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Abstrak 

Realiti Luasan Mudah alih (MAR) telah matang dengan ketara sepanjang dekad yang 
lalu sejak kelahiran sistem multimedia. Ia telah berkembang dari idea konseptual 
pengalaman realiti luasan kepada aplikasi praktikal sebenar yang digunakan pada 
telefon pintar. Para penyelidik (MAR) telah memutuskan untuk menggunakan konsep 
keterlibatan dalam merancang aplikasi MAR bagi menarik minat pengunjung muzium 
dan memastikan persekitaran pembelajaran yang lebih berkesan. Walau 
bagaimanapun, kebanyakan aplikasi MAR ini disesuaikan dengan pelawat 
pendengaran biasa manakala pelawat yang cacat pendengaran (HI) kurang disokong. 
Ini menjadikan pengunjung HI mengalami pengalaman yang tidak menyenangkan dan 
akhirnya tidak berpuas hati dengan lawatan mereka ke muzium. Kajian terhadap 
model konseptual bagi MAR untuk keterlibatan pelawat muzium HI juga adalah 
kurang. Oleh itu, kajian ini mencadangkan model konseptual bagi MAR untuk 
keterlibatan muzium bagi HI (MARHIME) dan akhirnya meningkatkan keterlibatan 
mereka semasa lawatan ke muzium. Bagi mencapai matlamat kajian ini, metodologi 
penyelidikan sains reka bentuk telah disesuaikan. Kajian ini menentukan unsur-unsur 
keterlibatan melalui kajian pakar, yang digunakan untuk mereka bentuk model 
konseptual untuk MARHIME. Di samping itu, prototaip MAR dibangunkan 
berdasarkan kepada model konseptual dan seni bina MARHIME. Prototaip 
MARHIME merangkumi model tiga dimensi, video, teks, dan imej untuk 
menyampaikan maklumat penting mengenai artefak kepada pengunjung muzium HI. 
Selain itu, aplikasi MARHIME hanya berfungsi di muzium dengan mengimbas 
persekitaran muzium kerana HI boleh menggunakan MAR sebagai panduan isyarat 
visual untuk menangkap isyarat aural yang hilang semasa lawatan mereka ke muzium. 
Kajian ini melibatkan 73 pengunjung museum HI sebagai peserta untuk menilai 
prototaip MARHIME mengenai pengalaman keterlibatan mereka. Dari hasil 
penilaian, didapati bahawa prototaip MARHIME dapat memberi keterlibatan kepada 
pelawat HI semasa lawatan mereka ke muzium. Oleh itu, kajian ini telah 
menentusahkan satu model konseptual keterlibatan dengan MAR bagi pelawat 
muzium HI. Model konsep MARHIME juga menyediakan garis panduan untuk 
membangunkan aplikasi realiti luasan mudah alih terutamanya untuk pengunjung 
muzium HI. Kajian ini menyumbang kepada keterlibatan pengunjung HI semasa 
lawatan ke muzium bagi memastikan keterangkuman orang kurang upaya dalam reka 
bentuk MAR.  
 
 
Kata Kunci: Realiti luasan mudah alih, Keterlibatan, Cacat pendengaran, Pengunjung 
muzium. 
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Abstract 

Mobile Augmented Reality (MAR) has matured significantly over the past decades 
since the birth of multimedia system. It has evolved from the conceptual idea of 
augmented reality experience to its actual practical applications in use on 
smartphones. Researchers in MAR have resolved to employ the concept of 
engagement in designing MAR applications to attract museum visitors’ interest and 
ensure a more effective learning environment. However, most of these MAR 
applications are tailored to normal hearing visitors while the hearing-impaired (HI) 
visitors are less supported. This makes HI visitors to go through unpalatable 
experiences and eventually become dissatisfied with their visit to the museum. Also, 
there is lack of studies on the conceptual model of MAR for engaging the HI museum 
visitors. Therefore, this study proposes a conceptual model of MAR for the HI 
museum engagement (MARHIME) and eventually enhances their engagement during 
their museum visits. In achieving the aim of this study, design science research 
methodology was adapted. This study has determined engagement elements through 
expert review which were used to design the conceptual model of MARHIME. In 
addition, an MAR prototype was developed based on the MARHIME conceptual 
model and its architecture. The MARHIME prototype includes three-dimensional 
models, video, text, and images to deliver salient information of important artefacts to 
HI museum visitors. Moreover, the MARHIME application may only function in the 
museum by scanning the museum environment because the HI can use MAR as a 
visual signal guide in order to catch missing aural signals during their visit to the 
museums. The study involved 73 HI museum visitors as participants in order to 
evaluate the MARHIME prototype on their engagement experience. From the results 
of the evaluation, it was found that the MARHIME prototype was able to engage the 
HI visitors during their visit to the museum. Therefore, this study has validated a 
conceptual model on MAR for engaging the HI museum visitors. This conceptual 
model of MARHIME can be used as guidelines for researchers in understanding the 
elements of MAR in engaging the HI museum visitors and for developers in assisting 
the process of designing and developing MAR application for the HI museum visitors. 
This study contributes to the engagement of HI people during their museum visits to 
ensure the inclusiveness of disabled people in the MAR design. 
 
 
Keywords: Mobile augmented reality, Engagement, Hearing Impaired Museum 
Visitors. 
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1 

CHAPTER ONE 

INTRODUCTION 

1.1 Overview  

Augmented reality (AR) is a multimedia system which involves the introduction of 

virtual objects into the real environment in order to obtain an augmented environment. 

This augmented environment is the direct superimposition of physical objects and 

computer-reproduced objects. The knowledge of AR systems is influencing human-

computer interaction with today’s proliferation of Mobile Augmented Reality (MAR) 

applications, and the provision of social support within many domains ranging from 

health care to tourism. MAR applications benefits include mobility, handy, 

wearability, environment-awareness, multi-modal, flexible usage, visual alerts and 

reminders which have been influencing social interaction positively (Olsson, 

Lagerstam, Kärkkäinen & Väänänen-Vainio-Mattila, 2013). Despite the fact that 

MAR applications have enormous benefits to human beings, both socially and 

industrially, however, there are still few technical limitations of these applications 

such as outdoor and portability use, depth perception, tracking and calibration, user 

experience, overload, and over-reliance (Van Krevelen & Poelman, 2010). Out of 

these limitations, many studies have focused on the user experience because it is 

believed to promote MAR social acceptance. This has made researchers such as Ali, 

Koleva, Bedwell, and Benford, (2018); Lindgren, Tscholl, Wang and Johnson (2016); 

Ibáñez, Di Serio and Villarán (2014); Di Serio, Ibáñez and Kloos (2013); Dede (2009) 

to investigate on ways to increase user engagement and learning in MAR. 

Engagement depicts the act of raising users’ attract and interest in a pleasing manner 

in order to get their attention to performing activities at the museums (Di Serio et al., 

2013). Nevertheless, there is still lack of study that explores MAR user engagement 
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among the Hearing-Impaired (HI) people, especially among HI museum visitors and 

tourists. It is unfortunate that the HI visitors are having huge difficulties not only with 

accessibility issues within the museum but also with engagement experience (Goss, 

Kollmann, Reich, & Iacovelli, 2015). Likewise, little is known about how people with 

HI can have an engaging experience within museums. It is found there is lack of 

studies focuses on engagement for HI people particularly during museum visits. 

Hence, this study aims to contribute a conceptual model of engagement with MAR for 

HI visitors in museums.  

1.2 Museum Visit MAR and HI People 

Previously, many studies have explored augmented reality (AR) such as He, Wu, and 

Li (2018); Tscheu and Buhalis (2016); Fiore, Mainetti, Manco and Marra (2014); 

Haugstvedt and Krogstie (2012). AR is a concept that supplements the real-world 

environment with computer-generated elements which create a live direct or indirect 

environment (Wu, Lee, Chang, & Liang, 2013). This environment is based on an idea 

known as mediated reality which makes use of graphics, sound, GPS and video. The 

concept has been used similarly in various domains such as advertising (Löchtefeld, 

Böhmer, Daiber, & Gehring, 2013), education (Wu et al., 2013), engineering (Côté, 

Trudel, Desbiens, Giguère, & Snyder, 2013), edutainment (Shuo, Kim, Choi, & Kim, 

2015), industrial manufacturing (Nee, Ong, Chryssolouris, & Mourtzis, 2012) and 

medicine (Lee et al., 2013). These domain applications have produced supportive aids 

technologies and devices which enhance users’ reality perceptive in order to make life 

better for them. In the nutshell, AR reproduces a real-world scenario with a simulated 

environment, conventionally real-time and semantic context.   
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Likewise, the concept has been implemented in many studies to provide support for 

disabled people as seen in the work of McMahon, Cihak and Wright (2015); Lin and 

Chang (2015); Lin et al. (2015); Tang et al. (2015); Colpani, Homem and Rodrigo 

(2015); Stuart, Christensen, Chen, Kim and Chen (2013). However, most of these 

studies focus on physical activities only. Also, none of these studies specifically 

explore AR as a support or guide in museums for HI people. Furthermore, it has been 

advocated that there is a need for AR content to replace and remedy the absent senses 

for some disabled individuals (Alkhamisi & Monowar, 2013). It is pointed out that 

MAR can be used to support disabled individuals as an alternative instrument to their 

senses. For instance, HI people can use MAR to enhance their visual abilities. On the 

other hand, the HI can use MAR as visual signals guide in order to catch missing 

aural signals during their visit to the museums (Carmigniani & Furht, 2011). In 

addition, it has been discovered in the literature that most museum MAR applications 

are not designed to support HI visitors (McLean, 2015; Harmon, Waelde, & Whatley, 

2014; Pearn, Buhalis, & Darcy, 2011). Hence, this study aims to construct a 

conceptual model of engagement with MAR for HI people during their visits to the 

museums.   

1.3 Problem Statement  

There are many studies in the vast literature that investigated a conceptual model of 

users’ engagement within technology domains such as E-Shopping, News Online 

(O'Brien and Toms, 2008); (O'Brien & Toms, 2010); (O’Brien, 2017), Multimedia 

(Webster & Ho, 1997), Games (Wiebe et al., 2014); (Permadi & Rafi, 2015); 

(Rutledge & Neal, 2012), but all these studied the usage by normal hearing people. 

There is a growing interest among MAR researchers to enhance museum visitors’ 
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experiences in learning, engagement, enjoyment and personalized manners. This can 

be seen in previous studies of interactive museum MAR applications such as Jiang et 

al. (2017); Scarles, Casey and Treharne (2016); Pérez-Sanagustín, Parra, Verdugo, 

García-Galleguillos, and Nussbaum (2016); Chang et al. (2014); Wakkary et al. 

(2009); Roes, Stash, Wang, and Aroyo (2009); Szymanski et al. (2008). These 

aforementioned studies have indicated that museum MAR applications are capable of 

providing the needed support for visitor-driven guidance in order to access the 

museum in a learnable fashion. However, Chang et al. (2015); Pollalis, Fahnbulleh, 

Tynes, & Shaer, (2017); Pollalis et al. (2018) mentioned that most of the existing 

museum MAR applications were unable to adequately engage users. The issue of user 

engagement is an important concept in museum visits because engagement enhances 

user enjoyment, learning and acceptance (Hatala & Wakkary, 2005); (Bell, 2002); 

(Pollalis et al., 2018). There is lack of studies for HI in the museum especially using 

MAR, therefore, this study determines of engagement for HI at the museum. 

In addition, most of the existing MAR applications are tailored for the usage of 

normal hearing people. These include Intrigue at the museum by Xhembulla, Rubino, 

Barberis and Malnati (2014); Domus by van der Vaart and Ray (2014); ARtLens by 

Pollalis et al. (2018) and ARtSENSE by Damala et al. (2012), whereas there are 

limited studies that explore HI user engagement within the vast literature. Thus, it is 

imperative to design MAR applications that may engage the HI people during their 

visit to the museums. This is because most of the HI visitors do not experience 

engagement at the museums due to the improper medium of information 

dissemination (Zajadacz & Szmal, 2017; Chikuta, Kabote, & Chikanya, 2017; 

Cranmer, Jung, Dieck, & Miller, 2016). The HI usually have the problem of 

comprehension at the museums due to their lack of audio senses which give them 
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unpalatable experiences (Chikuta et al., 2017; Lovelock, 2015; Vila, Darcy, & 

González, 2015).  

Although few studies in the literature explored issues with museum HI visitors such 

as Jankowska et al. (2017); Zajadacz and Szmal (2017); McLean (2015); Pearn, 

Buhalis and Darcy (2011); Goodall (2006); Goodall, Pottinger, Dixon, and Russell 

(2004), many of these previous studies did not provide a supportive solution that can 

enhance the HI users’ engaging experience in the museums. Most of these studies 

majorly focus on accessibility issues such as supports in terms of infrastructure inside 

the buildings, and movement accessibility in and around the sites. There is a need to 

explore MAR as a supportive and assistive platform that can engage HI visitors’ 

during their visits to the museums in order to ensure a proper learning environment 

for all visitors (Chikuta et al., 2017; Angkananon, Wald, & Gilbert, 2016; Betsworth, 

Bowen, Robinson, & Jones, 2014). Also, these studies lack engagement elements that 

specifically support HI during their visit to the museums.  

Therefore, there is a need to identify engagement elements to support HI visitors. This 

study identifies the engagement elements which are subsequently used to propose a 

conceptual model of engagement with MAR for HI museum visitors. These 

engagement elements would create AR supported aids and devices which will remedy 

the absence of hearing senses in HI individuals. Likewise, these elements may also 

enhance the MAR which will improve HI user experience during their visits to the 

museums. 
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1.4 Research Questions 

From the above-discussed problem statement, the following questions will be used to 

guide this study:  

i. What are the elements of MAR for engaging the HI museum visitors?  

ii. How to develop the conceptual model of MAR for engaging the HI museum 

visitors based on the identified elements? 

iii. How to validate the conceptual model of MAR for engaging the HI museum 

visitors through expert review and prototyping? 

1.5 Research Objective 

The main aim of this study is to propose a conceptual model of engagement with 

MAR for HI museum visitors. The main aim is subdivided into three objectives as 

follows:  

i. To identify the elements of MAR for engaging the HI museum visitors. 

ii. To develop a conceptual model of MAR for engaging the HI museum visitors 

based on the identified elements. 

iii. To validate the conceptual model of MAR for engaging the HI museum 

visitors through expert review and prototyping. 

1.6 Scope of Study 

The domain of this study focuses on the construction of a conceptual model of MAR 

for engaging HI museum visitors. The conceptual model was constructed based on the 

identified elements of engagement of MAR which were adapted with two theories: 
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engagement and museum. Due to lack of studies focusing on engagement for HI 

people, particularly during their museum visits and also most of the HI visitors do not 

experience engagement at the museums because of the improper medium of 

information dissemination, thus the MARHIME prototype was developed utilizing 

MAR for engaging HI museum visitors. 

Furthermore, the participants for this study consist of only the hearing loss group of 

the HI people. This is because this group that may be supported with hearing aids and 

assistive devices. Also, this study was conducted in one of the Iraq ancient museums. 

This museum is important because it contains many artefacts which reflect the history 

of Iraq and reflects the history of humanity in general. 

Moreover, the MARHIME prototype may only function in the museum by scanning 

the museum environment because the HI can use MAR as a visual signal guide in 

order to catch missing aural signals during their visit to the museums. The 

MARHIME prototype was developed using Unity 3D, Vuforia software and C++ was 

used as the programming language. In addition, the Arabic language was used in the 

design and development of the MARHIME prototype since the evaluation was 

conducted in Iraq and the participants were HI Iraqis who use Arabic as the language 

of communication. 

1.7 Operational Definition 

Augmented Reality (AR): A computer science field which is a concept that 

supplements the real-world environment with computer-generated elements which 

create a live direct or indirect environment. This environment is based on an idea 

known as mediated reality which makes use of graphics, sound, Global Positioning 

System (GPS), and video 
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Mobile Augmented Reality (MAR): This is a type of AR whose platform is based 

on a smartphone or handheld devices. 

Hearing Impaired (HI): An incident of loss of hearing ability which means not 

receiving acoustic sound by the ear. 

Museum: A place of blend of tourism, culture, visit, history, and natural resources 

meant to preserve the rich knowledge and information of indigenous communities. 

Engagement: A quality of user experience with technology which is measured using a 

multidimensional construct.   

Conceptual Model: A conceptual model is the graphical application’s representation 

that is expected to help researchers and developers to fully understand the unimagined 

systems of new technology better and to provide ideas for further research in this 

emerging field. 

1.8 Thesis Organization   

There are seven chapters within this thesis which provides the needed support for the 

study. The content of these chapters are as follows: 

 

Chapter 1: Introduction 

This chapter contains the introduction, which is followed by a brief understanding of 

issues confronting the HI during their visit to the museum. Likewise, the chapter 

presents the study’s problem statement, research questions, research objectives and 

research scope. Furthermore, this chapter also provides the operational terminologies 

that are used in the study. 
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Chapter 2: Literature Review 

This chapter reviews literature related to the HI, tourism, museum, MAR, engagement 

design principle. The underpinning theories and models that are used to pivot this 

study are also discussed in the chapter. 

 

Chapter 3: Research Methodology 

This chapter presents the research methodology used to achieve the three research 

questions that are formulated in this chapter. It covers the various study phases and its 

stepwise activities at each phase in order to explicitly achieve all the research 

objectives.  

 

Chapter 4: Conceptual Model of Mobile Augmented Reality for Engaging 

Hearing-Impaired Museum Visitors 

This chapter discusses the development of the proposed conceptual model of mobile 

augmented reality (MAR) for engaging HI museum visitors (MARHIME). It explains 

the development and validation phase of the conceptual model, which include focus 

group and expert review of the proposed elements for the conceptual model. 

 

Chapter 5: Prototype Development and Evaluation of MAR for Engaging HI 

museum visitors 

This chapter presents the development of the MARHIME prototype. It highlights the 

functional and technical requirements needed to be taken into consideration in 

developing the prototype. It also discusses the embedding elements from the 

conceptual model into the prototype. 
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Chapter 6: User Evaluation 

This chapter discusses the results of the evaluation of MARHIME. A pilot study 

validation was conducted, to investigate the limitations of the research instrument 

prior to the main evaluation analysis. The findings from these analyses are discussed 

in this chapter.  

