overall contour, proportions, and weight distribution patterns (Rasband and 

Liechty, 2006). To rephrase it, each body is perfect with its distinct body shape and proportions. 

The variation in body contour, posture, and proportion affects the fit constructed with standard 

model sizes. The idea of constructing clothing for ideal figures for mass production causes 

lower body cathexis and dissatisfaction. To reduce the unconformity between the body and the 

garment proportion, customised apparel could be manufactured following the morphology of 



391 

a real body (Yan and Kuzmichev, 2020). Likewise, the 3D Look and size stream at home 

bespoke try-ons were associated with the consistent balance of the garment as to how it would 

fit on both the upper and lower body torso. This supports (Erwin and Kinchen, 1969) theory of 

balance as part of the five components of garment fit. To create balance in garment 

construction, it is necessary to design the garment according to the wearer’s body 

measurements. Moreover, an apparel fit is a signal to evaluate the two final outcomes: design 

and tailoring. Well-fitted apparel should be comfortable and not obstruct the user’s body 

movement. Therefore, garment customisation leads to satisfied consumers. As stated by 

participants such as:   

I am satisfied from all the parts of my body for shirt (P1) Satisfied from all parts (P2) It’s 

totally ok from all side no alterations. I am happy with the fit (P3)  

10.16.2.4. Consumer evaluations of comfort  

The physiological factor was evaluated by participants in the study, which is semi- 

fitted comfortable garment. Comfort is found to be an element of fit. Instead, the garment is 

slightly loose. The study finding supports (de Klerk and Tselepis, 2007) study concerning 

comfort, where participants projected a great level of practical comfort in garments, also 

designated as intrinsic comfort. It is revealed by (Grogan et al., 2013) that comfort is imperative 

when evaluating fit, affirming that sizing is not the main apprehension if the garment is 

comfortable: They fit on all parts except the waist. It is loose (P5). The size is a bit loose from 

the waist. However, the overall look of the garment is fine and comfortable (P8). Psychological 

comfort was associated with participants’ feelings when trying on the garment, also identified 

as an extrinsic factor (de Klerk and Tselepis, 2007). In the study, comfort in a psychological 

sense has been associated with a knowledge of consumers of her personal feeling of comfort 

and style and how they perceive the garment after wearing it: I am satisfied with all the body 

parts, slightly loose and have good fitting. Because I like to wear a slightly loose-fitting 

garment not tight garment, because it gives space to move my body easily (P10). Comfort is an 

expressive factor expressed by (Swan and Combs, 1976). Results in the study support (Swan 

and Combs, 1976) conclusions and establish the value of psychological comfort and feelings 

with garment fit. It is determined by (Grogan et al., 2013) that participants remarked on a 

satisfying fit for their body shape. This study represented that participants might discover a 

garment suits their body shape, even though they might not find it comfortable in relation to 

wearer confidence. Moreover, Alexander et al. (2005) explained that clothing can reliably 

narrate self-confidence if fitted correctly. Therefore, the study concluded that a comfortable 
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semi-fitted garment on the wearer’s body shape has a high impact, and the perspective of sizing 

might not overcome the wearer’s feelings after trying on the garment. To rephrase it, comfort 

and sizing are connected to consumer confidence and psychological feelings regarding what 

they feel after wearing a garment.  

10.16.2.5. Fit satisfaction of Nettelo Mobile scanning application 

The idea of a good fit for consumers may vary from a desire to loosely conform to the 

body to provide a comfortable fit to a garment to conforming entirely to the body to provide 

maximum appearance. For perceived fit satisfaction, physical comfort, psychological comfort, 

and appearance play an important part (Frost, 1988). It has been noted by the participant’s 

responses to the garment customised with the Nettelo application that there is a lack of garment 

conformation. The garments are so loose that they don’t provide the wearer with a functional, 

physiological, and psychological fit. Therefore, the Nettelo app has not been accepted by 

consumers in terms of garment customisation.  

10.16.3. Fit expectations 

When purchasing apparel products, fit satisfaction is the main attribute. It is revealed 

that women are often dissatisfied with RTW apparel fit. Similarly, the satisfaction or 

dissatisfaction with apparel fit is analysed by comparing the apparel fit expectations to its 

performance (LaBat et al., 2007). It has been noted that consumers are often dissatisfied with 

their bodies and apparel fit when they fail to achieve fit expectations with RTW garments 

(Robinson, 2003). However, few individuals in the target market accomplish to match the right 

size and shape of a fashion figure set by the fashion industry and are ready to wear standard 

ideal size charts. Therefore, a considerable number of consumers are, then, dissatisfied with 

RTW apparel fit. Even so, consumers may perhaps use clothing to decrease the variation 

between an individual’s supposed ideal figure and their actual body in an attempt to accomplish 

an appealingly ideal figure (Robinson, 2003). In contrast, customisation is known as made-to-

measure (MTM) and bespoke, revitalising as the leading vogue in the apparel industry. The 

potential of delivering customised garments has been improved, owing to the wide-ranging 

advancement of the garment manufacturing industry 4.0 and the latest technologies such as 

pattern making software (Gerber and Lectra), 3D body scanning, virtual reality, and artificial 

intelligence. Furthermore, the awareness of consumers on personality, comfort, body shape, 

and fit, as well as advancement in consumption and aesthetics, makes the fashion industry more 

consumer-centric (Yan and Kuzmichev, 2020). The findings in the study support that 

customised garments are according to the wearer’s shape. It has met the expectations of 
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participants, either semi-fitted or slightly loose-fitted garments. The garments are true to their 

perception of fit. 

The stitching and shape of the garment is good. It is a bit loose than the tailor-made 

garment I wear. I expected to get a perfect fit garment and it met my expectations (P1) Normally 

I am satisfied because I prefer wearing tailor made garments then ready to wear. Because my 

hip is bit bigger. With this app, I get a good fit garment. I feel the garment goes well with my 

body shape (3) It has met the expectation. The application worked well by delivering body 

measurements without using measurement tape (P3) The application met my expectation for 

bespoke garment stitching process. However, the application technology is new. It will take 

time to be commercialise (P4) 

10.16.3.1. Technology readiness 

The technology readiness term was used first by the Parasuraman study in 2000. He 

assessed that the technology-readiness construct states “people’s propensity to embrace and 

use new technologies for accomplishing goals in home life and at work” (Parasuraman, 2000). 

Technology Readiness expresses a gestalt of psychological encouragements and interdict that 

often choose an individual's feeling to use new advancements. During the acceptance phase of 

novel technologies, consumers sense positive or negative feelings regarding the technological 

invention through their positive or negative ideas concerning the product (Pangriya, 2021). 

These feelings are examined under four sub-dimensions: Optimism, Innovativeness, 

Discomfort, and Insecurity (Parasuraman and Colby, 2007). Positive feelings (motivators) 

specify optimism and innovativeness, whereas negative feelings (inhibitors) have discomfort 

and insecurity. Innovativeness is the propensity to be a technology innovator and thought leader 

(Parasuraman and Colby, 2007). It represents the extent to which a user considers they are at 

the foremost of using new technological inventions. Discomfort is explained as a perceived 

shortage of power over technology and a feeling of being astounded by it” (Parasuraman and 

Colby, 2007). Discomfort also indicates the degree to which users might be biased against 

technology (Lin and Chang, 2011). 

Insecurity was also explained by (Parasuraman and Colby, 2007) as a lack of trust in 

technology and disbelief about its competence to work efficiently. Although discomfort 

feelings are associated with the insecurity aspect, they vary in that discomfort centres on 

comfort absence, whilst insecurity agreements with confidence when interacting with 

technology (Parasuraman and Colby, 2007). Users' feelings are studied under four sub-aspects: 
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optimism, innovativeness, discomfort, and insecurity (Parasuraman and Colby, 2007). The 

findings of the study reveal that the participants have negative feelings. The mobile app would 

work exactly what it claims to be. However, they were surprised to receive body measurements 

in a short period and found the technology has done a good job in body measurements for 

constructing bespoke garments: “My expectation from this application was not positive to 

provide a good fit garment according to my body size. Surprisingly, it has done a good job 

(P2). Before using the app, I thought it might not provide exact body measurements. But I am 

happy with the garment I received. My expectations were a bit confusing, though. The app is 

good and easy to use for customising garments (10).”  

10.16.3.2. Ease of use and usefulness of technology 

The technology acceptance model was established to calculate user approval and usage 

of novel technologies. It suggests that user behavioural intent to utilise technology is resolute 

by two principles: perceived usefulness, expressed as the level to which an individual considers 

utilising technology which improves his or her job conduct, and perceived ease of use, 

expressed as the level to which an individual perceives that utilising technology would effort 

free (Davis, 1989). Furthermore, the effect of external variables such as design and technology 

characteristics also impacts the perceived usefulness and perceived ease of use of technology 

(Venkatesh, Viswanath, and Bala, 2008). The study's findings support the Technology 

acceptance model theory, which shows that if technology is (handy) easy to use, consumers are 

more interested in using it. Moreover, if the technology serves the purpose, it is useful for 

consumers, and consumers intend to use it in future to make their life easier. According to 

TAM, “greater PU and PEOU positively influences the person’s attitude toward technology”. 

Responses gathered from the 3DLook mobile application show that consumers are satisfied 

with the technology's ease of use and usefulness.   

For bespoke garment stitching, this technology is quite handy and has met the 

expectation to be use for getting body measurements in one minute (P5). Giving measurements 

to tailor is a difficult process for me but with scanning app. I found it quite easier to get body 

measurements for tailor made garments. Because I usually buy unstitched fabric and wear 

tailor made garments (P6). I think technology is great, and my expectations were positive about 

digital measurements, it saves time, and I can get my measurements. Unstitched garment is my 

prime option because I wear tailor made garments (P7). The app has met the expectations and 

I am happy to have this kind of technology, the easiest way of getting body measurements for 

tailor made garments (P8). I am always looking for the easiest way to get things done. It has 
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met my expectations. After using application and I received measurements by using an app I 

was very happy. With mobile scanning the process is easier and I was positive about it that I 

will receive a good fit garment (P9) 

However, responses from the size stream at home showed that consumers find the 

application not user-friendly. Although the application has limited scanning and measurement 

extraction time, shows accuracy in body dimensions, and delivers satisfied garment size and 

fit, the application has a difficult mechanism, including scanning accessories (mat, stick, wide-

angled lens, and scan suit), big space and snapshot 360-degree mode. The additional 

accessories are not affordable for every consumer; moreover, scanning requires another person 

to scan in a bigger space to rotate around the person being scanned 360 degrees. Therefore, the 

app has space, additional accessories and availability of another person limitation which makes 

scanning a difficult process. 

The application is not easy to use, needs lot of accessories, big space and help of 

another person for scanning but has met expectations of providing right fitted garment (P5). I 

like the garment fitting and also it has met the expectations of giving body measurements in 

very small time (P8). 

Similarly, the Nettelo scanning application is a difficult app, including manual 

calibration to outline body contours to get the required results. Therefore, such a mechanism 

shows that consumers need to spend around 15 to 20 minutes after scanning to create an outline 

of the body silhouette, leading to inaccurate measurements for customisation. 

This application takes a lot of time. I did scan 3 times due to manual outline of body 

then I got results. Even than garment doesn’t fit me (P5). 

10.16.4. Consumer evaluations of comparative fit of 3Dlook and Size Stream at home 

Comparative fit is founded on the fit expectation of garments, which is studied by 

(Grogan et al., 2013). Comparative fit narrates the consumer’s fit prospects in contrast to prior 

garments they bought or experienced a former clothing try-on. The study participants wear 

tailor-made garments, as Pakistani women normally wear tailor-made garments. They have 

previous experience wearing tailor-made garments by tape measurement method, and the 

mobile app digital measurement method was a novel experience for them (Idrees et al., 2020a). 

The study was conducted to determine the factors that they consider, for instance, their 

anticipated expectations versus their actual experiences of the garment. Comparative fit in the 

study was generally based on a negative perception of the garment before try-on:  
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I am happy with the fitting of garment using this app. During scanning I thought it 

won’t give exact measurements. Surprisingly, I got a right fit garment (9). When I wear the 

garment, it fits well on all parts. Before trying on I was thinking that it might not give a perfect 

fit garment. But it really does (10)  

Comparative fit shows that consumer expectations during the scanning were different 

to the actual experience of the digital measurement bespoke garment. Comparative fit is also 

associated with consumers’ knowledge, confidence in body shape, how they observe fit and 

prior fit experiences. Former experiences regarding clothing include evidence expanded from 

the wearer’s garment fit experience (Colls, 2004). Moreover, consumers might compromise 

the garment's fit, such as inconsistencies between how it was designed and how it fits (Gill, 

2015). Therefore, the study shows that the garment is constructed according to body shape, 

improving the app’s confidence to receive a true fit garment.   

I am usually happy and satisfied with the size of garments I wear. This garment is going 

with my body size (6). Sometimes, I am not satisfied with the garment fitting but with this app 

I found out that this has given me a good fit garment (7). I normally wear slightly loose garment 

and I am usually happy with my bespoke garment fitting. This app has also provided me a good 

fit garment because it goes with my slim body (8).  

10.16.4.1. Consumer body cathexis  

Body cathexis is expressed as individuals feeling about their body size and shape 

(Secord and Jourard, 1953; Labat and Delong, 1990). Moreover, Body cathexis is associated 

with knowing their body and fit. The knowledge of own body and fit in garments is a sign of 

how consumers evaluate the garment fit based on prior experience and how they identify parts 

of their bodies for garment fit evaluations, which can be problematic for themselves. Grogan 

et al. (2013) studied garment fit from the waist area, which revealed a preference for having an 

hourglass figure when evaluating a garment (Faust and Carrier, 2011). Thus, it was determined 

that if the garment fits well in the waist part, it is likely to attain a superior level of fit 

satisfaction in the eyes of the consumer: “I am usually not satisfied with my garment size 

because my waist is not defined. Sometimes my garments don’t fit me on my bust and hips too. 

However, I am satisfied with this garment because it has given me a nice loose fit waist and 

not tight from anywhere (5)”. Consumers wish to have an hourglass body shape, normally used 

for mass-production garments with standard size charts, not for real body shapes (Pisut and 

Connell, 2007). The participant’s description of their body shape and satisfaction with the 
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bespoke garment shows that a closer-fit garment satisfied consumers in terms of body shape 

and fit. It has a positive feeling about body cathexis. Therefore, fitting in the right fit garment 

according to real body shape positively relates to the body cathexis and improves confidence. 

Additionally, clothing ease and body movement (tightness or looseness) also improve 

satisfaction (Dove, 2016).  

10.16.4.2. Body shape evaluation with ready to wear versus customised garments 

Participants’ knowledge of their body shape and previous experience of garment fit 

were vital concepts analysed in the study. Colls (2004, p.589) indicated that the size of the 

garment and consumption of clothing is associated with body knowledge and “self-reflective 

awareness of the inconsistency of the products they are consuming.” Highlighting the concept 

that consumers decide according to their knowledge of their body and the quantification of 

their body within a size. During the physical fit evaluation, Body differences between perceived 

and try-on size might result in negative body satisfaction (Kim and Damhorst, 2010). Body 

shape differences in size and experienced size are fundamental issues with enumerating 

populations through standard sizing systems. Therefore, women often create negative 

experiences of their bodies due to negative practices with clothing sizing systems (Colls, 2004). 

Moreover, the shape of the body is one of the main contributing factors to women’s perception 

of their physical attractiveness.  

Fan (2004) explained that fit dissatisfaction of consumers is the outcome of ill-fitting 

apparel and perhaps attributed to body shape dissatisfaction. A similar study proves that women 

are commonly dissatisfied with their lower torso and, consequently, have lower satisfaction 

levels with apparel fit on the lower part of the body. Women with a larger torso, for instance, 

hourglass, triangle, and oval/round/apple shapes (Rasband and Liechty, 2006), likely to 

evaluate themselves with the slim ideal body shape, which results in the negative body cathexis, 

and consequently lead to dissatisfaction with RTW apparel fit on their lower torso (Robinson, 

2003). One of the participants revealed that her body is slim and can fit in RTW and customised 

garments. In contrast, another participant revealed that their body shape has a bigger lower 

torso and is normally dissatisfied with ready to wear and prefers to wear tailor-made garments. 

The application proves to be helpful in terms of delivering good-fitted tailor-made garments. 

Mostly satisfied. Both ready to wear and tailor-made garments. I am slim from all body 

parts so I can fit in mostly in the garments (1) 
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Normally I am satisfied because I prefer wearing tailor made garments then ready to 

wear. Because my hip is bit bigger. With this app, I get a good fit garment. I feel the garment 

goes well with my body shape (3) 

Moreover, Chattaraman and Rudd (2006) determined that the upper body parts often 

show higher body cathexis and fit satisfaction. The various body shapes are distinguished by 

the following:” the smaller upper body and larger lower body indicates triangle, the inverted 

triangle body shape has a large upper body and small lower body, the average fuller bust and 

hips and a small waist is distinguished as an hourglass body. The equal width from the 

shoulders to the hips presents the rectangular body shape, and the fuller, equal and round bust, 

waist and hip circumferences present the apple body shape”. Alexander et al. (2005) establish 

that the inverted triangle body shapes with smaller lower bodies were more satisfied with their 

shape than the hourglass and triangle body shapes because of larger lower bodies than standard 

figures. Moreover, dissatisfaction has been noted with hourglass having a smaller waist, 

whereas the rectangular shape was dissatisfied too with their straight figure. The study findings 

reveal the connection between body shape and cathexis. According to Fitzgibbon et al. (2000), 

body cathexis is positively associated with an individual’s body size and shape and culturally 

identified ideal body shape and size. As it is stated by the participant that “I am not usually 

satisfied because I like wearing a bit loose fitted garment. It doesn’t show my body shape 

because my upper body part, shoulder and bust area are bigger than my lower body hips. 

Ready to wear sometimes are unfit because they are made for normal/perfect body shape (4)”. 

“I am usually not satisfied with my garment size because my waist is not defined. Sometimes 

my garments don’t fit me on my bust and hips too. However, I am satisfied with this garment 

because it has given me a nice loose fit waist and not tight from anywhere (5)”.  

 Robinson (2003) revealed that, often, few women fit into the ideal size and shape of 

garments. Thus, Apparel designers and garment developers need to realise the variation in the 

body shapes and body (part) cathexis of their focus market and the type of fit needed (Anderson 

et al., 2001) to manufacture apparel that meets consumer fit requirements. The following 

responses of participants reveal the variation in body shapes. Participant 2 reveals that she tries 

to keep herself fit to look perfect whatever she wears.  

Application has provided me nice, fitted garment. It is according to my body shape. I 

try to keep my body fit to maintain my body shape to look perfect whatever I wear. It is a great 

app for garment customisation (2) 
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10.16.4.3. Oversize body and semi-fitted garments 

Plus-size women are attracted to fashion styles. However, they are also concerned with 

concealing their body curves (Bickle et al., 2015). Therefore, they prefer wearing clothes with 

a good shape without showing their exact body shape. For instance, a well-fitting garment 

delivers ‘functional ease’ for body movement and ‘design ease’ for visual effect and style 

(Keiser et al., 2017). Prior studies have indicated that retailers have ignored plus-size 

consumers to offer wider clothing size selections (Alexander et al., 2012). Similarly, Büttner 

et al. (2019) performed a cluster analysis on the plus-size consumer’s literature and revealed 

existing fashion retail does not fulfil their requirements. Additionally, Romeo and Lee (2015) 

studied plus-size female teens through 3D body scans to identify their demands. It is concluded 

that some participants wear maternity tops to conceal their waist circumference, and some wear 

men’s apparel to acquire garment comfort and mobility. The study also revealed that 

participants were interested in manufacturing plus-size clothing styles identical to average-size 

consumers to ensure that garments accurately resemble their body shapes and sizes with more 

style alternatives. Therefore, 3D body scanning apps have served to cater to all body types and 

sizes. As noted by participants in the study, to look slimmer with functional and style ease and 

oversized body requirements have been served too. 

Slightly loose fitted garment I received. I am happy with the fitting and size of this app 

too. I feel like I need to conceal my body size by wearing a loose fit garment. I feel it shows my 

look slimmer than my original body or might I don’t want to show my body curves (P8).  

 Ryu et al. (2014) determined countless body shapes among plus-size women, such as 

hourglass, triangle, apple, rectangle, and inverted triangle. They highlighted to examine 

proportion and balance to create actual garment silhouettes when constructing plus-size 

garments. Labat and Delong (1990) revealed that female participants were dissatisfied with the 

lower body (pant length, crotch, thigh, hip and buttocks) fit of ready to wear.  

I am normally satisfied with the garment fit. I am satisfied with this app garment fitting. If I 

gain weight than normally, I have problem with fitting at hips for ready to wear. That’s y I like 

slightly loose fit garments (P2). 

According to Labat and Delong (1990), the basic factor leading to dissatisfaction is unrealistic 

standard sizing. Consumers frequently blame themselves instead of garment, resulting in 

negative body image.     
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I am generally satisfied with the fitting because I wear bespoke garments. If I wear 

ready to wear than might have some issue sometimes with that bust or chest fitting. So, I prefer 

buying unstitched clothes for tailoring. This has given a right fitted garment. I am satisfied 

with the fitting of this application (P10). 

10.16.4.4. Consumer evaluations of the hourglass ideal  

Pisut and Connell (2007) defined the hourglass figure with a defined waist area. The 

desire for having an hourglass shape has stayed popular in culture and has remained an ideal 

shape often followed by females (Grogan et al., 2016). Similarly, (Secord and Jourard, 1953) 

established that females compare their original figure to the ideal body shape, a perceived 

societal standard, and struggle to get the desired shape. This is built on the interpersonal and 

social impacts of the desire for the idealised female figure (Rasband and Liechty, 2006). It is 

concluded from prior literature that body shape and consumer concepts are complex. It is vital 

to study that garment evaluation for dresses might vary from garments which fit the body in 

different aspects. The study results revealed that Participant 5 is not confident about her body 

shape because her waist is not defined, and she doesn’t want to reveal her body shape by 

wearing a loose-fit garment. However, participant 1 is satisfied with her body shape. She found 

herself slim and found herself fit in both bespoke and ready to wear garments.  “I am usually 

unsatisfied with my garment size because my waist is not defined. Sometimes my garments 

don’t fit me on my bust and hips too. However, I am satisfied with this garment because it has 

given me a nice loose fit waist and is not tight from anywhere (5)”. Mostly satisfied. Both ready 

to wear and tailor-made garments. I am slim from all body parts, so I can fit in mostly in the 

garments (1).” 

Having an ideal figure is closely related to psychological comfort (Rasband and 

Liechty, 2006; Faust and Carrier, 2011). Despite prior research that has indicated that 

consumers desire to acquire the ideal hourglass body shape, the results from bespoke try-ons 

showed that consumers are confident and wishes to have garment according to their body type: 

Sometimes, I am not satisfied with the garment fitting because I don’t have an ideal body shape, 

but with this app, I found out that this has given me a good fit garment and I am confident while 

wearing it. (7) 
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10.16.4.5. Fit expectation and comparative fit satisfaction of Nettelo mobile scanning 

application 

The fit expectation of the Nettelo mobile scanning app has been compared to the other 

two apps’ accuracy and garment fit, which shows that consumers are dissatisfied with the app 

results. They have also struggled to get body dimensions with manual calibration, which 

exceeded the scanning time.    

10.16.5. Consumer size satisfaction 

The thematic analysis for size satisfaction is outlined in Table 10.46. This indicates that 

size was evaluated on consumer size satisfaction elements and Positive body cathexis with 

personalise clothing elements. The results emphasise that body shapes vary from one individual 

to another. Therefore, mobile apps’ convenient and user-friendly option has proven useful in 

delivering the right size garments. Participants showed a high level of body cathexis and size 

satisfaction with Bespoke garments. 

Table 10.46 3DLook, Size Stream at Home and Nettelo Size Satisfaction 

Open code Axial code Selective code Statement examples 3DLook Statement examples MeThreeSixty 

Size 

satisfaction 

Functional Positive cathexis 

towards body with 

personalise fitting 

Yes, I am satisfied with size it’s a 

nice, fitted garment (P1) The size is 

perfectly alright (P1) I am happy with 

the size I got (P1). I am satisfied with 

the size (P1). Satisfied with the size 

(P1). Size is fine (P1). I am satisfied 

with the size (P1). Yes, I am satisfied 

with the size (P1). Satisfied with the 

size (P1). Yes, I am satisfied (P1) 

Yes, I am satisfied with the size of the 

garment (P1) Satisfied with size (P2). 

I can say right size for me (P3). 

Satisfied with the size (P4). Happy 

with size I received (P5) Yes, I am 

satisfied (P6). Yes, I am satisfied with 

size (P7). Yes, satisfied (P8). Satisfied 

with size (P9). Yes, Size is ok (P10) 

Open code Axial code Selective code Statement examples Nettelo  

Size 

satisfaction 

Functional Dissatisfied with 

size 

No, I am not satisfied (P1). Not 

satisfied (P2). Not satisfied at all (P3). 

Dissatisfied with the size (P4). Not 

happy with the size (P5). Dissatisfied 

with size (P6). Not satisfied with size 

(P7). Not satisfied (P8). Not satisfied 

(P9). No, not my size (P10) 
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10.16.5.1. Body cathexis and customised manufacturing system 

Body cathexis refers to the satisfaction with one’s overall body; it can be either negative 

or positive (satisfaction/dissatisfaction). Negative cathexis is dissatisfaction with one’s body, 

and positive cathexis is the reverse (Secord and Jourard, 1953). Usually, women are 

uncomfortable about body cathexis and their physical forms. The garment assessment is 

affected by this behaviour and also self-evaluation of their body image. A trend remains to look 

fashionable to fit the socially constructed body shape, a “skinny trend” (Apeagyei, 2008). The 

study’s findings reveal that participants have variations in their body shapes and sizes. They 

have commented on their body shape as they are not ideal or standard. Shin and Istook (2007) 

showed that female consumer populations have varied body sizes and shape characteristics 

which impact body cathexis. Although they had a negative cathexis about their bodies, the 

participants showed a positive attitude towards the size satisfaction of bespoke garments. This 

eventually proved the (Fan, 2004) study determining a positive correlation between body 

cathexis and apparel fit satisfaction. The bespoke garment size satisfaction has developed high 

self-esteem and confidence in participants.      

Moreover, the study findings contributed positively to developing a customised 

manufacturing system using 3D body scanning technology. Clothing fit has been endured as a 

complex issue for users and manufacturers regarding clothing fit and size. The requirement of 

clothing size includes the product's dimensional correlation with the body's form. Therefore, 

the right clothing size promotes considerably, ensuring the normal state of comfort and 

satisfaction while wearing the product, ensuring that a product has met users’ requirements for 

a confident purchase. (Satam, 2011 ; Yang , 2015 ; Anderson-Connell et al., 2002 ; Tiihonen 

and Felfernig, 2017). The customised clothing manufacturing process directly connects the 

consumers and the manufacturer. In these environments, clothing matches the customer’s 

demand. The innovative technology of 3D Body scanning has paved the way to store a large 

amount of information about consumers’ body sizes and shapes by delivering measurements 

and body shape avatars. Personalised information allows manufacturers to develop automated 

clothing manufacturing with enhanced customised systems.       
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10.16.6. Consumer evaluations of length and style 

Length and style results (Table 10.48) signify that consumer evaluations were 

concerned with psychological, aesthetic, and cultural aspects of Garment length and styling. 

Length evaluations were associated with the dress's psychological and cultural impacts on 

wearability. Style satisfaction was linked to Aesthetic and traditional style because Pakistani 

women wear shalwar (a modified version of shalwar is trousers) and kameez.       

Table 10.47 Length and Style Evaluations of 3DLook, Size Stream at Home and Nettelo 

Open code Axial code Selective 

code 

Statement examples 

of 3DLook 

Statement examples of 

MeThreeSixty 

Statement examples of 

Nettelo 

Length 

satisfaction 

Psychological Cultural 

Impact 

The length is ok 

I am happy with the 

length according to my 
height 

Length is perfect 

good 

Perfectly fine 

According to my height 
the length is good 

Length is ok 

I am happy with length 

Length of garment is 

fine, goes with my 

height 

Length is going with my height. 

It is fine (P1) The length is good 

(P2). Length is ok (P3). Length is 

good (P4). Length is according 
to my height (P5). Perfectly 

alright (P6). The length is 

according to my height (P7). 
Length is going with my height 

(P8). It is going with my height. 

Length is ok (P9). I am happy 
with the length of the shirt (P10). 

Length is ok going with 

my height (P1). Only 

length is according to me 

(P2). Length is fine (P3). 
Length is fine (P4). 

Length is ok (P5). Length 

is ok good (P6). There is 
no problem in length. Its 

fine (P7). Length is fine. 

Going well (P8). Length 
is satisfactory (P9). 
Length is good (P10) 

Style 
satisfaction 

Aesthetic Traditional 
style 

I like the style 

Good, traditional 

It’s our traditional style 

Normally the way I 
wear. Traditional 

Nice traditional style 

Kameez and straight fit 
trouser 

The Style is traditional 
kameez and trouser 

Style is traditional 

Pakistani 

I like the style simple 
and traditional. The 
way I wear normally 

I wear this style 
normally. It is good 

Traditional and good 
style 

I like the style of the garment I 
received. It is traditional (P1). 

Happy, traditional (P2). Style is 

fine. I normally wear this style 
(P3). The style is ok. Traditional 

dress (P4). I am satisfied with 

style. It is traditional (P5). 
Perfectly alright (P6). I like the 

style (P7). The style is good I like 
it. Traditional kameez (P8). 

Traditional style. Happy to wear 

it (P9). I received traditional 
kameez and trouser (P10). 

Traditional (P1). 
Traditional (P1). Style is 

ok. Kameez and trouser 

(P3). Style is also ok (P4). 
It is traditional style (P5). 

The style is fine (P6). 

Style is ok. Traditional 
(P7). I like the style. 

Kameez and trouser (P8). 
Style is good (P9). 

Traditional garment. 

(Kameez and trousar) 
(P10). 
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10.16.6.1. Length and styling of bespoke garments 

Length responses were closely related to the cultural impacts of styling a garment. 

There are many definitions of culture. One of the oldest was penned by E.B. Tylor in 1874, 

who describes culture as a complex whole which includes knowledge, belief, art, morals, law, 

custom, and any other capabilities and habits acquired by man as a member of society (Tylor, 

1874, p. 1). Moreover, consumers who specify their height as taller are more concerned with 

the long garment length and short-height consumers prefer to buy clothes that are not too long 

(Shin and Damhorst, 2018). The study considered participants’ garments length according to 

their height and preferences. The length of clothing is dependent on clothing style and fitting 

on specific body areas and personal choices (Shin and Damhorst, 2018). Moreover, the style 

of the traditional kameez is to cover the crotch area and normally below the knees of the wearer. 

The authors define consumer culture as “a social arrangement in which the relations between 

lived culture and social resources, and between meaningful ways of life and the symbolic and 

material resources on which they depend, are mediated through markets” (Arnould and 

Thompson, 2005, p.869). The idea is that core identities are defined and oriented to 

consumption in today’s modern world (Steenkamp, 2019). In this respect, consumer cultural 

identity traditionally involves “a broad range of beliefs and behaviours that one share with 

members of one’s community” (Jensen, 2003, p.190). Boas (1927) initial concept of cultural 

relativism is that each culture is endowed with a particular "style" expressed by language, 

beliefs, customs, art, and the spirit specific to each culture which influences the behaviour of 

individuals.      