 

Chapter 7: Conclusion 

This chapter provides a conclusion for this study. It presents answers to the research 

questions and reviews the research objectives. In addition, the contributions, 

limitations and recommendations of this study are also presented.  

1.9 Chapter Summary 

From this chapter, the major issues and challenges facing the HI community were 

established which led to the problem statement, research questions, research 

objectives, research scope and summary of this research study. The next chapter will 

further strengthen the study by linking it with other previous studies in the related 

domains.  
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CHAPTER TWO  

LITERATURE REVIEW 

2.1 Introduction 

The main focus of this chapter is to review previous studies related to MAR for HI at 

the museum. This chapter begins with a discussion on AR and its various assistive 

technology applications, especially within Mobile Augmented Reality (MAR) at the 

museum and conceptual model for MAR. Users’ experiences within the museum 

environment in relation to the concepts of engagement are also presented. It further 

discusses in detail the concept of engagement as related to mobile applications for 

Hearing-Impaired (HI). Description and issues surrounding HI community with 

various assistive technologies used by the community are also presented. 

Subsequently, this chapter debates the relevance of closed captioning and subtitle for 

HI with various assistive innovations developed to support and aid their concerns. 

Finally, this chapter provides a theoretical underpinning for this study which explores 

two different theories in order to better understand the study. A summary is presented 

in order to recap the literature review.  

2.2 Augmented Reality (AR) 

Augmented Reality (AR), a computer science field which is seen as a subfield of 

Mixed Reality concept. The study by Milgram and Kishino (1994) clarified many 

misconceptions on the definitions and classification of AR. In their study, definition 

and classification were evolved based on Reality-Virtuality Continuum which is 

shown in Figure 2.1. 
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 Figure 2.1.  Reality - Virtuality Continuum by Milgram and Kishino (1994) 

On the far-left side of the continuum is the real environment which is the natural 

physical environment where human interacts with real and physical quantities within 

their natural space. On the far-right side of the continuum is the virtual environment 

which is the world of computer-generated images or unreal physical quantities 

interaction. The major difference in these two is that the virtual environment is the 

total immersion of computer-generated images, whereas real environment deals with 

non-computer-generated object interactions. In between these two worlds (real and 

virtual environments) are two distinct environments known as AR and Augmented 

Virtuality (AV). AV involves the introduction of real life into the virtual environment 

as pointed out in Ternier, Klemke, Kalz, & Specht (2012). On the other hand, AR 

involves the introduction of virtual objects into the real environment as used in Li et 

al. (2018); Fedosov et al. (2016); Rassweiler et al. (2015). These two environments 

(AV and AR) are known as Mixed Reality (MR) which is the mixture of virtuality and 

reality (a mixture of real and virtual objects). Based on this continuum, AR has been 

getting more attention within the last few years due to its nature (Li et al., 2018; 

Barsom, Graafland, & Schijven, 2016). Based on Figure 2.2 the 3D object is being 

displayed on the screen of the mobile device, whenever the camera scanned the 

marker in the AR environment. AR applications tend to run on mobile or wearable 

devices. A Smartphone consists of all hardware requirements of AR. This means that 
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the hardware required to implement an AR application is wearable (Theodorou, 

2018). 

 

 

Figure 2.2. Augmented Reality Environment View (Chavan, 2014) 

AR is a simulated environment where physical (unreal and lifeless) and real-life 

entities are integrated (augmented) together with the aid of computer-generated 

sensory. It is similar to mediated reality which uses the concept of modification of 

real-life and enhanced by technology to produce the desired reality perceptions. The 

computer-generated virtual reality is real-time simulations and replaces the previous 

real-life scenarios. The integration of object recognition and computer vision into the 

simulated environment will make it interactive and digitally manipulative. In this 

study, AR is defined as the technology that overlays digital information in the forms 

of image, text, video, and 3D model into the real-time environment in order to 

enhance the user experiences. 
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There are two different types of optical tracking systems for AR; one is marker-based 

AR and the other is Markerless AR. Marker-based AR can be implied that a marker is 

used as a trigger while Markerless AR can be used without markers (Cheng, Chen & 

Chen, 2017). For marker-based AR, the marker can either a 2D image such as QR 

codes or barcodes to produce a result when it is sensed by a reader, typically a camera 

on a mobile phone with visual features that are easy to be extracted or natural objects 

directly in the real environment (Damala et al., 2008). Instead of tracking features of a 

marker, Markerless AR comprises of a general system that tracks the position and 

orientation of a camera observing a scene without visual markers such as GPS, radio 

frequency identification and sensor technology to control the relative position 

relationship between virtual objects and the real world as shown in Figure 2.3.  

 

 

Figure 2.3. Markerless Augmented Reality Environment View (Abhishekh, Reddy, 
Kumar & Rajeswarappa, 2013) 

Figure 2.4 shows the marker-based Augmented Reality (recognition based) where the 

camera displays the visual of the surroundings, and the software on the device 
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recognizes a particular marker which then triggers the software to provide an output. 

Simple outputs may be playing a short video, displaying a 3D model or an image file 

to showcase the AR animation tutorial with interactive visual effect (Cheng, Chen & 

Chen, 2017). Therefore, this study has used AR markers comprising of 2D images 

since the marker-based AR is suitable for indoor use (Damala et al., 2008). In 

addition, most museums normally have dim lighting condition which probably hinder 

the camera to recognize the object as markerless (Olwal & Henrysson, 2007). 

Therefore, in this study, marker-based AR has the advantage of providing faster 

response to the camera compared to markerless AR. 

 

Figure 2.4. Marker of Augmented Reality Environment View (Theodorou, 2018) 

2.2.1 Augmented Reality Applications 

The application of AR is enormous within the vast literature. For instance, AR is used 

to provide a solution to the building of manufacturing and industrial prototypes. This 

is done to reduce the high cost of industrial prototypes or prevention of human 

exposition to the harmful situation during the prototype’s testing. AR prototype saves 

companies considerable amount of time and money as prototypes would be able to be 
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changed quicker and created at a lower cost since they would no longer involve 

materials. Likewise, AR has been used in various domains like archaeology, tourism, 

gaming, education and others. Based on Figure 2.5 the AR in the tourism domain is a 

system that combines virtual content and real-world content that can provide the 

tourist with information in real time environment. 

 

 

Figure 2.5. AR Application in the Tourism Domain (Haugstvedt & Krogstie, 2012) 

Furthermore, AR has been used to reimagine archaeological landscapes and notation 

as presented in studies like Eve (2012); Swan and Gabbard (2005). It has also 

revolutionized the manner that architectural practices are implemented as discussed in 

Hill, MacIntyre, Gandy, Davidson, and Rouzati (2010); Webster, Feiner, MacIntyre, 

Massie, and Krueger (1996). Furthermore, AR application is vital for product 

previews, integration of print and video marketing in the commerce domain (Lu & 

Smith, 2007; Arrasvuori, 2006). Table 2.1 summarizes the various domains that AR 

applications exist.   
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Table 2.1  

Summary of AR Application in Various Domains 

No  Domain  Usage  References 
1 Archaeology AR is used in modern landscaping, 

enabling archaeologists to formulate 
conclusions about site placement and 
configuration. 
 

Westin, Foka and Chapman (2018); 
Eve, (2012); Swan and Gabbard 
(2005) 
 

2 Architecture AR aids in visualizing building projects 
such as sight-seeing. 

Hill, MacIntyre, Gandy, Davidson, 
and Rouzati (2010); Webster et al. 
(1996) 
 

3 Commerce Product previews, integration of print 
and video marketing. 
 

Lu and Smith (2007); Arrasvuori 
(2006) 

4 Construction Visualize georeferenced construction 
sites, underground structures, cables 
and pipes. 
 

Le et al. (2015); Wang, Truijens, 
Hou, Wang and Zhou, (2014) 

5 Education Complements curriculum by 
superimposing text, graphics, video and 
audio into students’ real time 
environment. 
 

Dunleavy and Dede (2014); Lee 
(2012); Lemole et al. (2007) 

 

 

 

6 Emergency 
management or 
search and 
rescue 
 

Useful in public safety situations - from 
super storms to suspects at large. 
 

Tsai et al. (2012); Nevatia et al. 
(2008); Kamat and El-Tawil (2007) 

7 Gaming AR permits gamers to experience 
digital gameplay in a real-world 
environment. 
 

Ortiz-Catalan et al. (2014); Nilsen, 
Linton and Looser (2004) 

8 Industrial 
design 

Permits industrial designer experience 
and operational testing. 

Park, Lim, Seo, Jung, and Lee 
(2015); Ng, Wang, Ong, and Nee 
(2013); Nee, Ong, Chryssolouris and 
Mourtzis (2012) 

9 Medical AR provides the surgeon with 
information and virtual X-ray. 

Barsom, Graafland, and Schijven 
(2016); Chaballout, Molloy, 
Vaughn, Brisson, and Shaw (2016); 
Vera, Russo, Mohsin, and Tsuda 
(2014) 

10 Beauty AR is implemented in a smartphone 
and tablet application for facial beauty 
such as Makeup Genius. 
 

Rammon Oliveira De Almeida et al. 
(2015); Buchmann, Violich, 
Billinghurst, and Cockburn (2004) 

11 Spatial 
immersion and 
interaction 

Digitalize human presence in space and 
provide a computer-generated model. 

Benko, Ofek, Zheng, and Wilson 
(2015); Park et al. (2015) 
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Table 2.1 Continued 

No  Domain  Usage  References 
12 Military As a networked communication system 

that renders useful battlefield data, 
soldier's navigation and battlefield 
perspective.  
 

Calhoun, Draper, Abernathy, 
Delgado, and Patzek (2005); Yeh 
and Wickens (2001) 

13 Navigation As effective navigation devices such as 
automobile's windshield, weather, 
terrain, road conditions and traffic 
information and alerts to potential 
hazards. 
 

Lorenz et al. (2015); Dixon et al. 
(2013); Kolbe (2003) 

14 Office 
workplace 

Conferences with real and virtual 
participants. 
 

Osorio-Gómez, Viganò, and 
Arbeláez (2016); Stafford et al. 
(2009) 

15 Sports and 
entertainment 

Provides see-through and overlay 
augmentation through tracked camera 
feeds for enhanced viewing by the 
audience. 
 

Bala et al. (2015); Baudisch et al. 
(2014); Lee, Woo, and Lee (2005) 

16 Television Such as TV Weather visualizations and 
interactive TV. 

Caldera-Serrano and León-Moreno 
(2015); Balcisoy and Thalmann 
(1997) 

17 Translation AR systems can interpret foreign text 
on signs and menus and in a user's 
augmented view, re-display the text in 
the user's language. 
 

Rogowski, Wu and Clark (2015); 
Jain, Manweiler, and Roy 
Choudhury (2015); Lester (2013) 

18 Tourism and 
sightseeing 

To enhance tourists’ real time 
experience displays location and its 
features with comments made 
previously by tourists. Simulate 
historical events, places, and objects.  

Ali et al. (2018); Hassan and Jung 
(2016); Pendit, Zaibon, and 
Abubakar (2015); Chen, Chang, and 
Huang (2014); Guttentag (2010); 
Noh, Sunar, and Pan (2009) 

 

Based on the above applications, it has been discovered that AR has been majorly 

deployed for the purpose of learning. Learning based AR applications cover various 

applications ranging from game, historical, cultural, museum guidance and 

sightseeing. Meanwhile, in the advent of smartphones and mobile devices, AR 

smartphone applications were developed known as MAR technology. The next 

section discusses more on the design and technology of MAR applications generally 

and MAR in museum particularly. 
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2.2.2  Museum MAR 

MAR is a form of AR in portable platform which allows users to interact with the 

augmented environment without being distracted. It allows the MAR user to be in 

focus, movable and freely engage with the augmented environment to achieve the 

desired objective. This same scenario is intended for museum MAR because museum 

visitors need to be focused and moving in order to interact with the augmented 

environment. As pointed out by Kenteris, Gavalas and Economou (2011), there are 

four major classes of museum mobile technology namely: mobile phone navigational 

system, mobile guide applications, web-based applications and web-to-mobile 

applications. The first class is the mobile phone navigational systems which make use 

of maps to provide guidance for museum visitors using interactive platforms like 

tablet and phone (Lin & Chen, 2015). Similarly, mobile guide applications generally 

make use of mobile communication devices to provide museum visitors with 

information (Linge, Booth & Parsons, 2016; Wu, 2016). On the other hand, web-to-

mobile applications utilize the website to provide museum visitors’ information using 

a combination of website and mobile online applications (Othman, Young, & Aman, 

2015). Web-based applications are similar to the web-to-mobile system, where the 

applications utilize only website browser and display the information on a mobile 

platform (like phones and tablets) (Sakkopoulos et al., 2015). Out of the four 

aforementioned museum mobile technologies, mobile guide applications are mostly 

used especially in AR environment. This class of technology is commonly used 

because of its interactive and movable nature that makes it easier for museum visitors 

to focus. This is why most museum applications are based on this class. Table 2.2 

depicts the selected mobile applications in the museum domain. 
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Table 2.2 

Selected Museum Applications 

No Model Class Reference Description Limitation 
1 Museum 

Tourist 
Experience  

Web-based 
application 

Jung, Dieck, 
Lee, and 
Chung (2016) 

Visitor’s experience in a 
mixed environment by 
combining both VR and 
AR. 

Focus only on 
economic 
factors 

2 Service 
oriented 
MAR 
architecture 
for multiple 
applications 

Web-based 
application 

Rattanarungrot
, White, and 
Jackson (2015) 

Support for content 
acquisition and utilization 
of the third-party digital 
media contents on a real 
scene. 

A web-based 
application that 
lacks interactive 
media.  

3 Enjoyable 
Informal 
Learning 
MAR 

Mobile 
guide 
application 

Pendit, 
Zaibon, and 
Bakar (2014a) 

Enjoyable Informal 
Learning Mobile 
augmented reality. 

Focus on 
enjoyment and 
learning without 
providing 
assistive support 
to any target 
group. 

4 Mobile 
Augmented 
Reality Tour 
(MART) 

Web to 
mobile 
application 

Yovcheva, 
Buhalis, and 
Gatzidis, 
(2013) 

The application provides 
context-awareness and the 
information provision 
about the artefact in the 
museum. 
 

Information 
awareness 
without 
interactive 
media and 
assistive support 

5 TechCoolTour Web to 
mobile 
application 

Wachelka 
(2013) 

Augmented 3D 
reconstruction, 3D 
virtual character, video, 
360 degrees panorama 
with heritage site. 
 

Non-interactive 
and engagement 
not considered 

6 Framework 
and Data Flow 
of AR-based 
on-site Tour 
Guide 

Mobile 
Phone 
Navigation
al System 

Seo, Kim, 
and Park 
(2011) 

Based on a framework 
that contains data flow of 
application which 
consists of two agents, 
the contextual 
management agent and 
map management agent. 

The framework 
only provides tour 
guide flow and 
lack interactive 
media  
 

7 Architecture 
System of 
Sutoon-Hoo 
Mobile 
Augmented 
Reality 

Web-to-
mobile app 

Angelopoulo
u et al. (2011) 

Uses architecture system 
and divided into two 
namely; initialization 
and object categorization 
by involving components 
such as object 
assignment, inventory, 
and museum database. 

The content 
structure was not 
well defined and 
mainly performs 
as a tour guide.  
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Table 2.2 Continued 

No Model Class Reference Description Limitation 
8 Intelligent 

Tourism and 
Cultural 
Information 
through 
Ubiquitous 
Service 
(iTACITUS) 

Web-to-
mobile 
application 

Kim and Park 
(2011) 

Superimposed 
environment annotated 
landscape, and spatial 
acoustic overlays to 
present the AR 
information on a 
smartphone platform. 

Interactive but not 
assistive support 

9 MobiAR Mobile 
guide 
application 

Marimon et 
al. (2010) 

 MobiAR is an Android 
service platform for 
tourist information based 
on AR, which allows 
users to browse 
information and 
multimedia content 
about a city through their 
own mobile devices. 

Static application 
with no interaction 
platform 

10 Mobile Guides 
Museum 

Mobile 
Phone 
Navigation
al System 

Damala, 
Cubaud, 
Bationo, 
Houlier, and 
Marchal 
(2008) 

AR-enabled mobile 
multimedia museum 
guide designed and 
implemented for the 
Museum of Fine Arts in 
Rennes, France.  
 

No interactive 
platform  

11 AR guided 
systems in 
museums 

Mobile 
guide 
application 

Hammady & 
Temple 
(2017) 

A communication model 
which would work as a 
roadmap building AR 
guidance system 

Focused on AR 
with games 
elements in the 
museums to about 
educate visitors 
the history and the 
culture 

 

Most of these mentioned studies addressed issues of formal and informal learning, 

however, little attention is given to user engagement which might be one of the 

rationales for failures of existing museum MAR applications (Chang, 2015). The 

issue of users’ engagement is important in a museum visit because engagement 

enhances users’ entertainment, learning, and acceptance which have a direct influence 

on the visitors’ experiences (Hatala & Wakkary, 2005). Additionally, none of these 

studies specifically focus on the HI visitors while most of the studies in the vast 

literature majorly were targeted towards normal hearing people. Likewise, the most 

used museum mobile technology is the mobile guide application because it provides 

detail information and learning platform for users. Hence, this study explores the 
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MAR application as one possible way for HI visitors’ engagement at the museum. 

Next section explores the concepts and issues related to the user experience during 

their visit to museum sites.  

2.3 Conceptual model  

A conceptual model is a high-level description of how a system is organized and 

operates (Johnson & Henderson, 2002). A conceptual model can be defined as an 

abstraction that outlines what the developer can do with an application or software 

and what concepts are needed to understand how to interact with it (Preece et al., 

2007). The proposed conceptual model is the graphical application’s representation 

that is expected to help researchers and developers to fully understand the unimagined 

systems of new technology better and to provide ideas for further research in this 

emerging field (Leppaniemi & Karjaluoto, 2005). The purpose of any conceptual 

model is the representation of the structure for the system entities (concepts) and the 

relationships among those entities (Ganga, 2009; Hendriks, Schiffelers, Hüfner & 

Sonntag, 2011; Rad & Jabbari, 2012). In other words, it shows a general 

representation of salient features with various applications. 