Therefore, the length was long, below Knee length, for the kameez (upper garment) that 

participants tried for size and fit evaluation. The traditional Kameez style worn by Pakistani 

women consists of a long tunic, normally knee length which covers the hip and the crotch area 

of the body, along with trousers or shalwar (lower garment). The results indicated that the 

length was according to the participants’ height and the traditional dress style.  

10.16.7. Interface evaluation 

10.16.7.1. Future use of the mobile application and purchase intention of bespoke garment. 

Participants responded to the intention to use mobile application scanners for bespoke 

garment construction and purchase intention of garments constructed with digital 

measurements. The intention to purchase a garment constructed with personalised digital 

measurements is directly linked with the useability of the application’s ease of use and the 

usefulness of the technology. Technology is a task that has been added in the pre-purchase, 
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purchase and post-purchase stages to make virtual shopping easy by delivering the right size 

and fitted garments. Consumer acceptance has been determined in the prior research studies 

concerning the notion of incorporating 3D body scanning technology in the fashion apparel 

market (Al‐Mousa, 2011; Loker, 2007; Loker et al., 2004). Moreover, after the acceptance of 

technology, it is necessary to embrace the measurement of future use of a fashion interface 

(McKinney and Shin, 2016 ; Kim and Forsythe, 2007). Therefore, purchase intention, future 

use of the application and post-use evaluation (Lemon and Verhoef, 2016) have been studied 

and are coded as a utilitarian value, user-friendly technology, and problem-solving application 

for 3Dlook. Size stream at home responses was coded as a difficult app, and the participants 

recommended self-scanning mode. Inaccurate, unfriendly app due to manual calibration and 

participants showed no intention to use the app in the future. (Table 10.49, Table 10.50, and 

Table 10.51). 

Table 10.48 Purchase Intention, Future Use and Post Use Evaluation of 3DLook 

Open code Axial code Selective code Statement examples 

Purchase Intention Utilitarian value Right size and 

fit 

I will keep this garment, because I received right size garment (P1) Will 

Keep it, size and fit are good (P2) I Will keep it, satisfied with size (P3) 

Yes, will keep the garment, satisfied with garment size (P4) I will keep it 

(P5) Yes, keep it (P6) Yes, will keep it because I am happy with the fitting 

and size (P7). I will keep the garment (P8) Yes, I will keep it (P9) I will 

keep the garment (P10) 

Future Use User friendly 

Technology for 

garment 

customisation 

Bespoke 

garment 

Yes, I will use 3d body scanning for bespoke garments. It is easier to get 

body measurements. My body measurements change due to my workout 

routine (P1). I like this technology; it is quite useful and handy. I would 

use this technology for future use (P2). 

Yes, I will use this technology for future use (P3). I really like this app 

and I will use it for future use (P4). I am happy with the app solution, and 

I will use it for future use (P5) This is good technology for future use of 

bespoke garment construction (P6) 

I had a good experience; I was surprised after using app and getting my 

body measurements. It is my first experience to use this app for garment 

construction (P7) I think this is a very useful app, as you get 

measurements in limited time. I will definitely use this tech and will 

recommend it my friends as well (P8) I will use this app for future use. It 

is the easiest solution to get body measurements of each body part (P9) I 

am happy to use such kind of app for tailormade garment making. It is 

quite useful and easy way to get your body measured for the purchase of 

a garment (P10) 
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Post use evaluation Problem solving 

app 

Positive future 

use intention 

App is a good solution for getting body measurements instantly (P1) This 

technology should be commercialised. It would be good for overseas 

customers. Because I send tailor made garments to my relatives abroad 

(P2) It is a problem-solving app, because to measure myself is difficult 

using tape measurement (P3) The app is really good. I will use these 

measurements for rest of my clothes that I have bought for customisation 

(P4) Yes, I like this app. It’s totally problem solving. Would really like 

to use this app in future (P5) It is very good app. I will use this app for 

my next bespoke garment too (P6) Good technology. I will use it in future 

too (P7) I found it very easy to use with no effort. Happy to know about 

the app and use it in future (P8) I think I will use these measurements for 

my customised garments. Because it gave me good fit garment (P9) I am 

going to use this app in future (P10) 

 

Table 10.49 Purchase Intention, Future use and Post use evaluation of Size stream at Home 

Open code Axial code Selective code Statement examples 

Purchase 

Intention 

Utilitarian 

value 

Right size and fit I will keep this garment (P1). I will keep it (P2). Keep the garment (P3). Yes, I 

will keep it (P4). I will keep the garment (P5). Yes, will keep the garment (P6). I 

will keep it (P7). Yes, I will keep it (P8). Yes, I will keep the garment (P9). I will 

keep the garment (P10). 

Future Use Difficult app  involvement of 

additional 

accessories 

 

needs big space 

 

unfriendly 

scanning mode 

 

 

 

 

 

Accurate body 

measurements 

Yes, I will use this body scanning app for bespoke garments. I found it a good 

app for customisation of garments. But it is difficult to use due to extra gadgets 

involved while using app (P1). This is useful technology. The app takes time to 

capture measurements. Because I need to have bigger space for scanning and a 

person who can scan me. The app should be without its accessories. I think a 

person cannot buy all these things to use the app for scanning (P2). Yes, I will 

use the body scanning technology. But this app should also be easier. One can 

use herself than I think more people can use this app easily (P3). I like the 

scanning technology. This is good innovation. This app should be easier to use. 

It is not user-friendly app (P4). I will use body scanning in future too (P5). For 

future use I will use body scanner apps. However, this app takes more time than 

3d look and needed a help of my friend to scan. It should be self-scanning than 

this will work better for users (P6). My experience of getting a right fit garment 

with this app is also great. I like the fitting of the garment. I will use this 

technology in future (P7). I really like the technology. New experience for me. I 

will use body scanning technology in future too. Its I think the fastest way to 

receive body measurements (P8). For future use I will use the body scanning 

applications because for online shopping. Online buyers need this kind of 

technology to get measurements online (P9). I will use body scanning apps in 

future because I have used this app and now, I am familiar with the accuracy of 

the app. I am positive after using it that it will help in getting the body 

measurements. It will help in online shopping as well in future (P10). 

Post use 

evaluation 

Difficult app Self-scanning or 

Selfie mode 

recommendations 

I will use this app but it should be easier like 3D look. Because for this app you 

need someone to help with scanning process (P1). The garment I received is good 

and fit well. I think this technology should be more handy. A person can scan 
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without 

additional 

accessories 

 

 

Difficult app than 

3D look 

itself in a selfie mode (P2). This technology is great. It will change the difficult 

tape measuring process into easy process. But this app has so many gadgets 

involved. The app should be without accessories (P3). I think the app should be 

more user-friendly. However, I am happy with the garment size (P4). I like this 

scanning option other than tape measurement. But app is difficult to use. I 

managed to find out big space for scanning (P5). I will definitely use this 

technology because I received a good fit garment. This is actually surprising to 

use app for body measurements. Happy to here that technology is advancing in 

this field (P6). This app should be easier without having extra accessories 

involved in using the app. It is difficult to buy all the things to use one app (P7). 

For this app, I would say the app is a bit difficult than the 3D Look. I should be 

easy to use only app not so many things like stick, mat etc (P8). I think online 

shopping is increasing day by day. This body scanning app should be added in 

the shopping apps for garment customisation (P9). These apps are good for online 

shopping. I can get my body measurements by only using an app. The garments 

are also in good fitting. This technology in future will make shopping easy and, 

in less time, (P10). 

 

Table 10.50 Purchase Intention, Future Use and Post Use Evaluation of Nettelo 

Open code Axial code Selective code Statement examples 

Purchase Intention Utilitarian value Return garment No, won’t keep it. I am not satisfied with the fitting (P1). No, I will not 

keep the garment (P2). No, I will not keep the garment, not fit well (P3). 

No, return it (P4). No. not satisfied (P5). No, not my size (P6). No, I will 

not keep it because it is not a good fitted garment (P7). No, I have fitting 

issue (P8). No, I think I will not keep this garment. Not satisfied with 

fitting (P9). No, I will not keep the garment. Fitting is not right (P10). 

Future Use Inaccurate and 

unfriendly 

Technology for 

garment 

customisation 

No intention to 

use the app in 

future due 

manual 

calibration of 

body silhouette 

I am not satisfied with this app. I will not use this app because it is not 

accurate (P1). I will use 3D body scanning technology but not this app. 

This is very difficult app. It takes ages to get the body measurements and 

even the garment fit was not right (P2). Comparing to other two app I will 

not use it. It is very difficult to use (P3). I will use this technology of 

scanning. But this app I might not use. It is not handy and doesn’t provide 

a right fitted dress (P4). I will use scanning technology rest of the two 

apps but not this app (P5). The app is not easy, needs to create body 

outline. Takes a lot of time. The other two apps were good not this one 

(P6). I will use body scanning apps in future. As I have good experience 

with other two apps. But this app is not useful for what it is made for (P7). 

I am not happy with this app garment fitting. But I will use body scanning 

technology for garment customisation. Because I used other two apps and 

they have done a good job (P8). In future I will use body scanning 

applications if they have accuracy. This app is not accurate (P9). In 

future, I will use body technology. But not this app. The apps Me Three 

sixty and 3D Look has given good results.  I didn’t find this app easy, and 

garment doesn’t have good fitting (P10). 
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Post use evaluation Difficult app Dissatisfied 

with size and fit 

The app is difficult to use. Also not satisfied with garment (P1). The app 

is not easy and accurate (P2). I will use Body scanning apps for bespoke 

garment in future but not this app (P3). The application is difficult to use. 

That’s why, I am not using it in future (P4). The app is not user-

friendly(P5). I will not use this app because I don’t receive the good fit 

garment. But I will use the other two apps(P6). Not received a good fitted 

garment and app is not easy to use (P7). I think this app should be easy 

to use and also doesn’t provide the good fitting (P8). I can’t give more 

comments on this app garment because I don’t get right fitted garment 

(P9). The garment fitting was not according to my body shape. I am not 

happy with my size and app is also not accurate and difficult to use (P10). 

 

10.16.7.2. Utilitarian value of garments 

The research has studied purchase intention to evaluate the behavioural outcome of 

garment satisfaction. It is a direct measure that determines whether the participant would keep 

the garment, return it, or need alterations. The study revealed that the garment’s utilitarian 

value in size and fit had encouraged the participants to keep the garment. The participants’ 

responses confirmed that after trying on garments using a 3D look and Size stream at home 

digital personalise measurements, they were satisfied with the size and fit of bespoke garments. 

All participants showed intention to keep the garment. Whereas for the Nettelo app, the 

participants were dissatisfied with the size and fitting of the garment and showed intention to 

return the garment. The results concluded that size and fit is the most important element in 

satisfaction of consumers’ intention to purchase a garment. A prior study by Kim and Damhorst 

(2010) revealed a partially negative relationship between the effect of size and fitting concerns 

of participants on purchase intention. It has been studied that consumers’ overall appearance, 

imagined size, and fit concerns in the online shopping environment have a negative relationship 

with online purchases.  

Size and fit are big issues in online fashion interfaces due to poor sizing systems of 

ready to wear. Therefore, this study assesses the bespoke garment evaluation and satisfaction 

on purchase intention after the garment was physically tried. Moreover, the bespoke garment 

is constructed with personalised digital measurements using a 3D body scanning tool, which 

has the potential to be added to the fashion e-commerce interfaces to choose the right fitted 

garment. This extends purchase intention from existing studies, which halt online purchase 

intention after viewing a size and fit technology (Eckman et al., 1990). This study uses a body 

scanning tool to embrace the bespoke garment post-try-on purchase intention about the right 

size and fit. The study has increased confidence to incorporate the 3D body scanning tool, 
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which will work as a digital measurement tape to construct and select garments for effective 

online apparel shopping.     

10.16.7.3. Future use 

After the physical bespoke garment assessment, participants were evaluated regarding 

their intention to use the 3D application scanners for bespoke garment construction. Similarly, 

a recent study revealed a strong positive relationship between consumers’ concern about being 

incapable of trying on garments during online shopping and their readiness to shop on an 

interface that practices the 3D scanning market applications for garment selections (Almousa, 

2020). Moreover, a study by Shin and Baytar (2014) described future interface use as an 

intention to use a virtual try-on model. Therefore, the study evaluated the future use of 3D body 

scanning tools to study the intention to revisit or use similar technologies for buying bespoke 

garments online. Future use responses were coded into user-friendly technology for garment 

customisation. Most responses were positive in terms of using the 3Dlook mobile app scanner. 

The responses of 3Dlook revealed that the technology is easy and handy, an easy way to get 

body measurements in a limited time, and the app is useful for purchasing bespoke garments. 

Therefore, this study proved that if technology is easy and useful, it positively impacts the 

purchase intention of products and future use of technology. However, the size stream at home 

regarding future use was reported as a difficult app due to accessories used during the scanning. 

Moreover, scanning mode is unfriendly with a requirement of another person and extra room 

space to rotate in the 360-degree for scanning. Therefore, selfie mode is acceptable for 

scanning. For Nettelo scanning app it is reported as an inaccurate and unfriendly technology 

for garment customisation. Participants do not intend to use the app in the future due to manual 

calibration of body silhouette (Figure 10.39, Figure 10.40 and Figure 10.41).     
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Figure 10.39 3Dlook Interface Evaluation (Future Use) 

 

 

Figure 10.40 Size stream at Home Interface Evaluation (Future Use) 
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Figure 10.41 Nettelo Interface Evaluation (Future Use) 

 

10.16.7.4. Post-use evaluation of responses to online fit 

Responses were gathered after scanning apps and trying on customised garments 

regarding post-use evaluation. Post-use evaluation was studied by (Kim and Forsythe, 2008), 

which assessed that despite having playfulness and utilitarian value of virtual try-on as a direct 

result, it was revealed that there was less impact on sales on the online store’s interface. Users 
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However, for Nettelo, participants showed no intention to use the app to customise garments 

due to difficult app navigation and poor fitting.    

10.17 Final qualitative model of mobile application scanners: 3Dlook, Size stream at 

home and Nettelo 

The thematic areas explored in the study, themes generated after participants responded 

to bespoke garments, clothing fit elements and reasons to use the mobile app scanner are 

presented in the qualitative model of each application. The classification of thematic areas was 

aesthetic evaluation, performance evaluation and interface evaluation for qualitative analysis 

discussion. The 3Dlook mobile application model presents that participants are satisfied with 

the application bespoke garment fitting and found that the application is easy to use. All 

participants have positive intentions to use the application (Figure 10.42). Moreover, 

MeThreeSixty mobile application model presents that participants are satisfied with the fitting 

of the garment they received with MeThreeSixty app. However, participants found the 

application method time consuming and difficult to use. Selfie mode should be added to the 

application without additional gadgets (Figure 10.43). The model of the third application, 

Nettelo indicated that the mobile application is not easy to use, and participants were 

dissatisfied with the garment fitting and found that the application is inaccurate in terms of 

providing the body dimensions (Figure 10.44). The final models can be applied in future 

research studies exploring virtual size and fitting technology platforms by employing the 

thematic areas used in the study to analyse the size and fitting satisfaction. 
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Figure 10.42 Qualitative Model of 3DLook 

 

Figure 10.43 Qualitative model of Size Stream at Home 
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Figure 10.44 Qualitative Model of Nettelo 

 

10.18 Virtual-commerce business model for bespoke garments 

Consumer behaviour has been studied in the three main consumer online shopping 

journey stages in the research study. The pre-purchase stage uses a mobile app scanner and 

garment style selection. The purchase stage includes paying for garments online after getting 

satisfied in their pre-purchase stage with garment selection and personal body dimensions. The 

post-purchase stage includes the bespoke garment try-on and future use of mobile app scanners 

evaluations. Thus, positive evaluations of garment size and fitting as well as reliability testing 

of the application, the study has combined the theory of Lemon and Verhoef (2016) pre-

purchase, purchase and post-purchase stages with virtual size and fit tool (3D body mobile app 

scanner). Combining the size and fit tool with consumer behaviour theory, a Virtual commerce 

business model has been developed by evaluating consumer behaviour Pre-purchase, purchase, 

and post-purchase stages (Figure 10.45). 
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10.18.1. Pre-purchase 

The most vital step in online product buying decision-making is information about the product 

(Detlor et al., 2003). When a consumer searches for garment size information, such as to buy 

the right size garment, the buyer may buy different sizes of identical products. After trying on 

the right size, the buyer would return the rest of the sizes since the buyer aimed to buy only 

one right-fit product (Saarijärvi et al., 2017). Conventionally, buyers try on clothes in a trial 

room during in-store shopping. However, for online shopping, consumers are required to 

correlate their body size with product images and size charts for buying decisions. Consumers 

are required to remember their body dimensions or measure themselves using tape 

measurements, which is a time taking method. They need technical knowledge to measure the 

accurate body dimension to correlate their body dimensions when shopping online (Hwangbo 

et al., 2020). Thus, online buying of apparel goods is difficult using the traditional tape 

measurement method to acquire the body dimensions (Idrees et al., 2020a). In the pre-purchase 

stage of online shopping, user-friendly mobile applications can be employed to acquire 

information regarding body dimensions. 

The user can receive more than 100 personalised body dimensions in 1 to 5 min along 

with a 3D personalised avatar (Stream, 2022; 3DLook, 2022). The unstitched apparel product 

and 3D mobile app scanners can provide bespoke apparel goods in e-commerce platforms. In 

the pre-purchase stage, the Web 2.0 tools can be replaced with Web 3.0 fashion viewing tools 

to enhance interactivity, rich data presentation and realism. Virtual, augmented, and mixed-

reality tools can be employed to develop a functional interface. The interactive interface can 

offer 3D personalised virtual models for virtual garment viewing with 360-degree rotation, 

virtual trying-on garments, mixing and matching of products, and virtual size and fitting 

evaluation (Escobar-Rodriguez and Bonson-Fernandez, 2017; Altarteer and Charissis, 2019). 

The enhanced approaches, such as 3D mobile app scanners, virtual reality, augmented reality, 

and mixed reality interactive tools, evidence (Chapter 4) that they are inclusive and user-

friendly tools that can be employed to achieve rich information during the pre-purchase stage 

to positive contribute to decision making during the online pre-purchase stage.  
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10.18.1.1. Involvement, hedonism and utilitarianism, touch and non-touch preference and 

perceived risk 

Garments deliver self-identity and expression and work as experience goods (Song and 

Kim, 2012; Loureiro et al., 2017). Traditional e-commerce provides less information to 

consumers. Therefore, to provide rich and accurate information in an online platform to 

enhance buyer satisfaction (Belk, 2009). The features of augmented, virtual, mixed reality and 

3D avatars provide interactive online shopping platforms and potentially resolve sustainability 

issues (Fernandes and Morais, 2021). Moreover, enjoyment in e-commerce is associated with 

hedonism, mainly because humans naturally require enjoyable experiences (Sethna and Blythe, 

2016). Olsen and Skallerud (2011) established that consumers are loyal to brands that deliver 

hedonism during shopping whilst maintaining utilitarian functions or justifications. 

Furthermore, the aspects of touch and non-touch are vital in online shopping. It was 

acknowledged by Dholakia et al. (2010) that it permits cognitive behavioural methods 

incorporated in haptic apparel interactions along with the functional and utilitarian elements in 

online settings. This would facilitate the establishment of virtual interactions in fashion e-

commerce platforms. This can be enhanced with the development of mixed reality online 

platforms.  

The primary risk considerations in buying situations are uncertainty, anxiety and self-

esteem (Taylor 1974). Providing rich information in online platforms decreases the risk if it 

delivers data modification, processing and detailed information (Taylor 1974). Therefore, to 

find the solutions to issues in the pre-purchase stage in the online platforms. The main 

challenges are consumer involvement, hedonism and utilitarianism, touch and non-touch 

preference and perceived risk. Online retailers have employed different methods such as 3D 

body scanner apps, smartphone virtual augmented and mixed reality platforms to enhance 

online buying platforms. The 3D body scanner mobile apps are developed to provide accurate 

body dimensions in online fashion platforms (Stream, 2022a). For instance, Asizer, a virtual 

reality platform, is facilitated with the 3D body scanning facility. The platform is developed to 

provide size recommendations and visualisations of various retailers’ apparel goods. Virtual 

reality platforms offer virtual try-on garments and an option to view personalised catwalks 

from different backgrounds (Asizer, 2022). A Canadian company introduced a platform where 

consumers can view the fabric performance by moving around virtually using the personalised 

avatar. Buyers can also analyse the tightness and looseness of garments via heat maps 

(triMirror, 2022). Mehta et al. (2020) acknowledged that augmented reality could potentially 

deliver a similar in-store experience by viewing products lying over themselves in their home 
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background (Mehta et al., 2020). Similarly, H&M offered six AR filters to promote the 1990s 

streetwear collection (Johnson, 2021). League of Legends game outfits can be worn virtually 

using the Louis Vuitton AR filter (Johnson, 2021). Burberry and Rebecca Minkoff launched 

AR fitting room or a magic mirror on their online platform and in-store (Minkoff, 2022; Valich, 

2017).   

In addition, virtual fitting rooms have been developed to provide a solution for autotelic 

touch. In garment buying, the autotelic touch delivers excitement and sensual provocation 

(Insley and Nunan, 2014). Insley and Nunan (2014) added that the autotelic dynamics are more 

important in online consumer decisions. The strengths of VR and AR can be utilised and will 

prove useful in the future. For instance, VR tools are applicable in product development, such 

as virtual prototyping. Whereas AR tools are more appropriate at the point of consumer 

integration, for example, testing concepts and fitting assessments. Garments need to be 

customised in virtual clothing according to consumers’ body dimensions, and consumers can 

view fitting simulations before purchasing. (De Silva et al. 2019). Foxall (2009) approves that 

consumers decide when there is detailed information and their behaviour in that environment. 

While benefiting from assessing the garment's body shape, the complete information about the 

garment fitting (utilitarian) will institute approach behaviour (Foxall, 2009). Therefore, the 

consumer develops a better perspective with this behavioural practice before purchasing 

(Foxall, 2009).  

10.18.2. Purchase 

The consumer’s choice to pay or not for a product is usually identified as purchase 

intention in the shopping journey. The purchase intention usually depends on satisfaction in 

the pre-purchase stage (Chen et al., 2010; Bai et al., 2008). The interface quality, rich 

information about the product and the technology's accuracy helps consumers decide to buy a 

product online (Chen et al., 2010; Hausman and Siekpe, 2009). Virtual fitting room various 

studies reviewed in Chapter 4 have presented that when buyers are satisfied with the method 

of using the technology (easy to use, accuracy and usefulness), this allows positive intention to 

buy a product in the online platforms (Mikalai et al., 2022; Thi Nguyen et al., 2022; Hwangbo et 

al., 2020; Feng et al., 2021). Hence, the virtual fitting room tools can potentially develop a 

practical solution to the issues linked with poor fitting, online returns, realistic online fashion 

viewing and sustainability (Fernandes and Morais, 2021).   
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10.18.3. Post-purchase 

The post-purchase stage presents the experience of consumers regarding gratification, 

validation, or invalidation of expectations with a product bought online. When consumers are 

satisfied with their required expectations of products. Consumers are generally persuaded 

through positive word of mouth, re-patronage of a product or brand, and gratification. The right 

fitted garment can highly encourage gratification in the post-purchase stage Hwangbo et al. 

(2020). Hence, this is a vital element of post-purchase assessments of apparel goods (de Klerk 

and Tselepis, 2007). In addition, reviews of other users and personal opinions are also 

considered in buying goods (Etkin and Sela, 2016). The consumer experience and intention to 

buy more are evaluated in the post-purchase stage. This behaviour is also taken as a positive 

indicator of product gratification.     
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Figure 10.45 Virtual Commerce Business Model for Bespoke Garments 
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Chapter 11. Discussion and Conclusion 

11.1 Introduction 

The research aims to establish web 3.0 technology features such as 3D body scanning 

technology and virtual fitting room simulations in Pakistan fashion e-commerce platforms. The 

primary aim is to introduce a virtual mass customisation business using a 3D body scanning 

mobile application and the unstitched fabric category of Pakistan. To measure the consumer’s 

responses to virtual fitting room interfaces, two interfaces, fit analytics (size recommendation 

interface) and virtual outfits (virtual try-on interface, size and fit recommendation and 

visualisation), have been used (Quantitative study 1). Moreover, a quantitative comparative 

study of 3D body scanning technology has been conducted to analyse the difference in the 

measurements of the Size Stream SS20 booth scanner (Smith et al., 2021) and the 

MeThreeSixty mobile application (study 2). In addition, to measure consumers’ responses to 

the post-use evaluation of bespoke garments, three mobile application scanners 3Dlook, Size 

Stream at home, and Nettelo, have been used (mix-methods study 3). The research has 

employed a mixed methods approach; the primary data has been collected and analysed 

(conclusive and exploratory). The secondary data has been reviewed to gain insight into virtual 

fitting room interfaces, 3D body scanning technology and the unstitched fabric market. The 

conclusion in this chapter addresses the achievement of the aim and objectives that were 

studied in this research. The existing research can contribute findings which can be employed 

for organisational implications and advancement of technology of virtual fitting rooms.  

Chapter 1 of the study presents the research objectives and outcomes. Chapter 2 

introduced the literature review of unstitched apparel products in terms of sustainable products 

such as personalised garments compared with the fast fashion industry of the UK as an 

unsustainable approach in terms of heightened wastage of fabric constructed with standard 

sizing systems meets objectives 2 and 5 of the study. Garment size and fitting literature has 

been discussed in terms of functional, physiological, psychological, comfort, size and fit 

evaluation and satisfaction in Chapter 2 to meet objectives 3 and 4. Moreover, chapter 3 

presents the web 2.0 technology features and its limitations for the virtual size and fitting 

rooms. A paper has been published in which web 2.0 technology features used by Pakistani 

fashion retailers are compared with web 3.0 features used by UK fashion retailers to meet 

objectives 1 and 5 of the study. The existing virtual fitting room approaches adopted by various 

retailers and indicated by Gill (2015) as size recommendation and size and fit recommendation 

and visualisation have been reviewed and presented in Chapter 4, section 4.20, Table 4.13. In 
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addition, this approach is used to conduct study 1. The discussion of virtual commerce (web 

3.0) tools and recent research studies regarding virtual trying-on, size and fit visualisation and 

recommendation using the virtual, augmented, mixed reality and 3D body scanning technology 

are highlighted in chapter 4. 3D body scanning technology has been explained in detail in 

chapter 4 with the perspective of introducing virtual fit and sizing to meet the objective 2 and 

4. Chapter 5 discusses the consumer behaviour theory of consumer product evaluation in the 

virtual environment and meets objectives 4 and 5. Chapter 6 of the study summarised the 

theoretical frameworks, qualitative size and fitting discussion guide, hypothesised model and 

adopted constructs which meet objectives 3 and 4. Chapter 8 (Quantitative) examines the 

extended technology acceptance model, which meets objective 3. Chapter 9 presents the 

comparative analysis of the Size Stream SS20 booth scanner and MeThreeSixty mobile 

application that meets objectives 3 and 4. Chapter 10 presents the (mixed-method study) post-

purchase evaluation of bespoke garments constructed with measurements acquired from the 

3D mobile application scanners. It presents a sustainable mass customisation business model 

that meets objectives 4 and 5.  

11.2 Chapter summaries  

Chapter 1 introduced the research context regarding the virtual size and fit platforms, 

3D body scanning technology and unstitched market of Pakistan. Moreover, the research 

problem is presented with a gap in extant research. The chapter presents the research aims, 

objectives, focus and outcomes. The research study is divided into three studies; the research 

method section summarises the methodology adopted for three research studies and the critical 

realist ontological approach. Virtual fitting room simulations and mobile application scanning 

technology are linked with consumer behaviour and garment fit academic disciplines. Virtual 

size and fitting is a big issue in choosing the right fit garment without virtual trying-on and 

standard sizing systems adopted by fashion retailers for garment construction. It is important 

to research virtual fitting room tools, to understand whether these tools successfully support 

consumers to make better assessments of buying the right fit garment during virtual shopping. 

Chapter 2 provides an overview of ready-to-wear clothes, limitations of size and fitting, and 

sustainability issues with the mass production system. The chapter highlighted the rich history 

of customising garments and the unstitched apparel market in Pakistan. The unstitched apparel 

product is sustainable, and a comparison of fast fashion and the unstitched fabric is discussed 

to analyse how unstitched fabric can be used for mass customisation. Garment size and fitting 

literature discuss comfort in clothing, garment fit evaluation, consumer fit satisfaction, body 
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shape classification, body cathexis and consumer fit preferences. Moreover, clothing product 

assessment from the viewpoint of consumers paves the way for using the garment fit evaluation 

criteria in study 3 of post-use evaluation of bespoke garments. Chapter 3 discusses the e-

commerce market and various e-commerce platforms fashion retailers use. Pakistan’s fashion 

e-commerce and global apparel market have been overviewed. The technological influence has 

also been discussed regarding Web 2.0 fashion product viewing technology and Web 2.0 

fashion service technology (Section 3.8).    

Limitations of virtual trying-on, product examinations and inaccuracy of size and fitting 

with web 2.0 technology tools have been discussed (Table 3.1 and Table 3.2, Sections 3.9 and 

3.10).  Recent approaches to providing the right fit garment in an online environment have been 

discussed, where the user has to enter body dimensions data manually introduced by fit 

analytics, virtual outfits and True fit (Januszkiewicz et al., 2017). The recent approaches are 

inaccurate but provide the basis for developing user-friendly tools for finding the right size in 

online platforms. Chapter 4 presents an overview of virtual commerce as a future marketing 

and shopping channel. The chapter sheds light on the recent virtual fitting room research studies 

of virtual reality, augmented reality, mixed reality, and mobile application scanners as web 3.0 

tools. Furthermore, the fashion metaverse has been discussed as a future trend of virtual 

shopping, and the next future marketing and virtual buying platforms would be meta-

commerce. Moreover, virtual fitting room approaches used by recent researchers have also 

been reviewed to get insights into the virtual size and fitting phenomenon (section 4.10). 3D 

body scanning technology has been studied as an essential tool of Web 3.0 metaverse fashion 

technologies. Although entertainment is associated with the fashion metaverse platforms, 

virtual size and fitting are essential to enhance the satisfaction of virtual consumers during 

shopping. Therefore, 18 mobile applications have been reviewed to understand the strengths 

and limitations of mobile app scanners. In addition, how they can be implemented in the fashion 

virtual commerce to serve as size and fitting tools. The overview of mobile applications 

(section 4.12) provides the basis for selecting mobile applications for study 2 and study 3.   In 

addition, pattern construction studies using body scanning technology to enhance the pattern 

construction methods and adoption of technology for developing new sizing and garment 

customisation systems have been discussed (Section 4.19.1, Table 4.12). The adoption of 

technology to enhance the size and fit for ready to wear and customisation is also discussed 

(Alrushaydan et al., 2020; Almousa, 2021). Clothing technologists have studied 3D body 

scanning technology to understand the relationship of traditional pattern making methods with 



423 

recent body scanning technology and how they can improve the pattern making techniques to 

enhance the pattern making methods with personalise human body dimensions, size, body 

shape and body morphology to reduce the standard sizing issues (Sajib et al., 2018). Gill et al. 

(2015) present the classifications of virtual fitting rooms, which are used as a basis to select 

the Study 1 stimuli (Section 4.20 and Section 4.20.1). Recent studies regarding 3D body 

scanning technology for size and fit recommendation and visualisation have been discussed 

(4.21). In addition, 3D body scanning tools are discussed as a tool studied by researchers for 

garment customisation and virtual try-on for fashion e-commerce interfaces (4.22). Moreover, 

virtual fitting room approaches using virtual commerce tools, or metaverse fashion technology, 

have been studied by various researchers using the TAM framework (Section 4.23). 

Chapter 5 presents consumer behaviour and assessment models concerning digital size and 

fitting technology. Consumer behaviour theories are considered to offer a foundation to 

understand how virtual fitting room tools support online buying, decision making and post-

purchase behaviour of consumers. Lemon and Verhoef (2016) theory have been adopted as a 

research process framework. The research process is employed because it supports pre-

purchase behaviour using the interface and evaluation, and then, the purchase and post-

purchase stages support garment and interface experience of size and fitting technology 

evaluation. Chapter 6 presents the theoretical frameworks used for conducting research. The 

technology acceptance model is considered for quantitatively evaluating consumers’ responses 

towards size and fitting interfaces. The constructs and hypothesis are developed by considering 

the technology acceptance model for Study 1 and Study 3 (stage 2) (section 6.4). The constructs 

employed for qualitative evaluation, such as performance evaluation, aesthetic evaluation and 

interface evaluation, are summarised in Chapter 6, and the interview discussion guide is 

presented in Table 6.10. Chapter 7 presents the research methodology of the study. The chapter 

presents the research paradigm adopted for the study, including each study's ontological 

position, epistemology, axiology and research methodology. The post-positivist research 

paradigm is adopted for the study, allowing the researcher to adopt a critical realist approach 

and a mix-method data collection approach. The research design process is illustrated in Table 

7.6. Study 1 is quantitative research which evaluates the technology acceptance of virtual fitting 

rooms, and structural equation modelling is used for data analysis. Study 2 presents the 

quantitative comparison of 3D body scanning technology, and the methodology adopted is 

presented in section 7.16. Study 3 methodology is presented in section 7.17. This study adopted 

both quantitative and qualitative evaluation. 
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The quantitative evaluation is conducted to assess and compare mobile application scanners in 

terms of (Study 3, Stage 1) reliability and validity of body dimensions from the mobile 

applications (Section 7.17.2). Study 3, Stage 2 evaluated consumer responses towards ease of 

use, usefulness and adoption of 3D body mobile app scanning for future use (Section 7.17.3). 

The qualitative evaluation (Study 3, stage 3) is done by constructing the bespoke garments 

from digital body dimensions acquired from the mobile application scanner. The post-purchase 

evaluation of size and fitting is done by trying on bespoke garments by employing the 

qualitative methodology of semi-structured interviews about the size and fitting of garments 

(Section 7.17.5). The research sample justification, sampling techniques employed for each 

study, ethics and incentives and research reliability and validity has been discussed. Chapter 8 

presents the outcome of the quantitative data analysis of Study 1. Initially, descriptive statistics 

are presented for the demographic questionnaire. SPSS software is used for data analysis. The 

normal distribution of data is analysed by calculating skewness and kurtosis values. The 

reliability analysis test is performed to measure the internal consistency of each variable. After 

finding the excellent reliability of each variable. Then EFA and CFA tests are performed. CFA 

is performed to evaluate the model fitness, reliability and validity using the SPSS AMOS 

software. Structural equation modelling is done finally to present the relationship between the 

observed constructs (Figure 8.14). Model fit indices are applied to discuss the reliability and 

validity of the data. The study's main findings present that technology confidence positively 

impacts the perceived ease of use of virtual size and fit interfaces (Table 8.20). 

Chapter 9 describes the quantitative data analysis and results of data captured by both the Size 

Stream SS20 booth scanner and the Size Stream MeThreeSixty mobile scanning application. 

In this research, eleven body dimensions were obtained from the scans and analysed 

comparatively, mainly used in constructing the bodice block. The 11 body dimensions have 

been taken from the Aldrich (2015) metric pattern cutting book, which creates close-fitting 

bodice block, easy-fitting bodice block, and one-piece sleeve blocks. Moreover, a comparative 

analysis of 11 body dimensions (acquired from the Size Stream booth scanner and mobile 

application MeThreeSixty introduced by Size Stream company) have been done by calculating 

the standard error of the mean of measurements and the difference of each measurement mean 

to determine reliability and validity of measurements by assessing that measurements have 

exceeded or in the range of ANSUR allowable error (Koval, 2020; Parker et al., 2022). The 

main finding was that the difference in body dimensions was due to scanning for mobile app 
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scanning that compressed the body tissues, and booth scanning was done with only 

undergarments. The visual difference between both scanner (object .obj) files can be observed 

(Table 9.7). 

 Chapter 10 presents the mix-method data analysis results. The quantitative results 

evaluate the experience of using mobile applications with the same hardware but different 

processing methods and presenting the body dimensions data. Initially, the difference in body 

dimension acquired from each application has been presented by calculating the standard error 

of mean of measurements and the difference of each measurement mean to determine the 

reliability and validity of measurements by assessing that measurements have exceeded or in 

the range of ANSUR allowable error (Koval, 2020; Parker et al., 2022). Then, body landmarks 

definitions provided by each mobile scanner company are illustrated with images for 

comparative discussions with the ISO 8559-1 standard used worldwide for finding accurate 

landmarks for measuring the body dimensions manually. The visual representation of each 

participant’s patterns has also been evaluated, providing clear evidence that measurements 

acquired from the Nettelo app have bigger patterns than the 3Dlook and Size stream at home 

(section 10.13.2). Furthermore, the quantitative analysis uses the technology acceptance model 

constructs to evaluate the acceptance of 3D body scanning mobile app technology. The 

responses were collected after participants had used the mobile application. The study intends 

to introduce and facilitate Pakistani consumers with novel mobile app scanning technology that 

delivers digital measurements to enhance online bespoke garment services. Therefore, the 

technology can be incorporated into the Pakistani fashion e-commerce industry. 

Results revealed that the majority of the participants are interested in using the 3Dlook 

mobile application compared to Size Stream at home and Nettelo mobile app scanner. Finally, 

the qualitative analysis outcome evaluated the experience of trying on the bespoke garments 

constructed with the mobile application scanner measurements. Participants have tried on three 

garments, and comparative qualitative evaluations have been conducted. The results are 

summarised in the qualitative model of each application presented in Figure 10.42, Figure 

10.43, and Figure 10.44. Results of the study revealed that participants are satisfied with the 

3D look and size stream at home mobile application garment fitting and size. Chapter 10 also 

provides the sustainable fashion v-commerce model using the Lemon and Verhoef (2016) 

model (Figure 10.45). Chapter 11 condenses the research outcomes and signifies that the 

research objectives have met the features and contributions to the research and theory. 

Moreover, limitations, fields and suggestions for future research are also discussed.   
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11.3 Discussion 

Studies 1, 2 (quantitative), and 3 (quantitative and qualitative) present a foundation for 

insight into the Web 3.0 technology tools. The current tools are virtual trying-on, size 

recommendation and 3D body scanning tools for acquiring the digital measurements for 

garments construction and the impact of these tools on consumers for virtual garment selection, 

production, and evaluation. The subsequent section of this chapter will present the results of 

each study of the research and the importance of the outcomes of virtual fashion e-commerce 

in enhancing size and fitting.    

11.4 Study 1 – Overview of quantitative results 

Quantitative Study 1 evaluates functional aspects such as ease of use and usefulness to 

understand the relationships and consumers’ attitudes and motivation to use the technology for 

future virtual fashion shopping (Chapter 6). The deductive approach is employed, which aligns 

best with the quantitative data analysis discussed in Chapter 7. The additional constructs, an 

extended version of TAM such as technology confidence (Kim and Forsythe, 2008, 2010), 

were evaluated along with the perceived ease of use and usefulness of technology. The prior 

research studies, for instance (Alam et al., 2021; Oyman et al., 2022), used the additional 

constructs with the TAM model. The TAM hypothesis was analysed using the EFA, CFA and 

SEM methods by SPSS quantitative data analysis software. Table 8.21 in Chapter 8 presents 

the seven final supported hypotheses. Thus, the quantitative study gives a complete insight into 

constructs associated with user acceptance of virtual size and fitting technology interfaces that 

enhance purchase intention (Figure 11.1). The final model constructs are discussed individually 

in the next section.    

11.4.1. Technology confidence – Generation Y 

Virtual fitting room interfaces have been developed extensively to provide different 

solutions and various innovative Web 3.0 tools. Therefore, it is required to investigate 

consumer technology confidence, adapted from technology readiness. Technology readiness 

outlines a consumer’s attitude towards the latest technology and willingness to practice a 

technology (Parasuraman, 2000). Technology readiness allows the measurement of how much 

consumers are prepared to comprehend novel technologies. It offers an opportunity to discourse 

various technology readiness levels and the administrative insinuations accompanying them 

(Parasuraman, 2000). The confidence of a consumer is an innovative behaviour. Technology 

confidence positively affects consumers’ attitudes and intentions to use virtual technologies 

such as augmented or virtual reality (Kim and Forsythe, 2008; Soon et al., 2020; Oyman et al., 
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2022). It is acknowledged that consumers who are technology confident and innovative, level 

to perceive and appreciate new technologies are highly motivated to pursue new experiences, 

and numerous sources of information can stimulate their senses (Kim and Forsythe, 2008). 

Confirming the prior statement, the study's finding indicated that consumers’ technology 

confidence had a positive effect on their perceived ease of use and usefulness of technology. 

The study reveals that technology confidence is the chief factor in technology acceptance. 

Therefore, the results indicated that the success of the technology is related to the user’s 

confidence. The tested sample was Pakistani or British Pakistani females aged 18-65+. The 

results indicated that Generation Y (Younger Millennials (25-31) and Older Millennials (32-

40) are most likely to be considered Tech Obsessives. This age group grew up with technology 

paradigm shifts and had buying power over other groups to utilise and invest in the latest 

technology (Mintel, 2022b). The outcomes of the descriptive statistics present that 49.0 % of 

participants were female millennials generation Y (Younger Millennials (25-31) and 34.7 % 

were Older Millennials (32-40). Thus, the results indicate that millennials are technology 

confident consumers and showed a positive attitude toward adoption and intention to use the 

technology. 

11.4.2. Functional experience of virtual size and fit interfaces 

The original components of TAM, perceived usefulness and ease of use, are functional 

constructs. The results indicated that perceived ease of use of virtual size and fit interfaces 

positively influenced the perceived usefulness of virtual size and fit interfaces. The results align 

with Alam et al. (2021), which indicate that perceived ease of use was important for the 

consumers’ behavioural intention to adopt particular technology. When consumers had a 

positive experience with the ease of use and usefulness of virtual size and fit interfaces, thus it 

eventually had a positive impact on their attitude toward virtual size and fit interfaces. This 

displays how ease of use and usefulness are correlated constructs; both are vital in forming 

positive consumer attitudes towards the virtual size and fit technology for online shopping. 

Perceived ease of use and usefulness in TAM has been discussed as developing trust in 

technology (Pavlou, 2003). The study's results indicated that trust in the virtual size and fitting 

interfaces could help create positive attitudes and intentions to use the technology and enhance 

loyalty to technology in future purchase decisions.   
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11.4.3. Attitude towards virtual size and fit interfaces 

The results of structural equation modelling of virtual size and fit interfaces presented 

that the technology confidence of consumers has a significant impact on the perceived ease of 

use and perceived usefulness. The study shows that technology confidence and perceived ease 

of use were central factors in the acceptance and use of virtual size and fit interfaces. Moreover, 

the perceived ease of use of virtual size and fit interfaces positively influenced the perceived 

usefulness of virtual size and fit interfaces. Thus, when consumers had a positive experience 

of ease of use and usefulness of virtual size and fit interfaces, it eventually positively impacted 

their attitude toward virtual size and fit interfaces. Positive attitudes towards technology 

significantly impacted the intention to use the virtual size and fit interfaces. The results of SEM 

are demonstrated in  

 

Figure 11.1. When actions, context or time elements conflict with consumer 

behaviours, the consumer shows a negative attitude towards stimuli (Fishbein and Ajzen, 

1975). However, in this study, the behaviours of consumers are positive and consequently 

showed a positive attitude towards using the technology.   

11.4.4. Intention to use virtual size and fit interfaces 

Virtual fitting room tools have been developing extensively, and consumers are 

experiencing these technologies in-store and online by using personal computers and mobile 

as hardware. The study’s results aligned with the results of Jorgensen and Sorensen (2021). 

The study indicated that consumers intend to use virtual fitting platforms that are easy and 

useful for them. The brands have been using such technologies for promotion, brand awareness, 

increase in sales in an online environment and reduce online returns due to poor fit selection in 

the online shopping atmosphere (Hwangbo et al., 2020; Jorgensen and Sorensen, 2021; Oyman 

et al., 2022). Moreover, virtual fitting room interfaces should be developed to enhance 
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consumer trust by making it useful and easy to find the right fit online with an immersive and 

entertaining experience. These elements encourage shopping confidently in the online 

atmosphere and enhance the intention to use the interfaces again. 

 

 

Figure 11.1 Final Virtual Size and Fit Interfaces SEM Model 

11.5 Stage 2: Quantitative body measurements data analysis of Size Stream SS20 and 

MeThreeSixty results 

The study sample comprised 20 females aged from 18 to 65+ years. 12 participants of 

18-24 years and 8 of 25-35 years participated in the study. The detail of height and weight 

according to age range is presented in section 0 of chapter 9. This research obtained eleven 

body dimensions from the scans and analysed them comparatively, mainly used in constructing 

the bodice block ( 

Eleven body dimensions were obtained from the Size streamSS20 booth scanner and 

MeThreeSixty mobile app scanner used in the basic bodice block. The 11 body dimensions 

have been taken from the Aldrich (2015) metric pattern cutting book (Table 9.5). The 11 body 

dimensions, including bust circumference, waist circumference, hip circumference, nape to 

waist, waist to hip, armscye depth, neck size or neck base circumference, shoulder, back width, 

and chest measurements, have been used to create close fitting bodice block and easy fitting 

bodice block. In addition, armscye and sleeve length are used to construct a one-piece sleeve 

block. The basic bodice block pattern is employed and manipulated to style variations in 

patterns used in garment production (Gill and Chadwick, 2009). Technologists and pattern 

makers use these body dimensions for garment construction and manipulation. The right side 

body dimension has been used and analysed. The measurements used in the study are displayed 

in Table 9.6, Table 9.7, Table 9.8, Table 9.9, Table 9.10, Table 9.11, Table 9.12, Table 9.13, 
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Table 9.14, Table 9.15, Table 9.16 along with ISO8559-1, (2017) and Size stream (Stream, 

2022b) definitions of landmarking points comparison. 

 

Table 9.5). The basic bodice block pattern is employed and manipulated to style 

variations in patterns used in garment production (Gill and Chadwick, 2009). Recent studies 

have established Size Stream SS20 booth scanner technology for garment construction 

(Almalki et al., 2020; Smith et al., 2021). The research design was exploratory as this 

technology has been introduced recently and is needed to explore the reliability and validity of 

measurements for garment construction for online fashion garment customisation and size and 

fit recommendation and visualisation interfaces. Recent studies have assessed Size stream 

SS20 booth scanner technology for garment construction and found it a reliable source for 

extracting the body dimension (Almalki et al., 2020; Smith et al., 2021). Initially, the Size 

Stream digital measurement definitions have been studied against ISO 8559-1 (2017). The 

difference has been noted in the landmark identification of across back width and Scye depth 

measurements. The across back width measurement in the Size stream is taken too low to 

suitably capture the shoulder blades in length, which does not align with the landmarks of ISO 

8559-1 (2017). Reliability analysis has been performed regarding Standard error of mean 

measurement (SEM) to ANSUR allowable errors (Koval, 2020; Parker et al., 2022). SEM was 

calculated for each body dimension separately by calculating the independent t–test of identical 

body dimensions using the SPSS software. The validity of both scanner measurements was 

analysed according to (BS ISO 20685, 2010) validity algorithm. The identical measures, Size 

Stream SS20 minus MeThreeSixty, were computed for each person. The mean of these 

differences with its associated standard deviation (σ), sample size, 95% confidence interval 

(CI) and ANSUR allowable error (Koval, 2020; Parker et al., 2022). The study results indicate 

the mobile app scanner dimension’s reliability and validity and potential difference in the 

measurements according to limits of ANSUR allowable error.   

11.5.1. Reliability of measurements results 

For body dimensions such as chest/bust circumference, small of back waist, hip 

circumference, and waist to hip length, SEM exceeded the ANSUR allowable errors, with 

higher differences in measurements. The reliability of techniques can be assessed here because 

body dimensions acquired from both scanners have differences in the scanning method. For 

the booth scanner, the participants are required to wear undergarments, whereas, with the 
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mobile scanner, participants are required to wear upper and lower body-fitted garments. Kim 

et al. (2015) concluded that participants wearing undergarments only present larger cup size 

than those scanning with scan suits. A higher difference in cup size has been noted; cup size 

increased from A to D compared to the scan in the scan suit with the scan in the participant’s 

bra. Kim et al. (2015) addressed two main reasons that decreased the cup size of participants 

in scan garments. The primary reason for scan suit scanning was that the breast tissues were 

compressed, which decreased the bust circumference dimensions. Secondly, the midriff girth 

increased due to the scanned garment because the garment spanned the body from the bust 

point to below the under-bust. Using the tape measurement method, if an individual is wearing 

clothes, a practitioner taking measurements can compress the garment and take under-breast 

measurements. However, the scanner does not compress the scan suit. The above mentioned 

two reasons were the chief reasons for extracting the smaller cup size and decrease in bust 

circumference measurements. The images of scanned participants showed a visually higher 

difference in bust circumference and cup size with only undergarments and undergarments 

along with the scan suit presented in Table 9.7. Another main difference noted was the means 

of scan capture and how an obj file or a personalised avatar was built with both 3D body 

scanners. Table 9.7 shows the difference in the obj file built with both scanners. The scan 

garment has compressed the bust, waist and hip circumference tissues and shows the visual 

difference in body dimensions of the waist and hip of the same participants. Moreover, Gill et 

al. (2014) presented the range of waist regions observed within the data sets illustrated in Figure 

9.2 in Chapter 9. Therefore, there is a possibility of variation in the detection of landmarks 

locations of small back waist from two different scanners with undergarments (size stream 

booth scanner) and scan suit (mobile app scanner) as indicated in Figure 9.2, large and small 

central waist regions in Chapter 9.      

11.5.2. Validity of measurements results 

According to the results, the waist measurement of both scanner difference from the 

mean does not fall in the range of ANSUR allowable error. The size stream scanner manual 

shows 8 different landmarks of waist measurements (Stream, 2022b). The rest of the 10 body 

dimensions have relatively small dispersion to fit the allowable error or show no difference. 

Gill et al. (2014) presented the range of waist regions observed within the data sets illustrated 

in Figure 9.2. Therefore, there is a possibility of variation in the detection of landmarks 

locations of small of back waist from two scanners with undergarments (size stream booth 

scanner) and scan suit (mobile app scanner). Table 9.7 presents the difference in booth scanner 
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and mobile app scanner obj files of the same person. The main difference noted was the means 

of scan capture and how an obj file or a personalised avatar was built with both 3D body 

scanners.     

11.6 Study 3 - Mix-methods data analysis of mobile application scanner: Size Stream at 

home, 3D Look and Nettelo 

In real-life scenarios of fashion product consumption, consumers try on garments 

physically on the body. Therefore, this study is conducted to evaluate consumer responses 

regarding the size and fitting of post-purchase bespoke garments using the three mobile 

applications. A total of 10 participants used novel mobile apps and final bespoke garment try-

ons. The sample validity has been discussed in Chapter 7. The participant’s demographic 

information has been demonstrated in Table 10.1. The participants were Pakistani females aged 

18-65+, having experience buying unstitched fabric and getting them stitched by their tailor by 

providing them with their body measurements through the traditional tape measurements 

method (section 10.2). The participants are scanned with mobile applications to acquire the 

body dimensions for bespoke garment construction. The three applications have been selected 

because companies with the same hardware have introduced them but have different methods 

of processing and presenting the data. The detail of the mechanism has been explained, and a 

comparison is demonstrated in Table 10.2.    

11.6.1. Body measurements variability of Size stream at home, 3D Look and Nettelo 

results 

The range of differences in body dimensions of each participant is presented and 

compared separately for each application in sections 10.7, Table 10.3 to 10.12. Each 

application delivers different body measurements. For instance, Nettelo showed 22 body 

dimensions, Size stream illustrated 15 body dimensions, and 3Dlook extracted 8 body 

dimensions. Therefore, all body dimensions cannot be compared. The body dimensions that 

are identical in the applications were compared and analysed with the ANSUR allowable error 

(Parker et al., 2022) to determine the measurement differences. The difference in body 

dimension acquired from each application has been presented (Section 10.8, 10.9 and 10.10) 

by calculating the standard error of the mean of measurements and the difference of each 

measurement mean to determine the reliability and validity of measurements by assessing that 

measurements have exceeded or in the range of ANSUR allowable error (Koval, 2020; Parker 

et al., 2022). The results of the difference in the obj file are presented in section 10.11. 

Moreover, body dimensions illustrated in the Table 10.19, Table 10.20, Table 10.21, Table 
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10.22, Table 10.23, Table 10.24, Table 10.25, and Table 10.26 have been compared according 

to the definitions provided by the developers of each app and ISO-8559-1.   

11.6.2. Results of pattern making  

Measurements used for constructing patterns are demonstrated in Table 10.28, Table 

10.29, Table 10.30, Table 10.31, Table 10.32, Table 10.33, Table 10.34, Table 10.35, Table 

10.36, Table 10.37 as well as presented in Appendix C. Moreover, the patterns of each 

participant have been illustrated after demonstrating the participant’s measurement tables. 

Aldrich method has been used for constructing the patterns of each participant's Size Stream at 

Home, 3D Look and Nettelo body dimensions. The visual representation of patterns images of 

all participants and measurements in Table 10.28 to Table 10.37 indicated the variability of 

measurements extracted from the mobile app scanner. The patterns provide evidence that 

measurements acquired from the Nettelo app have bigger patterns than the 3Dlook and Size 

stream at home. 3Dlook and Size stream at home measurements in the visual representation of 

patterns illustrates that they are closer to each other and almost comparable. Moreover, bespoke 

garments are created using the measurements provided in the participant body dimensions 

tables and an Aldrich bodice block pattern is employed to construct patterns. The quantitative 

analysis of interface evaluation (mobile app scanners) and qualitative analysis of bespoke 

garment try-ons have been presented in the following section. 

11.6.3. Quantitative analysis results of 3DLook, Size Stream at home and Nettelo 

The quantitative analysis evaluates the acceptance of 3D body scanning mobile app 

technology. Therefore, to evaluate participants' responses, technology acceptance model 

constructs such as innovativeness, perceived usefulness, perceived ease of use, attitude, and 

intention to use were used. The responses were collected after participants had used the mobile 

application. The questionnaire is presented in Appendix C. The study intends to introduce and 

facilitate Pakistani consumers with novel mobile app scanning technology that delivers digital 

measurements to enhance online bespoke garment services. Therefore, the technology can be 

incorporated into the Pakistani e-commerce fashion industry.  

The quantitative analysis includes technology anxiety, perceived ease of use, perceived 

usefulness, attitude and intention to use. The technology anxiety of mobile applications 

revealed that 9 participants were interested and showed a positive attitude towards using 

technology without hesitation and fear. Therefore, the results confirmed the study of Robinson 

et al. (2004) that user acceptance is technology innovativeness, to try a new technology without 
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apprehension. The results of the perceived usefulness of mobile applications showed that 

3Dlook and size stream at home applications are reliable and useful for buying online bespoke 

garments. Comparatively, Nettelo app body dimensions have been unreliable for bespoke 

garment construction. The results of perceived ease of use of mobile applications revealed that 

the 3Dlook app has an easier mechanism and doesn’t require much more mental effort than the 

Size Stream at Home and Nettelo. The study’s results aligned with Mikalai et al.(2022) which 

established that iPhone 12 Pro mobile app scanner provides accurate body dimensions for 

garment construction which is useful and easy to use by consumers. The results of attitude 

towards using mobile application scanner reported that participants are interested in using 

3Dlook and Size Stream at home as the majority has found it a good idea, superior to manual 

measurement methods, appealing and an excellent app for body scanning and garment 

customisation compared to Nettelo. The results of intention to use mobile applications revealed 

that most participants would like to try and visit and purchase the 3Dlook mobile application 

for online shopping of bespoke garments compared to Size Stream at home and Nettelo. 

Moreover, they agree that a 3D body scanning tool needs to be added to the online interfaces 

for garment selection and production. The study’s results aligned with the El-Seoud and Taj-

Eddin (2019) research, which indicated that when the user interface is acceptable and user-

friendly, it is more likely to be adopted by consumers. The study’s results align with the study 

of Islam and Stannard (2020), which established that the mobile-based scanner was easier and 

more convenient than the traditional scanner. A higher perceived ease of use was reported for 

the mobile-based scanner than the traditional scanner. The respondents preferred the mobile-

based scanner because of their relative comfort with mobile technology. 

11.6.4. Qualitative bespoke garment try-on results  

The qualitative study is conducted to understand the consumer assessments and 

expectations of bespoke garment size and fitting in terms of aesthetic and performance aspects, 

along with interface evaluation of mobile applications used for scanning and acquiring digital 

measurements for garment construction. The literature review of size and fitting evaluation has 

been discussed in Chapter 2, along with the unstitched apparel product of Pakistan, which is a 

chief product used specifically for customising garments. The constructs used for establishing 

the semi-structured interview to explore the size and fitting of garments with the digital 

measurements of mobile applications are discussed in Chapter 6. The characteristics of post-

purchase bespoke garment evaluation comprise of aesthetic qualities of the garment, such as 

style and length, which are comparable to studies (Eckman et al., 1990; de Klerk and Tselepis, 



435 

2007; Shin, 2013; Shin and Damhorst, 2018). Consumers’ post-purchase experience analysis 

presents novel attributes to garment assessment, such as the psychological aspect of 

comfortable-fitted garments. Bespoke garments' main performance evaluation attributes are 

functional fit, including semi-fitted, regular fit and comfort fit, and confirmation of the body 

and fit proportion. The main attribute, physiological and psychological, is a comfortably fitted 

garment.    

As indicated by Shin and Damhorst (2018, p.6) that “the definition of good/bad fit is 

closely related to whether the wearer feels physically comfortable and unconfined”. Labat and 

Delong (1990) explained that the ideal dress figure is used to design new garments in garment 

construction. The ideal figure is described by Armstrong (1987) as a proportioned figure. 

However, Shin and Istook (2007) explained that female consumer populations have different 

body sizes and shape traits. Each body shape has personalised overall contour, proportions, and 

weight distribution patterns (Rasband and Liechty, 2006). To rephrase it, each body is perfect 

with its distinct shape and proportions. The variation in body contour, posture, and proportion 

affects the fit constructed with standard model sizes. The idea of constructing clothing for ideal 

figures for mass production causes lower body cathexis and dissatisfaction. To reduce the 

unconformity between the body and the garment proportion, customised apparel could be 

manufactured by the morphology of a real body (Yan and Kuzmichev, 2020). Likewise, the 

3D Look and size stream at home bespoke try-ons were associated with the consistent balance 

of the garment as to how it would fit on both the upper and lower body torso. This supports 

Erwin and Kinchen's (1969) theory of balance as a part of the five components of garment fit. 

To create balance in garment construction, it is necessary to design the garment according to 

the wearer’s body measurements. Moreover, an apparel fit is a signal to evaluate the two 

outcomes: design and tailoring. Well-fitted apparel should be comfortable and not obstruct the 

user's body movement, as established by Shin and Damhorst (2018). Therefore, garment 

customisation leads to satisfied consumers.     

Another theme generated was body shape evaluation versus customised garments. The 

results revealed that it had been noted that consumers are often dissatisfied with both their 

bodies as well as apparel fit when they fail to achieve fit expectations with ready to wear 

garments (Robinson, 2003). In comparison, customisation is known as made-to-measure 

(MTM) and bespoke, revitalising as the leading vogue in the apparel industry. The potential of 

delivering customised garments has been improved, owing to the wide-ranging advancement 

of the garment manufacturing industry 4.0 and the latest technologies such as pattern making 
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software (Gerber and Lectra), 3D body scanning, virtual reality, and artificial intelligence. 

Furthermore, the awareness of consumers on personality, comfort, body shape, and fit, as well 

as advancement in consumption and aesthetics, makes the fashion industry more consumer-

centric (Yan and Kuzmichev, 2020). The findings in the study clearly support that customised 

garments are according to the wearer’s shape. It has met the expectations of participants, either 

semi-fitted or slightly loose-fitted garments. The garments are true to their perception of fit.   

The most interesting emerging theme with the bespoke garment evaluation is positive 

body cathexis with customised garments and positive perceptions about real body shape. 

Consumers wish to have an hourglass body shape, which is normally used for mass production 

garments with standard size charts, not for real body shapes (Pisut and Connell, 2007). The 

participant’s description of their body shape and satisfaction with the bespoke garment shows 

that a closer fit garment satisfied consumers in terms of body shape and fit. It has a positive 

feeling about body cathexis. Therefore, fitting in the right fit garment according to real body 

shape positively relates to the body cathexis and improves confidence. Additionally, ease of 

clothing and movement (tightness or looseness) also improve satisfaction (Dove, 2016).  

The post-purchase interface evaluation 3D look analysis comprises user-friendly and 

useful technology for garment customisation. It is a good tool for online shopping for bespoke 

garments. Moreover, reasons to re-use the 3D look application satisfied with the application 

mechanism; it is easier to get body dimensions in a few minutes, useful and easy to use. A good 

solution for online garment customisation and positive intention to re-use the application 

(Figure 10.39). The analysis of post-purchase interface evaluation of size stream at home 

comprises unfriendly scanning mode, needs big space for scanning, involvement of additional 

gadgets, and accurate body dimensions for customisation. Therefore, the application is useful 

but not easy to use. Moreover, reasons and recommendations for future use of the self-scanning 

method are recommended, good apps for acquiring accurate body dimensions and suitable tools 

for online platforms (Figure 10.40). The analysis of the post-purchase interface evaluation of 

Nettelo comprises of the app needs to be more accurate; manual calibration is difficult, and the 

time-consuming method and mechanism of the app are difficult. Therefore, the application is 

neither useful nor provides an easy mechanism. Moreover, reasons for not using the application 

dissatisfied with garment fitting and the inaccuracy of the app (Figure 10.41).  