2.3.1 Conceptual model of MAR 

The previous section defines and elaborates the conceptual model. This section covers 

related studies pertaining to four MAR conceptual models. For instance, Pendit 

(2015) explores the conceptual model that has been proposed to guide the 

development of MARCHSTEIL as shown in Figure 2.6. The model consists of three 

main components: MAR technology, enjoyable informal learning, and the cultural 

heritage site. 
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Figure 2.6. MARCHSTEIL Conceptual Model 

The AR@Melaka prototype was designed as shown in Figure 2.7 to validate the 

conceptual model. The contents include profile, map, audio and multiple-choice quiz 

of the Melaka heritage sites.  

 

Figure 2.7. Snapshot of AR@Melaka prototype 
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The results showed that MARCHSTEIL was easy, useful, fast and helpful to the 

visitors in gaining knowledge and supporting enjoyable informal learning. In addition, 

it helps the researchers to shape the background knowledge in the area. Unfortunately, 

with all the rich features that are provided by the MARCHSTEIL prototype, it does 

not provide engagement for the HI at the museum. Permadi and Rafi (2015), have 

proposed a conceptual model of the user engagement for MAR games as shown in 

Figure 2.8. The model comprises of eight attributes of user engagement for mobile-

based augmented reality games that can be used by the game designers to design 

engaging MAR games for the industry and future AR engagement research.  

 

Figure 2.8. MARCHSTEIL Conceptual Model User Engagement Model for Mobile-

based AR Game.  

The application as shown in Figure 2.9 was developed to validate the conceptual 

model. The results showed that the five major elements that affected the user 

engagement were social, challenge, perceived usability, clear goals and satisfaction 

(Permadi & Rafi, 2016). Overall, the elements of engagement are useful for the 
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conceptual model despite it was designed for normal people and used for gaming. 

Nevertheless, the elements and contents were examined in constructing the proposed 

conceptual model for engaging the HI museum visitors. 

 

Figure 2.9. Snapshot of User Engagement Model for Mobile-based AR Game 

application 

Another major work that contributed to the proposed conceptual model of this study is 

the AR query-answering system (AR-QAS) (Lin & Chen, 2015).  It was based on 

mobile cloud-computing in providing the natural language informational navigation 

services for MAR. Lin and Chen (2015) developed the AR-QAS  model by combining 

the Technology Acceptance Model (TAM), media richness theory, and factors of self-

efficacy that can be applied to relevant MAR research as shown in Figure 2.10. 
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Figure 2.10. AR-QAS  Conceptual Model 

In validating the AR-QAS conceptual model, the results revealed that the average 

question classification accuracy of QAS, when combined with the artificial neural 

network, were found to be positively related to perceived usefulness, self-efficacy, 

ease of use, use intention and user attitude. Figure 2.11 shows a snapshot of the AR-

QAS application.  

 

 

Figure 2.11. Snapshot of the AR-QAS on the mobile phone. 
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Furthermore, this study reveals that before new systems are created, designers are 

suggested in improving the user attitudes during the use of new technologies. 

However, the contents for the MAR elements are for the normal people and do not 

present the engagement elements for the HI during the museum visit. However, the 

provided contents and features were also considered in creating the proposed 

conceptual model of this study. 

Apart from these aforementioned studies, other notable studies that have contributed 

in validating the conceptual model for the MAR include; Awang et al. (2017) who 

proposed a conceptual model for designing MAR in learning basic numbers especially 

for LINUS students. This model consists of cognitive load theory, compensatory 

approach, intrinsic motivation approach and multimedia elements as an interactive 

learning method by using MAR system in learning the basic numbers for LINUS 

students.  Figure 2.12 shows the conceptual model in enhancing learning and teaching 

for LINUS students. 

 

 

Figure 2.12. Conceptual Model for Designing MAR in Learning Basic Numbers 

The conceptual model was validated using the ARBEST prototype as shown in Figure 

2.13. It was concluded that the conceptual model was able to provide a more 
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enjoyable experience and good motivation in learning by using the MAR technology 

for normal people. Unfortunately, none of the components were related to the 

engagement elements.  

 

Figure 2.13. Snapshots of the Interface of the ARBEST Prototype for Learning 
Numbers. 

Previous conceptual models used MAR for many purposes such as game, culture, 

heritage, learning and information navigation without properly measuring the 

engagement in a museum visit. Furthermore, these conceptual models were developed 

for normal people. Therefore, there is a need to propose a conceptual model of MAR 

for engaging the HI museum visitors. 

2.4 User Experience  

User experience (UX) includes the engagement of user perception and reality with a 

given application, which depends on their assessment of the application quality, 

service, and usage (Pérez-Sanagustín et al., 2016). It refers to the users’ deep 
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comprehension and feeling of the application which is rooted in if the application 

meets their needs, value, abilities, and expectation. This is what informs the users’ 

interaction with the application and forms their decision to further use of the 

application. User engagement experience demands if they are satisfied with not alone 

the application design but also its efficiency. The issue of user engagement is very 

important for any application because it decides user satisfaction. According to 

Chung, Lee Kim and Koo (2017), the user should be satisfaction can be enhanced by 

application continuum. They believe the application available for them to meet their 

information requirements. Users of mobile application who have positive beliefs 

about its attributes are more likely to feel satisfied with the mobile application. Deng, 

Turner, Gehling, and Prince (2010) pointed out that, user satisfaction can be enhanced 

by application quality, information quality, connection quality and perceived 

usefulness. Besides, the users felt attracted and satisfied as this application triggers the 

users’ curiosity towards unfamiliar or new experiences. Therefore, the users’ 

continuous usage of the application which revolves around the values that derived 

from the application. This value is usually based on the users’ perception and 

understanding towards the application in meeting their expectations and hence 

determine will their future recommendations to other users. 

  

2.4.1 Museum User Experience  

Based on UX concept, previous studies have equally explored the issue of Museum 

User Experience (MUX) because it has to do with museum visitors’ personal 

experiences. This experience depicts the feelings and deep comprehension of users 

during their visit to the museum sites. Their feeling and experience on the museum 
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are based on factors which have been explored by previous studies. For instance, Lin 

(2016) explored the concept of user experience on the MAR hand puppet historical 

museum in Taiwan. Their study introduced iBeacon sensor AR device to improve the 

museum users’ experience within the hand puppetry museum. The conclusion of their 

study shows that user experience is enhanced with the use of AR and technology 

generally. Their study pinpoints the need to gamifying museum environment and 

allows the museum to interact with users in an interesting manner. This same 

approach was implemented by Seppälä et al. (2016) on Finnish Luostarinmäki 

Handicrafts Museum. Their findings likewise supported Lin (2016) conclusion that 

gamification of museum MAR will make the application more interactive and 

improve MUX. 

Similarly, Loy, Zhao and Jun (2015) study focused on improving Gansu Provincial 

Museum in China which was faced with low patronage of visitors. Their main focus 

was on how to use digital technology (like AR, MAR, interactive games) to engage 

users’ experience during their visit to the museum. In their conclusion, they were able 

to implement museum MAR and museum interactive games which positively enhance 

users’ experience and increase patronage of visits to the museum site. This same 

concept was implemented by Ta, Zhao and Loy (2015) in order to improve MUX in 

Inner Mongolia Museum China. They developed a mobile digital museum which 

received overwhelming responses from users because of its positive engagement and 

interactive factors.  

Another major work that contributed to MUX was by Rubino, Barberis, Chio, 

Xhembulla, and Malnati (2014) which focused on improving UX of visitors to the 

Palazzo Madama-Museo Civico d’Arte Antica in Torino Italy. They explore on 

making Museum mobile applications to positively enhance visitors’ experience within 
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the museum. Thus, the study results revealed that easy to use, interaction platform, 

information dissimilation and informative graphical interface are vital to MUX. Also, 

Cho, Choi, and Kim (2013) made a similar conclusion in their study on MUX in 

Gwacheon National Science Museum a national museum in Gwacheon South Korea. 

They concluded that museum interior design and multimedia applications are vital in 

emphasizing interaction museum design installation for MUX.  

Apart from these studies, other notable studies that have contributed to MUX include 

Hsi and Fait (2005); Hsi (2003, 2002). For example, Hsi and Fait (2005) used Radio 

Frequency Identification (RFID) technology to positively enhance MUX beyond the 

museum walls. Their study was carried out at the Exploratorium museum (which is a 

hands-on science museum) in San Francisco. In their findings, it has been pinpointed 

that flexibility and interactive are the factors in enhancing MUX. Another study that 

had a similar finding and was equally carried out at the Exploratorium museum was 

conducted by Hsi (2003). The study explored the rationale to improve MUX using 

nomadic web content design. It was concluded that sense of isolation, integrating real-

place and virtual contexts, explanations, exhibit history, social identity and enjoyable 

factors are vital in MUX. Likewise, Hsi (2002) developed The Electronic Guidebook 

which is a mobile web resource to improve MUX in Exploratorium museum San 

Francisco. It was identified that users’ engagement and convenience are two important 

issues to ensure positive MUX. Also, Pollalis et al. (2018) presented ARtLens 

application in an African Art museum exhibit using AR application to enhance 

visitor's engagement and learn about artefacts in the museum while keeping the focus 

on the original artefact. This study provides guides to the visitors in exploring the 

original artefacts by supplying audio and visual information. In their conclusion, they 

were able to implement museum AR application to engage the visitors. 
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The studies mentioned above have shown that technologies have been deployed to 

enhance positive MUX. This is imperative in order to enable users to accomplish their 

intentions which include learning, information and fun. Hence, MUX is important to 

provide the needed guide and users’ expectation during their visit to the museum sites. 

The MUX interaction platform for museum visitors is represented in Figure 2.14. 

 

Figure 2.14.  MUX Interactions Platform (Kaiser & Treptow, 2013) 

The figure above depicts that on one hand, visitors (users) always have purposes 

behind their visit to a museum and these purposes mixed with their personalities form 

their expectations. Whereas on the other hand, the museum too has its selling points 

which are the major purposes of the museum. The point that these two major purposes 

(users and museum) merge is known as the interaction platform. This platform is very 

important because it determines the outcome of MUX, either positive or negative. 

This is why many studies emphasize on the need to reduce distractions, psychological 

reactance, dissatisfaction and users’ information overload during their visit to the 

museums in order to ensure positive outcomes. Previous studies attempted to engage 
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users’ using digital technology without proper measuring of engagement. 

Furthermore, the digital technology is developed for normal museum visitors. 

Therefore, there is a need to identify elements of engagement for museum users' 

MUX, especially for HI visitors. 

2.5 User Engagement 

The concept of engagement is widely used in person-centred practice research such as 

behavioural change intervention and user-centred studies. According to Kearsley and 

Shneiderman (1998), the concept of engagement involves the decision by the user to 

undertake tasks (as given by the mobile application) related to his/her interest and 

competence, practice it continuously by interacting immensely and deeply in order to 

continue the task with persistence and commitment because of the value attributed to 

the task. Chapman, Selvarajah, and Webster (1999); Chapman (1997) explained 

engagement in terms of multimedia perspective as a system that enables users’ 

curiosity, motivation, attention focus, and intrinsic interest. In addition, O'Brien and 

Toms (2008) pointed out that engagement is the attribute that depicts the quality of 

user’s value, experience and continuity with a technology. According to Permadi and 

Rafi (2015), the attributes of engagement for MAR games such as satisfaction, 

usability, and interaction are identified in order to increase user experience in 

engaging mobile AR games for the industry. Similarly, many scholars have explained 

mobile application engagement in terms of the users’ attitude and behaviour (Du, 

Venkatakrishnan, Youngblood, Ram, & Pirolli, 2016); (Weston, Morrison, Yardley, 

& Van Kleek, 2015), long-term retention (Pavliscsak et al., 2016), user’s impact 

(Kosinski et al., 2016), and users’ measure of comprehension on an application (Kim, 

Kim, & Wachter, 2013). In the context of this study, engagement is defined as a 
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quality of user experience with technology which is measured using a 

multidimensional construct. In summary, it can be concluded that mobile application 

engagement is the number of users’ encounter and interact continuously with an 

application.  

2.5.1 Engagement Process  

The implementation of engaging mobile applications has been the most difficult in the 

light of novelty, user-felt involvement and endurability. This is because most mobile 

applications are found not to be endurable which usually will not make users continue 

with their usage (Ribeiro & da Silva, 2012). In order to fully comprehend the rationale 

for this issue, there is a need to explore the various dimensions of the concept of 

engagement in mobile applications. As established in the previous section that 

engagement involves users’ interest and competence the concepts of interest and 

competence are deeply rooted in the users’ feelings and sense-making on the mobile 

application. The studies of Fredricks, Blumenfeld, and Paris (2004); O'Brien and 

Toms (2008) shed better light on the issue of engagement of mobile application when 

discussing the three major processes of engagement namely: behavioural, emotional 

and cognitive. Behavioural engagement is when the users show optimism, curiosity, 

passion and attention towards a mobile application which usually increase the 

motivation to learn. Emotional engagement is when users show affective tendencies 

such as sense of belonging and fun with the mobile application. Cognitive 

engagement is when users show critical thinking level by challenging themselves in 

the interaction with the mobile application. Table 2.3 summarizes the different 

outcomes in terms of positive engagement, non-engagement and negative engagement 

of the according to engagement process of behavioural, emotional and cognitive. 
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Table 2.3 

 Engagement Process with the Corresponding Outcomes 

 Positive Engagement Non-Engagement Negative Engagement 
Behavioural  Users interact with 

mobile application; 
enthusiasm  
 

Users failed to complete 
interaction with the mobile 
application 

Users skip continuous 
interaction with the mobile 
application 

Emotional  Curiosity; Enjoyment Boredom Declined  
 

Cognitive  Critical thinking Incomprehensive  Disremember  

 

In Table 2.3, the positive and negative engagement outcomes depict the forms of user 

engagement with the mobile applications. These outcomes reflect the users’ reactions 

based on their interaction with the mobile application. It can be seen that outcomes 

within the three processes reflect in the form of reactions that will be obtained during 

the interaction. Similar reaction outcomes are obtained with the engagement of MAR 

whereas the resultant reaction can be positive, negative or non-engagement outcomes. 

However, this study focuses on the positive engagement outcomes. This is the process 

that depicts the MAR users’ to be enthusiastic in their interaction and engagement 

with the system. The next subsection examines the concept of engagement within 

MAR. 

2.5.2 MAR and Engagement Studies 

Based on the on-going review and as established in the previous section, engagement 

of audience is a key issue in mobile application. As mentioned by Patel, Clawson, 

Voida, and Lyons (2009), researchers work hard and meticulously to design, develop 

and market mobile application, however, many of these products do not last in the 

market. It was reported that most previously developed applications failed to engage 

the users which usually leads to failure in users’ retention and usage of these 

applications.  It further concluded that user engagement is vital in order for users to 
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use the application over and over again. Likewise, a survey has shown that only 

around 24% of mobile applications are used by users once before discarding them 

(Ribeiro & da Silva, 2012) whereas these applications were intended for long-term 

users’ engagement by the developers. There are many studies in the vast literature that 

investigated mobile applications users’ engagement within the different domains such 

as healthcare, community development, decision support system, and human-centered 

computing as summarized in Table 2.4. 

Table 2.4 

 Selected Mobile Apps and MAR with Engagement  

Study Study Purpose Domain 
Tang et al. (2016) Interactive systems for patient-centred care to 

enhance patient engagement. 
Healthcare  

Du et al. (2016) Mobile Application to Increase Adherence in 
Exercise and Nutrition Programs. 

Healthcare  

Kosinski et al. (2016). Patient Engagement Rates Using a Mobile 
Application Platform. 

Healthcare 

Pugliese et al. (2016). Mobile Patient Engagement Tool. Healthcare  

Pavliscsak et al. (2016) Patient engagement with a mobile application 
among service members in transition. 

Healthcare  

Carter (2014) Mobile Application Design to Encourage Civic 
Engagement. 

Community 
Development  

Han, Shih, Rosson, 
and Carroll (2014) 

Enhancing community awareness and 
participation in the local heritage with a mobile 
application. 

Community 
Development  

Kim et al. (2013) Mobile user engagement system. Decision Support 
System 

Denny (2013) Virtual achievements on student engagement. Human centered 
Computing 

De Marsico, Galdi, 
Nappi, and Riccio 
(2014) 

A facial and iris recognition for mobile 
engagement. 

Human centered 
Computing 

Huizenga, Admiraal, 
Akkerman and Dam 
(2009) 

Mobile game enhancing engagement. Human centered 
Computing  

Permadi and Rafi 
(2015) 

User engagement for MAR games. Human centered 
Computing  

Elwood (2018) AR Guide for engaging learners in communities 
of Inquiry 

Human centered 
Computing 
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From Table 2.4, it is evident that in the healthcare domain, engagement is required for 

effective and efficient patients’ treatment and monitoring (Kosinski et al., 2016). 

MAR application has made patients to have an active role in their treatment decision 

making whereas they can collaborate, share information and receive treatment at their 

convenience. Thus, MAR provides patients with easier access to lab results, medical 

statement and other documentation. Likewise, MAR has been used successful to 

enhance the community development. Many applications such as Carter (2014) and 

Han, Shih, Rosson, and Carroll (2014) are developed to actively engage the 

community members in order to create awareness and participation. Similarly, MAR 

developments have been done in human centered computing domain such as De 

Marsico et al. (2014); Denny (2013) and Elwood (2018) where users’ engagement has 

been explored. It can be seen that mobile applications have been implemented in 

various domains such as health interventions, education, games, human computing 

technology, behavioural changes and user experiences medium whereas the healthcare 

domain was found to be the most frequently applied domain in the vast literature 

(Barello et al., 2015). However, it has been discovered that majority of these studies 

focus on medical, decision support applications and others, whereas there is less focus 

on engagement of mobile applications for the HI. Hence, this study investigates MAR 

in engaging the HI users.  