The results of the study indicated that consumers preferred using the 3D look 

application because they want to use an application which consumes less time of scanning, 
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easy use mechanism, and is useful in providing accurate body dimensions for garment 

customisation. The study results are comparable to recent research by Li and Cohen (2021) that 

a 3D virtual fitting room requires less involvement of consumers and requires only two images 

(frontal and profile views of the user) employing a smartphone camera to identify the loose or 

fitted garment. The method of reconstruction is accessible and competent and is an effortless 

substitute for acquiring precise body measurements as taken by a tailor. Therefore, these key 

points have a positive attitude towards using the mobile application scanner and enhance 

repatronage and loyalty towards future use of virtual fitting room tools. Additionally, the post-

purchase evaluation can evaluate consumer satisfaction with the success of both product and 

interface, which is presented in the qualitative research model of each application separately 

(Figure 11.2, Figure 11.3, Figure 11.4). The interface developers can get an insight into the 

study's findings on how they can create a useful and easy application for the benefit of both 

retailers and consumers with findings of study 1, study 2 and study 3.    

 

Figure 11.2 Qualitative Try-on Model 3D look  
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Figure 11.3 Qualitative Try-on Model Size Stream at home 

 

Figure 11.4 Qualitative Try-on Model Nettelo 
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11.7 Triangulated results 

The triangulation of study 1 (conclusive) and study 2 and study 3 exploratory research 

can help to validate each approach. The quantitative study (study 1) evaluates responses to 

virtual size and fitting interfaces regarding the size recommendation and size and fit 

recommendation and visualisation using the manual body dimensions entry method. The 

participants’ responses present the main findings by the advantage of receiving the positive 

outcomes of research. Positive relationships of technology confidence, perceived ease of use 

and perceived usefulness on attitude and intention to use the virtual fitting room platform and 

adoption of technology for future virtual fashion buying. Among virtual fitting room tools, the 

mobile app scanning tool is the main tool that delivers human body dimensions and 

personalised avatars for garment customisation, size recommendation, and visualisation using 

artificial intelligence technology. Therefore, study 2 and study 3 are conducted on 3D body 

scanning technology to determine the scanning accuracy and evaluation of garments 

constructed with 3D body scanning technology from consumers’ responses. The mixed-method 

study 3 used three different mobile application scanners. Among three scanners, the researcher 

will present the results of 3D look and MeThreeSixty in the triangulation model because the 

Nettelo application is not accepted by the participants for future use because the interface is 

not useful and user-friendly. The qualitative results (Study 3 Stage 3) of the re-use intention 

statements from the participants were triangulated with the quantitative Study 1 and Study 3 

(Stage 2). The triangulated model is presented in (Figure 11.5). The triangulation highlighted 

the user behaviour regarding the virtual fitting room tools. Figure 11. presents the quantitative 

variables measured and observed constructs of study 1 in red and study 3 (stage 1) in orange. 

The standardised estimates that signify the relationship between the quantitative constructs are 

illustrated next to the arrows. The relationship between quantitative constructs has been 

signified with arrows which are the components of the TAM model (Davis 1989). The 

qualitative responses coding and information related to re-use statements of mobile application 

scanners were correlated with the quantitative results to understand the key points of using the 

virtual fitting room platform and 3D body scanning tool. With triangulation, the pre-purchase 

stages of virtual buying and post-purchase stages can be evaluated as presented in Figure 11. 

in purple colour. Moreover, Study 2 comparison of Size stream SS20 and MeThreeSixty and 

Study 3 (stage 1) comparison of mobile applications has been discussed, and the results of body 

dimensions are triangulated and presented in Figure 11.5. 
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Virtual size and fitting platforms different approaches have been used for data 

collection in each study and present a strong relation to benefit for consumers in terms of 

consumer-centric virtual business approach. The triangulated results are presented in Figure 

11.6. The results of quantitative and qualitative are compared directly and present comparable 

results. In both studies, consumers are confident in using the virtual fitting room technology, 

which has a strong positive relationship with perceived ease of use. Study 3 (Stage 2) indicated 

that consumers confidently use the technology without hesitation and fear. Perceived 

usefulness of mobile applications results indicated that consumers received the right fitted 

garments, and mobile application is a good solution for personalised garments. The results 

correlate with quantitative studies 1 and 3 (stage 2) evaluated variables. Similarly, consumers 

found the 3D look mobile application easy to use because it only requires the front and side 

pose pictures which is an easy method and can be used with a selfie or snapshot mode. 

Application is an easy method to get the body dimensions and personalised avatars for garment 

production. Therefore, the results are comparable to the evaluated variables of perceived ease 

of use of interfaces in Study 1. The positive attitude of consumers is also comparable in both 

studies 1 and 3 (stage 2), where consumers found the virtual fitting room tools to be a good 

idea and the 3D body scanner to be superior to the manual measurements method and found it 

an excellent approach for online garments shopping. The intention to use the virtual size and 

fitting tools and 3D body scanning technology is founded on two main conditions. The size 

and fitting satisfaction of bespoke garments constructed with mobile application technology. 

Another condition is the evaluation of the interface. Consequently, the results of Study 1 and 

Study 3 (stage 2) quantitative responses are comparable. Consumers showed positive intention 

to use the virtual size and fitting interfaces for (size recommendation and visualisation) virtual 

apparel shopping in future. Furthermore, consumers found the 3Dlook and size stream at home 

accurate for future use because they get the right fitted garment compared to Nettelo. Moreover, 

they also reported that size stream at home is difficult to use compared to 3Dlook. Moreover, 

they showed intention to incorporate the 3D body scanning technology in the virtual fitting 

room interfaces to make garment selection and construction process easy for virtual shopping. 

Therefore, both conditions have a strong connection in providing satisfied services and 

products to consumers in the online atmosphere of fashion shopping.   
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Figure 11.5 Triangulated Results (Qualitative and Quantitative) 
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Quantitative study 2 and study 3 (stage 1) are also triangulated. Size stream booth 

scanner SS20 and MeThreeSixty has been analysed comparatively in Study 2 to determine their 

accuracy in incorporating body scanning tool in virtual size and fitting interfaces to make 

online shopping easy for receiving the right size and fitted garment. Technologists have used 

Size Stream SS20 booth scanners for almost a decade, and most prior studies have tested the 

precision of scanners for garment customisation (Almalki et al., 2020; Smith et al., 2021b). 

Therefore, MeThreeSixty mobile application scanner offered by the same company, Size 

Stream, is tested to understand its accuracy, limitations, and adoption as a virtual tool in fashion 

e-commerce. The study 2 results concluded that there is a need to enhance the technology in 

terms of scanning accuracy with scan suit and undergarments option while scanning. The 

results of both scanners show the difference in (object) .obj files of avatar and in body 

dimensions of main fitting areas such as bust, waist, hip, and waist to hip dimensions (Table 

9.7). The reason concluded was that while scanning with the booth scanner, participants wore 

undergarments while scanning with the mobile application, and participants wore scan suits. 

There is a possibility of the variability of detecting the body landmarks due to differences in 

scanning methods, booth scanning with undergarments and mobile app scanning with scan suit. 

The scan garment has compressed the bust, waist and hip tissues and shows the visual 

difference in body shape of the same participants. There is a recommendation to create a scan 

suit that does not compress the body's tissues, which is also a reason for providing different 

body dimensions. Or scanning can be done in undergarments to determine an accurate body 

silhouette. Similarly, study 3 (stage 1) revealed that 3D mobile app body scanners’ artificial 

intelligence technology captures the 2D image and creates a personalised avatar. Creating an 

accurate avatar is essential, which is the foundation of detecting the body landmarks, heights, 

and circumferences of body parts to deliver the body dimensions. The object (.obj) files of the 

same participant presented that the three different applications have created visually different 

object (.obj) files, as indicated in (Figure 10.17). Therefore, the object (.obj) file's difference 

may be a reason for providing the different body dimensions. Accuracy is required to create an 

object (.obj) file to provide accurate body dimensions. The scanning with 3D mobile 

application scanners was done with the scanning suit. Therefore, there is a need to study 

whether scan suits or undergarments are required to provide accuracy in scanning, creation of 

avatars (object files) and digital body dimensions. 

Moreover, the results of both studies 2 and study 3 (Stage 1) concluded that the ISO-

8559-1 provide body landmarking definitions with regular standing and sitting position, not in 
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A-pose. There is a need to update the landmarking of body scanners according to ISO 8559-1 

and identify the position of a user for body scanning technology (generally A-pose) in the ISO 

standard manual, particularly for 3D body scanning technology, as measurement position has 

been shown to change resulting body morphology and potentially the measurements. Creating 

universal landmarking definitions and using the right ISO standard that aligns with the body 

position (A-pose) and exact landmarking position (ISO 8559-1) of specific body dimensions is 

also required. For instance, there are four parameters of waist circumference: waist girth, high 

waist girth, waistband and belly circumference (Jaeschke, Steinbrecher and Pischon, 2015). 

There is a requirement to identify one parameter for generating measurements of the proposed 

use, such as size and fit recommendation, visualisation and customisation. Therefore, different 

companies from various geographical regions offering mobile app scanners can show less 

variability of body dimensions of the same user and deliver more accuracy. Similarly, in study 

3, it is concluded that there is possibility to acquire higher body dimensions with an A-pose 

scanning, especially shoulder width and hip circumference. In study 2, Size Stream digital 

measurement definitions have been studied against ISO 8559-1 (2017). The difference has been 

noted in the landmark identification of across back width and Scye depth measurements. The 

across back width measurement in the Size stream is taken too low to suitably capture the 

shoulder blades in length, which does not align with the landmarks of ISO 8559-1 (2017). Scye 

depth body dimension is an important measurement required for garment construction. Scye 

depth body dimension needs to be identified and added by 3D body scanning companies and 

in the Size stream body landmarking manual for garment construction. Discussion of Scye 

depth is presented in Chapter 10, section 0. Definition and landmarking with images are 

illustrated in Table 9.6, and Section 9.4 discuss the results of landmarking definition studied 

against ISO 8559-1 in Chapter 9. The size stream manual provides three different landmarks 

for scye depth measurements: Back neck 2 back chest contour length, Back neck 2 back chest 

vertical length and Back neck 2 shoulder blade. These landmarks do not provide the exact scye 

depth measurements according to ISO 8559-1 (2017). 3D body scanners offer armhole body 

dimensions instead of scye depth. The mean difference presents that armhole measurements 

are bigger (MeThreeSixty 1.624 cm and Size Stream 2.141 cm) than the Scye depth body 

dimensions (Table 10.27 and Figure 10.18). Measurements of Scye depth and armhole are 

presented in Appendix C. 
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Figure 11.6 Combined Interface Results 

11.8 Future research model 

The technology acceptance model has been used in this research in study 1 and study 3 

(stage 2). Study 1 evaluated the large sample, and Study 3 evaluated the small sample because 

it requires evaluating the size and fitting with qualitative interviews. The future research model 

has been illustrated to study one 3D body scanning technology platform, which offers size 

recommendation, visualisation, and customisation, which is the basic tool for extracting the 

body dimension. In the first phase, the sample should be large to evaluate the responses towards 

interface evaluation using the extended TAM model with technology confidence as a user 

attribute. For interface evaluation, entertainment value can be added to analyse the playfulness 

aspect of the body scanning technology in the online platform. Then small sample size can be 

recruited to evaluate the bespoke garments or size recommendation garments from the same 

interface used in the interface evaluation with a large sample. Moreover, the study can also be 

combined with the Lemon and Verhoef (2016) theory with the model constructs that present 

the technology confidence and interface evaluation constructs, which are the pre-purchase 
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stage of the consumer online shopping journey. Further, the garment evaluation constructs 

show that purchase stage consumer behaviour and the post-purchase stage present that 

consumers would keep, re-use, return, exchange, or garment alteration. The consumer’s 

intention to keep the garment is based on the interface's usefulness, which satisfies consumers 

to keep the garment. Thus, satisfied consumers re-use the technology, and it also builds the 

trust of consumers to shop again. On the interface, the product is evaluated; consumers would 

build attitudes and intentions to re-use the technology for product purchase, which is how the 

consumption cycle keeps going. 

 

Figure 11.7 Future Research Model 

The research model (Figure 11.7) is presented to conduct future research, combined 

with two main perspectives. The initial notion is to combine one interface's quantitative and 

qualitative results. Secondly, to associate the consumers’ shopping journey with behaviours 

linked with the pre-purchase, purchase, and post-purchase phases to evaluate the garment size, 

fitting, and interface. All these stages would help identify the difficulties and ease of buying 

the garment. This would be helpful to enhance the interface in terms of accuracy with fit 

visualisation, recommendation, and customisation to enhance consumer satisfaction and 

potentially decrease online returns.    

11.9 Contribution to theory 

The research problem section 1.8 and the gap in existing research section 1.9 has been 

presented in the thesis to explain the problem and gaps. The researcher also has experience 

working as a textile and fashion designer in the Pakistan fashion Industry. This experience 

coupled with field work reinforces that the Pakistani fashion industry, mainly deals with 



446 

consumers for the customisation of heavily embellished (embroidery/ zardozi or dubka) 

garments as well as customisation for casual clothing. Customisation of garments is common 

practice instead of ready-to-wear as customisation is often cheaper than buying ready-to-wear 

in Pakistan. However, there remain difficulties in provision of unstitched garments when 

customer are not present and many difficulties can be faced when trying to gain accurate 

measurements of a consumer. This can range from difficulties reading tape measures, through 

to issues with taking appropriate measurement. The majority do not have the technical 

knowledge of capturing body dimensions, which wastes time, money, resources, shipment, and 

online returns. Moreover, spending hours on just one person to explain how to measure her 

body for customisation is also difficult.    

This research presented a mass customisation business model as most South Asian 

countries are accustomed to unstitched apparel garments. Moreover, the Pakistani industry has 

adopted the numerical (8, 10, 12) and alphanumerical (S, M, L) western sizing system for 

customisation and ready-to-wear, which cannot fulfil consumers’ demand because of 

inaccuracy. In a study presented by Almousa (2021), within 12 size designations, three sizing 

groups were identified, and 36 size variations were discovered (Almousa, 2021).  

Although the research’s main aim is to present the idea of mass customisation with 3D 

body scanning and unstitched apparel product, it paves the way for the addition of 3D body 

scanning in a virtual size and fit platform for virtual trying-on and size recommendation. 

Therefore, the study also presented the idea of a virtual try-on of a garment on a personalised 

avatar to view how it looks on an individual and size recommendation before making an online 

purchase. As Western countries adopted ready-to-wear business models, they can also adopt 

the idea of selling garments with size recommendations and visualisation using the 3D body 

scanning mobile application.   

The unstitched market of Pakistan can be easily studied for this research because I have 

experience of buying customised garments using unstitched fabric since childhood, and I also 

worked as a designer in the fashion Industry. Investigating the unstitched market and Pakistani 

consumers can allow the researcher to present the idea of mass customisation because of 

existing acceptance of customisation instead of other international consumers like the USA, 

UK, China, and Europe because they have an experience of buying ready-to-wear garments 

then customisation. Therefore, international consumers might adopt the technology as 

presented in various prior studies (Table 6.4), but acceptance of the concept of unstitched 
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apparel and customisation might be challenging. Therefore, the researcher chose the unstitched 

apparel product and Pakistani consumers for this study to ensure the maintained consistency of 

ideas. However, my insights are not limited to only the Pakistani market; this study can be 

generalised to South Asian countries using the unstitched product. In addition, international 

countries can also adopt the idea of customisation by using technology and unstitched apparel 

product by learning from the examples of the Pakistani market as most South Asian countries, 

such as the Pakistani fashion industry, learned from Western countries to initiate the ready-to-

wear industry. Moreover, there are many sustainable and societal benefits to the adoption of 

mass customisation as an excess of carbon footprints and landfill due to all stages of an 

unsustainable supply chain system; fast fashion and ready to wear has been the major cause of 

environmental damage and climate change. Therefore, new sustainable business models can 

help in the reduction of carbon footprints and landfill to create a better environment (Section 

11.13).   

The research has presented numerous contributions to theory, which are reviewed in 

Table 11.1. The study established that standard sizing systems are in practice to purchase ready 

to wear garments, and the manual body measurements extraction method is used for the 

customisation of a garment which is a major hurdle in finding the right size during online 

shopping in Pakistani fashion interfaces (Idrees et al., 2020b). Pakistani fashion retailers have 

been practising web 2.0 technology features for purchasing and selling fashion goods in e-

commerce interfaces. A paper is published comparing the weaknesses of Web 2.0 and strengths 

of Web 3.0 tools in detail with examples of Pakistan and UK fashion e-commerce (Idrees et 

al., 2020b). Limitations of web 2.0 technology features of e-commerce have been highlighted 

in Chapter 3.  

Moreover, there is limited literature on consumer evaluations of garments purchased 

using the virtual size and fitting tools in context with Pakistani consumers. The study also 

established that a mobile app scanner was introduced recently. There is limited research on 

interface evaluation and garment size and fitting evaluation constructed using the 3D mobile 

app scanner’s digital body dimensions. Gill (2015) has categorised the interfaces such as size 

recommendation, fit recommendation, and fit visualisation. These interfaces employed a range 

of manual input criteria, as reported by Januszkiewicz et al.(2017) and various online virtual 

fitting room interfaces, which are not accurate for the purpose they have been introduced for. 

It is recommended in the study that 3D body scanning needs to be added in the fashion 

interfaces to provide more accuracy to enhance the virtual size and fit in interfaces similar to 
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fit analytics and virtual outfits. This research has explored and combined the fit and sizing 

technology with four main basic areas: consumer behaviour, garment fit and sizing, mass 

customisation and sustainability. The study used the unstitched fabric product, a sustainable 

apparel product of South Asian countries and Pakistan and is mainly used for constructing 

garments according to user body dimensions which can be used for mass customisation virtual 

business models. In contrast, mass production business models and fast fashion brands are 

using the standard body dimensions which does not apply to the majority of the world 

population. Only a few people fit in those garments (Almousa, 2021). 

Therefore, research has contributed to presenting a virtual-commerce sustainable mass 

customisation business model which can cater for the needs of worldwide consumers using 3D 

body scanning (study 2 and 3), virtual size and fitting platform (Study 1) and unstitched fabric 

products (Chapter 2, Study 3 (stage3)). In addition, a book chapter, Sustainable mass 

customisation business model by incorporating virtual fitting room marketing tools in Fashion 

e-commerce is published highlights the unstitched apparel market of Pakistan and explains the 

online shopping journey (List of publications, page 32) (Lemon and Verhoef, 2016). In 

addition, the published book chapter and Chapter 5 and Chapter 10 section 10.18 contributed 

to the use of the Lemon and Verhoef (2016) consumer behaviour process model of the online 

shopping journey to explain the shopping journey in 3 stages pre-purchase, purchase, and post-

purchase stages. The study highlighted the use of a 3D mobile app body scanner, unstitched 

apparel products and virtual fitting room tools such as size and fit recommendation and 

visualisation in one platform to enhance the shopping journey regarding receiving the right size 

and fitted garments in online shopping domains (Chapter 5 and Chapter 10 section 10.18). 

There is limited research on unstitched fabric apparel products. Thus, the research has 

contributed to a broad literature on unstitched fabric products of Pakistan regarding offering 

customised size and fitting. Moreover, functional, psychological, aesthetic aspects and body 

cathexis of garment size and fitting evaluation studies have been discussed to analyse consumer 

perceptions of the garment size and fitting criteria (Chapter 2). The study also contributed to 

identifying the various latest mobile applications introduced by a range of different software 

developing companies worldwide. The study reviewed 18 mobile applications by presenting 

their strengths and weaknesses. In addition, its contribution to enhancing the virtual size and 

fitting in the online shopping atmosphere has been discussed (Chapter 4, section 4.12). 

Moreover, a review paper was published in the Journal of The Textile Institute, presenting 
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strength and weaknesses of 18 mobile application body scanners  (List of publications, page 

32). 

The theoretical contributions of Study 1 are by employing an extended TAM model 

using technology confidence as a user attribute. The extended model provides in-depth insights 

into virtual fitting room interfaces. The results revealed that the technology confidence of 

consumers has a significant impact on the perceived ease of use and usefulness of virtual size 

and fit interfaces (size recommendation and size and fit visualisation). This informs interface 

developers that Pakistani consumers are confident in using the virtual size and fitting interfaces 

because it is noteworthy to mention that Generation Y (Younger Millennials (25-31) and Older 

Millennials (32-40)) are most likely to be considered as Tech Obsessives. Generation Y are 

highly educated in studying various ways (Wolburg and Pokrywczynski, 2001); they are 

connected electronically to a global network and have experienced e-retailing transactions 

(Sullivan et al., 2012; Moroz, 2008). This age group grew up with technology paradigm shifts, 

using the internet, computer interfaces and mobile applications. They have more buying power 

than other groups to utilise and invest in the latest technology (Mintel, 2022b). Therefore, 

millennials are central, pioneering users of online fashion retailing channels. Study 1 also 

contributed that perceived ease of use of virtual size and fit interfaces positively influenced the 

perceived usefulness of virtual size and fit interfaces. The virtual size and fit interfaces’ ease 

of use and usefulness are correlated constructs. When technology is easy to use and useful, it 

positively impacts consumers’ attitudes to use technology. Therefore, ease of use and 

usefulness of virtual size and fit interfaces positively impact the attitude and intention to use 

technology. The study’s results aligned with Jorgensen and Sorensen (2021), who established 

that perceived ease of use and usefulness positively influenced the attitude towards virtual 

reality platforms during online apparel shopping. This informs interface developers to develop 

virtual fitting room interfaces (size recommendation and size and fit visualisation), which are 

easy to use. Therefore, users can operate it easily, for instance, by operating a virtual fitting 

room interface using a smartphone at home without going brick and mortar store for purchase.   

Moreover, the interface should be useful in offering services to consumers regarding 

the virtual size and fitting. Altarteer and Charissis (2019) presented that the perceived 

usefulness of 3D virtual reality semi-immersive system has a positive impact and intention to 

use the technology. The 3D virtual reality systems offer the advantage of real-time 

manipulation of products, and the flexibility in customising the features of 3D models in real-

time has positively impacted the attitudes toward 3D virtual reality technology. Recent studies 
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on the technology acceptance model to study consumer behaviour towards virtual commerce 

and the virtual fitting room have been highlighted in section 4.23, Table 4.16. The literature 

(Chapter 4) highlights the virtual fitting room interfaces combined with virtual or augmented 

reality, as presented in Table 4.2. A book chapter is published highlighting the strength of web 

3.0 tools useful for enhancing the virtual size and fitting for online shopping (Idrees et al., 

2023). The primary tool of metaverse fashion technologies (web 3.0) and virtual commerce is 

3D body scanning. The user avatar, according to personalise body dimensions, is the main 

feature to be used in virtual, augmented, and mixed reality. This avatar can be used in various 

forms. The personalised avatars can be used in virtual reality, augmented reality, and mixed 

reality platforms for virtual trying-on, garment customisation simulation, size and fit 

recommendation and visualisation that can offer an immersive feeling of viewing a garment 

superimposed on a real user avatar in the virtual fitting room or a metaverse environment. 

Moreover, body dimensions can be customised for garments (Idrees et al., 2023). Therefore, 

the research has a major theoretical contribution in providing a study regarding positive 

consumer responses towards using the 3D mobile app scanner tool for garment customisation 

and size recommendation and visualisation (Study 1 and Study 3 stages 2 and 3). This research 

is helpful for fashion retailers incorporating the 3D body scanning tool in the interfaces such 

as fit analytics and virtual outfits to offer mass customisation and enhance the fashion viewing 

technology of size and fitting recommendation and visualisation. The 3D body scanning 

technology creates the body avatar using personalised body dimensions for customisation and 

visualisation. Chapter 4, sections 4.21 and 4.22 presented studies regarding garment 

customisation, size and fit recommendation, and visualisation. This study provided evidence 

of using mobile application scanners for garment customisation. The study aligns with recent 

studies, such as a study established by Mikalai et al. (2022) evaluated iPhone 12 Pro with an 

integrated LiDAR scanner for human body scanning. The precision of extracting the body 

dimensions has been studied and proved to provide accurate body dimensions for constructing 

bespoke garments (Mikalai et al., 2022). Moreover, Masri and Al-Jabi (2019) study revealed 

that the virtual fitting room application is appropriate for easy control, user-friendly and 

adaptable and offers an actual-looking cloth model for operators to wear. Users can have a real-

time experience overlaying the garment over their personalised avatar for virtual trying-on 

before making a purchase decision.   

Therefore, the quantitative analysis (Study 2) of the Size stream SS20 booth scanner 

and mobile application MeThreeSixty; in addition, the comparison of three mobile applications 
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(Study 3, stage 1) has a significant theoretical contribution in enhancing the 3D mobile 

application body scanner accuracy in terms of providing the accurate body dimensions and 

personalised avatar. The study’s results contributed theoretically that the ISO 8559-1 provide 

definitions with regular standing and sitting position, not in A-pose. There is a possibility of 

acquiring higher body dimensions with an A-pose scanning with a 3D mobile app scanner if it 

aligns with ISO 8559-1. There is a need to update the body landmarking according to ISO 

8559-1 and identify the position of a user for body scanning technology in the ISO standard 

manual for body scanners, as measurement position has been shown to change resulting body 

morphology and potentially the measurements. The mobile application scanner does not 

reference the ISO standard that aligns the body landmarks with body position (A-pose). The 

differences were noted and explained in Section 10.12, Table 10.19, Section 9.4 and Table 9.6. 

Creating universal landmarking definitions and using the right ISO standard that aligns with 

the body position and landmarking is also required. Therefore, mobile app scanners would 

show less variability and deliver more accuracy. There is a possibility of the variability of 

detecting the body landmarks due to differences in scanning methods, booth scanning with 

undergarments and mobile app scanning with scan suit. There is a recommendation to create a 

scan suit that does not compress the body's tissues, which is also a reason for providing different 

body dimensions. Or scanning can be done in undergarments to determine an accurate body 

silhouette. The scan suit compresses the body tissues and provides smaller body dimensions, 

then scans with undergarments. Scye depth body dimension is an important measurement 

required for garment construction. Scye depth body dimension needs to be identified and 

required to be added by 3D body scanning companies and in the Size Stream landmarking 

manual for garment production. 

The quantitative results of Study 3 Stage 2 (TAM) and qualitative interface evaluation 

(Study 3 Stage 3) of 3D body scanning mobile applications also have a significant theoretical 

contribution. The results provided a comparative analysis of the mobile applications of three 

different companies (3D Look, MeThreeSixty, and Nettelo). The users did not show technology 

anxiety before using the 3D mobile application scanners. On the contrary, they used the 3D 

mobile application scanners confidently. Moreover, respondents find the 3D look mobile 

application easier to use than Size Stream at home and Nettelo. Since 3D look only requires 

the front and side pose pictures which is an easy method and can be used with a selfie or 

snapshot mode. Similarly, a 3D look mobile application is useful because consumers receive 

the right fitted garments, and a mobile application is a good solution for constructing 
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personalised garments. Also, consumers recommended adding 3D body scanning technology 

in the virtual fitting room interfaces for garment customisation. The study’s results align with 

the study of Islam and Stannard (2020), which established that the mobile-based scanner was 

easier and more convenient than the traditional scanner. A higher perceived ease of use was 

reported for the mobile-based scanner than the traditional scanner. The respondents preferred 

the mobile-based scanner because of their relative comfort with mobile technology. 

The qualitative results contributed to providing emerging themes to fit and size 

satisfaction using the 3D mobile application scanner by employing the size and fit evaluation 

criteria of performance evaluation, aesthetic evaluation, and interface evaluation of garments 

from prior studies (de Klerk and Tselepis, 2007; McKinney and Shin, 2016; Brownbridge et 

al., 2018; Shin and Damhorst, 2018). The study contributed to providing themes such as ease 

of use and usefulness of size and fitting applications (3D mobile app body scanners), 

psychological/regular fit, semi-fitted and comfortable fit garments and positive body cathexis 

with customised garments and positive perceptions about real body shape after wearing the 

customised garments. The bespoke garment size and fit satisfaction have developed high self-

esteem and confidence in participants. The study findings contributed positively to creating a 

customised manufacturing system using 3D body scanning technology. Consumers’ post-

purchase experience analysis presents novel attributes to garment assessment, such as the 

psychological aspect of comfortable fitted garments. Bespoke garments' main performance 

evaluation attributes are functional fit, including semi-fitted, regular fit and comfort fit, and 

confirmation of the body and fit proportion. The main attribute, physiological and 

psychological, is a comfortably fitted garment. Shin and Damhorst (2018, p.6) indicate that 

“the definition of good/bad fit is closely related to whether the wearer feels physically 

comfortable and unconfined”. Study emphasise each body is perfect with its distinctive body 

shape and proportions. The variation in body contour, posture, and proportion effects the fit 

constructed with standard model sizes. The idea of constructing clothing for ideal figures for 

mass production causes lower body cathexis and dissatisfaction. To reduce the unconformity 

between the body and the garment proportion, customised apparel could be manufactured by 

the morphology of a real body (Yan and Kuzmichev, 2020). Likewise, the 3D Look and size 

stream at home bespoke try-ons were associated with the consistent balance of the garment as 

to how it would fit on both the upper and lower body torso. This supports Erwin and Kinchen 

(1969) theory of balance as a part of the five components of garment fit. To create balance in 

garment construction, it is necessary to design the garment according to the wearer’s body 
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measurements. Moreover, an apparel fit is a signal to evaluate the two final outcomes: design 

and tailoring. Well-fitted apparel should be comfortable and not obstruct the user's body 

movement established by Shin and Damhorst (2018). Therefore, garment customisation leads 

to satisfied consumers.    

Clothing size and fit have been complex issues for users and manufacturers. The 

requirement of clothing size includes the product's dimensional correlation with the body's 

form. Therefore, the right clothing size promotes considerably, ensuring the normal state of 

comfort and satisfaction while wearing the product, ensuring that a product meets users’ 

requirements for a confident purchase. (Satam, 2011 ; Yang , 2015 ; Anderson-Connell et al., 

2002 ; Tiihonen and Felfernig, 2017). The customised clothing manufacturing process directly 

connects the consumers and the manufacturer. In these environments, clothing matches the 

customer’s demand. The innovative technology of 3D Body scanning has paved the way to 

store a large amount of information about consumers’ body sizes and shapes by delivering 

measurements and body shape avatars. Personalised information allows manufacturers to 

develop automated clothing manufacturing with enhanced customised garment selection 

systems.  

The research has contributed exclusively to bespoke product evaluation using virtual 

commerce's recently introduced mobile application scanning tool. However, there is limited 

research on customised garment evaluation using unstitched apparel products in the context of 

Pakistani consumers. Therefore, the study provided a detailed analysis of Pakistani consumer 

behaviour towards using mobile application scanners to customise garments using unstitched 

apparel products. In the future, fashion retailers and interface developers can seek evidence of 

understanding consumer behaviour to develop an interface for a fashion brand using the 3D 

mobile app scanner to deliver customised garments using the virtual interface. The study has 

contributed to evaluating customised garment size and fitting (Study 3 Stage 3) and reliability 

and validity testing of 3D mobile application scanners (Study 2 and Study 3 (Stage 1)). The 

study has combined the theory of Lemon and Verhoef (2016) pre-purchase, purchase and post-

purchase stages with virtual size and fit interfaces (study 1) and (Study 3 stage 3) (3D mobile 

app body scanner). The study has presented the virtual commerce business model by evaluating 

consumer behaviour in all three pre-purchase, purchase, and post-purchase stages. The 

interactive interface in the pre-purchase stage can offer 3D personalised virtual models for 

virtual garment viewing with 360-degree rotation, virtual trying-on garments, mixing and 

matching of products, and virtual size and fitting evaluation using the personalised avatar. Then 
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the retailer can customise the garment according to the user’s body dimensions after the 

consumer is satisfied in the pre-purchase stage (Escobar-Rodriguez and Bonson-Fernandez, 

2017; Altarteer and Charissis, 2019). In the future, fashion retailers and interfaces developers 

can combine the strengths of virtual garment viewing with 360-degree rotation (virtual reality), 

virtual trying-on garments (virtual and augmented reality), mixing and matching of products 

garments (virtual and augmented reality), and virtual size and fitting evaluation using the 

personalised avatar and mobile app scanning tools in one interface to provide the fit 

visualisation, size and style recommendation, and mass-customisation with immersive and 

engaging experience in the virtual fitting room or metaverse fashion world, for instance, virtual 

commerce or meta commerce.    

Table 11.1 Contribution to Theory 

Contribution to Theory in this Study Chapter number in Thesis 

A broad literature review is established in context with understanding the unstitched 

apparel product as a sustainable product. The traditional tape measurement method 

of extracting body dimensions does not apply to fashion e-commerce platforms. The 

unstitched apparel literature contributed to creating a virtual commerce mass-

customisation business model using 3D body scanning technology. The fast fashion/ 

mass production market is discussed in terms of poor size and fitting and 

unsustainable online business approach. Moreover, functional, psychological, 

aesthetic aspects and body cathexis of garment size and fitting evaluation studies 

have been discussed to analyse consumer perceptions of the garment size and fitting 

criteria. A book chapter titled “Sustainable mass customisation business model by 

incorporating virtual fitting room marketing tools in fashion e-commerce: A study 

of the unstitched market” is published in the Springer, Nature. 

Chapter 2 

A broad literature review on the e-commerce and retailing channels of e-commerce 

has been highlighted. Moreover, Pakistan’s fashion retail market has been 

highlighted regarding the higher user penetration and buyers worldwide. However, 

the limitations of web 2.0 technology tools in fashion e-commerce platforms are the 

major hurdle in advancing sales and profits. Therefore, web 2.0 technology features 

have been discussed regarding the limitation of providing fashion product viewing 

and fashion service technology. A paper is published comparing the weaknesses of 

Web 2.0 and strengths of Web 3.0 tools in detail with examples of Pakistan and UK 

fashion e-commerce (Idrees et al., 2020b). 

Chapter 3 

Virtual commerce, interactive features of virtual fitting rooms and fashion metaverse 

are highlighted. The chapter contributed to presenting the recent metaverse fashion 

technologies for online shopping. The tools highlighted as virtual fitting are virtual 

reality, augmented reality, mixed reality, and 3D mobile application body scanners. 

The mobile application scanners are reviewed in a broader context as a main tool of 

web 3.0 technology by reviewing the 18 recent mobile application scanners. In 

addition, clothing technologists and consumer evaluations of 3D body scanning 

technology and 3D virtual size and fitting studies have been reviewed to provide a 

deep understanding of using the 3D mobile application in the current research study. 

A paper is published comparing the weaknesses of Web 2.0 and strengths of Web 

3.0 tools in detail with examples of Pakistan and UK fashion e-commerce (Idrees et 

al., 2020b). Moreover, a review paper was published in the Journal of The Textile 

Institute titled “Mobile 3D body scanning applications: A review of contact-free AI 

body measuring solutions for apparel”. A book chapter is published highlighting the 

strength of virtual commerce tools to buy right fitted garment during online shopping 

(Idrees et al., 2023). 

Chapter 4 
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Contribution to Theory in this Study Chapter number in Thesis 

Limited research is established on post-purchase behaviour of evaluating the size 

and fitting of garments constructed with 3D mobile application scanner digital body 

dimensions. Lemon and Verhoef (2016) framework have been used to create a 

business model for future applications using the pre-purchase, purchase, and post-

purchase stages in the online shopping journey decision-making process. 

Chapter 5 and 10 

TAM extension model is used. The study contributed that technology confidence is 

a user attribute which motivates to use technology to get benefits. It also has a 

positive relationship with technology's perceived ease of use and usefulness. 

Chapter 8 

Perceived ease of use and usefulness are correlated constructs; both are important in 

developing positive consumer attitudes towards virtual fitting room technology. 
Chapter 8 

Perceived ease of use and perceived usefulness positive experience of using 

technology (virtual size and fit interfaces) positively impact intention to use the 

virtual fitting room technology. Consumers are motivated by functional aspects of 

technology to use the virtual fitting room for future use of garment shopping. 

Chapter 8 

Personalised services are the main aspect of virtual fitting rooms. The interactive 

interface in the pre-purchase stage can offer 3D personalised virtual models for 

virtual garment viewing with 360-degree rotation, virtual trying-on garments, 

mixing and matching of products, and virtual size and fitting evaluation using the 

personalised avatar. Then the retailer can customise the garment according to the 

user’s body dimensions after the consumer is satisfied in the pre-purchase stage. 

Mass customisation is the new trend for Web 3.0 tools such as mobile app scanners. 

Chapters 4, 5, 8 and 10 

There is a possibility of the variability of detecting the body landmarks due to 

differences in scanning methods, booth scanning with undergarments and mobile 

app scanning with scan suit. The object file (.obj) difference is explored with scan 

suit and undergarment scanning. The results showed that the scan suit compressed 

the body tissues, and body dimensions were smaller than the undergarment scanning 

method. 

Chapter 9 

Scye depth body dimension is an important measurement required for garment 

construction. Scye depth body dimension needs to be identified and required to be 

added by 3D body scanning companies and in the Size stream body landmarking 

manual for garment construction. 

Chapter 9  

The study has contributed to evaluating the three mobile applications for 

constructing bespoke garments. Mobile applications have recently been introduced, 

and there is limited research on using mobile app scanners for garment construction.    

Chapter 10 

The study contributed to understanding the mechanism of mobile applications, 

showing that 3D look mobile application is easy to use. 
Chapter 10 and 4 

ISO-8559-1 provides landmarking definitions with regular standing and sitting 

positions, not in A-pose. Therefore, acquiring higher body dimensions with an A-

pose scanning is possible. 

Chapter 10 

There is a need to update the landmarking keeping in review ISO 8559-1 and identify 

the position of a user (A-pose) as well, as measurement position has been shown to 

change resulting body morphology and potentially the measurements. 

Chapter 10 

Mobile application scanner does not reference the ISO standard that aligns the body 

dimensions with body position. The differences were noted and explained in Section 

9.4, Table 9.6 and Section 10.12, Table 10.19. Therefore, creating universal 

landmarking definitions and using the correct ISO standard that aligns with the body 

position and landmarking is also required. Thus, mobile app scanners can show less 

variability and deliver more accuracy. The differences were noted and explained in 

Section 9.4, Table 9.6 and Section 10.12, Table 10.19. 

Chapter 10 

The difference in the object file (.obj) with scan suit body scanning. Therefore, only 

undergarments need to be considered to provide accuracy in measurements for 

fashion interfaces or to create a scan suit that does not compress the body tissues and 

presents the real body silhouette. 

Chapter 10 
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Contribution to Theory in this Study Chapter number in Thesis 

Size stream at home and 3D look provide the right fitted bespoke garments. Chapter 10 

The study concluded that consumers are satisfied with easy-fitting or regular-fitting 

garments. Ease allowance is the element of garment construction that provides 

comfortably fitted garments, and consumers have positive body cathexis when they 

wear customised garments. 

Chapter 10 

The study also contributed to the use of the unstitched fabric of Pakistan and 

presented a sustainable virtual commerce business model using 3D body scanning 

technology. 

Chapters 2, 4, 5 and 10 

In the future, fashion retailers and interfaces developers can combine the strengths 

of virtual garment viewing with 360-degree rotation (virtual reality), virtual trying-

on garments (virtual and augmented reality), mixing and matching of products 

garments (virtual and augmented reality), and virtual size and fitting evaluation 

using the personalised avatar and mobile app scanning tools in one interface to 

provide the fit visualisation, size and style recommendation, and mass-customisation 

with immersive and engaging experience in the virtual fitting room or metaverse 

fashion world, for instance, virtual commerce or meta commerce.    

Chapters 2, 4 and 10 

The research also contributed to offering the triangulation results using both 

quantitative and qualitative approaches. The future research model has also been 

presented with an idea to explore mobile app scanners and product evaluation with 

large and small samples. To understand the experience of the product and interface 

with similar applications. 

Chapter 11  

 

11.10 Future implications to theory 

The study has identified the virtual fitting room tools in a broader perspective by using 

the size and fit recommendation, visualisation interfaces, and 3D body scanning technology to 

determine the technology's acceptance, intention to use, and post-use evaluation. 3D body 

scanning app tools have been studied to identify their strengths and weaknesses and how 

mobile app scanners can be used as a virtual fitting tool in e-commerce interfaces to enhance 

the virtual size and fitting in fashion e-commerce. There is a need to understand the mobile 

application scanners in terms of enhancing the pattern drafting method and how much ease can 

be added with the measurements received from the mobile app scanner. The mobile app scanner 

developer should focus on providing the body dimensions specifically used for garment 

construction. In addition, the landmarking of mobile app scanners needs to be identified with 

the perspective of ISO-8559-1. A new pattern drafting method is required based on new mobile 

app scanning technology to introduce automated tailoring methods. 

The new method needs to be founded on the relationship between body dimensions and 

shape. Using mobile application technology, traditional sizing systems can be replaced with 

new sizing systems because only within 12 size there are various sizing groups. Almousa 

(2021) identified the 36 different size variations and identified, developed, and presented the 

sizing charts using the 3D body scanning technology for the Saudi female population 
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(Almousa, 2021). Therefore, the study can be applied to develop the sizing systems of different 

countries’ populations, and new sizing systems can be developed for garment production. The 

mobile app scanner, virtual and augmented reality can be studied in a metaverse environment. 

The state of flow can be studied along with the extended TAM model using the entertainment 

value and post-purchase evaluation of garments. This study would allow an understanding of 

the entertaining experience of 3D body scanning and metaverse world and the virtual size and 

fitting accuracy. The Metaverse technology offers a favourable path for enhancing the virtual 

consumer product experience. Mixed reality is a recent concept that can also be explored within 

the context of immersion, engagement, and the virtual size and fitting experience.  

Table 11.2 Future Implications to Theory 

Theory Future Implications 

Mobile app scanner 

Need to understand the mobile application scanners in terms of enhancing the pattern 

drafting method and how much ease can be added with the measurements received 

from the mobile app scanner. 

Metaverse environment 

The aspects of the Flow of the metaverse environment and virtual and augmented 

reality need to be evaluated to explore the key drivers required for virtual fitting rooms 

for garments shopping. Moreover, which platform is more suitable for virtual 

simulating product experience 

Mobile app scanner accuracy 

The landmarking of mobile app scanners needs to be studied according to ISO 8559-

1. Thus, the research would be beneficial to enhance the accuracy of body dimensions 

for garment construction and virtual simulation. 

Automated tailoring 

Based on new mobile app scanning technology and to introduce the automated tailoring 

methods, a new pattern drafting method is required. The new method needs to be 

founded on the relationship between the body dimensions and body shape (body 

dimensions and avatar). 

Development of a new sizing 

system 

To conduct research in developing sizing systems for different countries’ populations, 

and new sizing systems can be developed for mass production or customisation.  

Perceived Flow with extended 

TAM model using 

Entertainment value 

The state of flow can be studied along with the extended TAM model and post-

purchase evaluation of garments. This study would allow practitioners to understand 

the entertaining experience of virtual and augmented reality and the virtual size and 

fitting accuracy.  

The experience economy, 

perceived flow, and continuous 

use intention 

The metaverse environment can be studied with the experience economy framework 

with the perceived flow and continuous use intention.  

TOTE model  
Virtual fitting room apparel products stages can be evaluated with the TOTE model 

that evaluated the consumer behaviour garment evaluation stages.  

Mixed reality 
The recent concept of mixed reality needs to be studied to enhance the virtual fitting 

room.  

Enhancing the mobile app 

scanner 

The mobile app scanner developer should focus on providing the body dimensions 

specifically used for garment construction. In addition, the landmarking of mobile app 

scanners needs to be identified with the perspective of ISO-8559-1. 
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11.11 Research limitations  

The Fit analytics and Virtual outfits interfaces are used in the study and are fully 

transactional websites. The body scanning applications are not implemented as fully 

transactional interfaces to buy or customise a garment from the fashion retailer. The main idea 

of the study is to use the 3D body scanning technology tools as a main feature which can be 

used in the virtual size and fitting interface to provide the size recommendation, visualisation, 

and customisation. Therefore, to provide the idea of using the fully transactional interface to 

consumers, fit analytics and virtual outfits interface is used to study the bigger sample. A post-

use evaluation study is conducted with a small demographic sample of the total fashion 

consumer market to test the mobile scanner's accuracy in providing the right fitted garment. 

Moreover, due to limitations of body dimensions provided by the application scanner, default 

body dimensions were used from Aldrich pattern making sizing charts. The study has evaluated 

the responses of Pakistani consumers. For future research, the virtual fitting room tools can be 

evaluated on other consumer groups, specific age groups and geographical locations. The small 

sample is used in study 3 due to the Covid-19 pandemic. It took much work to recruit the 

participants due to the lockdown and covid-19 restrictions. Moreover, study 2 data collection 

was conducted when the University of Manchester opened for on-campus classes in September 

2021. Despite difficulties, the researcher tried to collect data within the PhD timeframe 

limitations.   

11.12 Managerial implications 

The result of this research helps understand consumer behaviour in virtual shopping 

journeys using the virtual fitting room interfaces. Fashion retailers can evaluate the interaction 

and behaviour of consumers in various stages when using the virtual fitting room as a fully 

transactional interface. Fashion retailers in Pakistan and global retailers can use 3D body 

scanning technology and unstitched apparel products to initiate the virtual mass-customisation 

business model. The initial section of managerial implications comprises the virtual size and 

fitting interface stimuli. The second section presents the mobile application scanner study. The 

best aspects have been combined by using the strengths of both interfaces to enhance the virtual 

size and fit in future for consumer use.  
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11.12.1. Virtual fitting room managerial implications 

Generation Y and Z are technology-confident users. The larger number that responded 

to the study were Generation Y and Z. They both have buying power and more interaction with 

technology in various forms. The study concluded that perceived usefulness and ease of use 

are vital to establishing the positive intention to use the virtual fitting room tools. This is related 

to the accuracy of receiving the accurate body dimensions and personalised avatars for 

visualising garments. The future of virtual garment visualisation is virtual and augmented 

reality, allowing consumers to customise the garment and then visualise themselves in real-

time. In the research study, the consumers perceive the virtual fitting room technology as 

functional (ease of use and usefulness) during their shopping journey, which establishes that 

consumers are intended to use the technology in the future for virtual shopping. Employing a 

virtual interface entertainment aspect along with functional aspects is important as companies 

are advancing and have initiated using metaverse gaming platforms like Roblox. This is the 

future of interactive marketing, which has added an aspect of entertainment in a bigger 

perspective and would help adopt virtual fitting room platforms. The positive responses 

towards the ease of use and usefulness construct of TAM support the result. In future, 

consumers will have more interaction with virtual fitting room technology. Therefore, 

consumers will become more comfortable using the technology, eventually enhancing their 

attitudes and intention to use it (Table 11.3). 

Table 11.3 Virtual Size and Fit Interfaces Managerial Implications 

Construct  Short-term managerial implications  Long-term managerial implications 

Technology 

confidence 

The study concluded that Generation Y 

and Z have low technology anxiety 

towards employing novel virtual fitting 

room tools. The consumers are 

confident and feel comfortable using 

the new digital technologies. Thus, 

consumers are innovative and present 

high levels of technology confidence.  

Technology confidence behaviour of consumers represents that 

the consumers are rapid adopters of technology. The positive 

behaviour of consumers in using the technology has shown that in 

future, there will be more adopters of technology and fashion 

retailers can incorporate this technology in fashion e-commerce 

platforms confidently. 

Perceived 

Usefulness 

A virtual fitting room’s usefulness in 

getting the right fit garment positively 

impacts consumers’ attitudes. Useful 

technology has a greater chance of 

adoption widely with a positive 

intention to use and trust.  

The technology has developed extensively, and the manual 

system of providing data has changed to a mobile app scanning 

system. The app scans the body and provides the body dimensions 

and personalized avatars for virtual simulation. Moreover, 

metaverse platforms have been introduced and can be enhanced 

with tools such as virtual reality, augmented reality, and mobile 

app scanners. Therefore, consumers can get functional and 

entertaining experiences by amalgamating these platforms.  

Ease of use  

The virtual fitting room provides the 

size recommendation and visualisation 

of user avatars. This process makes 

consumers decide more rapidly 

because they don’t need to think about 

aligning the body dimensions with 

garment dimensions, which is a time-

Adding body scanning technology in the interfaces like Fit 

Analytics and virtual outfits can make getting the right fit garment 

easier in a limited time. Therefore, in long-term implications, the 

retailers can adopt this technology and enhance their platforms 

from web 2. 0 to Web 3.0 by using 3D app scanners in e-

commerce to make it interactive, immersive, and user-centric 
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Construct  Short-term managerial implications  Long-term managerial implications 

consuming process in online shopping. 

Therefore, creating a virtual fitting 

room is easy and consumes less time. 

platforms. Loyalty and trust also enhance when consumers are 

satisfied with the product and interface.  

 

Attitude  

The construct of attitude mediates in 

the virtual fitting room study. 

Consumers with high technology 

confidence show a positive influence of 

the perceived ease of use, usefulness, 

and playfulness on the attitude and 

intention to use the virtual fitting room 

technology.  

Technology has been advancing, and smartphones are the main 

hardware source to incorporate technology. With the introduction 

of smartphone virtual fitting rooms, the global population has 

been targeted as smartphones have become an integral part of 

everyday routine, just like other necessities of life. The number of 

smartphone users worldwide surpasses six billion and is 

anticipated to expand by several hundred million in the next few 

years. The highest number of smartphone users in countries are 

China, India and the United States (Statista, 2021c). Functional 

and experiential aspects of technology are the main pre-requisite 

in developing a positive attitude to virtual fitting room 

technology.  

Intention to 

use 

The study concluded the positive 

consumer attitude impacted the 

intention to use virtual fitting room 

technology in the future. Moreover, the 

perceived ease of use, usefulness and 

playfulness positively impact the 

intention to use the virtual fitting room 

technology.  

The study concluded that ease of navigation and the usefulness of 

technology in terms of size recommendation and accuracy in 

fashion viewing technologies such as virtual trying-on is the main 

aspect of virtual commerce. This illustrates that new platforms 

introduced with 3D body scanning widgets and virtual and 

augmented reality mobile applications would be analysed further. 

The future of retailing is meta-commerce. Therefore, meta-

commerce platforms need to be evaluated to understand consumer 

behaviour in virtual size and fitting, experiential and adoption of 

technology.  

 

The next section will discuss the managerial implications of 3D body scanning mobile 

applications. The consumer responses have been evaluated by bespoke garment try-on using 

the body dimensions extracted from the mobile app scanner. Then their responses were 

compared to understand which application is more reliable in terms of ease of navigation and 

accuracy in the size and fitting of the garment.  

11.12.2. Unstitched bespoke garment managerial implications in e-commerce platforms 

The body dimensions extracted from the mobile application scanners have evaluated 

the bespoke garment. The garment evaluation provides an understanding of mobile application 

accuracy and how virtual fitting rooms like virtual outfits and fit analytics can be enhanced by 

using the body scanning tool instead of using the manual data entry of body dimensions into 

the interfaces (Table 11.4). Moreover, the idea of unstitched fabric products is mentioned in 

Chapter 2. In online interfaces, the fabric information is very important in which type of fabric 

is offered by the interface because fabric and style are one of the main aspects besides the size 

and fitting of the garment. As mentioned in Chapter 2, interfaces of unstitched fabric products 

provide all the information regarding the product. Fabric dimension of each part, for instance, 

front, back, sleeves, trims, accessories, texture, embellishments, drape, and composition of yarn 

used for the construction of the fabric, information about summer, spring, winter, and autumn 
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season fabrics to provide comfort according to season. Quality is also important to present the 

fabric in the online interface. If the fabric is not according to the quality mentioned and 

according to the price of the product, then the consumer would return the product because of 

poor quality, which will also decrease the trust in the company offering the services (Gitimu et 

al., 2013; Connor-Crabb and Rigby, 2019). During the pre-purchase stage, this is also an 

important aspect which should be considered in providing personalised and high-quality 

services in the online environment. Full information about the fabric and style demonstration 

is important in the pre-purchase stage, which will direct consumers to make a confident 

purchase online. Virtual try-on technology has developed and is most suitable for evaluating 

virtual fitting. Consumers can evaluate the virtual fitting and how a product will look on them 

in the final try-on before purchase. Pakistani fashion retailers provide style advice in 2D 

pictures that can be enhanced by viewing the product image in a 3D avatar with 360-degree 

rotation. The virtual fitting room can also be enhanced with virtual agents advising the 

consumers when needed, just like the in-store assistance. This approach would enhance two-

way communication, and consumers’ satisfaction would increase and like to re-use the 

interface in the future (Altarteer and Charissis, 2019). Machine learning systems and 

collaborative filtering algorithms can make the virtual fitting room more accurate when many 

users use the technology for garment purchases (3DLook, 2022).  

Table 11.4 Unstitched Apparel Product Managerial Implications 

Product 

Evaluation 
Short-term managerial implications  Long-term managerial implications 

Fabric 

information  

In the virtual fitting room interfaces, the fabric 

information is essential to provide the personal 

experience of choosing the right fabric according 

to the end use and budget. As most Pakistani 

interfaces provide full details of fabric, which is 

discussed in Chapter 2 

The fabric information needs to be enhanced by 

employing the 3D virtual avatar, where users can 

have more fabric detail along with 360-degree 

rotation to allow consumers to make a confident 

purchase. 

Better fitting 

strategies with 

mobile app 

scanning 

 

 

Mobile applications used for garment 

construction have proven to provide a better-fitted 

garment. To enhance the garment fitting, there is 

a need to enhance the app in terms of providing 

the measurements that are needed for garment 

construction because 3Dlook and Nettelo do not 

provide all the body dimensions that are used for 

garment construction.  

The mobile application has been developing, and 

fashion technologist needs to create a new sizing 

system and method of garment construction 

showing the relationship between body dimensions 

and body shape. 

Style Advice  

Pakistani consumers provide style advice by 

using 2D images. There is a need to add 3D 

product viewing to enhance the style advice. 

With the development of the interface, there is a 

need to add an avatar influencer or a style advisor 

who guides the user during the pre-purchase stage 

about product and style, just like in-store advisors 

or stylist recommendations. 

Trustworthiness 

by sharing 

content  

Consumers have a significant influence on social 

media. Social interaction with peer groups is also 

an aspect that adds credibility to an interface.  

The tool for sharing products and getting 

recommendations must be added in the future 

interface. The participants can share with friends 
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Product 

Evaluation 
Short-term managerial implications  Long-term managerial implications 

and family to have their opinion before buying a 

product. 

 

11.12.3. Mobile app scanners managerial implications 

The mobile app scanners have been evaluated in Studies 2 and 3 (quantitative and 

qualitative). The following section discusses mobile app scanners' re-use intention and why 

users are satisfied to keep the garment. Therefore, the reasons for re-using the mobile app 

scanner and responses towards the virtual fitting room interfaces have indicated how to enhance 

the interfaces in terms of ease of use, usefulness, and accuracy. Positive feedback with the 

interface evaluation allows us to amalgamate technologies to provide a more engaging and 

accurate virtual fitting room experience (Figure 11.2, Figure 11.3, Figure 11.4). After physical 

trying-on, when consumers find the right fitted garment, they intend to keep it and wear it. The 

enhanced satisfaction allows consumers to spread positive word of mouth and increase trust in 

the interface and retailer, which helps increase sales. The most highlighted finding was the easy 

use of the technology. Consumers like the 3D look technology because it is easy to use. 

However, Size Stream at home and Nettelo are not easy to use. Therefore, they are not 

interested in using the technology in the future. The findings of ease of use of technology 

correlate with the triangulated results. The sizing system of Pakistani consumers can also be 

enhanced by 3D body scanning technology. Furthermore, the quantitative and qualitative study 

findings correlate with perceived usefulness and entertainment motivation that enhance 

personalisation experience. 

Table 11.5 Mobile App Scanner Interface Managerial Implications 

Mobile app 

scanner interface 

evaluation 

Short-term managerial implications Long-term managerial implications 

Right fitted garment 

The users who have used mobile 

applications are familiar with the 

mechanism of mobile applications. They 

have received the right fitted garment. 

Therefore, in future, they will be more 

confident in using the 3D body scanning 

technology for garment customisation 

services and size recommendation 

services. 

The main aim is to satisfy consumers with the right size 

garment and services. Therefore, the mobile application 

showed potential to be added as a virtual fitting room 

tool in the e-commerce interfaces of Pakistan. 

International fashion retailers would also benefit from 

enhancing the interfaces using 3D body scanning 

technology. 

 

Size 

recommendation 

and Body shape 

evaluation 

3D body scanning mobile applications 

also provide size recommendation and 

fit visualisation services. Body shape 

evaluation allows retailers to use body 

scanning technology to predict the size 

advice of different retailers’ clothing 

Body shape evaluation would allow the retailers to 

create a new sizing system, as the current sizing system 

does not cater to each individual's needs because the 

majority do not align with the alphanumeric and 

numeric sizing systems. 
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Mobile app 

scanner interface 

evaluation 

Short-term managerial implications Long-term managerial implications 

collections. This technology also allows 

us to find the sizes from different 

countries’ size ranges, for instance, the 

UK, EU, USA, China etc. 

 

 

Easy to use  

The main aspect is that technology 

should be easy to use. Therefore, every 

age group could enjoy getting the right 

fitted garment online. 

 

Most recent studies in Chapter 4 have used 3D body 

scanning technology, virtual reality, and augmented 

reality. This amalgamation has enhanced the likelihood 

of using the technology with high adoption. A new idea 

of the metaverse is also one of the key drivers in 

enhancing virtual fitting rooms in virtual commerce. 

Convenience of 

time 

The most important driver of using 3D 

body scanning and smartphone 

application is convenience. Consumers 

can use this technology at home at any 

time and can shop when free, and they 

are not bound to plan, especially for 

shopping. 

In the future, the technology will allow consumers to 

create their garments styles quickly and easily. 

 

11.13 Societal implications of research 

The research has contributed to societal implications in various ways, such as 

sustainability, low return rates, garments landfill reduction and carbon footprint reduction.  

11.13.1. Sustainability with web 3.0 3D body scanning mobile application tool  

Body scanning is an important technology in offering solutions to body worn product 

development and selection (Apeagyei, 2010; Almalki et al., 2020). To achieve the sustainable 

right fitted garment manufacturing and delivery system, a mass customisation fashion business 

model and virtual try-on simulation system (size and fit recommendation and fit visualisation) 

need to be created using the 3D mobile app body scanner tool. This tool in an e-commerce 

platform is helpful to reduce fabric wastage in all stages, from production, distribution and 

selling points, by creating a supply chain system that can satisfy individual users' demands 

(Nayak and Padhye, 2016). The mass production system has heightened the wastage of fabric 

around the globe due to the manufacturing, delivery and returns of poorly fitted garments and 

the inability to try on garments in online interfaces using web 2.0 tools (Hwangbo et al., 2020). 

3D body scanning mobile application provides body dimensions and personalised avatars. This 

web 3.0 tool has the potential to offer a personalised size recommendation system aided to 

match the size of the wearer to the garment of a specific brand/country’s proposed fit (3DLook, 

2022). Moreover, garments can be viewed virtually with 3D body scanning tools, such as by 

virtual try-on using the personalised avatar combined with virtual reality or augmented reality 

tools in the virtual fitting room platform. The combination of these tools helps to visualise 

garments’ loose and tight areas and closely examine the product using the zoom-in and 360-
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degree rotation tool in an online platform (Idrees et al., 2023). Consumers can enjoy direct 

benefits from 3D mobile app scanners and have a possibility of solving the problem of virtual 

selection of the right size and fitted garments (Idrees et al., 2023). Moreover, 3D body scanning 

has the potential to offer a mass customisation business model in the online platform. The 

manual tape measurement method and web 2.0 tools are not applicable in the fashion e-

commerce platforms to provide the right size prediction and customisation (Idrees et al., 

2020b). There is professional knowledge involved in taking body dimensions manually by 

buyers themselves because buyers lack the prepared knowledge regarding the measurement of 

their body dimensions. To measure the body dimensions accurately, exact land-marking points 

are considered (8559–1, 2017; Almalki et al., 2020). However, 3D mobile app body scanners 

offer instant digital body dimensions for personalised garment production (3DLook, 2022). 

This web 3.0 tool can be implemented in online interfaces similar to Fit Analytics or Virtual 

Outfits to establish a virtual mass customisation business using the unstitched apparel product. 

Therefore, society will benefit substantially from the 3D body scanning tool when added to the 

fashion e-commerce platforms. Society will get the benefit of a sustainable mass customisation 

system in which garments are cut and stitched according to the body dimensions and shape of 

the wearer using the 3D mobile app body scanners. Moreover, a sustainable garment production 

system and size and fit recommendation and fit visualisation system in fashion e-commerce is 

helpful for society and substantially benefits the environment. The societal and environmental 

benefits are discussed as follows: 

11.13.1.1. Low return rates  

The higher poorly fitted garments return rates have been noted, which increase many 

operational costs to fashion retailers due to offering free online returns in the e-commerce 

platform (Abdulla et al., 2019). Virtual fitting room platform incorporated with web 3.0 

technology features such as 3D body scanning mobile application has the potential to create a 

sustainable personalise garment manufacturing, display, trying-on and buying system to ensure 

all body types and sizes are served equally (Idrees et al., 2023). Thus, it is foreseen to have low 

return rates. When a garment is sewn and sold according to the wearer's size, there will be low 

operational costs, and consumers will receive the right fitted garments following low return 

rates (Hwangbo et al., 2020). Thus, mass customisation virtual commerce models and virtual 

try-on simulation systems are also helpful in reducing garment landfills and carbon footprint.  
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11.13.1.2. Reduction of Landfill 

The life of poorly fitted and mass-produced garments ends in landfills (Perry, 2022). 