2.5.3 Engagement with MAR for HI 

As discussed in the previous subsection, the majority of the studies within the vast 

literature focus more on engagement of mobile applications for normal hearing people 

whereas less attention is given to the engagement of mobile application for the HI 

users. Table 2.5 summarizes studies that explore MAR applications for the HI users.  
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Table 2.5 

 MAR for HI Users 

Reference Description Remarks Features Target 
Audience 

Limitation 

Mirzaei, Ghorshi, 
and Mortazavi 
(2012) 

A communication system for 
the deaf, disabled and ordinary 
people, the system to 
communicate with each other. 

ASRAR can convert speech into 
readable text and show the text 
directly on the AR display. 

Automatic Speech 
Recognition (ASR) and 
Text-to-Speech Synthesis 
(TTS) 

Deaf and 
Disable 

For Communication; 
neither museum setting 
nor engagement 

Carmigniani and 
Furht (2011) 

iHeAR is an interactive 
system for HI and deaf.  

Use iPhone and iPad2 as the 
interaction and platform devices. 

Speech recognition and 
language modelling. 

HI and deaf For Communication; 
neither museum setting 
nor engagement 

Parton (2015) Auras: Augmented Reality 
educational application. 

Mobile Augmented Reality 
(MAR) application to facilitate 
Quick Response (QR) Codes for 
deaf children. 

Quick Response (QR) 
Codes, sign language, 3D 

Deaf  Focus on Teaching and 
learning; neither museum 
setting nor engagement 
elements 

Luo Han, Liu, 
Chen, and Bai 
(2012) 

Learning for HI students. In-class hearing assisting for HI 
and deaf students. 

Mixed reality and non-
verbal communication 

HI and deaf Focus on HI learning but 
neither museum nor 
engagement elements 

Parton (2017) A google glass application for 
deaf students to engage in a 
classroom, 

A Google Glass application that 
would enable deaf students to 
look at the QR code of an object 
in the classroom 

Scan a QR code for an 
object and watch 
video. 

Deaf Learning neither museum 
setting nor engagement 
elements 

Ahmad et al. 
(2018) 

Identify the HI students 
learning behaviours in Quran 
learning. 

Identify the interface attributes 
or criteria for the MAR 
application. 

Texts, Colours, Images and 
SL   

HI and 
Deaf 

Learning neither museum 
setting nor engagement 
elements 
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Based on the above table, MAR has been used for HI communication, teaching and 

learning purposes. For instance, the studies of Mirzaei, Ghorshi and Mortazavi 

(2012); Carmigniani and Furht (2011) depict that MAR enhances speech narration 

and conversion into readable text which makes communication easier for the HI 

community. Similarly, the studies by Parton (2015); Luo et al. (2012); Parton (2017); 

Ahmad et al. (2018) reflect the usefulness of MAR for learning by the HI. These two 

studies depict that MAR provides a unique platform for the HI interaction and 

stimulation environment for learning. Nevertheless, it is seen that there are limited 

studies on MAR for the HI visitors. Therefore, this study will focus on the conceptual 

model of engagement of MAR for the HI visitors at the museum site. In view of this, 

the next section will examine the needs and issues surrounding the HI people whereas 

specific reviews will be made on the nature and classification of HI which will be 

used to guide this study.  

2.5.4 Elements of Engagement with MAR 

Previous subsection has discussed in general, engagement with MAR for the HI. This 

subsection specifically focuses on the elements of MAR engagement for the HI. As 

discussed in the previous subsections, mobile engagement defines the range of 

interaction among the MAR application and the user. This interaction is very 

important because it depicts the level of engagement. According to Mangold and 

Faulds (2009), the more persuasive the interaction, the more engaging the MAR 

application. Hence, it is imperative to consider the elements that will enhance the 

persuasive interaction and engagement between the MAR application and its users. 

Schmidt (2000) pointed out that mobile interactions take place in four contexts 

namely: the mobile application, the application content, third parties and assignment. 
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The mobile application refers to the movable personalized electronic device while the 

application content means the information on the mobile application. Third parties 

context means the ability for the user to relate to the contents in the application as a 

different entity while the assignment depicts the tasks that are needed to be completed 

in order to stay connected with the third parties in the mobile application. The 

utilization of these four channels produces an emotional commitment and 

involvement interaction between the application and the user. This emotional 

commitment and involvement interaction are defined by the engagement of MAR 

application. However, the rationale to comprehend this engagement is a major issue 

with many MAR applications especially for the HI. Table 2.6 presents a summary of 

elements of engagement of MAR in the vast literature. 
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Table 2.6 

 Summary of Engagement Elements of MAR 

No Elements Description Reference 

1 Aesthetics 
This is the concept of mixing the nature of beauty, art, and 
with the creation and appreciation of MAR. 

O'Brien & Toms (2010); Wiebe, Lamb, Hardy, Sharek (2014); van Vugt 
et al. (2007); Banhawi, Ali, & Judi (2012); Lalmas, O’Brien, & Yom-
Tov (2014); Huang & Liao (2015); Bolter et al. (2013); Lee, Chung, & 
Jung (2015); Chung,  Lee, Kim, & Koo (2017); Pantano, Rese, & Baier 
(2017); Jung, Lee, Chung, & tom Dieck (2018) 

2 Novelty 
The concept of using mobile applications to teach new 
behaviour and knowledge for the user. 

O'Brien & Toms (2008); Banhawi et al. (2012); Wiebe et al. (2014); 
Lalmas et al. (2014); Patzer, Smith & Keebler (2014); Olsson et al. 
(2013) 

3 Usability 
This is the concept of flexibility, ease of use, suitability and 
learnability of MAR. 

Permadi & Rafi (2015); Rutledge & Neal (2012); O'Brien & Toms 
(2010); Banhawi et al. (2012); Wiebe et al. (2014); Huang & Liao 
(2015); Hector & Payel, (2014); Haugstvedt (2012); Olsson et al. (2013); 
Lee et al. (2015); Chung, Lee,  Kim, & Koo (2017); Pantano et al. 
(2017); Leue & Jung (2014); Jung et al. (2018) 

4 Feedback 
Positive information that will enhance passionate reactions 
which will promote positive performance. 

O’Brien and Toms (2008); Rutledge & Neal (2012); Hector & Payel 
(2014); Liu, Huot, Diehl, Mackay, & Beaudouin-Lafon (2012) 

5 Motivation 
An act which encourages action or target activity to be 
performed by a user. 

O'Brien & Toms (2010); Chapman (1997); Szafir, & Mutlu, (2012); 
(Vreede, Nguyen, Vreede, & Boughzala, 2013); Yusoff, & Dahlan, 
(2013); (Lalmas et al., 2014); Kim et al. (2013); Gopalan, Zulkifli, & 
Aida (2016); Di Serio et al. (2013); Chang et al. (2015) 

6 Attention 
The ability to be involved and absorbed on a specific task 
by losing track of time without being distracted. 

Rutledge & Neal (2012); O'Brien & Toms (2010); Webster & Ho (1997); 
Peters et al. (2009); Banhawi et al. (2012); Szafir & Mutlu (2012); Wiebe 
et al. (2014); Lalmas et al. (2014); Di Serio et al. (2013); Biocca, Tang, 
Owen, & Xiao (2006); Yusoff & Dahlan (2013)  
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Table 2.6 Continued 

No Elements Description Reference 

7 
Perceived 
Control 

The act of dominating, commanding and regulating others, 
an activity, or a system 

O'Brien & Toms (2008); Webster & Ho (1997); Hector & Payel (2014) 

8 Curiosity 
This is when the human mind yearns for knowledge by 
investigating an environment, object, or situation in search of 
the knowledge. 

Webster & Ho (1997); O'Brien & Toms (2010); Chapman (1997); Litman 
& Spielberger (2003); Reychav, Zhu & Wu (2017); Ciolfi & Bannon 
(2002) 

9 Enjoyment 
The user experiencing fun, enjoy, and entertainment with the 
usage of the application. 

Ma (2012); Rutledge & Neal (2012); O'Brien & Toms (2006); Bressler & 
Bodzin (2013); Lalmas et al. (2014); Pendit et al. (2014b); Lee et al. 
(2015); Chung et al. (2017); Pantano et al. (2017); Jung et al. (2018); 
Shernoff, Csikszentmihalyi, Schneider & Shernoff (2014). 

10 Social skill 
Ability to facilitate interaction and communication with 
others. 

Rutledge & Neal (2012); Permadi & Rafi (2015); Escobedo et al. (2012) 

11 
Self-
efficacy 

Confident in one's belief in one's ability to succeed in 
specific situations or accomplish a task. 

Rutledge & Neal (2012); Glasgow et al. (2011); Sirakaya & Kilic 
Cakmak (2018); Lin & Chen (2015); Sharek & Wiebe (2015); Wiebe et 
al. (2014) 

12 
Felt 
Involvement 
 

The users feeling involve during interaction with MAR 
application 

O'Brien and Toms (2008); Wiebe et al. (2014); Permadi & Rafi (2015) 

13 Endurability 
The likelihood of the user to return back to the usage of the 
application. 

O'Brien & Toms (2010); Wiebe et al. (2014); Banhawi et al. (2012); 
Lalmas et al. (2014); Conley (2013) 

14 Interest 
This when an object or system attracts attention, provokes 
thought, intrigues, and fascinates a user. 

Webster & Ho (1997); O'Brien & Toms (2010); Chapman (1997); Peters 
et al. (2009); Vreede et al. (2013); Yusoff & Dahlan (2013); Nachairit & 
Srisawasdi (2015); Nincarean, Alia, Halim, & Rahman (2013); Shernoff 
et al. (2014). 
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Table 2.6 Continued 

No Elements Description Reference 

15 Immersion 
The application should be able to cause deep mental 
involvement for the users. 

Permadi & Rafi (2015); Chen et al. (2005); Sweetser & Wyeth (2005); 
Kim (2013) 

16 Challenge The application should be able to provoke users to action. 
Webster & Ho (1997); O'Brien & Toms (2010); Bressler & Bodzin 
(2013) 

17 Satisfaction This is an act of being content and fond with an application. 

Rutledge & Neal (2012); Permadi & Rafi (2015); O'Brien & Toms 
(2013); van Vugt et al. (2007); Wiebe et al. (2014); Kim et al. (2013); 
Nachairit & Srisawasdi (2015); Chou & Chanlin (2014); Chung et al. 
(2017); Leue & Jung (2014) 

18 
Collaboration 

 

The action or power of focusing the user attention on the 
action with the application. 

Rutledge & Neal (2012); Shernoff et al. (2014); Permadi & Rafi (2015) 

19 Trust 
Users must have confident in the workability of the 
application. 

Lalmas et al. (2014); Hussein (2016); Sillence et al. (2006); Gurak & 
Antonijević (2009); Nilsson & Johansson (2007); Yeh & Wickens 
(2000); Wang (2010) 

20 Interaction 
Aware of being in control towards the application whereby 
interactivity, information and feedback are given upon an 
action. 

Permadi & Rafi (2015); Rutledge & Neal (2012); O'Brien & Toms 
(2010); Pantano et al. (2017); Hatala, Kalantari, Wakkary, & Newby 
(2004) 
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Based on the literature review, twenty (20) elements have been identified as the 

elements of engagement of MAR from the vast literature. This implies that each of the 

elements trigger engagement in MAR. The following subsections discuss each of 

these elements in detail.  

 

2.5.4.1 Aesthetics 

This is the concept of visual beauty or the study of natural and appealing mobile 

environment (O'Brien & Toms, 2010). This concept implies that the theory of beauty 

is introduced into the MAR so that the mobile users can appreciate the expression and 

representation of the message that the MAR application is conveying. Also, 

Aesthetics element is suitable for the HI because it depends on the users’ visual 

senses. Therefore, it is considered as the proposed element for this study. In a major 

study by O'Brien and Toms (2010); Wiebe et al. (2014), the concept of aesthetics is 

identified as an evaluation and measurement factor for engagement. This study 

follows the definition of O'Brien and Toms (2010) which defines aesthetics as visual 

beauty or the study of natural and appealing mobile environments.  

 

2.5.4.2 Novelty 

This concept depicts the usage of MAR to teach and learn new behaviour and 

knowledge for the user. The concept ensures that the conveying messages of the 

mobile application are based on the principle of quality, originality and newness in 

order to achieve the target behaviour of the application. This concept has been 

implemented in studies such as O'Brien and Toms (2008); Patzer et al. (2014); 

Assaker, Vinzi, and O’Connor (2011) where it is argued that novelty enhances 

engagement. These studies pinpoint that when users know that an application is 
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teaching a new behaviour then their curiosity to explore the application will increase 

which will make them to be engaged to the application. Thus, the novelty element is 

suitable for the HI people because it depends on the HI in learning the new behaviour 

and knowledge. Therefore, it is considered as the proposed element for this study. 

 

2.5.4.3 Usability 

This is the measurement of the flexibility, ease of use, suitability and learnability of 

MAR as perceived by the users' (Sauro, 2015) and (Hussain, Abubakar, & Hashim, 

2015). Ease of use of a system is one of the measuring tools for evaluating mobile 

applications. Similar concept has been implemented in studies like Hector and Payel 

(2014), Pribeanu (2014); O'Brien and Toms (2010); Huang and Liao (2015); Nilsson 

and Johansson (2007); Haugstvedt (2012) where it is maintained that usability 

promotes users’ engagement and satisfaction with the MAR. Thus, the usability 

element is suitable for the HI people because it refers to the ease of use application. 

Therefore, it is considered as the proposed element for this study. Therefore, this 

study follows the definition of Othman, Petrie, and Power (2011) which defines 

usability as the measurement of consistency of information and ease of use 

application functionality as perceived by the users. 

 

2.5.4.4 Feedback 

This is the concept of users’ response and reaction to obtain modification in order to 

promote positive performance. Mouratidis, Vansteenkiste, Lens, & Sideridis, (2008); 

Rutledge & Neal, (2012) argues that when users perceive that their input and 

contribution to a system is vital then their engagement with the system will increase. 

This further support Hector and Payel, (2014) position that positive feedback 
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information enhances passionate reactions and promotes positive performance. Thus, 

the feedback element is suitable for the HI people because they may need to receive 

feedback from use of the technology.  

 

2.5.4.5 Motivation 

Motivation defines an act which encourages action or target activity to be performed 

by a user (Alqahtani & Mohammad, 2015; Chapman, 1997). A study by Di Serio et 

al. (2013) has shown that users usually get engaged to the applications that they 

perceived to inspire or motivate them towards excellence. Thus, the motivation 

element is suitable for the HI because motivation may encourage the HI to continue 

using the MAR to do some activities during the museum visit. Therefore, it is 

considered as the proposed element for this study. Therefore, this study follows the 

definition of Gopalan et al. (2016); Chapman, (1997); Fogg (2009) which defined 

motivation as an act which encourages action or target activity to be performed by a 

user.  

 

2.5.4.6 Attention 

Attention is the ability to be involved and absorbed on a specific task by losing track 

of time without being distracted (Rutledge & Neal, 2012; O'Brien & Toms, 2010; 

Webster & Ho, 1997). Banhawi et al. (2012); O'Brien and Toms (2008); Rutledge & 

Neal (2012) implemented this concept in their studies. These studies concluded that 

the applications which are able to gain attention of users will successfully engage the 

users. Thus, attention is suitable for the HI because they may not be distracted from 

the use of the technology. Therefore, it is considered as the proposed element for this 

study. 
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2.5.4.7 Perceived Control 

It is a belief that users feel that they are in control of the event or situation within an 

application. It is a state that users have the understanding that they determine the 

internal situation and event within an application. This state becomes more intense 

when users belief they have more control and influence on the application 

environment and/or bring about the desired outcomes. This concept has been used in 

studies such as Boberg, Karapanos, Holopainen, and Lucero (2015); Webster & Ho 

(1997); Hector & Payel (2014) where it is noted that users perceived control on the 

application promotes their engagement. Thus, there is probably a need for the HI to 

control situation within an application. Therefore, it is considered as the proposed 

element for this study. 

 

2.5.4.8 Curiosity 

Curiosity is a state when the human mind yearns for knowledge by investigating an 

environment, object, or situation in search of the knowledge. This describes the 

quality of inquisitive thinking which will push the users to internal exploration and 

investigation. This concept promotes informal learning while the users learn through 

investigation and exploration. The concept has been implemented in studies by 

Reychav et al. (2017); Olsson (2017); Boberg et al. (2015); Ciolfi & Bannon (2002) 

where it has been discovered that the applications that increase user curiosity can 

successfully engage the users in a learning environment. The HI may be eager to 

search for knowledge using application at the museum visit. Therefore, it is 

considered as the proposed element for this study. 
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2.5.4.9 Enjoyment 

The concept of enjoyment implies the feeling of being benefiting to the conveying 

message of the application. This concept involves users experiencing fun, joy, and 

entertained based on their interaction with the MAR applications MA, L. E. (2012); 

Bressler and Bodzin (2013); MäNtymäKi and Salo (2011); Pendit et al. (2014b); 

Nysveen, Pedersen, Thorbjørnsen, (2005). The HI may need to feel enjoy, fun and 

entertained with the application during the museum visit. Therefore, it is considered 

as the proposed element for this study. Therefore, this study follows the definition of 

MäNtymäKi and Salo (2011); Nysveen et al. (2005) which states that enjoyment is 

when the user experiencing fun, joy and entertained with the usage of the application. 

 

2.5.4.10 Social skill 

This is the ability to facilitate communication, relationship and interaction with others 

within the same social circle. Studies by Escobedo et al. (2012); Rutledge and Neal, 

(2012) have highlighted that any application that facilitates social ability and skill 

enhances users’ engagement. Social skill concept implies that users are able to 

connect with others by forming bonds and circle. The HI probably needs relationship 

and interaction with others by using the application. Therefore, it is considered as the 

proposed element for this study. 

 

2.5.4.11 Self-efficacy 

Self-efficacy defines confidence in users’ belief in their ability to succeed in specific 

situations or accomplish a task. Based on the studies by Mun and Hwang (2003); 

Rutledge and Neal (2012), any application that enhances the users’ self-efficacy will 
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also engage them. It is considered as the proposed element for this study because the 

HI may need to accomplish a task with the application during the museum visit. 