Landfills are the biggest source of environmental pollution. Landfills produce carbon dioxide, 

water vapour, and trace amounts of oxygen, nitrogen, hydrogen, and non-methane organic 

compounds. These gases can also contribute to climate change and create smog if uncontrolled 

(Atsdr, 2023). Implementing 3D body scanning to offer mass customisation and unstitched 

apparel industry in online interfaces can help reduce garment landfills. This system will help 

offer the right fitted garment. Therefore, it is foreseen to reduce landfill environmental 

pollution by offering the right fitted garments. Garment wastage in landfill due to poorly fitted 

garments is the biggest cause of environmental pollution. Thus, the mass customisation 

business model is helpful in the reduction of environmental pollution. The fast fashion market 

is escalating throwaway culture. Personal norms, social norms and environmental awareness 

are the main influencing factors of sustainable fashion consumption (Hassan et al., 2022). As 

established by Perry (2022), that notorious environmental footprint, estimated at up to 10% of 

global carbon dioxide output, has been calculated due to the fast fashion business model that 

encourages frequent purchases of low-priced and nondurable items. Badurdeen and Liyanage 

(2011) presented that sustainable value co-creation by customers and producers collectively 

contemplating environmental and societal implications is necessary to improve value for all 

stakeholders. The mass customisation model has the potential to provide an opportunity which 

involves producing individually customised products to meet specific customer requirements.   

11.13.1.3. Reduction of carbon footprint  

Carbon footprint is the total greenhouse gas (GHG) emanations produced directly or 

indirectly by an individual or an organisation during the production and usage of goods. It is 

particularly stated as a carbon dioxide (CO2) equivalent or tons of CO2 (Riches, 2023). The 

textile and fashion industry is a major contributor to global warming, with an annual discharge 

of 1.7 million tons of CO2, accounting for 10% of global greenhouse gas emissions (Seed, 

2022). The fashion industry’s emissions of harmful greenhouse gases are expected to increase 

by more than 50% by 2030 (Sustainability, 2023). 70% of CO2 emissions occur during 

production and processing, while 20% are produced during usage (Fils-Aimé, 

2023). Therefore, the 3D body scanning tool helps offer the mass customisation system and at 

home garment try-on system to reduce the carbon footprint in the production, processing, try-

on phase instore, online returns, and usage phase.  
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11.14 Future applications of 3D body scanning and virtual commerce’s virtual fitting 

room tools 

Virtual commerce has introduced web 3.0 tools such as mobile app 3D body scanner, 

virtual reality, augmented reality, and mixed reality to enhance online fashion retailing as 

virtual fitting room tools. The virtual commerce and fashion metaverse have diverse key 

features to enhance the interactive marketing of fashion goods. These tools enhance online 

fashion retailing through immersive technology, interactivity, attractiveness, and accuracy.  

11.14.1. Immersive technology  

The virtual fitting room tools of Web 3.0 offers visual, auditory, haptic, and motion 

realness in the online platforms as an immersive technology (Suh and Prophet, 2018). For 

instance, in virtual commerce platforms, 3D body scanning is used as a body scanner to capture 

the body dimensions and creation of personalised avatar (Mikalai et al., 2022). Further, virtual 

reality is well-accepted as a completely integrated virtual environment (Li and Cohen, 2021). 

In comparison, augmented reality can offer computer-simulated content, for instance, 3D user 

interfaces and images in the actual world locations in real-time Pham (2021). Mixed reality 

uses the strengths of both augmented and virtual reality, merges virtual scenes with the real 

environment and offers additional multiplex interactivity. Therefore, mixed reality achieves 

vivid virtual and real content cooperation in a similar space (Çöltekin et al., 2020; Vasarainen 

et al., 2021). Likewise, the character genuineness of the avatars and virtual space enhance the 

perceived immersion in virtual worlds (VWs) technology. A VW is repeatedly cooperated and 

arranged with smart tools, allowing its operators to effortlessly interact with the virtual bodies 

and intelligent tools to link up with each other (Nevelsteen, 2018; Shen et al., 2020).  

11.14.2. Interactivity  

The virtual fitting room tools of virtual commerce distinguish regarding the correlation 

between the operators and interactive virtual commerce tools. The virtual fitting room 

technology, for instance, realistic avatar and image zoom in and out with 360-degree rotation, 

can help consumers to evaluate the product clearly and can examine colour contrasting and 

matching of apparel goods and accessories on personalise 3D avatar developed with 3D body 

scanner in the virtual and augmented reality platforms (Lee et al., 2010; Merle et al., 2012). 

Further, users can enjoy the virtual trying-on and garment customisation services using the 

mobile app 3D body scanner, an easier virtual commerce solution for buying the right size and 

fitted garment online (Thi Nguyen et al., 2022). The perceived ease of use, perceived usefulness 

and entertainment experience with the virtual commerce tools would enhance the perceived 
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interactivity of consumers (Altarteer and Charissis, 2019). Furthermore, mixed reality delivers 

interactivity and visualisation by providing interactive feedback when buyers visualise a 

product. The modern system interactivity allows operators to use a highly functional and 

comprehensive assessment using more specific, targeted, and relevant information. In addition, 

users can benefit from realness, speed, smoothness, and accuracy, deepening information in 

vibrant and active approaches (Cabero-Almenara et al., 2021; Lee, 2021).    

11.14.3. Attractiveness and gamification  

In the fashion metaverse, consumers would perceive a highly positive and pleasant 

experience, which enhances attractiveness and gamification (Lee and Xu, 2020; Narin, 2021). 

Further, the ease of changing the visually transformed avatar in a personalised 3D body and 

visualising in the metaverse platform or the virtual fitting room with various clothing styles, 

skin colour, eye colour and hairstyles would enhance the perceived attractiveness of the virtual 

model (Lee and Xu, 2020). Virtual commerce enhances consumers' social and emotional 

requirements, for instance, sharing reviews of products purchased or visualised on the avatar 

with friends and family to make a confident purchase, which also improves the attraction 

towards the virtual fitting room platforms (Javornik et al., 2016). Attractiveness is also 

associated with the accuracy of garment fitting because consumers would perceive high 

attractiveness when viewing a real body-shaped avatar presenting the garment fitting. Further, 

the user’s body shape is associated with the size and fitting of the garments. Thus body 

scanning, along with augmented and virtual reality, allows a realistic experience of virtual 

fitting (Apeagyei, 2010; Almalki et al., 2020; Fernandes and Morais, 2021). The operators can 

analyse the outfits as they are wearing the garment in reality in the virtual world. Similarly, 

this offers a high probability of improving interactive marketing that offers gamification and 

entertainment during virtual shopping. The virtual commerce platforms offer ease of size and 

fitting visualisation, style, and garment fitting in a virtual shop, minimising the travelling cost. 

The complete situation of the virtual environment permits operators to better evaluate the goods 

by offering a strong simulation of the virtual buying experience (Johnson, 2021).  

11.14.4. Accuracy 

The association between the real user model and realistic visualisation of garments on 

personalised avatars indicates the accuracy of tools (Gao et al., 2014; Kim and LaBat, 2013). 

Worldwide, consumers differ in body size, shape, hair and skin colour (Ahmad, 2016). 

Therefore, assessing each user precisely and visualising personalised avatars with garment 

fitting and accuracy in online platforms with Web 2.0 tools is difficult. To solve the global 
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issue, body scanning mobile applications have exhibited great potential to offer accurate body 

dimensions and size recommendations among virtual commerce tools with a user-friendly 

interface approach (Li and Cohen, 2021). The technology that offers a high level of perceived 

accuracy is more likely to enhance the utilitarian experience of consumers with the prospect of 

satisfying consumer’s practical demands of receiving the right fitted garment in the virtual 

environment with the involvement of augmented and virtual reality tools, that offer a haptic 

realistic view of products and haptic feedback (De Silva et al., 2019). Huang and Qin (2011) 

mentioned a significant influence of performance expectancy, such as perceived accurate fit, 

on the intention to use virtual fitting tools in the virtual world. Thus, the positive experience of 

consumers with the virtual fitting room tools of virtual commerce enhances the decision-

making process during virtual shopping.   

11.15 Future Research Directions 

11.15.1. Engagement with virtual fitting room interfaces 

The study presented in the literature review that meta-commerce and virtual commerce 

are new interactive marketing platforms for virtual retailing. Therefore, virtual fitting rooms 

and gamification with platforms like Roblox are needed to understand the metaverse 

environment. In future studies, the TAM functional constructs can be studied with the theory 

of Flow. The flow is an engaging and immersive state of mind that mediates between the 

constructs of Interactivity, vividness and novelty; their impact can be studied with the state of 

flow with virtual fitting room technology on information utility, learning and enjoyment. These 

constructs would then be analysed to determine satisfaction with the virtual fitting room 

technology (Brannon Barhorst et al., 2021). 

11.15.2. Avatar congruity 

Recent studies have been conducted on the motivation to explore the novel motivations 

for gaming continuance intentions grounded in identity, self-congruity, and self-efficacy 

theories alongside the theory of consumption values. The study paves the way to study 

metaverse environment personalise avatars or avatar influencers used for displaying the apparel 

goods for marketing and selling. The personalised avatar of the gaming environment can be 

studied as self-congruity, perceived enjoyment, perceived usefulness and self-efficacy, and 

their impact on self-expressiveness with the perceived risk involved in the gaming tools used 

for marketing. These constructs’ impact would determine the continuous intention to play in 

the environment or to use the avatar and environment for virtual shopping. The TAM model 
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can also be combined with self-congruity to understand consumer behaviour with personalised 

avatars and the evaluation interface for future use during virtual shopping (Sharma et al., 2022). 

11.15.3. Demographic generations and diverse population 

The study focused on the Pakistani population and cultural outfits; thus, the analysis 

can be applied to different ethnic groups, cultures, and garment styles. Moreover, the study can 

be focused explicitly on one generation and can see the impact on the usage intention of virtual 

fitting room technology for garment selection and development. 

11.15.4. Technology acceptance model extension 

To study 3D body scanning virtual fitting room system. Technology acceptance model 

can be studied Experimental factors of interface (Visualisation fidelity, display fidelity, 

interaction fidelity, interface design and garment customisation). Along with functional 

constructs (ease of use and usefulness) the addition of perceived experience value (playfulness, 

Aesthetics, customer return on investment) and perceived presence (interactivity, vividness and 

authenticity) can be studied to determine the impact of technology 3D body scanning virtual 

reality virtual fitting room (Altarteer and Charissis, 2019). 

11.15.5. New pattern drafting methods with 3D body scanning technology 

Mobile app scanners pave the way to enhance the pattern-making theory by 

understanding the various elements regarding the personalised body dimension, body shape 

and body morphology. New pattern drafting techniques for both upper and lower garments 

must be developed, established on the relationships between the body measurements and body 

shape and the extracted data from the 3D body scans (Alrushaydan et al., 2020). The elements 

of design, for instance, should be kept in mind, such as ease is the prominent factor in the 

garment fitting evaluation of the study. Mass-produced garments can also be enhanced with 

body scanning technology and can facilitate a better sizing system that can cater to a wider 

number of people.    

11.15.6. Research study to improve the landmarking definitions and landmarking points 

for garment construction using 3D mobile app body scanners  

Mobile app body scanning landmarking definitions and body landmarking can be 

studied by considering the ISO standards (ISO 8559-1:2017, ISO 18825-1-2016, ISO 18825-

2-2016, and ISO / IEC 19774-1: 2019) applicable for 3D body scanning technology from scan 

to pattern making. There is a need to conduct a study to determine the right ISO standard for 

3D body scanning applications for body scanning for garment construction.    
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11.15.7. Incorporation of virtual fitting room tools in virtual and in-store environment 

Different retailing channels, such as brick and mortar stores, and the use of interfaces 

in-store and online interfaces need to be evaluated to enhance the interactive marketing 

retailing channels with web 3.0 technology.  

11.15.8. Addition of virtual fitting room tools in Pakistani interfaces 

The study is conducted explicitly on the unstitched fabric market and Pakistani 

consumers. There is a need to create interfaces regarding 3D body scanning technology, virtual 

reality, and augmented reality. Further, these original interfaces using the virtual display of 

unstitched fabric should be tested by offering mass customisation services online. This case is 

essential as the study evaluated the body scanning and virtual fitting room interfaces and 

reviewed the unstitched retailers’ interfaces separately. Therefore, there is a need to combine 

all features in one platform to analyse the interface and product services. Virtual and augmented 

reality applications support the virtual platforms to attract consumers, improve sales and 

revenue, and decrease returns (Jorgensen and Sorensen, 2021; Saleem et al., 2021).  

11.15.9. Privacy of consumers with virtual fitting room tools 

The personalised digital experience is enhanced with the mobile application 

technology. Consumer data privacy while offering and using the technology should be kept in 

mind. The data protection policy and data that will not be shared with third parties should be 

added (Luz Da Rocha and Chimenti, 2022). Consumer responses to online security can also be 

measured to understand consumers' awareness of data privacy when using virtual platforms.  

11.16 Conclusion 

The research has evaluated the quantitative (study 1 Fit analytics and Virtual outfits) 

consumer responses to virtual fitting room tools in fashion e-commerce. The study identified 

the consumer’s positive attitude towards using the technology and intention to use the virtual 

fitting room in the future for fashion shopping. The study 2 quantitative study compares the 

booth scanner Size Stream SS20 and MeThreeSixty mobile application scanner to evaluate the 

difference in the measurements to understand the reliability and validity of body dimensions. 

Comparative analysis of digital body dimensions was conducted using T-test to calculate the 

standard error of mean (SEM) (Reliability) and mean of measurement differences (validity) to 

ANSUR allowable errors (Koval, 2020; Parker et al., 2022). The study concluded that body 

scanning technology is reliable for e-commerce platforms. However, there are limitations of 

accuracy in wearing the scan suit and undergarments during scanning, which shows the 
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difference in the development of the obj file of avatar and extraction of body dimensions. In 

addition, scye depth body dimension is an important measurement required for garment 

construction. Scye depth body dimension needs to be identified and required to be added by 

3D body scanning companies and in the Size stream body landmarking manual for garment 

construction.   

In stage 1 of study 3, 10 participants’ mobile applications’ body dimensions were 

analysed and compared using the quantitative analysis method after scanning with the mobile 

applications. Comparative analysis of digital body dimensions was conducted using T-test to 

calculate the standard error of mean (SEM) (Reliability) and mean of measurement differences 

(validity) to ANSUR allowable errors (Koval, 2020; Parker et al., 2022). The results revealed 

that the object (.obj) files of the same participant presented that the three different applications 

have created visually different object (.obj) files, as indicated in (Figure 10.17). Therefore, the 

object (.obj) file's difference may be a reason for providing the different body dimensions. 

Accuracy is required to create an object (.obj) file to provide accurate body dimensions. The 

scanning with 3D mobile application scanners was done with the scanning suit. Therefore, 

there is a need to study whether scan suits or undergarments are required to provide accuracy 

in scanning, creation of avatars (object files) and digital body dimensions. In the second stage, 

10 participants’ responses were collected using the TAM model to determine the mobile app 

scanning acceptance in terms of technology confidence, ease of use and usefulness and 

intention to use the technology for shopping. The quantitative results of Study 3 Stage 2 (TAM) 

and qualitative interface evaluation (Study 3 Stage 3) of 3D body scanning mobile applications 

also have a significant theoretical contribution. The results provided a comparative analysis of 

the mobile applications of three different companies (3D Look, MeThreeSixty, and Nettelo). 

The users did not show technology anxiety before using the 3D mobile application 

scanners. On the contrary, they used the 3D mobile application scanners confidently. 

Moreover, respondents find the 3D look mobile application easier to use than Size Stream at 

home and Nettelo. Since 3D look only requires the front and side pose pictures which is an 

easy method and can be used with a selfie or snapshot mode. Similarly, a 3D look mobile 

application is useful because consumers receive the right fitted garments, and a mobile 

application is a good solution for constructing personalised garments. Also, consumers 

recommended adding 3D body scanning technology in the virtual fitting room interfaces for 

garment customisation. In the third stage, three interviews were conducted with each 

participant after trying on the bespoke garment constructed with body dimensions acquired 
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from the three 3D mobile application scanners. 10 participants were scanned with 3D mobile 

app scanners (size stream at home, Nettelo and 3Dlook). The exploratory interviews were 

conducted to analyse the evaluation of garment size and fit (performance evaluation, aesthetic 

evaluation and interface evaluation) with the use of digitally acquired personalised 

measurement and satisfaction towards the garment fitting and three different applications were 

compared in terms of fitting satisfaction, ease of use and usefulness of application to be used 

by consumers in the future as a virtual size and fitting tool in the e-commerce platforms.  

The interface evaluation and garment size and fitting evaluation were studied to get an 

insight into engagement with interfaces and the accuracy of body dimensions. The study 

concluded that 3Dlook and size stream at home provided comparable size and fitting results. 

Consumers are satisfied with the garment fitting; they find that the 3D look is easy to use and 

useful compared to the size stream at home and Nettelo. The study contributed to providing 

themes such as ease of use and usefulness of size and fitting applications (3D mobile app body 

scanners), psychological/regular fit, semi-fitted and comfortable fit garments and positive body 

cathexis with customised garments and positive perceptions about real body shape after 

wearing the customised garments. The bespoke garment size and fit satisfaction have 

developed high self-esteem and confidence in participants. The study findings contributed 

positively to creating a customised manufacturing system using 3D body scanning technology. 

Consumers’ post-purchase experience analysis presents novel attributes to garment assessment, 

such as the psychological aspect of comfortable fitted garments. Bespoke garments' main 

performance evaluation attributes are functional fit, including semi-fitted, regular fit and 

comfort fit, and confirmation of the body and fit proportion. The main attribute, physiological 

and psychological, is a comfortably fitted garment.  

The possibility of introducing the worldwide mass customisation sustainable e-

commerce business has strengthened. Nevertheless, Pakistan's online fashion retailing 

platforms lack the virtual fashion viewing and size and fitting tools to confidently purchase the 

right size and fitted garment (Idrees et al., 2020b). The unstitched apparel product is chiefly 

utilised for bespoke garment construction in Pakistan. Hence, employing the virtual fitting 

room tools offer virtual customisation services along with size recommendation and virtual 

trying on with 3D product visualisation (in 360-degree rotation), which is beneficial for virtual 

buyers to get the right size in an immersive environment (Asizer, 2022; Nettelo, 2022; triMirror 

2021; Lim and Jafari 2021). The unstitched apparel product presented in the virtual fitting room 

can provide consumers with a sustainable experience by reducing product, time, and resource 
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wastage. Therefore, the study contributed to environmental and societal implications in various 

ways, such as sustainability, low return rates, garments landfill reduction and carbon footprint 

reduction. The online consumer shopping journey stages, such as pre-purchase, purchase, and 

post-purchase regarding the unstitched apparel product, can be improved with virtual fitting 

room tools. The sustainable business model would facilitate to reduce the size and fitting 

problems and online clothing returns and enhances the support of a sustainable garment 

manufacturing system. The 3D interactive, personalised experience improves the decision-

making process, enhancing consumers' footfall in-store and virtual platforms (El-Seoud and 

Taj-Eddin, 2019). 

Companies have utilised 3D body scanning technology and virtual fitting room tools to 

decrease the uncertainty of selecting apparel goods and the right size to cut back on returns. 

The advanced virtual fitting rooms employed by international fashion retailers have developed 

an exclusive style to gain buyers’ interests, interactivity, and accuracy (Idrees et al., 2020b). 

The research study using the approaches of mobile 3D body scanners and virtual fitting room 

interfaces offers evidence and confidence about the potential incorporation of virtual fitting 

room tools in fashion e-commerce shopping platforms of Pakistan. The virtual commerce 

platform allows time, place, and the right size and fitted garment buying benefits for fashion 

brands with the virtual real-time experience. The innovative tools of virtual commerce have 

altered the e-commerce platforms into interactive environments and have developed the fashion 

industry positively. Hence, the study has presented a theoretical background for future research 

and expanding knowledge on innovative approaches for application in fashion e-commerce. 

Moreover, global fashion retailers could enhance their virtual fashion platforms through the 

potential application of these examples of unstitched apparel products, which is an exclusive 

apparel item in the South Asian apparel market, to improve sustainable mass customisation. 
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Study 1: Quantitative questionnaire for online survey 
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Appendix B 

Study 2: Participant Information Sheet 
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Study 2: Measurements acquired from the Sizes stream SS20 and Size stream MeThreeSixty 

mobile application. 

Chest/Bust Circumference 

No of Participants MeThreeSixty Sizestream20 

P1 91.88 96.77 

P2 105.19 100.27 

P3 116.84 109.36 

P4 97.41 95.12 

P5 88.87 91.69 

P6 81.73 86.54 

P7 90.18 87.13 

P8 86.08 88.63 

P9 89.6 99.56 

P10 94.46 97.95 

P11 88.99 87.34 

P12 89.52 94.28 

P13 88.03 83.27 

P14 91.14 82.23 

P15 114.07 92.72 

P16 89.49 92.39 

P17 89.22 81.06 

P18 86.76 101.01 

P19 104.77 112.3 

P20 106.5 121.66 

 

Small of Back waist 

No of Participants MeThreeSixty Sizestream20 

P1 84.63 78.07 

P2 96.6 90.1 

P3 104.09 92.26 

P4 92.45 83.54 

P5 75.73 74.28 

P6 75.69 67.28 

P7 71.02 69.6 

P8 76.05 77.12 

P9 74.59 75.9 
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Small of Back waist 

No of Participants MeThreeSixty Sizestream20 

P10 81.88 74.88 

P11 70.74 71.52 

P12 74.68 78.01 

P13 74.56 65.9 

P14 82.02 65.28 

P15 104.72 71.77 

P16 75.98 73.63 

P17 80.09 62.28 

P18 79.29 86.86 

P19 92.59 91.31 

P20 93.66 97.11 

 

 

Hip Circumference 

No of Participants MeThreeSixty Sizestream20 

P1 105.56 103.5 

P2 119.94 120.7 

P3 119.92 113.77 

P4 105.96 102.85 

P5 104.28 103.1 

P6 94.81 94.02 

P7 103.06 98.82 

P8 95.78 97.06 

P9 96.89 106 

P10 101.69 100.83 

P11 96.5 97.69 

P12 101.41 104.59 

P13 96.32 90.99 

P14 98.22 92.73 

P15 112.98 100.42 

P16 98.15 107.49 

P17 97.56 93.74 

P18 99.87 104.45 

P19 111.02 118.06 
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Hip Circumference 

No of Participants MeThreeSixty Sizestream20 

P20 116.44 116.56 

 

CB Neck to waist 

No of Participants MeThreeSixty Sizestream20 

P1 43.21 44.02 

P2 37.23 40.02 

P3 35.91 35.43 

P4 38.79 34.11 

P5 37.96 39.45 

P6 44.16 42.1 

P7 35.95 39.46 

P8 36.06 33.28 

P9 35.9 36.65 

P10 39.78 38.06 

P11 35.67 36.06 

P12 37.43 44.01 

P13 38.74 39.03 

P14 42.2 36.8 

P15 40.48 37.41 

P16 39.22 39.36 

P17 39.42 35.75 

P18 42.98 38.76 

P19 36.24 39.55 

P20 38.23 38.77 

 

Neck Base circumference 

No of Participants MeThreeSixty Size stream SS20 

P1 36.26 39.68 

P2 39.39 47.37 

P3 39.32 39.16 

P4 39.33 35.63 

P5 35.64 35.51 

P6 38.06 37.5 

P7 35.88 36.43 
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Neck Base circumference 

No of Participants MeThreeSixty Size stream SS20 

P8 35.76 36.7 

P9 36.45 39.11 

P10 37.3 36.71 

P11 36.18 37.63 

P12 35.97 37.74 

P13 36.45 36.45 

P14 36.49 34.76 

P15 37.83 37.71 

P16 35.59 40.37 

P17 36.26 34.91 

P18 36.44 37.33 

P19 36.95 38.19 

P20 38.19 40.66 

 

Scye Depth 

No of Participants MeThreeSixty Sizestream20 

P1 18.72 25.31 

P2 19.99 24.13 

P3 21.85 23.73 

P4 20.13 20.15 

P5 17.58 18.97 

P6 16.87 17 

P7 18.17 16.99 

P8 18.03 18.93 

P9 18.11 19.41 

P10 19.28 23.22 

P11 17.93 19.9 

P12 17.15 23.3 

P13 15.78 15.58 

P14 17.77 17.76 

P15 20.82 18.63 

P16 18.46 18.35 

P17 18.32 15.33 

P18 17.4 21.46 
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Scye Depth 

No of Participants MeThreeSixty Sizestream20 

P19 20.26 21.52 

P20 18.65 23.41 

 

Across Back 

No of Participants MeThreeSixty Sizestream20 

P1 32.75 34.67 

P2 34.65 34.69 

P3 39.69 39.78 

P4 35.88 30.96 

P5 27.17 31.69 

P6 28.45 36.12 

P7 30.83 26.5 

P8 29.48 32.15 

P9 29.97 33.41 

P10 27.22 34.45 

P11 29.16 36.2 

P12 32.34 36.14 

P13 27.5 26.98 

P14 28.8 25.25 

P15 38.76 34.45 

P16 27.99 32.13 

P17 29.98 26.09 

P18 32.09 33.09 

P19 34.93 37.46 

P20 35.14 41.15 

 

Across Chest arm to arm length 

No of Participants MeThreeSixty Sizestream20 

P1 31.78 30.4 

P2 35.28 31.69 

P3 38.22 32.48 

P4 33.49 29.77 

P5 33.19 29.6 

P6 31.6 30.59 
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P7 31.06 30.97 

P8 32.98 33.15 

P9 32.05 31.08 

P10 32.18 31.7 

P11 31.99 27.79 

P12 31.39 30.39 

P13 31.58 31.07 

P14 32.69 28.66 

P15 36.47 30.39 

P16 32.26 31.2 

P17 30.69 29.49 

P18 31.5 32.8 

P19 33.3 35.08 

P20 34.08 36.73 

 

Shoulder length Right 

No of Participants MeThreeSixty Sizestream20 

P1 10.6 11.54 

P2 12.35 11.33 

P3 13.92 11.55 

P4 13.04 11.74 

P5 10.24 9.65 

P6 11.03 11.14 

P7 10.8 11.81 

P8 10.78 11.43 

P9 11.05 13.31 

P10 9.61 10.2 

P11 11.27 9.59 

P12 10.27 11.38 

P13 10.54 9.56 

P14 10.97 10.57 

P15 12.18 10.94 

P16 11.3 11.51 

P17 10.66 11.51 

P18 10.41 11.38 

P19 11.07 12.47 
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Shoulder length Right 

No of Participants MeThreeSixty Sizestream20 

P20 13.34 15.67 

 

Waist to hip length 

No of Participants MeThreeSixty Sizestream20 

P1 19.29 23.4 

P2 23.77 24.42 

P3 24.36 15.69 

P4 22.14 11.53 

P5 22.65 20.58 

P6 18.3 25.58 

P7 29.24 22.71 

P8 24.1 29.31 

P9 24.81 25.84 

P10 22.66 28.25 

P11 25 28.09 

P12 23.13 22.77 

P13 21.58 24.64 

P14 20.19 27.06 

P15 20.89 28.47 

P16 22.5 26.11 

P17 20.86 27.36 

P18 18.67 12.94 

P19 25.68 24.43 

P20 23.82 25.17 

 

Sleeve Length right 

No of Participants  MeThreeSixty Sizestream20 

P1 54.67 53.31 

P2 57.28 53.56 

P3 56.92 55.6 

P4 55.45 51.72 

P5 54.6 55.86 

P6 52.93 54.75 

P7 54.06 50.09 
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P8 54.46 56.19 

P9 53.64 55.34 

P10 57.83 53.01 

P11 53.02 56.78 

P12 54.42 54.78 

P13 51.44 50.99 

P14 53.79 50.54 

P15 55.93 55.49 

P16 55.69 55.4 

P17 53.57 51.71 

P18 52.94 49.44 

P19 57.19 53.48 

P20 53.77 53.46 
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Appendix C 

Study 3: Quantitative questionnaire of 3D body scanning applications (Nettelo) 
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Study 3: Quantitative questionnaire of 3D body scanning applications MeThreeSixty (Size 

Stream at home) 
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Study 3: Quantitative questionnaire of 3D body scanning applications (3DLook) 
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Study 3: Qualitative interview questions and responses of each participant 

Participant 1 

Fit satisfaction Size satisfaction 

Q How do you feel the garment 

fits you? 

Which part of the body do you think 

that the garment does not fit properly? 

Are you satisfied with the 

size? 

P1 3D 

Look 

Slightly loose fit garment from 

all parts but fits well 

 

I am satisfied from all the parts of my body 

for shirt. I feel a bit loose at shoulder area. 

But rest of the areas are ok. I am happy 

with the fit of the garment. 

Yes, I am satisfied with size it’s 

a nice, fitted garment 

P1 

Size 

stream 

at 

home 

Slightly loose fit garment, 

however giving a good body 

shape. I am satisfied with the fit 

All parts are fine I feel like more loose at 

the hip area but I am ok with this slightly 

loose fit garment. Rest of the areas 

shoulder, waist and bust fitting is perfect 

Yes, I am satisfied with the size 

of the garment 

P1 

Nettelo 

I don’t feel it fits me well. It’s 

a bigger size, very loose fitting. 

All areas bust, waist and hip are loose. Not 

my size at all 

No, I am not satisfied 

 

 Fit expectation Comparative fit satisfaction Length Style satisfaction 

Q  How does this 

compare to your 

expectations of fit 

through the garment 

sewing process of 

bespoke garment with 

3D body scanning 

measurements? 

Are you often satisfied or 

unsatisfied with the fit of 

garments in similar areas to 

this one? 

How do you feel about 

the length? 

How do you feel 

about the style of 

the garment? 

P1 3D 

Look 

The stitching and shape 

of the garment is good. 

It is a bit loose than the 

tailor-made garment I 

wear. I expected to get a 

perfect fit garment and 

it met my expectations 

(P1)   

 

Mostly satisfied. Both ready to 

wear and tailor-made garments. 

I am slim from all body parts so 

I can fit in mostly in the 

garments (1)  

  

The length is good I like the style 

P1 Size 

stream 

at home 

This app has met my 

expectations. Tailor 

made is a good option 

because the garment is 

according to body 

measurements. 

I am more satisfied with Me360 

app. Mostly I am satisfied as 

my body is normal. I can wear 

slim fit and regular fit garments. 

Length is going with my 

height. It is fine 

I like the style of the 

garment I received. It 

is traditional. 

P1 

Nettelo 

No, the app doesn’t 

meet the expectations 

like other two apps. The 

body measurements are 

not accurate 

I am not satisfied with all the 

areas of my body especially 

bust, waist and hip 

Length is ok going with 

my height 

Traditional 

 

 

 



564 

 

 Purchase Intention Future use Post use evaluation 

Q  Would you keep this 

garment, or would you 

return it and if so, why? 

Based on your experience of try on 

bespoke garment would you use this 3D 

body scanning technology for buying 

bespoke garments online? 

Any other comments about 

post-use evaluation of bespoke 

garment 

P1 3D 

Look 

I will keep this garment  Yes, I will use 3d body scanning for 

bespoke garments. It is easier to get body 

measurements. My body measurements 

change due to my workout routine 

App is a good solution for 

getting body measurements 

instantly 

P1 Size 

stream 

at home 

I will keep this garment  Yes, I will use this body scanning app for 

bespoke garments. I found it a good app 

for customisation of garments. But it is 

difficult to use due to extra gadgets 

involved while using app 

I will use this app but it should 

be easier like 3D look. Because 

for this app you need someone 

to help with scanning process.  

P1 

Nettelo 

No, won’t keep it. I am not 

satisfied with the fitting 

I am not satisfied with this app. I will not 

use this app because it is not accurate 

The app is difficult to use. Also 

not satisfied with garment. 

Participant 2 

Fit Satisfaction Size satisfaction 

Q  How do you feel the garment 

fits you? 

Which part of the body do you think 

that the garment does not fit properly? 

Are you satisfied with the 

size? 

P2 3D 

Look 

I am highly satisfied with the 

garment fit. 

I am highly satisfied (P2)  

Satisfied from all parts of garment. Good 

fitting at all parts. Semi-fitted garment. 

 

The size is perfectly alright 

P2 Size 

stream 

at home 

I am satisfied with this app 

fitting too 

I think, I feel loose at hip area, But I am 

happy with the fitting. Similar semi fitted 

garment 

Satisfied with size. 

P2 

Nettelo 

This app, I can say not 

satisfied, doesn’t do the job 

Only shoulder is ok. but rest of the 

garment size is very loose, even the app is 

difficult to use 

Not satisfied. 

 

 Fit expectation Comparative fit satisfaction Length Style satisfaction 

Q How does this 

compare to your 

expectations of fit 

through the garment 

sewing process of 

bespoke garment with 

3D body scanning 

measurements? 

Are you often satisfied or 

unsatisfied with the fit of 

garments in similar areas to 

this one? 

How do you feel about 

the length? 

How do you feel 

about the style of 

the garment? 

P2 3D 

Look 

My expectation from 

this application was not 

positive to provide a 

good fit garment 

according to my body 

size. Surprisingly, it has 

done a good job (P2)    

 

Application has provided me 

nice, fitted garment. It is 

according to my body shape. I 

try to keep my body fit so that I 

can maintain my body shape to 

look perfect whatever I wear. It 

is great app for garment 

customisation (2)  

  

The length is ok Good, traditional 
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 Fit expectation Comparative fit satisfaction Length Style satisfaction 

Q How does this 

compare to your 

expectations of fit 

through the garment 

sewing process of 

bespoke garment with 

3D body scanning 

measurements? 

Are you often satisfied or 

unsatisfied with the fit of 

garments in similar areas to 

this one? 

How do you feel about 

the length? 

How do you feel 

about the style of 

the garment? 

P2 Size 

stream 

at home 

I am expecting that 

application might not be 

useful to provide exact 

measurements. But it 

has met my garment fit 

expectations.  

I am normally satisfied with the 

garment fit. I am satisfied with 

this app garment fitting. If I 

gain weight than normally, I 

have problem with fitting at 

hips for ready to wear. That’s y 

I like slightly loose fit garments 

(P2).  

The length is good Happy, traditional 

P2 

Nettelo 

This application doesn’t 

meet the criteria. 

Doesn’t met fit 

expectations. 

I am normally satisfied with 

bespoke garments I wear. But 

this has fitting problem in all 

areas. I think there is 

measurement accuracy issue 

with this technology 

Only length is according 

to me. 

traditional 

 

 Purchase intention Future use Post use evaluation 

Q Would you keep this 

garment, or would you 

return it and if so, why? 

Based on your experience of try on 

bespoke garment would you use this 3D 

body scanning technology for buying 

bespoke garments online? 

Any other comments about 

post-use evaluation of bespoke 

garment 

P2 3D 

Look 

Will Keep it  I like this technology; it is quite useful and 

handy. I would use this technology for 

future use 

This technology should be 

commercialised. It would be 

good for overseas customers. 

Because I send tailor made 

garments to my relatives 

abroad. 

P2 size 

stream 

at home 

I will keep it This is useful technology. The app takes 

time to capture measurements. Because I 

need to have bigger space for scanning and 

a person who can scan me. The app should 

be without its accessories. I think a person 

cannot buy all these things to use the app 

for scanning. 

The garment I received is good 

and fit well. I think this 

technology should be more 

handy. A person can scan itself 

in a selfie mode. 

P2 

Nettelo 

No, I will not keep the garment I will use 3D body scanning technology 

but not this app. This is very difficult app. 

It takes ages to get the body measurements 

and even the garment fit was not right. 

The app is not easy and 

accurate. 
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Participant 3 

Fit Satisfaction Size satisfaction 

Q1 How do you feel the garment 

fits you? 

Which part of the body do you think 

that the garment does not fit properly? 

Are you satisfied with the 

size? 

P3 3D 

Look 

Yes, the garments fit me well. 

It’s a comfortable fit garment, 

not tight not loose. Good 

Fitting 

Yes, the garments fit me well. 

A little loose fit but I am 

comfortable (P3)  

It’s totally ok from all side no alterations. 

I am happy with fit. 

  

I am happy with the size I got 

P3 size 

stream 

at home 

I am satisfied with the fitting of 

garment I received. It is also 

comfortable fitted garment. 

All areas are perfectly going well with the 

garment shape 

I can say right size for me. 

P3 

Nettelo 

No, it’s not fitting well. The size is too big. Seriously, I am not that 

much fat, The app has given the wrong 

measures 

Not satisfied at all. 

 

 Fit expectation Comparative fit satisfaction Length Style satisfaction 

Q How does this 

compare to your 

expectations of fit 

through the garment 

sewing process of 

bespoke garment with 

3D body scanning 

measurements? 

Are you often satisfied or 

unsatisfied with the fit of 

garments in similar areas to 

this one? 

How do you feel about 

the length? 

How do you feel 

about the style of 

the garment? 

P3 3D 

Look 

It has met the 

expectation. The 

application worked well 

by delivering body 

measurements without 

using measurement tape 

(P3)  

  

Normally I am satisfied 

because I prefer wearing tailor 

made garments. Because my 

hip is bit bigger. With this app, 

I get a good fit garment. I feel 

the garment goes well with my 

body shape (3)  

  

I am happy with the 

length according to my 

height 

It’s our traditional 

style 

P3 Size 

stream 

at home 

The app has met the 

expectations. I got the 

right fit garment. 

I normally buy unstitched 

fabric to wear tailor made 

garments. Sometimes I can’t fit 

in ready to wear. If I wear tailor 

made, then I am mostly 

satisfied. I also satisfied with 

the app garment too. 

Length is ok Style is fine. I 

normally wear this 

style. 

P3 

Nettelo 

This scanning app 

doesn’t met the 

expectations. 

This app as compared to the 

me360 and 3Dlook doesn’t 

provide the right fit garment 

Length is fine Style is ok. Kameez 

and trouser 
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 Purchase Intention Future use Post use evaluation 

 Would you keep this 

garment, or would you 

return it and if so, why? 

Based on your experience of try on 

bespoke garment would you use this 3D 

body scanning technology for buying 

bespoke garments online? 

Any other comments about 

post-use evaluation of bespoke 

garment 

P3 3D 

Look 

I Will keep it  Yes, I will use this technology for future 

use. 

It is a problem-solving app, 

because to measure myself is 

difficult using tape 

measurement 

P3 Size 

stream 

at home 

Keep the garment Yes, I will use the body scanning 

technology. But this app should also be 

easier. One can use herself than I think 

more people can use this app easily. 

This technology is great. It will 

change the difficult tape 

measuring process into easy 

process. But this app has so 

many gadgets involved. The app 

should be without accessories. 

P3 

Nettelo 

No, I will not keep the 

garment, not fit well 

Comparing to other two app I will not use 

it. It is very difficult to use. 

I will use Body scanning apps 

for bespoke garment in future 

but not this app. 

Participant 4 

Fit Satisfaction Size satisfaction 

Q How do you feel the garment 

fits you? 

Which part of the body do you think 

that the garment does not fit properly? 

Are you satisfied with the 

size? 

P4 3D 

Look 

It fits perfectly 

It fits perfectly (P4)  

  

All parts are ok according to my body 

shape. 

All parts are ok according to my body 

shape (P4)  

I am satisfied with the size.  

P4 Size 

stream 

at home 

It fits well It seems that both applications have given 

me a good fit garment. All parts fitting is 

ok and satisfied. My Shoulders and bust 

area are broad. Therefore, size is going 

with my body shape. 

Satisfied with the size. 

 

P4 

Nettelo 

I am totally not satisfied with 

the fitting 

Bigger than my body size. All parts are 

loose 

Dissatisfied with the size 

 

 Fit expectation Comparative fit satisfaction Length Style satisfaction 

Q How does this 

compare to your 

expectations of fit 

through the garment 

sewing process of 

bespoke garment with 

3D body scanning 

measurements? 

Are you often satisfied or 

unsatisfied with the fit of 

garments in similar areas to 

this one? 

How do you feel about 

the length? 

How do you feel 

about the style of 

the garment? 

P4 3D 

Look 

The application met my 

expectation for bespoke 

garment stitching 

process. However, the 

application technology 

is new. It will take time 

to be commercialise 

(P4) 

I am not usually satisfied 

because I like wearing a bit 

loose fitted garment. It doesn’t 

show my body shape because 

my upper body part shoulder 

and bust area is bigger and my 

waist is also equal to my upper 

part, and hips are big too. Ready 

to wear sometimes are unfit 

Length is perfect Normally the way I 

wear. Traditional 
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 Fit expectation Comparative fit satisfaction Length Style satisfaction 

Q How does this 

compare to your 

expectations of fit 

through the garment 

sewing process of 

bespoke garment with 

3D body scanning 

measurements? 

Are you often satisfied or 

unsatisfied with the fit of 

garments in similar areas to 

this one? 

How do you feel about 

the length? 

How do you feel 

about the style of 

the garment? 

 because they are made for 

normal/perfect body shape (4)   

P4 Size 

stream 

at home 

The application has met 

the size and fitting 

expectations. 

As I am broad from all parts. I 

don’t fit in various sizes. I 

normally go for customised 

shirts or for ready to wear I 

need to alter them, which is a 

very longer process. This app 

has satisfied me with the fit. 

Length is good The style is ok. 

Traditional dress 

P4 

Nettelo 

Not meeting size and 

fitting expectations 

No, too big size with this app 

comparing to other two apps 

Length is acceptable. Style is also ok 

 

 Purchase Intention Future use Post use evaluation 

Q Would you keep this 

garment, or would you 

return it and if so, why? 

Based on your experience of try on 

bespoke garment would you use this 3D 

body scanning technology for buying 

bespoke garments online? 

Any other comments about 

post-use evaluation of bespoke 

garment 

P4 3D 

Look 

Yes, will keep the garment  I really like this app and I will use it for 

future use 

The app is really good. I will use 

these measurements for rest of 

my clothes that I have bought 

for customisation 

P4 Size 

stream 

at home 

Yes, I will keep it I like the scanning technology. This is 

good innovation. This app should be easier 

to use. It is not user-friendly app 

I think the app should be more 

user-friendly. However, I am 

happy with the garment size. 

P4 

Nettelo 

No, return it I will use this technology of scanning. But 

this app I might not use. It is not handy and 

doesn’t provide a right fitted dress. 

The application is difficult to 

use. That’s why, I am not using 

it in future. 

Participant 5 

Fit Satisfaction Size satisfaction 

Q How do you feel the garment 

fits you? 

Which part of the body do you think 

that the garment does not fit properly? 

Are you satisfied with the 

size? 

P5 3D 

Look 

They have good fitting. 

They have good fitting (P5) 

  

They are fit on all parts, except shoulders. 

I feel that It is loose a little bit. 

 

Size is satisfactory 

P5 Size 

stream 

at home 

It fits well according to my 

body shape. 

The shoulders fit is satisfactory than 3D 

Look. All body parts have good fitting. 

Going with my body size and shape. 

Happy with size I received 

P5 

Nettelo 

Dissatisfied with the fitting This garment is big from all parts Not happy with the size 
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 Fit expectation Comparative fit satisfaction Length Style satisfaction 

Q How does this 

compare to your 

expectations of fit 

through the garment 

sewing process of 

bespoke garment with 

3D body scanning 

measurements? 

Are you often satisfied or 

unsatisfied with the fit of 

garments in similar areas to 

this one? 

How do you feel about 

the length? 

How do you feel 

about the style of 

the garment? 

P5 3D 

Look 

For bespoke garment 

stitching, this 

technology is quite 

handy and has met the 

expectation to be use for 

getting body 

measurements in one 

minute (P5) 

 

I am usually not satisfied with 

my garment size because my 

waist is not defined. Sometimes 

my garments don’t fit me on my 

bust and hips too. However, I 

am satisfied with this garment 

because it has given me a nice 

loose fit waist and not tight 

from anywhere (5) 

good Nice traditional style 

Kameez and straight 

fit trouser 

P5 Size 

stream 

at home 

The application is not 

easy to use, needs lot of 

accessories, big space 

and help of another 

person for scanning but 

has met expectations of 

providing right fitted 

garment (P5). 

I am mostly not satisfied with 

the fitting of my garment. 

Because I am not slim. I need to 

reduce my body to fit into 

various clothing sizes. 

Customisation of garment is 

good idea for me. I wear tailor 

made garments mostly. I also 

like the fitting of this garment 

too. 

Length is according to 

my height. 

I am satisfied with 

style. It is traditional. 

P5 

Nettelo 

This application takes a 

lot of time. I did scan 3 

times due to manual 

outline of body then I 

got results. Even than 

garment doesn’t fit me 

(P5).  

The garment is loose, and I 

don’t like the fitting from all the 

areas. 

Length is ok It is traditional style  

 

 Purchase Intention Future use Post use evaluation 

Q Would you keep this 

garment, or would you 

return it and if so, why? 

Based on your experience of try on 

bespoke garment would you use this 3D 

body scanning technology for buying 

bespoke garments online? 

Any other comments about 

post-use evaluation of bespoke 

garment 

P5 3D 

Look 

I will keep it  I am happy with the app solution, and I 

will use it for future use 

Yes, I like this app. It’s totally 

problem solving. Would really 

like to use this app in future. 

P5 Size 

stream 

at home 

I will keep the garment I will use body scanning in future too. I like this scanning option other 

than tape measurement. But app 

is difficult to use. I managed to 

find out big space for scanning. 

P5 

Nettelo 

No. not satisfied I will use scanning technology rest of the 

two apps but not this app. 

The app is not user-friendly 
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Participant 6 

Fit Satisfaction Size satisfaction 

Q How do you feel the garment 

fits you? 

Which part of the body do you think 

that the garment does not fit properly? 

Are you satisfied with the 

size? 

P6 3D 

Look 

It fits exactly on the body. The 

size is perfect 

 

Fit from every part of body. It is not tight. 

It is a bit loose fit from all parts. I like the 

fit of the garment. 

Size is fine. 

P6 size 

stream 

at home 

It also fits well according to my 

body shape, but it has slightly 

loose fitting (P6).  

The garment has good fitting, but armhole 

is loose a little but rest of the garment 

fitting is a good fit garment not loose or 

tight. 

Yes, I am satisfied. 

P6 

Nettelo 

No, I am not satisfied with the 

fit I received 

The garment is bigger than my size Dissatisfied with size 

 

 Fit expectation Comparative fit satisfaction Length Style satisfaction 

Q How does this 

compare to your 

expectations of fit 

through the garment 

sewing process of 

bespoke garment with 

3D body scanning 

measurements? 

Are you often satisfied or 

unsatisfied with the fit of 

garments in similar areas to 

this one? 

How do you feel about 

the length? 

How do you feel 

about the style of 

the garment? 

P6 3D 

Look 

Giving measurements 

to tailor is a difficult 

process for me but with 

scanning app. I found it 

quite easier to get body 

measurements for tailor 

made garments. 

Because I usually buy 

unstitched fabric and 

wear tailor made 

garments (P6) 

I am usually happy and 

satisfied with the size of 

garments I wear. This garment 

is going with my body size (6)  

  

Perfectly fine The Style is 

traditional kameez 

and trouser 

P6 Size 

stream 

at home 

I like the technology 

because it gives 

measurements in 5 

minute. Its an advance 

technology in garment 

customisation. Self tape 

measuring method is 

more longer and needs a 

helper to do that 

accurately. This app has 

met the ex[ectation of 

garment fit. I am happy 

with the fitting. 

I am usually satisfied with 

garments I wear. I am not fat. I 

have normal body, might be 

hourglass. I am happy with the 

all the areas I have mentioned. 

Armhole is a bit loose but I like 

wearing semi-fitted and loose 

fitted garments. 

Perfectly alright. The style is 

traditional Kameez. 

P6 

Nettelo 

Cant say anything about 

the fit here. But for 

comparison with the 

two apps I used this app 

is not doing the right job 

I am satisfied with the two apps 

I tried on, but this app has not 

given the good fitting kameez.  

Length is ok good The style is fine. 
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 Purchase Intention Future use Post use evaluation 

 Would you keep this 

garment, or would you 

return it and if so, why? 

Based on your experience of try on 

bespoke garment would you use this 3D 

body scanning technology for buying 

bespoke garments online? 

Any other comments about 

post-use evaluation of bespoke 

garment 

P6 3D 

Look 

Yes, keep it  This is good technology for future use of 

bespoke garment construction. 

It is very good app. I will use 

this app for my next bespoke 

garment too 

P6 Size 

stream 

at home 

Yes, will keep the garment For future use I will use body scanner 

apps. However, this app takes more time 

than 3d look and needed a help of my 

friend to scan. It should be self-scanning 

than this will work better for users 

I will definitely use this 

technology because I received a 

good fit garment. This is 

actually surprising to use app 

for body measurements. Happy 

to here that technology is 

advancing in this field. 

P6 

Nettelo 

No, not my size The app is not easy, needs to create body 

outline. Takes a lot of time. The other two 

apps were good not this one 

I will not use this app because I 

don’t receive the good fit 

garment. But I will use the other 

two apps 

Participant 7 

Fit Satisfaction Size satisfaction 

Q1 How do you feel the garment 

fits you? 

Which part of the body do you think 

that the garment does not fit properly? 

Are you satisfied with the 

size? 

P7 3D 

Look 

Good Fit 

Good Fit (P7)  

Garment fit well on all parts of my body 

Garment fit well on all parts of my body 

(P7)  

I am satisfied with the size 

P7 Size 

stream 

at home 

It is slightly loose regular fitted 

garment than 3D LOOK, all 

parts are little loose but I am 

happy with the garment fitting 

(P7).  

It is loose fitted garment than 3D LOOK, 

all parts are little loose but I am happy with 

the garment fitting 

Yes, I am satisfied with size 

P7 

Nettelo 

No, garment doesn’t fit me 

well 

Big in size from all parts and smaller 

shoulders 

Not satisfied with size. 

 

 Fit expectation Comparative fit satisfaction Length Style satisfaction 

Q How does this 

compare to your 

expectations of fit 

through the garment 

sewing process of 

bespoke garment with 

3D body scanning 

measurements? 

Are you often satisfied or 

unsatisfied with the fit of 

garments in similar areas to 

this one? 

How do you feel about 

the length? 

How do you feel 

about the style of 

the garment? 

P7 3D 

Look 

I think technology is 

great, and my 

expectations were 

positive about digital 

measurements, it saves 

time, and I can get my 

measurements. 

Unstitched garment is 

my prime option 

I normally wear slightly loose 

garment and I am usually happy 

with my bespoke garment 

fitting. This app has also 

provided me a good fit garment 

because it goes with my slim 

body (7)  

 

According to my height 

the length is good 

Style is traditional 

Pakistani 
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 Fit expectation Comparative fit satisfaction Length Style satisfaction 

Q How does this 

compare to your 

expectations of fit 

through the garment 

sewing process of 

bespoke garment with 

3D body scanning 

measurements? 

Are you often satisfied or 

unsatisfied with the fit of 

garments in similar areas to 

this one? 

How do you feel about 

the length? 

How do you feel 

about the style of 

the garment? 

because I wear tailor 

made garments (P7)  

P7 Size 

stream 

at home 

I received a slightly 

loose fitted garment. 

But I am happy with the 

garment fitting. The 

technology has worked 

well 

I am satisfied mostly. I like to 

wear slightly loose fit garments. 

It is giving a shape to my body. 

The length is according 

to my height 

I like the style. 

P7 

Nettelo 

This body scanning app 

doesn’t give a good, 

fitted garment. It is not 

according to what I have 

expected to get 

I am not satisfied with this app. 

Its difficult to use the app as 

well. Me360 and 3dlook 

comparatively has provided 

good fitted garment. 

There is no problem in 

length. Its fine 

Style is ok. 

Traditional 

. 

 Purchase Intention Future use Post use evaluation 

 Would you keep this 

garment, or would you 

return it and if so, why? 

Based on your experience of try on 

bespoke garment would you use this 3D 

body scanning technology for buying 

bespoke garments online? 

Any other comments about 

post-use evaluation of 

bespoke garment 

P7 3D 

Look 

Yes, will keep it because I am 

happy with the fitting and size 

I had a good experience; I was surprised 

after using app and getting my body 

measurements. It is my first experience to 

use this app for garment construction. 

Good technology. I will use it in 

future too 

P7 Size 

stream 

at home 

I will keep it My experience of getting a right fit 

garment with this app is also great. I like 

the fitting of the garment. I will use this 

technology in future. 

This app should be easier 

without having extra 

accessories involved in using 

the app. It is difficult to buy all 

the things to use one app. 

P7 

Nettelo 

No, I will not keep it because it 

is not a good fitted garment 

I will use body scanning apps in future. As 

I have good experience with other two 

apps. But this app is not useful for what it 

is made for. 

Not received a good fitted 

garment and app is not easy to 

use. 

Participant 8 

Fit Satisfaction Size satisfaction 

Q How do you feel the garment 

fits you? 

Which part of the body do you think 

that the garment does not fit properly? 

Are you satisfied with the 

size? 

P8 3D 

Look 

Good Fitting 

Good Fitting (P8) 

  

Size is a bit loose from waist. However, 

overall look and fit of garment is fine and 

comfortable. 

 

Yes, I am satisfied with the size 
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Fit Satisfaction Size satisfaction 

Q How do you feel the garment 

fits you? 

Which part of the body do you think 

that the garment does not fit properly? 

Are you satisfied with the 

size? 

P8 Size 

stream 

at home 

I like the fitting of garment This is loose fitted garment. Chest, waist 

and hip. Its is giving a good shape. I feel 

that all parts are ok not too loose. I can 

wear it. 

Yes, satisfied 

P8 

Nettelo 

Very loose garment, not 

satisfied 

All parts are big. Shoulder is I think small 

a bit. But rest of the parts are larger than 

my body size 

Not satisfied 

 

 Fit expectation Comparative fit satisfaction Length Style satisfaction 

Q How does this 

compare to your 

expectations of fit 

through the garment 

sewing process of 

bespoke garment with 

3D body scanning 

measurements? 

Are you often satisfied or 

unsatisfied with the fit of 

garments in similar areas to 

this one? 

How do you feel about 

the length? 

How do you feel 

about the style of 

the garment? 

P8 3D 

Look 

The app has met the 

expectations and I am 

happy to have this kind 

of technology, the 

easiest way of getting 

body measurements for 

tailor made garments 

(P8)  

 

Sometimes, I am not satisfied 

with the garment fitting because 

I don’t have an ideal body 

shape, big hips. But with this 

app I found out that this has 

given me a good fit garment and 

I am confident while wearing it. 

(8)  

Length is ok I like the style simple 

and traditional. The 

way I wear normally 

P8 Size 

stream 

at home 

I like the garment fitting 

and also it has met the 

expectations of giving 

body measurements in 

very small time. 

 slightly loose fitted garment I 

received. I am happy with the 

fitting and size of this app too. I 

feel like I need to conceal my 

body size by wearing a loose fit 

garment. I feel it shows my look 

slimmer than my original body 

or might I don’t want to show 

my body curves. 

Length is going with my 

height. 

The style is good I 

like it. Traditional 

kameez 

P8 

Nettelo 

If I compare with other 

two apps. I am not 

happy with the fitting of 

this app. Not as 

expected. 

My satisfaction level is that the 

garment should be according to 

my size and give a good shape. 

But this is too big so I think not 

according to my satisfaction 

level 

Length is fine. Going 

well 

I like the style. 

Kameez and trouser 

 

 Purchase Intention Future use Post use evaluation 

Q Would you keep this 

garment, or would you 

return it and if so, why? 

Based on your experience of try on 

bespoke garment would you use this 3D 

body scanning technology for buying 

bespoke garments online? 

Any other comments about 

post-use evaluation of 

bespoke garment 

P8 3D 

Look 

I will keep the garment  I think this is a very useful app, as you get 

measurements in limited time. I will 

I found it very easy to use with 

no effort. 
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 Purchase Intention Future use Post use evaluation 

Q Would you keep this 

garment, or would you 

return it and if so, why? 

Based on your experience of try on 

bespoke garment would you use this 3D 

body scanning technology for buying 

bespoke garments online? 

Any other comments about 

post-use evaluation of 

bespoke garment 

definitely use this tech and will 

recommend it my friends as well 

Happy to know about the app 

and use it in future 

P8 Size 

stream 

at home 

Yes, I will keep it I really like the technology. New 

experience for me. I will use body 

scanning technology in future too. Its I 

think the fastest way to receive body 

measurements.  

For this app, I would say the app 

is a bit difficult than the 3D 

Look. I should be easy to use 

only app not so many things like 

stick, mat etc 

P8 

Nettelo 

No, I have fitting issue I am not happy with this app garment 

fitting. But I will use body scanning 

technology for garment customisation. 

Because I used other two apps and they 

have done a good job. 

I think this app should be easy 

to use and also doesn’t provide 

the good fitting. 

Participant 9 

Fit Satisfaction Size satisfaction 

Q1 How do you feel the garment 

fits you? 

Which part of the body do you think 

that the garment does not fit properly? 

Are you satisfied with the 

size? 

P9 3D 

Look 

Little loose and good fitting 

garment 

Little loose and good fitting 

garment (P9) 

I am satisfied with all the parts. It fits well. 

The garment is not too loose. I like the 

fitting. 

Satisfied with the size. 

P9 Size 

stream 

at home 

I like the fitting of garment This is not loose fitted garment. Chest, 

waist and hip are ok. It is giving a good 

shape. I feel that all parts are ok not tight.  

Satisfied with size 

P9 

Nettelo 

Very loose fitted garment I am not satisfied with the garment fit. All 

parts are very loose. 

Not satisfied 

 

 Fit expectation Comparative fit satisfaction Length Style satisfaction 

Q How does this compare to 

your expectations of fit 

through the garment sewing 

process of bespoke garment 

with 3D body scanning 

measurements? 

Are you often satisfied or 

unsatisfied with the fit of 

garments in similar areas to 

this one? 

How do you feel 

about the length? 

How do you feel 

about the style of 

the garment? 

P9 3D 

Look 

I am always looking for the 

easiest way to get things done. 

It has met my expectations. 

After using application and I 

received measurements by 

using an app I was very happy. 

With mobile scanning the 

process is easier and I was 

positive about it that I will 

receive a good fit garment (P9) 

I am happy with the fitting of 

garment using this app. 

During scanning I thought it 

won’t give exact 

measurements. Surprisingly, 

I got a right fit garment (9) 

  

I am happy with 

length 

I wear this style 

normally. It is 

good 

P9 Size 

stream 

at home 

I actually interested in using 

technology for most of my 

things to be done. I like online 

shopping. This is an additional 

I was thinking its wasn’t 

going to do the exact job for 

what It is designed, or I might 

not get the accurate 

It is going with my 

height. Length is ok 

Traditional style. 

Happy to wear it. 
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 Fit expectation Comparative fit satisfaction Length Style satisfaction 

Q How does this compare to 

your expectations of fit 

through the garment sewing 

process of bespoke garment 

with 3D body scanning 

measurements? 

Are you often satisfied or 

unsatisfied with the fit of 

garments in similar areas to 

this one? 

How do you feel 

about the length? 

How do you feel 

about the style of 

the garment? 

online app to find out body 

measurements. I like the fitting 

of garments. It has met 

expectations of right fitted 

garment. 

measurements, but I received 

a good fit garment. I am often 

satisfied with the fitting 

because I think my body has 

normal body shape. I am not 

fat, so I seldom have fitting 

issues. I received a nice, fitted 

garment. 

P9 

Nettelo 

Compare to my fit expectations. 

It doesn’t fit well on me. By 

comparing with other two apps 

this app has less accuracy to 

capture the body 

measurements. 

I think for this app not 

satisfied; it has provided a 

very loose fitted garment. 

Which is not acceptable. 

Length is satisfactory Style is good. 

 

 Purchase Intention Future use Post use evaluation 

Q Would you keep this 

garment, or would you 

return it and if so, why? 

Based on your experience of try on 

bespoke garment would you use this 3D 

body scanning technology for buying 

bespoke garments online? 

Any other comments about 

post-use evaluation of bespoke 

garment 

P9 3D 

Look 

Yes, I will keep it  I will use this app for future use. It is the 

easiest solution to get body measurements 

of each body part 

I think I will use these 

measurements for my 

customised garments. Because 

it gave me good fit garment  

P9 Size 

stream 

at home 

Yes, I will keep the garment For future use I will use the body scanning 

applications because for online shopping. 

Online buyers need this kind of 

technology to get measurements online.  

I think online shopping is 

increasing day by day. This 

body scanning app should be 

added in the shopping apps for 

garment customisation. 

P9 

Nettelo 

No, I think I will not keep this 

garment. Not satisfied with 

fitting 

In future I will use body scanning 

applications if they have accuracy. This 

app is not accurate 

I can’t give more comments on 

this app garment because I don’t 

get right fitted garment. 

Participant 10 

Fit Satisfaction Size satisfaction 

Q How do you feel the garment 

fits you? 

Which part of the body do you think 

that the garment does not fit properly? 

Are you satisfied with the 

size? 

P10 3D 

Look 

Slightly loose fit garment. The 

way I wear 

Slightly loose fit garment. The 

way I wear (P10  

 

I am satisfied with all the body parts, 

slightly loose and have good fitting. 

Because I like to wear a slightly loose-

fitting garment not tight garment, because 

it gives space to move my body easily 

I am satisfied with all the body parts, 

slightly loose and have good fitting. 

Because I like to wear a slightly loose-

fitting garment not tight garment, because 

Yes, I am satisfied 



576 

Fit Satisfaction Size satisfaction 

Q How do you feel the garment 

fits you? 

Which part of the body do you think 

that the garment does not fit properly? 

Are you satisfied with the 

size? 

it gives space to move my body easily 

(P10) 

P10 

Size 

stream 

at home 

I think this has similar fit as 

3dlook. Fits well 

I think is it same as 3Dlook, but I think a 

little looser, but it is regular fit garment not 

too loose. 

Yes, Size is ok 

P10 

Nettelo 

I think it is very loose, doesn’t 

give a good body shape 

I don’t think that any part is in good fitting No, not my size 

 

 Fit expectation Comparative fit satisfaction Length Style 

satisfaction 

Q How does this compare to your 

expectations of fit through the 

garment sewing process of 

bespoke garment with 3D body 

scanning measurements? 

Are you often satisfied or 

unsatisfied with the fit of 

garments in similar areas to 

this one? 

How do you 

feel about the 

length? 

How do you feel 

about the style 

of the garment? 