 

2.5.4.12 Felt Involvement 
 
This is the concept of how much feeling users involve during interaction with MAR 

application and how drawn in they were able to become. This concept has been 

implemented in studies such as O'Brien and Toms (2008); Wiebe et al. (2014) where 

it is argued that when felt involvement increases users will get more engaged to the 

application. The concept ensures that the conveying messages of the mobile 

application are based on the quality of the HI interactions with the application. The 

quality of the HI interaction depends on the degree of challenges in achieving a 

specific task, the skills users possess in meeting those challenges, and the participants 

control over the interaction. 

 

2.5.4.13 Endurability 

This is the ability for users to bear and tolerate instructions from the application in 

order to perform the target action or behaviour. This concept defines the likelihood of 

the user to return back to the usage of the application, and this has been explored in 

studies such as Wiebe et al. (2014); O'Brien and Toms (2010). Thus, the HI may need 

to bear instructions from the application in order to perform the target action. 

 

2.5.4.14 Interest 

The concept of interest is when an object or system attracts attention, provokes 

thought, intrigues, and fascinates a user. This implies that interest is the gaining of 

users’ awareness and concern in order to get them involved and participate in 
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predefined action or behaviour. Many studies such as Schraw, Bruning & Svoboda 

(1995); Yusoff and Dahlan (2013); Webster and Ho (1997) have argued that users’ 

engagement is succeeded when the users are interested in the applications’ message.  

Also, interest element is suitable for the HI when an object or system attracts the 

attention of the HI. Therefore, it is considered as the proposed element for this study. 

 

2.5.4.15 Immersion 

The concept of immersion defines the state of deep mental involvement of users based 

on their interaction with an application. This concept implies that the user is able to 

experience deep thinking as a result of the application’s interaction. This concept is 

well explained in the studies by Chen, Kolko, Cuddihy, and Medina, (2005); Permadi 

& Rafi (2015); Di Serio et al. (2013) where the element of immersion is associated 

with engagement. The HI may need deep mental involvement based on their 

interaction with an application. Therefore, it is considered as the proposed element for 

this study. 

 

2.5.4.16 Challenge 

The concept of challenge involves a provocation to action or summons to compete 

and contest. Thus, an engaged application should be able to dare and persuade the HI 

to perform the target action and behaviour. This concept has been implemented and 

explained in the previous studies (Permadi & Rafi, 2015; Chou & Chanlin, 2014) as a 

determinant of engagement.  
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2.5.4.17 Satisfaction  

This is an act of being content and fond with the MAR applications which is usually 

by users fulfilling their expectations on the application. This concept pinpoints that 

every HI usually has a predefined target in exploring an application and if this target 

is not met then they will disengage with the application. On the other hand, if the 

target is met then they will become more engaged with the application (Permadi & 

Rafi, 2015; Nachairit & Srisawasdi, 2015; Chou & Chanlin, 2014). This study follows 

the definition of Alqahtani and Mohammad (2015); Rutledge and Neal (2012) which 

states that satisfaction as an act of being content and fond with an application 

 

2.5.4.18 Collaboration 

Concentration is the action or power of focusing the user attention on the action with 

the application. Rutledge & Neal (2012); Shernoff et al. (2014); Permadi & Rafi 

(2015) implemented this concept in their studies. These studies concluded that the 

applications which are able to gain the concentration of users, will successfully 

engaged the users. Thus, the HI may need focusing on the action with the application. 

 

2.5.4.19 Trust  

The concept of trust defines the users’ confidence in the workability of the application 

to achieve its defined objective and aim. The concept is vital because without trust it 

will be impossible for the users to follow the instruction of the application. This 

concept has been implemented in studies such as Lalmas et al. (2014); Hussein, 

(2016); Nilsson and Johansson (2007) whereby it is established that a trustful 

application will be more engaging to the users. Thus, the HI may need confidence in 

the workability of the application to feel engaged. 
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2.5.4.20 Interaction 

Interaction depicts the way and manner that users and application connects. This is 

important because the platform and nature of the application communication will 

affect users’ engagement with the application (Rutledge & Neal, 2012; Permadi & 

Rafi, 2015). Thus, the ability to connect between the HI and the application is critical 

to engagement (Haugstvedt, 2012; Othman et al., 2011). This study follows the 

definition of (Othman et al., 2011) which states interaction as aware of being in 

control towards the application whereby interactivity, information and feedback are 

given-up on an action. 

All the twenty (20) elements discussed above are considered as the major MAR 

engagement elements that are needed for the design of an efficient MAR application. 

Out of twenty (20) elements, eleven (11) elements of engagement have been 

considered related to the museum based on the focus group. The eleven (11) elements 

are listed in Table 2.7. 

Table 2.7 

 Engagement Elements of MAR Related to the Museum and cultural heritage 

No Elements References 
1 Aesthetic  Lee et al. (2015); Chung et al. (2017); Jung et al. (2018) 

2 Satisfaction  Chung et al. (2017); Leue & Jung (2014); Moreno Gil & Ritchie (2009) 

3 Enjoyment  Lee et al. (2015); Chung et al. (2017); Cesário, Radeta, Matos, & Nisi 
(2017); Chang et al. (2015); Van Dijk, Lingnau, & Kockelkorn (2012); 
Sylaiou, Mania, Karoulis, & White (2010); Jung et al. (2018) 

4 Self-efficacy  Lin & Chen (2015); Sylaiou et al. (2014) 

5 Usability Lee et al. (2015);  Jung et al. (2018); Leue & Jung (2014); Alzua-
Sorzabal, Linaza, & Abad (2007); Damala et al. (2008) 

6 Interaction Vaz, Fernandes, & Veiga (2016); Sandifer (2003); Hatala et al. (2004); 
Kwan, et al. (2016); Li & Liew (2015) 

7 Motivation  Moreno Gil & Ritchie (2009); Kim, Chiang, & Tang (2017); Cesário, 
Matos, Radeta, & Nisi (2017); Chang et al. (2015) 
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Table 2.7 Continued 

 No Elements References 
8 Interest Hatala et al. (2004); Chang et al. (2015) 

9 Focused attention Sandifer  (2003); Chang et al. (2014); Bitgood (2010); Damala et al. 
(2008) 

10 Curiosity  Ciolfi & Bannon (2002) 

11 Perceived control Baktash, Nair, Subramonian, & Ragavan (2016) 
 

From the above summation, these eleven (11) elements are vital to the museum 

studies and cultural heritage and thus, have been considered to be used in this study. 

There are limited previous studies on MAR for HI as shown in Table 2.5 page (40). 

However, there is a need to consider the well-being of the HI due to the 

overwhelming of the elements of MAR for engagement. Thus, chapter 4 discusses in 

detail the focus group discussion that has been conducted and the elements that have 

been selected for this study. 

2.6 The Hearing-Impaired People 

The HI people account for over 5% of the world's populace which is about 360 

million people (Kožuh, Hintermair, Holzinger, Volčič, & Debevc, 2015). Out of this 

populace, 124 million people are affected with moderate to severe HI while 108 

million from this 124 million live in low and middle-income countries like Eastern 

Asia, South Asia, Asia-Pacific and sub-Saharan Africa. From this populace, 328 

million are adults where around 33% of these are over 65 years old (Zazove, Meador, 

Reed, & Gorenflo, 2013). HI children are approximately 32 million worldwide while 

65 million individuals were affected by hearing loss from childhood. Generally, 

hearing disability which is also known as HI or loss occurs when an individual 

threshold is above 40 decibels (dB) for adults and 30 dB for children (Pollard, Sutter, 

& Cerulli, 2013). This leads to little or no hearing abilities which might occur in one 
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or both ears. Generally, HI people have difficulties in learning and understanding 

languages which when not managed properly can result in loneliness, low esteem, and 

depression (Batten, Oakes, & Alexander, 2013; Lesar & Vitulic, 2013; Chuan et al., 

2017). 

2.6.1 Hearing Disability 

Hearing disability occurs when sounds sensitivity is reduced below or above the 

normal rate of 40 decibels (dB) for adults while 30 dB for children (Jiang, Yin, & 

Wilkinson, 2015). The categorization of hearing disabilities is done based on severity 

to sense sound in the speech frequencies which is usually based on the increase in 

volume above the usual level necessary before the listener can detect it. Studies of 

Meinzen-Derr et al. (2014); Alexander, Kopun, and Stelmachowicz, (2013); Smith, 

Bale, and White (2005); Clark (1981) categorized hearing loss to be slight, mild, 

moderate, moderately severe, severe or profound as summarized in Table 2.8.  

Table 2.8 

Categorization of Hearing Disability 

Categorize Minimum (dB HL) Maximum (dB HL) 

Slight 16 25 

Mild (Adult) 26 40 

Mild (Children) 20 40 

Moderate  41 54 

Moderately Severe 55 70 

Severe 71 90 

Profound  91 <91 

 

For humans, the frequency is from 20-200,000Hz while the amplitude is from 0-

130dB. According to Vedurmudi et al. (2016), the 0dB amplitude does not mean there 
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is the absence of sound; however, it is soft which implies that an average unimpaired 

person’s ear can hear it. Even, some individuals can hear down to -10dB however, the 

130dB amplitude is known as the threshold of pain. Roy, Jiradejvong, Carver, and 

Limb (2012) pointed out that the human ear cannot hear equally various frequencies 

and concluded that sensitivity peaks for the human ear are at 3000 Hz. Based on 

studies by Vreeken et al. (2014); Bainbridge and Wallhagen (2014); Furness et al. 

(2013), hearing loss has been identified to be sensory which has a lot of signs and 

symptoms. These signs and symptoms can be grouped into primary and secondary. 

Primary signs and symptoms include pain or pressure in the ears and blocked feeling 

while secondary symptoms are hyperacusis (pain to certain frequencies and volume of 

sound), vertigo, disequilibrium and trypanophobia (case of hearing one's respiratory 

or voice sounds). Additionally, the studies by Hefeneider and McCoy (2015); Kujawa 

and Liberman (2009) gave some examples of hearing loss problems which were 

tagged as acoustic insults. Examples of such problem includes difficulty in speech 

comprehension, telephone usage, problem with speech discrimination against 

background noise (which is known as cocktail party effect), lack of directionality of 

sound and speech or sounds attenuation or muffled (which usually makes people to 

increase television, radio, music and other audio sources volumes carelessly).  

These identified signs and symptoms have led researchers to investigate the root 

causes of hearing loss in humans. Examples of such studies that investigate hearing 

loss causes includes Azaiez et al. (2014); Smith, Shearer, Hildebrand, and Van Camp, 

(2014); Schoen, Burmeister, and Lesperance (2013); and Von Ameln et al. (2012). 

Multiple causes for hearing loss have been identified namely; genetics, ageing 

perinatal difficulties and developed causes like disease and environmental noises. Out 

of these identified causes in the vast literature, Basner et al. (2014); Yamasoba et al. 
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(2013) have pinpointed ageing, genetics and environmental noises as the most 

frequent root cause of hearing loss in humans. For instance, Arehart, Souza, Baca, and 

Kates (2013) mentioned that ageing is the greatest single reason for hearing loss 

which creates as an aftereffect of getting more seasoned regularly and is known as 

age-related hearing loss or presbycusis. Huang, Kantardzhieva, Scheffer, Liberman, 

and Chen, (2013) study emphasise that many individuals lose their hearing from 

around 40 years old which increase as one age or get more seasoned. It was concluded 

that by the age of 80, many people will have huge hearing issues. This finding was 

supported by Stevens et al. (2013) finding that as hearing break down, high-

recurrence sounds occurs, for example, female or kids' voices might get to be hard to 

listen. It might likewise be harder to hear consonants, for example, "s", "f" and "th". 

Likewise, the studies of Sliwinska-Kowalska and Pawelczyk (2013); Sliwinska-

Kowalska and Davis (2012) maintained that environmental noise is the second most 

common cause of hearing loss after ageing. This hearing loss occurs as a result of 

damage to the ear from repeated exposure to loud noises over time. This is known as 

noise-induced hearing loss, and it occurs when the sensitive hair cells inside the 

cochlea become damaged. In the words of Fonseca et al. (2016), hearing loss causes 

usually makes understanding difficult and this has been of great challenge to 

researchers generally. 

2.6.2 Forms of Hearing Disability 

Based on the identified causes of hearing loss mentioned in the subsection above, 

literature has been able to group hearing disabilities into four forms namely; 

conductive, sensorineural, mixed and central (Kuenburg, Fellinger, & Fellinger, 

2016). The first form of hearing loss is conductive which occurs as a result of 
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blockage or infections to the outer or middle part of the ear which will hinder the 

propagation of sound wave to the ear (Kesser, Krook, & Gray, 2013). It happens when 

sound is not led proficiently through the external ear trench to the eardrum and the 

modest bones (ossicles) of the centre ear. It includes a diminishment in sound level or 

the capacity to hear faint sounds. This sort of hearing loss can regularly be amended 

therapeutically or surgically. This occurrence leads to both slight and mild hearing 

loss classes because there will be a reduction in sound frequencies to the ear. This 

form of hearing loss is corrected by medication and the use of hearing aids (Nelissen, 

Mylanus, Cremers, Hol, & Snik, 2015; Hill-Feltham, Roberts, & Gladdis, 2014).  

The second form is the sensorineural hearing loss which occurs as a result of a 

problem within the inner ear. The term can be subdivided into two parts namely; 

sensory and neural (Dispenza, De Stefano, Costantino, Marchese, & Riggio, 2013). 

These two words permit more clarity in defining this sort of hearing loss. The 

exhaustive audiometric appraisal and supplemental tests can yield the data expected to 

separate between a sensory and a neural hearing loss, despite the fact that these can 

exist together in the same ear. Neural hearing loss is another name for retro-cochlear 

hearing loss. This form of hearing loss results from the internal ear or sound-related 

nerve brokenness (Raghunandhan et al., 2013). The sensory part might be from harm 

to the organ of corti or a failure of the hair cells to invigorate the nerves of hearing or 

a metabolic issue in the liquid of the internal ear. The neural or retro-cochlear part can 

be the consequence of serious harm to the organ of corti that causes the nerves of 

hearing to deteriorate or it can be a failure of the hearing nerves themselves to pass on 

neurochemical data through the focal sound-related pathways (Cho, Kwak, Kwak, & 

Lopez, 2015). The purpose behind sensorineural hearing loss sometimes cannot be 

resolved. It does not normally react positively to restorative treatment and it is 
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regularly depicted as an irreversible, perpetual condition. Like conductive hearing 

loss, sensorineural hearing loss lessens the force of sound, however, it may likewise 

bring a component of twisting into what is heard, bringing about sounds that are 

vague notwithstanding when they are sufficiently uproarious (Kujawa & Liberman, 

2015). Once any restoratively treatable conditions have been precluded, the treatment 

for sensorineural hearing loss is intensification through hearing guides. The classes of 

moderate and moderate-severe hearing losses are in this form where sound 

frequencies are distorted even with the use of hearing aids (Tharpe & Gustafson, 

2015).  

The third form is the mixed hearing disability which is the mixture of both conductive 

and sensorineural (Bevans, Chen, & Crawford, 2013). This occurs when there is a 

problem in both inner and outer or middle parts of the ear (Vyskocil et al., 2014). 

Along these lines, notwithstanding some irreversible hearing loss brought on by an 

internal ear or sound-related nerve issue, there is additionally a brokenness of the 

centre ear system that exacerbates the hearing than the sensorineural loss alone. The 

conductive part might be agreeable to therapeutic treatment and inversion of the 

related hearing loss; however, the sensorineural segment will in all likelihood be 

changeless. Mixed hearing can be treated with hearing aids but, the choice of 

treatment will depend on the patient's state. The last form of hearing loss is the central 

which occurs due to damage to the central nervous system and has a great distortion 

on sound frequencies to the ear (Lee, 2013; Humes et al., 2012). Both mixed and 

central hearing loss belong to the profound and severe hearing loss classes (Smith et 

al., 2014). 
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2.7 Communication Methods for the Hearing-Impaired 

The previous section has explained who the HI person is and their challenges 

generally. This section will show efforts from the research community on how to 

improve the communication and lifestyle of HI with the design of various assistive 

technologies (Stokoe, 2005). Specifically, this section will reflect on contributions 

from linguistic research domain on the HI communication methods. Based on this 

review, the term communication methods imply the ways and medium that an HI 

person interacts and communicates with others within the larger society (both normal 

hearing and HI people). There are four communication methods for the HI based on 

linguistic literature which includes sign language, lip reading, subtitle and closed 

caption (Marschark, Shaver, Nagle, & Newman, 2015). Although, any one of these 

four methods is mostly used for communication and interaction by the HI, however, 

the combination of these methods together is likewise possible. For instance, the case 

where only one method is used is known as singelingual, while bilingual is where two 

methods are combined and trilingual is where three methods are combined. The next 

subsection will discuss in detail the four methods as applicable to the HI.  

2.7.1 Sign Language  

Based on linguistic research domain, there are over 70 million HI individuals using 

sign language as their native or first language (Debevc, Kosec, & Holzinger, 2010). 

Sign language has been considered as the principal language and first language to 

numerous hearing loss individuals and HI (material sign languages). Although, there 

may be variation in sign language semantic depending on countries, albeit distinctive 

sign languages can have the same etymological roots similarly as spoken languages 

do.  
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This does not imply that sign language is not a global language for the HI but rather 

there are all inclusive elements in sign languages. Sign language is not a 

straightforward gestural code speaking to encompassing spoken language (Rogers et 

al., 2016). The adaptation and modification nature of sign language in various 

countries makes it a feasible and global language to be easily comprehended by 

people compared with other spoken languages in the world (Lederberg, Schick, & 

Spencer, 2013). Sign language is usually referred to as international sign and it is 

normally depicted with slashed ear symbol as shown in Figure 2.15. 

 

 

Figure 2.15.  International Symbol for HI (Clason, 2014) 

However, there are many issues, pains, and criticism with sign language. For instance, 

Rautakoski and Martikainen (2014) mentioned the concerns in communication arts of 

the dissimilarities in spoken and sign languages. It was emphasized that this 

dissimilarity in the two languages (spoken and sign) usually cause a lot of 

misperception and lack of comprehension between both communities. Rosen, 

Turtletaub, Delouise, and Drake (2015) in their study on learning and usage of sign 
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language concluded that the language takes many years to learn and mastered. This 

makes it exceedingly limited especially among adults that lost their hearing abilities in 

their old years. The population of HI does not always devote the time required to learn 

and master sign language. Similarly, Ong and Ranganath (2005) reported that the 

variation in sign language creates numerous systems for HI communication which 

leads to confusion and misperceptions. For instance, British and USA sign Languages 

are greatly different despite both countries speak English which make systems created 

from both cannot be interchangeably used. In addition, Haug and Mann (2008) 

criticized the strenuous nature of sign language that second distraction may cause 

misunderstanding and inaccurate comprehension.  

These issues and criticism have made scholars like Debevc, Milošević, and Kožuh 

(2015); de Araújo et al. (2013); Marschark et al. (2006) to argue that subtitling and 

closed captioning are more advantageous and engaging compared with sign language 

for the HI. This is supported by statistics from the USA where just 10% of the 

24,000,000 hearing loss people prefer sign language while the remaining 90% prefer 

subtitling and closed captioning (Karchmer and Mitchell, 2004). This is because 

people nowadays prefer interactive and engagement medium of communication. 

Subtitling and closed captioning are preferred because they are displayed on the 

screen as many as three lines at a time in order for the audience to catch up if they 

become distracted, and more importantly can focus their attention to improve 

comprehension and understanding.  

2.7.2 Lip Movement  

Apart from sign language, lip movement is another method of communication for HI 

and it is also called lip-reading or speech-reading which involves the understanding of 
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the movement of the face, lip and tongue during conversation. This method is not easy 

because it relies on good knowledge of the spoken language and concentration in 

order to fathom the interpretation and comprehension. However, the method is an 

important skill to tackle isolation especially for HI and does not require much 

training. According to Kyle, Campbell, Mohammed, Coleman, and MacSweeney 

(2013), HI are identified as good lip-readers than normal hearing people because they 

can be more focused and possess high level of concentration (reduced distraction 

either from the environment or within their mind). This is the rationale why HI 

individuals are usually considered as the best lip-reading forensic professionals.     

Likewise, it has been seen that lip movement increases literacy capability among the 

HI community (Tye-Murray, Hale, Spehar, Myerson, & Sommers, 2014). This is 

because HI children that are trained in lip-movement must acquire other language 

knowledge and skills in order to be able to fathom and comprehend the method. 

Although lip movement is very useful and beneficial for HI however, it is a difficult 

skill to master and has various interpretation with misinterpretation. This implies that 

there are no unique ways to it and different individuals can give diverse 

interpretations. Likewise, recognition of lip-movement is between 30% to 40% of 

speech, whereas 70% of the skill is based on guesswork (Ronnberg, 1993). Another 

issue is that for HI to be able to use lip-movement effectively then they must master 

the spoken language (depending on the country). This is a very difficult task because 

not all HI are knowledgeable in other natural languages and there are variations in 

these natural languages too (Plass, Guzman-Martinez, Ortega, Grabowecky, & 

Suzuki, 2014). Thus, these limitations have given the choice to explore other methods 

of interaction and communication among HI. The next discussion of this review will 

shed more light on subtitle and closed caption communication methods for HI. 
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2.7.3 Subtitle for Deaf and Hard-of-Hearing (SDH) 

The concept of SDH as explained by Caimi (2006) is the display of spoken language 

on screen in order to bridge the communication gap between the two communities 

(spoken and sign languages). In this concept, the subtitling is done to believe that the 

target audience cannot hear the speaker nor the non-dialogue audio sound effects and 

speaker identification of the spoken words. This is done by translating the spoken 

language into screen understandable language in order to aid the HI comprehension 

(Straetz et al., 2004). This implies that subtitles describe what is going on/off screen 

for the comprehension of the HI that cannot hear the audio part of the screen (for 

example the explosion scene in movies). Subtitles can be helpful when a speaker is 

talking amid a minute with a lot of encompassing clamour. Figure 2.16 shows the 

international symbol for SDH. 

 

Figure 2.16. SDH International Symbol (Wikipedia, 2018) 

Now and again, the subtitles will be shown as a packed rendition of what is being said 

on screen or will be composed marginally distinctively to what is really said. These 

events are moderately rare and for the most part, do not hamper the comprehension of 

the spoken words. Likewise, the SDH has been used in a game where dialogues that 

are difficult to speak or hear are shown for audience comprehension. This has been 
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done to comprehend telephone conversation, explosions, enemies conspiring distance 

and others. It permits the audience to gain more insights and understanding on the 

spoken language which foster mutual comprehension to both HI community and 

spoken word community.  

2.7.4 Closed Captioning (CC) 

Similar to SDH, CC is also a text displaying media for words and expressions that are 

spoken and acted respectfully. Both SDH and CC are used to describe expression, 

convey a message and inform HI audience. However, there are lots of differences 

with both SDH and CC. CC is mainly used with special elements and signs that are 

not included in SDH. The communication of CC includes all audio information such 

as speaker identification, sound effects, and non-speech elements. CC elements are 

written in HI understandable language and are included in the video source language 

which is not done for SDH. This implies that CC is more detailed in information and 

comprehension for HI and the international symbol is shown in Figure 2.17. 

 

 

Figure 2.17. Closed Captioning International Symbol (Clason, 2014) 
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CC has been used in many different applications for learning, reading and difficult 

audio environment where muting or low sound is needed. It can be used in a situation 

where audience simply wants to read a transcript along with audio. According to 

Ohene-Djan, Wright, and Combie-Smith (2007) there were over 7.5 million people 

using closed captioning while 6 million have no hearing impairment in the United 

Kingdom. It is also designed to be used in public environments where background 

noise usually disturbs such as in restaurants and bars. Nowadays, many television 

manufacturers are setting their products to automatically turn captioning on when the 

volume is muted. In comparison with SDH and normal subtitling medium, Table 2.9 

summarizes the major differences of Normal Subtitling, SDH, and CC.   

Table 2.9 

Differences between Normal Subtitling, SDH, and CC 

Characteristic Normal Subtitling SDH CC 

Sound effects X X X 

Synched with video X X X 

In source language 
  

 X X 

Speaker Identification   X X 

Can be turned on/off  X X 

Onscreen placement Centred lower bottom 
third 

Centred lower bottom 
third 

Varies 

Text appearance Varies Varies Usually white text on 
black background 

Encoding Supported through 
HDMI (Blu-ray or HD 
DVD) 

Supported through 
HDMI (Blu-ray or HD 
DVD) 

Not supported through 
HDMI (Blu-ray or HD 
DVD) 

 

It can be seen that the advantages of CC are enormous compared to other mediums as 

summarized in Table 2.9. The benefits gain from its application is not only to the HI 

community but also to the spoken community. Notwithstanding, few issues were 
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identified with CC. For instance, Kim, Han, Choi, and Jung (2015) pointed that CC 

made used of few text or words whereby most sentences are not usually captured in 

CC. White and Cansler (2014) mentioned the issue with multiple standards in CC 

which usually cause dialog misconception. Additionally, Salim, Haider, Conlan, Luz, 

and Campbell (2015); Blanco, Morales, and Silvestri (2015) studies emphasized the 

need to improve HI engagement, retention and overall users’ experience with CC. 

This implies that issues like engagement, interaction, comprehension and retention are 

still limited with CC.   

The application of CC is enormous which has created lots of advantageous competing 

technologies for the improvement of human lifestyle generally and HI specifically. It 

ranges from internet video streaming, movie, theatre, stadium, public speaking 

presentation, video game, telephone conversation, media monitoring service and 

television. For instance, television CC application has offered a real-time captioning 

with lots of benefits to both the HI and normal hearing audiences. According to 

Brooke (2015); Koskinen, Wilson, and Jensema (1985) studies which focused on 

television CC as a new tool for reading instruction, possess certain advantageous of 

television CC namely: 

i. It enhances persuasive vocabularies and on time display for HI audiences 

because, in television, the audio (volume) can be silent in order to empower 

closed captioning.  

ii. It empowers video streaming by giving more explanations to scenes with the 

help of CC and can be used by both HI and non-HI people. 

iii. It can be used selectively which implies the CC can be switched off or on.  

iv. It allows video and scenes search in television CC application  
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v. It provides better comprehension and read-along culture which is of huge 

benefit to both HI and non-HI people. 

vi. It aids easy translation into other foreign languages.  

vii. Helps in teaching sound English language to an audience which can be in the 

form of verbal structure to advance expression, verbal stating, and elocution of 

audiences.  

viii. It protects against interruption and disturbance during video streaming 

whereby audiences can easily capture previous scenes.  

In another major study by Blanco, Morales, and Silvestri (2015), the authors proposed 

IntoNow, a mobile application that gives a second-screen experience to TV audiences. 

The mobile application utilizes the microphone of the mobile device to sample the 

sound originating from the TV set and analyses it against a database of TV shows 

with a specific end goal to recognize the project being viewed. Figure 2.18 presents 

the IntoNow user interface. 

 

Figure 2.18. IntoNow User interface display featuring closed caption application on 

the right window (Blanco, Morales, & Silvestri, 2015) 
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IntoNow retrieves identified data by comparing the signal coming from the TV with 

TV shows’ database to identify the show that being watched. By using closed caption, 

the system retrieves the information related to the TV show that the user is watching 

which is provided by the TV signal broadcaster.  

The same concept has been implemented by White, Lartigue, and Dutton (2013) 

developed eScribe, a note-taking system augmented with multimedia content and 

designed to work in real time with collaborative input and annotation by users 

utilizing mobile devices. The mobile application integrates concept from CC and 

lecture environment such as multimedia, notes, and others into an indexed time-coded 

record of the lecture that is suitable for archiving. Similarly, Lochrie and Coulton 

(2012) studied information extraction in real time using CC on the Twitter platform. 

Their study has been identified to have enormous potential for reinvigorating live TV 

of audience interaction. Although, these applications are well functional for their 

design purposes however, there are still concerns among researchers such as Kim, 

Han, Choi, and Jung (2015); Shiver and Wolfe (2015); Lekakos, Chambel, and 

Knoche (2013) on how to improve CC and text to be more interactive and captivating 

to most audiences especially the HI. Additionally, van Rooij and Zirkle (2016); Salim, 

Haider, Conlan, Luz, and Campbell (2015); Varonis (2015) have pointed out the need 

to make the text and CC more engaging and attractive in order for the audiences not to 

be bored when interacting with the applications. Hence, this present study will make 

use of mobile augmented reality engagement elements to design an engaging 

application for the HI. 
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2.7.5 The Implication of the Communication Methods to This Study 

The previous subsections discussed four communication methods for the HI. This 

subsection discusses the implication of these communication methods. Firstly, Sign 

language has been considered as the principal language and first language to 

numerous hearing loss individuals, although, there may be variation in sign language 

semantic depending on countries. However, there are many issues, pains, and 

criticism with sign language. Rautakoski and Martikainen (2014) mentioned the 

concerns in communication arts of the dissimilarities in spoken and sign languages. 

Rosen, Turtletaub, Delouise, and Drake (2015), in their study on learning and usage 

of sign language concluded that the language takes many years to learn and mastered. 

This makes it exceedingly limited especially among adults that lost their hearing 

abilities in their old years. Similarly, Ong and Ranganath (2005) reported that the 

variation in sign language creates numerous systems for the HI communication which 

leads to confusion and misperceptions. These issues and criticism have made scholars 

like Debevc, Milošević, and Kožuh (2015); de Araújo et al. (2013) to argue that 

subtitling is more advantageous and engaging compared to the sign language for the 

HI. Secondly, lip movement is another method of communication for the HI. This 

method is not easy because it relies on good knowledge of the spoken language and 

concentration in order to fathom the interpretation and comprehension. Although lip 

movement is beneficial for the HI, however, it is a difficult skill to master and has 

various interpretations with misinterpretations. Thus, these limitations have given the 

choice to explore other methods of interaction and communication among the HI. 

Thirdly, the CC is also designed to be used in public environments where background 

noise usually disturbs and needs special devices. Kim, Han, Choi, and Jung (2015) 

pointed that CC made used of few text or words whereby most sentences are not 
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usually captured in CC. White and Cansler (2014) mentioned the issue with multiple 

standards in CC which usually cause dialog misconception. Additionally, Salim, 

Haider, Conlan, Luz, and Campbell (2015); Blanco, Morales, and Silvestri (2015) 

studies emphasized the need to improve the HI engagement, retention and overall 

users’ experience with the CC. This implies that issues like engagement, interaction, 

comprehension and retention are still limited with CC. Fourthly, in this concept; the 

subtitling is done to believe that the target audience cannot hear the speaker nor the 

non-dialogue audio sound effects and speaker identification of the spoken words. The 

subtitles will be shown as a packed rendition of what is being said on screen or will be 

composed marginally distinctively to what is really said. These events are moderately 

rare and for the most part, do not hamper the comprehension of the spoken words. It 

permits the audience to gain more insights and understanding on the spoken language 

which foster mutual comprehension to the HI community. Therefore, in this study the 

text of subtitling is preferred because they are displayed at the bottom of the screen in 

order to improve comprehension and understanding. Additionally, van Rooij and 

Zirkle (2016); Varonis (2015) pointed out the need to make the text more engaging 

and attractive in order for the audiences not to be bored when interacting with the 

application.  

2.8 Hearing-Impaired and Museum Visit 

Previous sections have shown that lots of efforts have been geared generally towards 

helping and improving the lifestyles of the HI. This is evident in the numerous 

applications and designs in the vast literature. The study of disabled people 

experiences can be dated back to 1990s (Poria, Reichel, and Brandt, 2010). This has 

led to the United Nations World Tourism Organization (UNWTO) in 2005 to 
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acknowledge the need for tourism for all tagged “accessible tourism for all”. This 

became imperative because disabilities and aged people represent a growing cluster of 

consumers of museum worldwide. This demonstrates museums turning into a 

fundamental right and vital for human improvement. It is a method for social 

improvement of incapacitated nationals and welfare of the general public upon 

tourism economy. This huge right ought to be bolstered by administrative 

arrangement and should be suggested as a regulation for museum administrations. 

There is a solid endeavour for the museum administrations availability for all visitors. 

Encouraging access as far as foundation and museum administrations for impaired 

individuals is the piece of accessible museum (Alén, Domínguez, and Losada, 2012). 

In this appreciation, exercises with innovation upgraded environment are pivotal for 

the accessible museum.  

Accessible museum covers an assortment of exercises inside of spare time to 

museum. It depends on making individuals with confined limits and completely 

coordinates their useful and mental contemplations and activities for the individual 

fulfilment and social advancement (Alén, Domínguez, and Losada, 2012). Those 

accessible exercises and innovation upgraded administrations give incorporation and 

socialization which are huge advancement pointers for incapacitated individuals. 

Accessible museum is a type of tourism that includes communitarian forms between 

partners that empower individuals with access prerequisites, including portability, 

vision, hearing and subjective measurements of access to work autonomously and 

with value and pride through the conveyance of generally composed museum items, 

administrations and situations (Buhalis and Darcy, 2010). However, a group that has 

been precluded from the accessible museum are the HI or hearing loss. This is 

because the group has received little attention within the research literature whereas 
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most museum studies have focused mainly on accessibility museum and little is being 

done on enjoyable and informative museum for this group (Small & Darcy, 2010; 

Darcy & Taylor, 2009; Darcy & Dickson, 2009; Shaw, Veitch, & Coles, 2005; 

Goodall et al., 2004). 

In the museum, there are many methods that are used to interact with the HI visitors 

which include the following; Assistive Listening Devices (ALDs), Real-Time Closed 

Captioning and Sign language interpretation. The ALDs are used in live broadcasts of 

events within the museum which for rear-window captioning and audio-description. 

In similar manner, Real-Time Closed Captioning is used in live broadcasts of events 

within the museum to enhance audio description to the HI visitors. Likewise, sign 

language interpretation is implemented as scheduled tours guide for HI visitors to the 

museum sites. Table 2.10 summarizes selected museum hearing aid application for 

the HI visitors based on Kenneth Berger Hearing Aid Museum and Archives (Curran 

& Galster, 2013). 

Table 2.10 

Summary of Museum hearing aid application 

No Application Description Benefit Reference 
1 Med-El Opus 2 

Audio Processor 
This cochlear implant audio processor 
worked with the implanted Sonata. It 
consists of three parts—the behind-
the-ear microphone/audio processor, 
the transmitting coil and the 
“FineTuner" remote control. 

The thinnest and 
lightest processor, 
OPUS 2 has 
children's and body-
worn with 6-channel 
acoustic fitting 

Müller et 
al. (2012); 
Seebens & 
Diller, 
(2011) 

2 Med-El Sonata 
Cochlear Implant 

 

This cochlear implant module works 
with the Opus Audio Processors. It 
consists of an electronic module 
(centre), receiving coil (right) and 
long electrode array (left and bottom). 

Offers up to 60 
hours of hearing 
with two size 675 
zinc air batteries 

Gifford, 
Dorman, 
Shallop, & 
Sydlowski, 
(2010) 
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Table 2.10 Continued 

No Application Description Benefit Reference 
3 Med-El Pulsar 

Cochlear Implant 

 

This cochlear implant module works 
with the Tempo+ Audio Processor. It 
consists of an electronic module with 
receiving coil (left), a ground 
electrode (top and right), and a long 
electrode array (right and bottom). 

High reliability with 
audio software for 
processing high 
quality sound. 

Gifford, 
Dorman, 
Shallop, & 
Sydlowski, 
(2010) 

4 Med-El Tempo+ 
Audio Processor 

 

This cochlear implant audio processor 
works with the Pulsar or earlier 
Combi 40+ cochlear implants. The 
Tempo+ consists of two parts, 
behind-the-ear microphone/audio 
processor and the transmitting coil. 

It aids audio mixing 
which refines the 
quality of the sound. 