P10 3D 

Look 

Before using app, I was thinking it 

might not provide exact body 

measurements. But I am happy with 

the garment I received. My 

expectations were a bit confusing 

though. The app is good and easy to 

be used for customisation of 

garment (10) 

When I wear the garment, it fits 

well on all parts. Before trying on 

I was thinking that it might not 

give a perfect fit garment. But it 

really does (10) 

  

Length of 

garment is fine, 

goes with my 

height 

Traditional and 

good style 

P10 

Size 

stream 

at home 

Well, I am not actually expecting a 

right fitted garment with this app 

too. I never used app before. So I 

don’t know how much it is 

accurate. The app has provided a 

right, fitted garment. I am happy 

with the fitting using an 

application. It is also surprising for 

me. But now technology is 

advancing in online shopping. This 

is great that I knew about these 

applications to get body 

measurements. 

I am generally satisfied with the 

fitting because I wear bespoke 

garments. If I wear ready to wear 

than might have some issue 

sometimes with that bust or chest 

fitting. So, I prefer buying 

unstitched clothes for tailoring. 

This has given a right fitted 

garment. I am satisfied with the 

fitting of this application. 

I am happy with 

the length of the 

shirt. 

I received 

traditional 

kameez and 

trouser. 

P10 

Nettelo 

This application did not surprise 

me. I didn’t receive right fitted 

garment. It was also difficult to use 

because it takes a lot of time when 

I was using it. 10-15 min 

I am generally satisfied with the 

fitting of garments. I like wearing 

semi-fitted garments not tight 

ones. But this garment has no 

shape and loose from all areas. I 

will not consider it a good fitted 

garment. 

Length is good  Traditional 

garment. 

(Kameez and 

trousar) 
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 Purchase Intention Future use Post use evaluation 

Q Would you keep this 

garment, or would you 

return it and if so, why? 

Based on your experience of try on 

bespoke garment would you use this 3D 

body scanning technology for buying 

bespoke garments online? 

Any other comments about 

post-use evaluation of bespoke 

garment 

P10 3D 

Look 

I will keep the garment. I am happy to use such kind of app for 

tailormade garment making. It is quite 

useful and easy way to get your body 

measured for the purchase of a garment 

I am going to use this app in 

future. 

 

P10 

Size 

stream 

at home 

I will keep the garment I will use body scanning apps in future 

because I have used this app and now, I am 

familiar with the accuracy of the app. I am 

positive after using it that it will help in 

getting the body measurements. It will 

help in online shopping as well in future. 

These apps are good for online 

shopping. I can get my body 

measurements by only using an 

app. The garments are also in 

good fitting. This technology in 

future will make shopping easy 

and in less time. 

P10 

Nettelo 

No, I will not keep the 

garment. Fitting is not right 

In future, I will use body technology. But 

not this app. The apps Me Three sixty and 

3D Look has given good results.  I didn’t 

find this app easy, and garment doesn’t 

have good fitting. 

The garment fitting was not 

according to my body shape. I 

am not happy with my size and 

app is also not accurate and 

difficult to use. 
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Study 3: Body measurements of Participants used for construction of garments 

P1 

  Size stream at home cm 3D Look cm Nettelo cm 

1 Shoulder Back Shoulder width  38.76 Back Shoulder 

width  

41.91 Shoulder span 40 

2 Bust Chest/Bust 

Circumference 

87.17 Bust girth  87.88 

88 

Bust/Chest 93/93 

3 Nape to waist Half Back Center Tape 

Measure  

35.78 Neck to upper hip 

length  

48.51 

43 

Nape to waist 41.5 

43.5 

4 Neck size Neck circumference 36.94 

37 

Neck size 37  Neck 36 

5 Armscye 

depth 

Arm circumference 40.51 

41/2=20.5 

Armscye depth 21  Armhole 41.80 

21 

6 Waist to hip Low Hip to SOBOPT 

Waist 

24.30 Waist to hip 20.6   Waist to hip 21.05   

7 Back width Across Back tape 

measure 

35.20 Back width 34.4   Back width 35.65  

8 Chest Upper Bust Front 

Length 

32.18 Chest  32.4   Chest 33.9 

34 

9 Dart Dart 6.85 Dart 7  Dart 7.75   

  Waist Circumference 69.72 Waist girth  68.83 Waist 77 

  Hip Circumference  95.52 Hip girth   92.96 Hips 101 

 Length of 

Shirt 

107 cm 

 height 177 cm 

 weight 49 kg 

 Sleeve Size stream at home cm 3D Look cm Nettelo cm 

 Armscye Arm circumference 40.51 Arm circumference 21 Arm 

circumference 

41.80 

 Sleeve Length  Arm Length 58.92 Sleeve Length   58.5 Arm 61 

  Wrist circumference  19.50 wrist 16 Wrist 18 

 

P1 

Shoulder for Size Stream at home Shoulder for 3D Look Shoulder for Nettelo 

Neck size: 37/5 =7.4 -0.2 = 7.2 

Sh: 39/2 = 19.5 

19.5-7.2= 12.3 

Neck size: 37 /5 =7.4-0.2=7.2 

Sh: 42/2= 21 

21-7.2= 13.8 

Neck size: 36/5 =7.2-0.2=7 

Sh: 40/2= 20 

20-7= 13 
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P 2 

  Size stream at home cm 3D Look cm Nettelo cm 

1 Shoulder Back Shoulder width  41.75 

42 

13.20 

Back Shoulder 

width  

42.18  Shoulder 

span 

42 

2 Bust Chest/Bust 

Circumference 

96.39 Bust girth  97.06  Bust/Chest 102 

3 Nape to 

waist 

Half Back Center 

Tape Measure  

39.44 Neck to upper hip 

length  

48.26  

42 

Nape to 

waist 

42.4 

4 Neck size Neck circumference 39.70 

40 

Neck size 39.25  Neck 36 

5 Armscye 

depth 

Arm circumference 46.27  

23.13 

Armscye depth 21.9  Armhole 46 

23 

6 Waist to 

hip 

Low Hip to 

SOBOPT Waist 

22.27  Waist to hip 21.25  Waist to hip 21.65  

7 Back 

width 

Across Back tape 

measure 

38.84  Back width  36.65   Back width 37.9 

8 Chest Upper Bust Front 

Length 

34.06  Chest  35.1  Chest 36.6  

9 Dart Dart 8.2 Dart 8.35   Dart  9.1  

  Waist Circumference 82.06  Waist girth  83.82 Waist 90 

  Hip Circumference  104.67  Hip girth   101.6  Hips 116  

 Length of 

Shirt 

104 cm      

 height 173 cm      

 weight 65 kg      

 Sleeve Size stream at home cm 3D Look cm Nettelo cm 

 Armscye Arm circumference 46.27 Armscye depth 21.9  Armhole 46 

 Sleeve 

Length  

Arm Length 56.94 Sleeve Length 59.62 Arm 64 

  Wrist circumference  15.84 wrist 17.12 Wrist 18 

 

P 2 

Shoulder for Size Stream at home Shoulder for 3D Look Shoulder for Nettelo 

Neck size: 40/5 =8 -0.2 = 7.8 

Sh: 42/2 = 21 

21-7.8= 13.2    

Neck size: 39.25/5 =7.9-0.2=7.7 

Sh: 42.18/2= 21.09 

21-7.7= 13.3 

Neck size: 36/5 =7.2-0.2=7 

Sh: 42/2= 21 

21-7= 14 
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P 3 

  Size stream at 

home 

cm 3D Look cm Nettelo cm 

1 Shoulder Back Shoulder width  40.2 Back Shoulder 

width  

41.67  Shoulder 

span 

41 

2 Bust Chest/Bust 

Circumference 

93.42 Bust girth  94.29  Bust/Chest 103 

3 Nape to 

waist 

Half Back Center 

Tape Measure  

37.89 Neck to upper hip 

length  

50.29 

41.6 

Nape to 

waist 

42.5  

4 Neck size Neck circumference 39.05  Neck size 38.5 Neck 38 

5 Armscye 

depth 

Arm circumference 45.50  

22.75 

Armscye depth 21.6  Armhole 45 

22.50 

6 Waist to hip Low Hip to 

SOBOPT Waist 

25.75  Waist to hip 21  Waist to hip 21.72   

7 Back width Across Back tape 

measure 

35.00  Back width  35.9 Back width 38.15  

8 Chest Upper Bust Front 

Length 

33.45   Chest  34.2   Chest 36.9  

9 Dart Dart 7.75 Dart 8   Dart  9.1  

  Waist 

Circumference 

76.6   Waist girth  77.75  Waist 88 

  Hip Circumference  102.91   Hip girth   100.83  Hips 105  

 Length of 

Shirt 

102      

 height 171 cm      

 weight 65 kg      

 Sleeve Size stream at 

home 

 3D Look  Nettelo  

 Armscye Arm circumference 45.50 Armscye depth 21.6 Armhole 45 

 Sleeve 

Length  

Arm Length 58.52 Sleeve Length 59.25 Arm 56 

  Wrist circumference  17.04  wrist 16.75 Wrist 18  

 

Shoulder for Size Stream at home Shoulder for 3D Look Shoulder for Nettelo 

Neck size: 39.05 /5 =7.81 -0.2 = 7.61 

Sh: 40.2/2 = 20.1 

20.1-7.61= 12.49   

Neck size: 38.5/5 =7.7-0.2=7.5 

Sh: 41.67 /2= 20.8 

20.8-7.5= 13.3 

Neck size: 38/5 =7.6-0.2=7.4 

Sh: 41/2= 20.5 

20.5-7.4= 13.1 
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P 4 

  Size stream at home cm 3D Look cm Nettelo cm 

1 Shoulder Back Shoulder width  43.02 Back Shoulder 

width  

43.43 Shoulder 

span 

46 

2 Bust Chest/Bust 

Circumference 

95.40 Bust girth  96.23 Bust/Chest 113 

3 Nape to 

waist 

Half Back Center 

Tape Measure  

41.37 Neck to upper hip 

length  

47.75 

41.8 

Nape to 

waist 

43.2  

4 Neck size Neck circumference 38.98 

39 

Neck size 39  Neck 42 

5 Armscye 

depth 

Arm circumference 47.28 

23.64 

Armscye depth 21.8  Armhole 48 

24 

6 Waist to 

hip 

Low Hip to 

SOBOPT Waist 

24.33 Waist to hip 21.2  Waist to hip 22.25   

7 Back 

width 

Across Back tape 

measure 

35.39 Back width  36.4  Back width 40.5 

8 Chest Upper Bust Front 

Length 

33.09  Chest  34.8  Chest 39.9 

9 Dart Dart 8.05 Dart 8.2   Dart  10.3   

  Waist Circumference 93.94 Waist girth  95.5  Waist 102 

  Hip Circumference  103.7   Hip girth   102.1 Hips 116 

 Length of 

Shirt 

100 cm      

 height 163 cm      

 weight 79 kg      

 Sleeve Size stream at home  3D Look  Nettelo  

 Armscye Arm circumference 47.28  Armscye depth 21.8  Armhole 48  

 Sleeve 

Length  

Arm Length 50.87 Sleeve Length 59.5 Arm 55 

  Wrist circumference  18.36 wrist 17 Wrist 19 

 

Shoulder for Size Stream at home Shoulder for 3D Look Shoulder for Nettelo 

Neck size: 39/5 =7.8 -0.2 = 7.6 

Sh: 43.02/2 = 21.51 

21.51-7.6= 13.91    

Neck size: 39/5 =7.8-0.2=7.6 

Sh: 43.43/2= 21.71 

21.71-7.6= 14.11 

Neck size: 42/5 =8.4-0.2=8.2 

Sh: 46/2= 23 

23-8.2= 14.8 
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P 5 

  Size stream at home cm 3D Look cm Nettelo cm 

1 Shoulder Back Shoulder width  43.8 Back Shoulder 

width  

44.45 Shoulder 

span 

46 

2 Bust Chest/Bust 

Circumference 

102.66 Bust girth  103.99 Bust/Chest 113 

3 Nape to 

waist 

Half Back Center 

Tape Measure  

40.18 Neck to upper hip 

length  

48.51 

42.6 

Nape to 

waist 

43.2  

4 Neck size Neck circumference 40.23 Neck size 41  Neck 41 

5 Armscye 

depth 

Arm circumference 46.70 

23.35 

Armscye depth 22.6  Armhole 47 

23.50 

6 Waist to 

hip 

Low Hip to 

SOBOPT Waist 

27.15  Waist to hip 21.8  Waist to hip 22.25   

7 Back 

width 

Across Back tape 

measure 

41.52  Back width  38.4  Back width 40.5 

8 Chest Upper Bust Front 

Length 

39.67  Chest  37.2  Chest 39.9 

9 Dart Dart 9.1 Dart 9.4  Dart  10.3   

  Waist Circumference 97.33 Waist girth  96.77 Waist 105  

  Hip Circumference  108.06  Hip girth   106.68  Hips 128  

 Length of 

Shirt 

100 cm      

 height 163 cm      

 weight 75 kg      

 Sleeve Size stream at home  3D Look  Nettelo  

 Armscye Arm circumference 46.70 Armscye depth 22.6 Armhole 47  

 Sleeve 

Length  

Arm Length  45.46 Sleeve Length 60.18 Arm 59 

  Wrist circumference  19.45 wrist 18 Wrist 18 

 

Shoulder for Size Stream at home Shoulder for 3D Look Shoulder for Nettelo 

Neck size: 40.23/5 =8.04 -0.2 = 7.8 

Sh: 43.8/2 = 21.9 

22-7.8= 14.2   

Neck size: 41/5 =8.2-0.2=8 

Sh: 44.45/2= 22.22 

22.22-8= 14.22 

Neck size: 41/5 =8.2-0.2=8 

Sh: 46/2= 23 

23-8= 15 
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P 6 

  Size stream at home cm 3D Look cm Nettelo cm 

1 Shoulder Back Shoulder width  41.55 Back Shoulder 

width  

41.14 Shoulder 

span 

39 

2 Bust Chest/Bust 

Circumference 

84.6 Bust girth  85.4 Bust/Chest 96 

3 Nape to 

waist 

Half Back Center 

Tape Measure  

38.22 Neck to upper hip 

length  

47.49  

40.7 

Nape to 

waist 

41.8  

4 Neck size Neck circumference 35.22  Neck size 36.25  Neck 40 

5 Armscye 

depth 

Arm circumference 43.74  

21.87 

Armscye depth 20.7 Armhole 40 

20 

6 Waist to 

hip 

Low Hip to 

SOBOPT Waist 

25.47   Waist to hip 20.37 Waist to hip 21.2  

7 Back 

width 

Across Back tape 

measure 

34.29 Back width  33.65 Back width  36.4  

8 Chest Upper Bust Front 

Length 

32.48  Chest  31.5 Chest 34.8  

9 Dart Dart 6.4  Dart 6.55 Dart 8.2  

  Waist Circumference 69.79  Waist girth  71.37  Waist 79 

  Hip Circumference  93.57   Hip girth   96.26  Hips 108  

 Length of 

Shirt 

100 cm      

 height 163 cm      

 weight 64 kg      

 Sleeve Size stream at home  3D Look  Nettelo  

 Armscye Arm circumference 45.74  Armscye depth 20.7 Armhole 40 

 Sleeve 

Length  

Arm Length  49.55  Sleeve Length 58.12 Arm 57 

  Wrist circumference  13.89  wrist 15.62 Wrist 17  

 

Shoulder for Size Stream at home Shoulder for 3D Look Shoulder for Nettelo 

Neck size: 35.22 /5 =7.04 -0.2 = 6.84 

Sh: 41.55/2 = 20.77 

20.77-6.84= 13.93  

Neck size: 36.25 /5 =7.25-0.2=7.05 

Sh: 41.14/2= 20.57 

20.57-7.05= 13.52 

Neck size: 40/5 =8-0.2=7.8 

Sh: 39/2= 19.5 

19.5-7.8= 11.7 
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P 7 

  Size stream at home cm 3D Look cm Nettelo cm 

1 Shoulder Back Shoulder width  40.39 Back Shoulder 

width  

40.13 Shoulder 

span 

38 

2 Bust Chest/Bust 

Circumference 

85.26 Bust girth  83.31  Bust/Chest 90 

3 Nape to 

waist 

Half Back Center 

Tape Measure  

39.49  Neck to upper hip 

length  

47.49  

40.3 

Nape to 

waist 

41.2 

4 Neck size Neck circumference 38.20  Neck size 37.75 Neck 40 

5 Armscye 

depth 

Arm circumference 42.45  

21.22  

Armscye depth 20.5 Armhole 41 

20.5 

6 Waist to 

hip 

Low Hip to 

SOBOPT Waist 

24.28    Waist to hip 20.22 Waist to hip 20.75  

7 Back 

width 

Across Back tape 

measure 

35.61  Back width  33.15 Back width 34.9 

8 Chest Upper Bust Front 

Length 

30.48  Chest  31.9 Chest 33 

9 Dart Dart 6.55 Dart 6.25 Dart 7.3 

  Waist Circumference 67.39  Waist girth  66.29  Waist 77 

  Hip Circumference  90.38   Hip girth   88.64  Hips 102 

 Length of 

Shirt 

98 cm      

 height 161 cm      

 weight 49 kg      

 Sleeve Size stream at home  3D Look  Nettelo  

 Armscye Arm circumference 42.45   Armscye depth 20.5  Armhole 41  

 Sleeve 

Length  

Arm Length  51.33 Sleeve Length 57.87 Arm 57 

  Wrist circumference  13.89  Wrist 15.37 Wrist 17  

 

Shoulder for Size Stream at home Shoulder for 3D Look Shoulder for Nettelo 

Neck size: 38.20 /5 =7.64-0.2 = 7.44 

Sh: 40.39/2 = 20.19 

20.19-7.44= 12.75  

Neck size: 37.75/5 =7.55-0.2=7.35 

Sh: 40.13/2= 20.06 

20.06-7.35= 12.71 

Neck size: 40/5 =8-0.2=7.8 

Sh: 38/2= 19 

19-7.8= 11.2 
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P 8 

  Size stream at 

home 

cm 3D Look cm Nettelo cm 

1 Shoulder Back Shoulder width  42.26 Back Shoulder 

width  

41.91 Shoulder 

span 

39 

2 Bust Chest/Bust 

Circumference 

93.76 Bust girth  92.96   Bust/Chest 100.3 

3 Nape to 

waist 

Half Back Center 

Tape Measure  

42.18  Neck to upper hip 

length  

47.49  

41.5 

Nape to 

waist 

42.2 

4 Neck size Neck circumference 39.26   Neck size 38.25 Neck 42 

5 Armscye 

depth 

Arm circumference 43.43 

21.71    

Armscye depth 21.5 Armhole 47 

23.5 

6 Waist to hip Low Hip to 

SOBOPT Waist 

21.99     Waist to hip 21 Waist to hip 21.5  

7 Back width Across Back tape 

measure 

37.11   Back width 35.65 Back width 37.4  

8 Chest Upper Bust Front 

Length 

34.23   Chest  33.9 Chest 36  

  Across Chest Arm to 

Arm  

33.29      

9 Dart Dart 7.9 Dart 7.75 Dart  8.8  

  Waist 

Circumference 

76.48  Waist girth  75.94 Waist 82 

  Hip Circumference  100.63  Hip girth   98.29   Hips 104 

 Length of 

Shirt 

100 cm      

 height 165cm      

 weight 59kg      

 Sleeve Size stream at 

home 

 3D Look  Nettelo  

 Armscye Arm circumference 45.43    Armscye depth 21.5  Armhole 47  

 Sleeve 

Length  

Arm Length  59.15 Sleeve Length 59.12 Arm 58 

  Wrist circumference  22.17  wrist 16.62 Wrist 17  

 

Shoulder for Size Stream at home Shoulder for 3D Look Shoulder for Nettelo 

Neck size: 38.20 /5 =7.64 -0.2 = 7.44 

Sh: 40.39/2 = 20.19 

20.19-7.44= 12.75 

Neck size: 37.75/5 =7.55-0.2=7.35 

Sh: 40.13/2= 20.06 

20.06-7.35= 12.71 

Neck size: 40/5 =8-0.2=7.8 

Sh: 38/2= 19 

19-7.8= 11.2 
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P 9 

  Size stream at home cm 3D Look cm Nettelo cm 

1 Shoulder Back Shoulder width  40.32 Back Shoulder 

width  

41.16 Shoulder 

span 

42 

2 Bust Chest/Bust 

Circumference 

85.32 Bust girth  87.37   Bust/Chest 93 

3 Nape to 

waist 

Half Back Center 

Tape Measure  

37.66  Neck to upper hip 

length  

46.73  

40.9 

Nape to 

waist 

41.5 

4 Neck size Neck circumference 35.25   Neck size 36.75 Neck 41 

5 Armscye 

depth 

Arm circumference 42.46    

21.23  

Armscye depth 20.9 Armhole 43 

21.5 

6 Waist to 

hip 

Low Hip to 

SOBOPT Waist 

24.94      Waist to hip 20.52 Waist to hip 20.97 

7 Back 

width 

Across Back tape 

measure 

36.44    Back width 34.15 Back width 35.65 

8 Chest Upper Bust Front 

Length 

33.32   Chest  32.1 Chest 33.9 

9 Dart Dart 6.55 Dart 6.85 Dart 7.75 

  Waist Circumference 70.76 Waist girth  71.37  Waist 79 

  Hip Circumference  92.58  Hip girth   89.91   Hips 98  

 Length of 

Shirt 

100 cm      

 height 165 cm      

 weight 49 kg      

 Sleeve Size stream at home  3D Look  Nettelo  

 Armscye Arm circumference 42.46     Armscye depth 20.9 Armhole 43 

 Sleeve 

Length  

Arm Length  54.73 Sleeve Length 58.37 Arm 59  

  Wrist circumference  20.09 wrist 15.87 Wrist 18 

 

Shoulder for Size Stream at home Shoulder for 3D Look Shoulder for Nettelo 

Neck size: 35.25 /5 =7.05 -0.2 = 6.85 

Sh: 40.32/2 = 20.16 

20.16-6.85= 13.31  

Neck size: 36.75/5 =7.35-0.2=7.15 

Sh: 41.16/2= 20.58 

20.58-7.15= 13.43 

Neck size: 41/5 =8.2-0.2=8 

Sh: 42/2= 21 

21-8= 13 
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P 10 

  Size stream at home cm 3D Look cm Nettelo cm 

1 Shoulder Back Shoulder width  42.73 Back Shoulder 

width  

42.16 Shoulder span 41 

2 Bust Chest/Bust 

Circumference 

91.16 Bust girth  90.12   Bust/Chest 94 

3 Nape to 

waist 

Half Back Center 

Tape Measure  

39.8  Neck to upper 

hip length  

47.75  

41.2 

Nape to waist 41.6  

4 Neck size Neck circumference 38.50   Neck size 37.5 Neck 38 

5 Armscye 

depth 

Arm circumference 44.39     

22.19 

Armscye depth 21.2 Armhole 45 

22.5 

6 Waist to 

hip 

Low Hip to 

SOBOPT Waist 

18.61     Waist to hip 20.75 Waist to hip 21.05 

7 Back 

width 

Across Back tape 

measure 

35.61   Back width 34.9 Back width 35.9 

8 Chest Upper Bust Front 

Length 

34.59  Chest  33 Chest 34.2 

9 Dart Dart 7.45 Dart 7.3 Dart 7.9 

  Waist Circumference 71.74 Waist girth  70.86  Waist 75 

  Hip Circumference  92.93  Hip girth   92.96   Hips 101  

 Length of 

Shirt 

100 cm      

 height 165 cm      

 weight 48 kg      

 Sleeve Size stream at home  3D Look  Nettelo  

 Armscye Arm circumference 44.39     Armscye depth 21.2 Armhole 45  

 Sleeve 

Length  

Arm Length  59.69  Sleeve Length 58.75 Arm 58 

  Wrist circumference  19.25  Wrist 16.25 Wrist 17  

 

Shoulder for Size Stream at home Shoulder for 3D Look Shoulder for Nettelo 

Neck size: 38.50 /5 =7.7-0.2 = 7.5 

Sh: 42.73/2 = 21.36 

21.36-7.5= 13.86 

Neck size: 37.5/5 =7.5-0.2=7.3 

Sh: 42.16/2= 21.08 

21.08-7.3= 13.78 

Neck size: 38/5 =7.6-0.2=7.4 

Sh: 41/2= 20.5 

20.5-7.4= 13.1 
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Study 3: Difference of armhole and Scye depth measurements MeThreeSixty 

MeThreeSixty 

Participants Scye Depth Armhole circumference 

1 18.72 19.6 

2 19.99 22.59 

3 21.85 24.85 

4 20.13 21.26 

5 17.58 18.81 

6 16.87 18.1 

7 18.17 19.29 

8 18.03 18.56 

9 18.11 19.6 

10 19.28 20.75 

11 17.93 18.8 

12 17.15 19.85 

13 15.78 17.58 

14 17.77 19.01 

15 20.82 22.71 

16 18.46 19.18 

17 18.32 19.65 

18 17.4 18.51 

19 20.26 22.60 

20 18.65 22.45 

 

Study 3: Difference of armhole and Scye depth measurements MeThreeSixty 

Size stream SS20 

Participants ScyeDepth Armhole circumference 

1 25.31 22.19 

2 24.13 24.12 

3 23.73 26.795 

4 20.15 22.575 

5 18.97 20.29 

6 17 20.605 

7 16.99 19.89 

8 18.93 19.23 
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Size stream SS20 

Participants ScyeDepth Armhole circumference 

9 19.41 22.96 

10 23.22 22.99 

11 19.9 24.03 

12 23.3 21.98 

13 15.58 18.835 

14 17.76 19.19 

15 18.63 20.37 

16 18.35 22.17 

17 15.33 18.075 

18 21.46 23.59 

19 21.52 26.315 

20 23.41 29.69 
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Study 3: Body measurements received from Size stream at Home, Nettelo and 3Dlook mobile 

application (comparative analysis) 

Shoulder width measurements Comparison  

 Nettelo Size Stream at Home 
3D 

Look 

Nettelo/ Size stream at 

Home Difference 

Nettelo/3DLook 

Difference 

Size stream at Home/3DLook 

Difference  

P1 40 38.76 41.91 1.24 1.91 3.15 

P2 42 41.75 42.18 0.25 0.18 0.43 

P3 41 40.2 41.67 0.8 0.67 1.47 

P4 46 43.02 43.43 2.98 2.57 0.41 

P5 46 43.8 44.45 2.2 1.55 0.65 

P6 39 41.55 41.14 2.55 2.14 0.41 

P7 38 40.39 40.13 2.39 2.13 0.26 

P8 39 42.26 41.91 3.26 2.91 0.35 

P9 42 40.32 41.16 1.68 0.84 0.84 

P10 41 42.73 42.16 1.73 1.16 0.57 

Allowable error = 0.8 cm  

 

Bust measurements Comparison 

 Nettelo Size Stream at Home 3D Look 
Nettelo/ Size stream at 

Home Difference 

Nettelo/3DLook 

Difference 

Size stream at Home/3DLook 

Difference 

P1 93 87.17 87.88 5.83 5.12 0.71 

P2 102 96.39 97.06 5.61 4.94 0.67 

P3 103 93.42 94.29 9.58 8.71 0.87 

P4 113 95.4 96.23 17.6 16.77 0.83 

P5 113 102.66 103.99 10.34 9.01 1.33 

P6 96 84.6 85.4 11.4 10.6 0.8 

P7 90 85.26 83.31 4.75 6.69 1.95 

P8 100.3 93.76 92.96 6.54 7.34 0.8 

P9 93 85.32 87.37 7.68 5.63 2.05 

P10 94 91.16 90.12 2.84 3.88 1.04 

Allowable error = 1.5 cm  
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Waist measurements Comparison 

 Nettelo 
Size Stream at 

Home 
3D Look 

Nettelo/ Size 

stream at Home 

Difference 

Nettelo/3DLook 

Difference 

Size stream at Home/3DLook 

Difference  

P1 77 69.72 68.83 7.28 8.17 0.89 

P2 90 82.06 83.82 7.94 6.18 1.76 

P3 88 76.6 77.75 11.4 10.25 1.15 

P4 102 93.94 95.5 8.06 6.5 1.56 

P5 105 97.33 96.77 7.67 8.23 0.56 

P6 79 69.79 71.37  9.21 7.63 1.58 

P7 77 67.39 66.29 9.61 10.71 1.1 

P8 82 76.48 75.94 5.52 6.06 0.54 

P9 79 70.76 71.37  8.24 7.63 0.61 

P10 75 71.74 70.86 3.26 4.14 0.88 

Allowable error = 1.1 cm  

 

Hip measurements Comparison  

 Nettelo Size Stream at Home 3D Look 
Nettelo/ Size stream at 

Home Difference 

Nettelo/3DLook 

Difference 

Size stream at Home/3DLook 

Difference  

P1 101 95.52 92.96 5.48 8.04 2.56 

P2 116 104.67 101.6 11.33 14.4 3.07 

P3 105 102.91 100.83 2.09 4.17 2.08 

P4 116 103.7 102.1 12.3 13.9 1.6 

P5 128 108.06 106.68 19.94 21.32 1.38 

P6 108 93.57 96.26 14.43 11.74 2.69 

P7 102 90.38 88.64 11.62 13.36 1.74 

P8 104 100.63 98.29 3.37 5.71 2.34 

P9 98 92.58 89.91 5.42 8.09 2.67 

P10 101 92.93 92.96 8.07 8.04 0.03 

Allowable error = 1.2 cm  
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Inseam/ Inside leg length  

Participants Nettelo (Inseam)  3D Look (Inside leg length) Difference  

1 80 73.66 6.34 cm  

2 78 66.04 11.96 cm 

3 81 65.78 15.22 cm 

4 75 65.53 9.47 cm 

5 72 64 8 cm 

6 73 64 9 cm 

7 70 63.24 6.76 cm 

8 77 64.51 12.49 cm 

9 79 67.56 11.44 cm 

10  79 67.31 11.69 cm 

Allowable error = 1.0  

 

Biceps/ Right Bicep  

Participants Nettelo (Biceps)  Size stream at Home (Right Bicep) Difference  

1 28 28.95 0.95 cm 

2 30 30.98 0.98 cm  

3 30 28.95 1.05 cm  

4 32 29.08 2.92 cm  

5 32 29.69 2.31 cm  

6 28 29.81 1.81 cm  

7 27 26.61 0.39 cm  

8 28 34.69 6.69 cm  

9 27 26.46 0.54 cm  

10  28 26.67 1.33 cm  

Allowable error: 0.8 
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Thigh / Right Thigh  

Participants Nettelo (Thigh)   Size stream at Home (Right Thigh) Difference  

1 56 56.13 0.13 cm  

2 71 59.94 11.06 cm  

3 66 59.69 6.31 cm  

4 72 57.65 14.35 cm 

5 81 60.96 20.04 cm  

6 67 57.40 9.6 cm  

7 61 55.88 5.12 cm  

8 60 68.83 8.83 cm  

9 57 50.29 6.71 cm  

10  61 50.29 10.71 cm   

Allowable error: 1.0 

 

Calf / Right Calf  

Participants Nettelo (Calf)   Size stream at Home (Right Calf)  Difference  

1 34 32.05 1.95 cm  

2 38 37.59 0.41 cm  

3 36 36.57 0.57 cm  

4 38 36.83 1.17 cm  

5 38 37.59 0.41 cm  

6 37 36.83 0.17 cm  

7 31 36.06 5.06 cm  

8 33 34.79 1.79 cm  

9 30 32 2 cm  

10  30  32.25 2.25 cm  

Allowable error: 0.6 

  

 