Lorens, 
Zgoda, 
Obrycka, 
& 
Skarżynski, 
(2010) 

5 Nucleus Freedom 
Speech Processor 

 

The external parts consist of the 
circular headpiece coil (left) and the 
behind-the-ear (BTE) speech 
processor/controller (right). 

Aid with advanced 
speech coding, and 
streamlined speech 
processor  

Spriet et al. 
(2007) 

6 Nucleus SPrint 
Speech Processor 

 

The external parts consist of the 
circular headpiece coil (left), behind-
the-ear (BTE) HS8A microphone 
(center) and body-worn speech 
processor (right). 

Ear level processors 

are less flexible than 
the body-worn Sprint 
processor 

Brown et al. 
(2000) 

7 Nucleus ESPrit 3G 

Speech Processor 
 

The external parts consist of the 
circular transmitting coil (bottom) 
and the behind-the-ear (BTE) speech 
processor (top). 

Built-in telecoil 
provides recipients 
with wireless access 
to the telephone 
without the need for 
additional adapters or 
cables 

Santarelli et 
al. (2009) 

8 Radio-based 
hearing aid system 

FM system where sound is wirelessly 
transmitted by radio waves. 

Uses harmless radio 
waves which can be 
used at any 
environment 

Hall (2001) 

9 Vibraphone 
 

It consists of silver chambers in an 
“L” shaped design. Inside the larger 
chamber were small metal reeds that 
vibrate with the sound. It is doubtful 
that they would have helped anyone, 
even with a mild hearing loss. Sounds 
enter the Vibraphones through a ring 
hole in the bottom of the large 
chamber (right). 

Two pieces of 
devices use at the 
same time on the two 
ears. It sizable and 
used to improve 
hearing quality  

Marutake, 
Fukutome, 
& Asami, 
(1991) 

10 Celluloid ear 
trumpet 

 

Two-section collapsible Metal "Pipe" 
Trumpet known as ear horn.  

It is mostly used by 
ladies because of its 
multi-colours and 
fashion  

Torick, 
DiMattia, 
Staruk Jr & 
Milner, 
(1975) 
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Most of these applications and techniques majorly focus on supportive hearing aids 

whereas, there is a need to explore engagement hearing aids which can make the HI 

have inspiring learning experience during their visits to the museum sites 

(Angkananon, Wald, & Gilbert, 2016; Betsworth, Bowen, Robinson, & Jones, 2014). 

These kinds of experiences are vital because it will provide the HI museum visitors 

with satisfaction in order to create a more social acceptance and make them to be able 

to come back for visits to the museum again. Hence, this study focuses on MAR 

engagement applications for the HI during their visits to the museums.   

2.9 Underpinning Theories 

This study will make use of one model and a theory to pivot its theoretical 

implications namely: museum experience model and engagement theory. The 

following subsections explain more about them and their relationship to this study. 

2.9.1 Museum Experience Model 

Museum experience model explores the rationale of not only visitors’ visit to the 

museum but also their passion and expectation during their visit. The model reflects 

the inner motivation and drive that make people to visit the museum. Based on Falk 

and Storksdieck (2005), this model contains a rule of setting which impacts museum 

visitors experience and expectations. It was pointed out that there are three major 

factors that motivate museum visitors’ experiences namely: their personal experience, 

social experience, and physical setting.  

The first factor is visitors’ personal experience which relates to the inner value of the 

visitors and is expressed in four dimensions. 
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i. Visitor’ expectations and motivations: Most of the time, the rationale for 

visiting the museum is entertainment and learning, thus, this expectation and 

motivations must be met for satisfaction to be reached. When it is reached then 

it enhances the visitors’ emotional experience which will always be 

remembered and marked by the visitors. 

ii. Visitor’ knowledgeable experience: Another form of experience that the 

visitors wish to have at museum sites is acquiring of new knowledge. New 

knowledge can be derived from old knowledge of objects in the museum 

which create the passion for learning. 

iii. Visitors’ beliefs: Another way of acquiring of new knowledge is by exploring 

on visitors’ beliefs during their visit to the museum sites. 

iv. Visitors’ choices and control: The factors of choices and control enhance the 

museum visitors to acquiring of new knowledge by creating the passion for 

learning. 

The second factor is visitors’ social experiences which implies the social bonding and 

connection that visitors can have during their visit. Positive social bonding and 

attachment gives positive experience. The social experience is referred to social 

interaction among other visitors, museum staff and other social elements that can 

positively impact the visitors during their visits. On the other hand, the third factor 

which is physical setting refers to the feelings and influence that the museum 

building, artefacts and other non-living objects within the museum environment can 

have over the visitors (Selvakumar & Storksdieck, 2013; Lanir et al., 2013). The 

study by Pendit et al. (2015) has implemented the museum theory of MAR in the 

cultural heritage sites for normal hearing people. Thus, this theory would explain the 

HI behaviours in the museum during this study. It helps in the selection of the 
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engagement elements and their items during the development of the conceptual model 

of this study. 

2.9.2 Engagement Theory 

Due to the fact that this study develops a conceptual model of engagement of MAR 

for the HI then it will be wise to pivot it with the engagement theory. Based on 

Kearsley and Shneiderman (1998), the engagement theory stipulates the processes 

involved in technology-based learning where users are engaged with the technology 

in an active learning platform. According to Shneiderman (1994); Kearsley (1997), 

the engagement theory is defined as the process of establishing teamwork 

(collaboration) in order to achieve set objectives. Teamwork in the light of this study 

implies the interaction between the mobile application and the user, while the set 

objective is for satisfactory user experiences at the museum site. The theory pinpoints 

three factors namely; Relate-Create-Donate which can be summarized as follows: 

i. The first factor ‘Relate’ depicts the act of forming a team with a technology 

which involves social skills. This depicts a case of collaborative learning 

between the technology and users which increases the motivation of users to 

learn within the platform.  

ii. The second factor ‘Create’ implies the platform, where the interaction 

platform among the technology and users is purposeful and creative in nature. 

It should give the user a good sense of control over the technology in order to 

activate confidence in the interaction. 

iii. The third factor ‘Donate’ depicts the value or benefit achieved during the 

interaction. It means that the interaction should be rewarding and efficient in 

order for users to have a continuous interest in the technology. 
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It can be seen that the theory promotes interactive learning whereas the outcome of 

the interaction depends largely on the technology (mobile application). However, it is 

important to note the difference between engagement and interactivity. The theory has 

been able to show that the technology (mobile application) is a source of critical 

thinking which provides the learning platform known as engagement. On the other 

hand, interactivity is the platform for the technology communication tools in the form 

of media delivery platform. Thus, engagement theory emphasises on the provision of 

a meaningful platform for learning based on the users and the technology (mobile 

applications) interactions. For instance, Kearsley and Shneiderman (1998) used the 

engagement theory to develop a technology-based teaching and learning framework. 

Their study implemented the three core components of engagement theory namely; 

collaboration, focus and project orientation to depict how students’ engagement can 

be achieved in learning activities. Also, Herrington, Oliver, and Reeves (2002) 

implemented the engagement theory in the usage of authentic activities within the 

online learning platform in order for the students to willingly deflect their disbelief to 

fully engage in the learning scenarios on authentic tasks. The work by Permadi and 

Rafi (2016) displayed the use of the theory in MAR application where a conceptual 

model of user engagement for MAR game was developed. However, the usage of the 

engagement theory in MAR for the HI in the literature is still limited.  

In a study based on the theory of engagement, O'Brien and Toms (2008) have 

constructed and evaluated a multidimensional scale to measure user engagement. 

Figure 2.19 shows the output of this study showing the four stages of engagement and 

their respective attributes. The first stage is the point of engagement which occurs 

when the user delves beyond the routine or the mechanistic level and then invests 

him/her self in the interaction. This stage shows the role of the interface of the 
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application to display novel information in an aesthetically pleasing way to capture 

the users’ motivation and interest in the application which eventually make them 

interact with it. 

In the second stage, the user is engaged with the application. The users’ attention must 

be maintained with the feeling that they are part of the interaction process. The user 

therefore understands what to do with the application and control be able to it. These 

attributes vary according to the users’ expectations and experience with the 

technology as well as the surrounding environment and the technology used.  

 

 

Figure 2.19. Stages of engagement (O'Brien & Toms, 2008) 
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Disengagement is the third stage whenever the user stops the task voluntarily or for 

internal reasons. Therefore, the user either feels positive feelings such as user's sense 

of success or negative feelings such as frustration and dissatisfaction. At the last 

stage, the user feels either success in the performance of the mission (positive feeling) 

or failure (negative emotions) or loss of interest and motivation. The Re-engagement 

stage is important because the user moves between stages during the single session. 

Therefore, the re-engagement stage is an integral part of the model. Engagement 

theory can be used in this study to explore users’ perception of being engaged with 

the mobile application. In addition, this theory is vital in understanding users’ 

requirements and needs in order to feel engaged within the mobile environment. 

However, the usage of the engagement theory in MAR for the HI in the literature is 

still limited. Thus, these are the reasons for this study to explore the engagement 

theory for the conceptual model of engagement of MAR for the HI visitors at the 

museum site. 

2.10 Chapter Summary 

This review has explored definitions and understanding of MAR with its application 

and issues surrounding the HI at the museum sites. Thus, this chapter provides a 

theoretical understanding on the conceptual model of engagement of MAR that can be 

developed for the HI at the museum site as summarized in Figure 2.20.  The 

theoretical framework for this study comprises of five main headings namely; User 

Experience (UX), Augmented Reality (AR), the HI people, Communication methods 

for the HI and Under Planning Theories. The subheadings include; Museum User 

Experience, the Concept of Engagement which bisects from the main heading of User 

Experience. While Museum MAR and MAR Applications bisect from the main 
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heading Augmented Reality. Also, Hearing Disability, a Form of Hearing Disability 

and HI and Museum Visit bisect from main heading the HI people. While the main 

heading Communication Methods of the HI bisects from the Sub-headlines subtitle 

for Deaf and Hard-of-hearing (SDH), CC of HI, Lip Movement and SL for HI. In 

addition, this framework comprises of two theories that are adaptive to this study, that 

include; Museum Experience, and Engagement theory. The sub-subheading from the 

concept of engagement include; Engagement Process, Engagement MAR, HI and 

Engagement MAR. The next chapter will explore the research methodology for the 

study purpose. 
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Figure 2.20. Theoretical Framework of this Study 
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CHAPTER THREE 

RESEARCH METHODOLOGY 

3.1 Introduction 

Chapter 2 presents the literature review in the domains of AR, engagement, HI and 

museum. This chapter has provided the fundamental foundation into the research 

objectives as stated in Chapter 1. Meanwhile, chapter 3 describes the methodology 

that was used in answering the three research questions. The chapter starts with the 

research study paradigm and subsequently presents the research design and 

framework as a reference for this study. The other subsequent sections reflect the 

provide stages taken in answering all of the research questions. Then, details on the 

communication of the study and considerations that are implemented in the study are 

presented. Finally, the chapter recaps with a brief summary of the research 

methodology. 

3.2 Research Design 

 

Design Science Research (DSR) methodology has been identified as the most suitable 

method to provide answers to the research questions as stated in Chapter 1. This 

methodology was selected because it is fundamentally a problem-solving paradigm as 

mentioned by Peffers, Tuunanen, Rothenberger, and Chatterjee, (2008); Peffers, 

Rothenberger, Tuunanen, and Vaezi, (2012); Alturki, (2015); Vaishnavi and Kuechler 

(2015). It consists of six stages namely: problem identification, proposed solutions, 

model design, development, evaluation, and communication. Also, there are three 

major rationales for selecting the DSR methodology for this study which include: 
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i. DSR is more concerned with the end product such as artefact for 

implementation of the study. 

ii. DSR is found to be suitable for this study since the study domain is related to 

the information system which provides flexible possible platform for MAR 

prototype development. 

iii. This study will produce a prototype design in order to validate the proposed 

conceptual model.   

Figure 3.1 summarises the stages, activities and outcomes that were implemented in 

this study based on the DSR methodology. Further elaborations will be made on each 

of the research frameworks in the following subsections.  
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Stages Activities Outcome 

   

Problem 
Identification 

Proposed 
Solution 

Design 

Development  

Communication   

Evaluation   

√ Review relevant literatures to 
identify problem, define suitable 
objective to guide the study 

√ Identify suitable elements from 
theories and empirical studies required 
to build the conceptual model 

√ Journal Publication 

Elements 
Identification 

Conceptual 
Model 

MAR 
Prototype 

Validated 
Model 

√ MARHIME Conceptual model 
design and development 

√ Items Design 

√ Academic Expert Review 2  

√ Instrument Development 

√ Pilot Study 

√ User Evaluation 

√ Selection of Participants 

√ Data Analysis and Interpretation 

 

√ MARHIME Prototype Development 

√ Prototype Evaluation 

 

√ Focus group  Objective 1 

Objective 3 

Objective 2 

√ Academic Expert Review 1  

 

Figure 3.1. Research Methodology 
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In the vast literature, there are varieties of research methods available to provide 

solutions to any research problem. In fact, Gravetter and Forzano (2018); March and 

Smith (1995); Vaishnavi and Kuechler (2015); Shiratuddin and Hassan (2013); 

Peffers, Tuunanen, Rothenberger, and Chatterjee, (2008); Peffers, Rothenberger, 

Tuunanen, and Vaezi, (2012) pointed out that research methods can be classified into 

eight primary classes. Obviously, not all of these eight research methods can be 

suitable and comprehensively provide an adequate solution to every study. Hence, it is 

imperative to select the most suitable and comprehensively adequate literature to 

provide the needed solution to this present research. Considering the nature of the 

study which has to do with the development of a conceptual model and a prototype 

for the HI, DSR method was considered appropriate. This is because the DSR method 

is found to provide stages which lead to the artefact design which is rigorously 

demonstrated through well-executed validation processes.  

3.3 Stage 1: Problem Identification 

This first phase is where the foundation of the study was created. It involves the 

definition of the research objectives based on the problems identified in the vast 

literature. Literatures within the domains of AR, MAR, engagement, HI, museum, and 

heritage cultural site were reviewed to identify and examine the problems and issues 

related to the study. The conceptual model of MAR is also discussed. These problems 

and issues were used to formulate the research objectives for the study.  

3.4 Stage 2: Proposed Solution 

The literatures on AR, MAR, engagement, HI, museum, and heritage cultural site 

were used to identify the elements of MAR conceptual model for the HI. The 
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elements are related to the theories, models and empirical studies within these 

domains. This is based on Oxman and Guyatt (1988) suggestions to search for 

multiple bibliographic databases, reference list of previous eligible reviews, 

contacting scholars, conference proceedings, key journals and seminar articles related 

to these domains. The outcome of this phase provides the answer to the first research 

objective as stated in Chapter 1. For clarity, the following two subsections explain the 

procedure involved in the literature review and identification of elements, and the 

third subsection explains the focus group. Details of academic expert review phase 1 

are available in stage 3 (iii). 

 

i. Review of Relevant Literature 

This study reviews existing literatures on engagement, MAR, HI, museum and 

other related domains and topics around the four main topics. This study also 

reviewed the conceptual model of MAR. The reviews were taken from books, 

journals, dissertations, and conference proceedings. Moreover, it also analysed the 

content from video, text, image that are related to the topic.  

ii. Identify Suitable Elements 

In order to identify the suitable elements of engagement for this study, an 

investigation of the existing engagement models was conducted to identify the 

elements from previous studies. It was found that existing engagement models are 

focusing much on engagement for websites, multimedia, games, and MAR for 

normal hearing people. At the end of Chapter 2, the 20 elements of engagement 

with MAR were listed and considered for the HI due to the differences in users' 

needs, and expectations in the digital environment (O’Brien, 2017). More light is 
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shed in the next subsection when these elements were presented to the focus 

group. 

iii.   Focus Group  

Focus group is a small group (6 to 12 participants) of specific target group which 

responses to certain things like emotional response to a specific subject; 

questions are asked about their perceptions, attitudes, expectations, beliefs, 

opinion or their desire (Churchill, 1979; Escalada & Heong, 2011; Folch-Lyon & 

Trost, 1981). The purpose of focus group is to identify and describe matters in 

depth that are not clear or known enough to the researchers (Asbury, 1995; 

Goldman & McDonald, 1987). According to Balch and Mertens (1999), the focus 

group with HI can be highly productive, even the highly sensitive situations 

within socioeconomic, and different ethnic if they have common interests and 

way of communications. Thus, the aim of the focus group session in this study 

was to provide the participants with the twenty (20) elements so that they were 

able to select the most appropriate engagement elements according to the needs 

and expectations of the HI. Altogether, the focus group consisted of eleven (11) 

participants: five (5) were HI, two (2) were counselors, three (3) were HI teachers 

and one (1) was a museum staff. The session lasted about two hours with a break 

of fifteen (15) minutes. The participants were given a piece of paper listing all 

the twenty (20) elements including the definitions for each of the elements. They 

were required to answer Yes or No and provide remarks to the needs and 

expectations of the elements to be included in the MAR prototype for the HI 

museum visitors. In order to explain the definitions and procedures especially to 

the HI participants, an HI teacher helped to communicate the idea as presented in 

Appendix A and its back to back translation in Arabic as in Appendix B. In this 
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session, the participants were able to interact and discuss with each other, and 

these helped to reduce the feeling of shyness and confusion. They shared their 

ideas among themselves and this helped in developing their confidence and not 

being marginalized. In addition, this increased their motivation and speed up 

their acceptance of the information. In this study, the frequency analysis was 

used (Shelena, 2017). The results obtained from the focus group session were used 

to construct the proposed initial conceptual model of MAR for engagement of the 

HI at the museum sites. Details of focus group results were discussed in Chapter 

4. 

3.5 Stage 3: Design 

In the design stage, the identified elements from the outcome of stage 2 were used to 

develop the conceptual model. The relationships between each element are 

determined based on related theories, models, and empirical studies within these 

domains. The integration of these elements was forwarded to a panel of experts for 

review purposes in order to validate the proposed conceptual model. In order to better 

comprehend the design of the conceptual model from the identified elements, the 

following subsections explain the activities in detail. 

i. Conceptual Model Design and Development 

The identified elements from the literature review and previous studies were 

further analysed to determine the items for each element. This activity provides 

details on suitable items for each element while maintaining its relationships to 

engagement, MAR, museum, and HI. Once all the elements were identified, the 

elements were integrated to form the proposed conceptual model. This activity 

was based on their relationship as depicted in the literature and previous studies. 
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The conceptual model was constructed based on the identified elements from 

previous stages with corresponding relationships. Figure 3.2 summarises the 

various activities involved in the validation of the conceptual model. The 

proposed conceptual model started with gathering of the twenty (20) engagement 

elements from the literature reviews.  These elements are related to the theories, 

models and empirical studies within the user engagement with the technology and 

MAR domains. The focus group session was conducted to select eleven (11) most 

suitable elements for the HI according to their needs and expectations; as well as 

to disregard any element that does not meet those needs and expectations. Next, 

the proposed elements and the initial model from the focus group have been sent 

for Expert Review Phase 1 in order to validate and select the most suitable 

elements. The results from expert review phase 1 consisting of six (6) elements 

were then sent for expert review phase 2 for validation purpose. Eventually, the 

final version of the MAR for engaging the HI museum visitors’ conceptual model 

was then refined accordingly based on the findings from the expert reviews. 
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Figure 3.2. The Conceptual Model Validation Activities 

Gathering Engagement Elements from 

Literature Review 

Conceptual Model Final Version 

Disregarding 
Element 

Elements with MAR 

Focus Group 
Session 

Expert Review 
Phase 1 

Elements with 
Museum Studies 

Validate the conceptual 
model with Expert 
Reviews Phase 2 

YES 

YES 

YES 

NO 

NO 

NO 

NO 

NO 

Initial Conceptual Model 
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ii. Selection of Items 

In this study, the items for each element were adapted from the existing 

literatures. The items were validated through an expert review conducted by 

academic specialists in the field of MAR, HCI, Multimedia, Museum and HI. The 

experts have selected the proposed items based on their relevancy to the element. 

One of the experts has corrected some linguistic errors and some of them gave 

recommendations in enhancing the items. More on this procedure is available in 

chapter 4. In addition, this study used the pilot study to ascertain the 

appropriateness of those items before the evaluation session. Details on the pilot 

study will be discussed in stage 5 (ii). 

 

iii. Academic Expert Review 

Once the conceptual model has been constructed, the experts were asked to 

validate the model through an expert review. The results from the review were 

used to construct the proposed conceptual model of engagement of MAR for HI 

museum visitors. The experts involved in this study have various backgrounds 

including multimedia, museum, HI, HCI, and MAR from various countries. In this 

study, the elements were presented to eight (8) experts in review phase 1. The aim 

of review phase 1 was to select the most suitable elements based on the 

recommendations and suggestions from the focus group. Then review phase 2 

involving five experts was conducted to validate the items for every element of 

the conceptual model. Moreover, these experts also determined whether the 

conceptual model is applicable to the HI and able to engage them for satisfactory 

at the museums.  
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In the review phase 1, based on the recommendations through focus group, eleven 

(11) elements were sent to the eight (8) experts. The acceptance criterion of the 

elements is subjected to 100 percent approval by all experts on the relevancy of 

those elements. After the review, only six elements fulfilled the criterion and were 

selected. Expert review is conducted to determine the reliability of components of 

the conceptual model before developing the model. This is discussed in the next 

section with further discussion in Chapter 4. 

The academic expert review involved at least in one phase: either in Phase 1 or 

Phase 2 only or both Phase 1 and Phase 2. The list of academic experts’ profiles is 

available in Chapter 4.4. 

3.6 Stage 4: Development 

The conceptual model from stage 3 was used to develop a prototype in order to 

validate the proposed conceptual model of engagement of MAR for HI museum 

visitors. The prototype development was employed based on the evolutionary 

approach from Forward, Badreddin, Lethbridge, and Solano (2012). This approach 

was used in order to keep or retain all the design conceptual model elements which 

will produce the final or finished application. Figure 3.3 summarises the various 

activities involved in the development of the prototype. 
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Figure 3.3. Prototype Development Activities 

The proposed prototype development starts with the requirements gathering which 

was done based on the proposed conceptual model and previous studies. This 

information was used to develop the prototype using Vuforia and Unity 3D programs 

with the inclusion of C++ programming language. The following subsections explain 

the activities in detail.  

i. Prototype Design 

The proposed conceptual model was used as a guideline to design the 

MARHIME prototype. This activity was conducted to validate the developed 

conceptual model. The prototype design went through several refining and 

evaluation sessions which were based on the predefined objectives. The 

Requirements 
Gathering 

Design 

Prototype Testing  

 

Prototype 
Evaluation 

Deployment 

Refine 
Requirements Develop 

Prototype 
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prototype has to possess the necessary features in order to achieve these 

objectives. Details of the development activities are available in Chapter 5. 

ii. Prototype Evaluation 

This review was conducted to validate the developed MARHIME prototype. The 

outcome of this refinement and evaluation produced significant modifications to 

the prototype. The prototype was tested by performing evaluation sessions with 

HI teachers, and museum staff. Feedbacks received from the participants were 

used to further refine the prototype before it was finally deployed in this study. In 

addition, the final version of the prototype was subjected to expert review 

consisting of AR, multimedia and museum experts in order to ensure the 

functionality and interface of the prototype. Necessary adjustments and 

modifications were carried out on the proposed prototype based on these 

evaluations and review which produced the final version of the prototype 

deployed in this study. This prototype was used in the validation stage of the 

proposed conceptual model. Details of review activities are available in Chapter 

5. 

3.7 Stage 5: Evaluation 

The evaluation stage aims to validate the proposed model and the process ensures that 

the conceptual description of the model is correctly implemented. The developed 

prototype acts as a validation tool for the conceptual model since it is one of the 

stages in DSR (Shiratuddin & Hassan, 2013). This approach also gives extensive 

attention to users’ wants, needs and requirements during the design process 

(Kourouthanassis, Boletsis, & Lekakos, 2015). This is very important since the 

participants targeted in this study are the HI. It afforded the opportunity to fathom 
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their views and perceptions of the prototype and tools that can be of use to them. The 

validation took place at a museum in Iraq on a predetermined date. The validation was 

done by engaging the participants to use the developed prototype and answer the 

corresponding questionnaire. The questionnaire was translated from English to Arabic 

by using back-to-back translation. The results of the validation were analysed using 

descriptive analysis which interpreted the conceptual model. The details of these steps 

are discussed in the following subsections in order to provide clarity on the subject 

matter.  

 

i. Instrument Development 

The instrument used to evaluate the developed prototype was based on Wiebe et 

al. (2014); O'Brien and Toms (2010); Othman et al. (2011). Similarly, the 

required items for all the elements are shown in Table 4.3 in Chapter 4. These 

instruments were adapted for efficient validation result. The procedure used in 

developing the research instrument is depicted in Figure 3.4. 
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Figure 3.4. Instrument Development Procedure 

The process of formulating the study instrument started with the selection of 

items based on related studies. The instrument was designed to measure the 

participants’ perceptions. The instrument was then validated in terms of content 

validity.  

Validity refers to the accuracy of a measure or the extent to which a score 

truthfully represents a concept (Zikmund, Babin, Carr, & Griffin, 2013). In this 
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study, two types of validity will be conducted: content validity and construct 

validity. Content validity refer to the degree to which the content of the items 

represents the appropriate universe of all relevant items under study, in this study 

(Cooper & Schindler, 2014) and it can be verified by three types of experts: 

academic experts, experts in instrument construction and HI. Construct validity 

means measuring the extent to which the measure fits theoretical expectations 

(De Vaus, 2002). Construct validity can be verified through factor analysis 

(Fabrigar & Wegener, 2012; Thompson, 2004). The results obtained provide a 

revised instrument which was suitable to measure and validate the developed 

prototype. The level of reliability of the instrument scale was determined to 

ensure the reliability of the elements. The variable for interpreting the reliability 

of the instrument is the Cronbach's alpha which was used for the pilot study 

conducted for validity purposes in this study. Details of the analyses and results 

are available in Chapter 6. 

 

ii. Pilot Study  

Pilot study is a small study of the main study which aims to provide useful 

information to improve the scale of the study and determine the level of 

reliability of the scale (Bordens & Abbott, 2011). Since the current study has 

adapted items from different sources, pilot study or pre-testing should be carried 

out on the part of the population to ascertain the appropriateness of those items 

(Hair, Black, Babin, Anderson, & Tatham, 2010). In addition, apart from 

ensuring the clarity of the items, the pilot study would also reveal on the correct 

formulation and arrangement of items based on the participants' satisfaction or 
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uneasiness while answering the questionnaire (Adams, Khan, Raeside, & White, 

2007; Bell, 2005; Creswell, 2012). Cronbach's alpha was used in this study 

because it assesses whether the item measures the same thing that was set for it 

(DeVellis, 2016). 

In the pilot study, 16 HI visitors were selected as participants. According to 

Sheatsley (1983), the number of sample size ranging from 12 to 25 is sufficient 

to provide the necessary information on the weaknesses in the pilot study. The 

participants were specifically selected with the highest level of education to 

ensure the accuracy of their responses. Questionnaires were distributed to all the 

participants. Consequently, some unclear wordings that have been identified 

during the pilot study were modified to increase the HI understanding in the real 

evaluation. More details on the results of the pilot study are available in chapter 

6. 

 

iii. User Evaluation 

The experiment procedure is based on Lazar, Feng and Hochheiser (2017); 

Pendit (2015); Zainuddin, Zaman, and Ahmad (2010) where all the phases are 

properly implemented to ensure correctness. The first phase involved fixing of 

the experiment date and selection of a suitable room to conduct the experiment 

based on the suggestion by Guest, Bunce, and Johnson (2006). The experiment 

room was to ensure privacy and comfort for the participants of the study. Next 

was the selection of the participants following the discussion in Subsection (iv). 

The selected participants were required to read and sign the consent letter which 

was to seek their approval to take part in the study. This was to ensure that all 
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the participants were selected on the voluntary basis. Once the participants’ 

selection was completed, a set of questionnaires was distributed to get 

information on the background of the participants. Once the background 

information has been obtained, the participants were allowed to interact with the 

prototype in a manner as suggested by Lazar, Feng and Hochheiser (2017); 

Hong, Wang, Yan, and Chua, (2010); Pendit (2015); and Shiver and Wolfe 

(2015). This was to ensure that the proper procedures have been followed and 

maintained in this study. Figure 3.5 summarizes the protocol followed in this 

study in a flowchart. 
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Figure 3.5. Flow Chart of the User Evaluation 

The experiment protocol flow chart shows that at each decision phases, there 

are steps to be followed. For instance, at the participants’ approval phase, the 

participants were expected to make voluntary decision. In case some of these 

participants were unable to make this decision then it marked the end of the 

procedure for such participants, whereas those were able to make the decision 

have to proceed with the protocol. 
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iv. Selection of Participants  

For this study, seventy-three (73) HI were selected as participants for 

experiment based on Mitzner and Dijkstra (2016); Abdul Mutalib et al. (2015); 

Witteman et al. (2015); Zainuddin, Zaman, and Ahmad (2010) studies which 

recommend the use of small number of participants due to special case dealing 

with HI. In determining the choice for the sample size, the rule of thumb by 

Roscoe (1975) suggests that sample sizes larger than 30 and less than 500 are 

appropriate for most research. The selection of the participants was based on 

purposive and snowball sampling method (Mauk, 2017) when involving the HI 

community. Purposive sampling was conducted by the researcher by applying 

own criteria when defining the sample.  In this case, the researcher selected own 

individuals as part of the study. This liberty exercised by the researcher was 

justified by Hair, Celsi, Money, Samouel, and Page (2016) which states that a 

researcher can make decisions that are influenced by the nature of the concept. 

The concept of considering the HI community which does not comprise a large 

percentage of the population is the reason behind the researcher making this 

decision. For the same reason, the snowball sampling was also utilized based on 

Mauk (2017) since the target audiences were the HI. It was implemented in such 

a way so that the participants would be able to recommend additional potential 

participants for the evaluation. Therefore, students and even families of the HI 

participated in the study. These methods were used to ensure that only suitable 

participants were selected for the study. The selected participants from the HI 

community have the right to voluntary consent to ensure confidentiality over 

their information. In addition, the selected HI community was able to read and 

write. 
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v. Data Analysis and Interpretation  

The developed prototype was used in the experiment involving 73 selected 

participants. The instrument was used to evaluate the participants’ perceptions 

pertaining to their engagement with the prototype which generated data for the 

study. The data were analysed using SPSS version 24. Descriptive analysis was 

used to interpret the collected data. It describes the results by summarising the 

responses in specific patterns (De Vaus, 2002). The mean value indicates the 

participants' satisfaction. If the item score is 4 and greater, it shows a high 

satisfaction of the participants. This study was used the level of reliability to 

ensure the reliability of the elements. Reliability can be measured using the 

Cronbach’s Alpha (Cronbach, 1951; Cronbach & Meehl, 1955). 

This study utilised the exploratory factor analysis for the six elements of 

engagement. It was used because the measurements were adapted from previous 

studies and validity of these items is required. Another analysis is Correlation & 

Multicoliniarity test which is used to explore the relationships between the 

elements and engagement for this study. Details of the analyses and results are 

available in Chapter 6. 

3.8 Stage 6: Communication 

The final stage is the communication where all the results were reported. The 

analysed data with all the findings gathered in the study went through report writing 

and publication. The study has documented notable findings in report, journals, and 
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proceedings that explain in detail about the topic of study. This last phase is important 

to disseminate the information and the research topic to the public. 

3.9 Chapter Summary 

This chapter has been able to present the study methodology whereby detail 

explanations on the stages and activities used to conduct the study have been 

discussed. The study utilised DSR as a research methodology. The stages that were 

involved in this study include problem identification, proposed solution, design, 

development, evaluation and communication. In summary, by using the design 

science research methodology, each phase and activities have their own outcomes that 

contribute towards the completion of this research. 
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CHAPTER FOUR 

CONCEPTUAL MODEL OF MOBILE AUGMENTED REALITY 

FOR ENGAGING HEARING-IMPAIRED MUSEUM VISITORS 

4.1 Introduction 

Going through an overview of the previous chapters, in Chapter 1, the research 

objectives of this study have been listed as well as the research questions. Then, 

Chapter 2 describes the literature review covering the four areas of this study which 

include Mobile Augmented Reality (MAR), Museum, Hearing-Impaired (HI) and 

Engagement. Chapter 3 explains the methodological approaches, processes, and 

techniques used to achieve the objectives leading up to Chapter 4. This chapter mainly 

discusses about the proposed conceptual model of MAR for engaging the HI museum 

visitors. It explains the development and validation phase of the conceptual model, 

which include focus group and expert review of the proposed elements for the 

conceptual model. These phases are presented in the following subsections.   

4.2 Focus Group 

The purpose of focus group in this study is to select the most appropriate engagement 

elements from twenty (20) elements that have been determined through literature 

review. The focus group involved eleven (11) participants, including five (5) HI, three 

(3) HI teachers, two (2) counselors and one (1) museum staff. The focus group ages 

are between 16 and 51 and of both genders. The level of education for the teachers 

and counsellor are degree holders and they possess over five (5) years of working 

experience. The students are secondary and primary education. The participants 

visited the museum before the focus group session so that they were able to have an 
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overview of their needs and expectations. In this study, all the participants could read 

and write. Table 4.1 shows the demographic profile of the focus group.  

Table 4.1 

Demographic Profile of the Focus Group 

Participant Code 
(P) 

Age  Gender Level of Education Field of work 
Experience 

(year) 
P1 19 Male  Secondary school Student  - 
P2 18 Male  Secondary school Student  - 
P3 17 Male  Primary school Student  - 
P4 16 Female  Primary school Student  - 
P5 21 Male  Secondary school Student  - 
P6 30 Male  Primary school Museum Staff   5 
P7 33 Female  Degree Counselor  8 
P8 35 Male  Degree Counselor  12 
P9 37 Female  Degree Teacher  10 

P10 45 Female  Degree Teacher  17 
P11 51 Male  Degree Teacher  23 

 

Figure 4.1 shows the participants involved in the focus group session. The session 

began with a brief presentation by the researcher with the help of a HI teacher. 

Explanation pertaining to the twenty (20) elements was done by providing detail 

descriptions of each element to all the participants. Then the HI students discussed 

among themselves and asked some questions to the researcher. The researcher 

answered the questions in a simplified manner in order to communicate the idea 

clearly. Finally, the participants were asked to fill out the form that has been prepared 

for this purpose within the criteria mentioned in the Appendix B. Table 4.2 shows the 

results of the focus group. 
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Figure 4.1. Focus group session 

Table 4.2 

Focus Group Results 

No.  Elements Yes  No  
1 Aesthetics 11 0 
2 Novelty 2 9 
3 Usability 10 1 
4 Feedback 2 9 
5 Motivation 11 0 
6 Focused Attention 10 1 
7 Perceived Control 10 1 
8 Curiosity 10 1 
9 Enjoyment 11 0 

10 Social skill 1 10 
11 Self-efficacy 10 1 
12 Felt Involvement 2 9 
13 Endurability 3 8 
14 Interest 10 1 
15 Immersion 0 11 
16 Challenge 1 10 
17 Satisfaction 11 0 
18 Concentration 0 11 
19 Trust 2 9 
20 Interaction 10 1 
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In general, the results show a high degree of satisfaction within the participants and 

the comments and suggestions from them were useful in identifying the elements 

through their experiences, needs, and expectations. 

 

Figure 4.2. Results of elements for Focus Group 

Table 4.2 and Figure 4.2 show the elements that have been selected by the participants 

having frequencies of ten (10) or eleven (11) "yes" responses. The elements are 

Aesthetics, Usability, Motivation, Focused Attention, Perceived Control, Curiosity, 

Enjoyment, Self-efficacy, Interest, Satisfaction, and Interaction. In addition, the 

participants also provided some comments and suggestions that could be summarized 

as follows: 

1- It is recommended that the time to answer the questionnaire is shortened. When 

asked participants suggested the total number of items must not exceed twenty 

(20). The HI people find it difficult to complete long questionnaires (Tomitsch & 

Grechenig, 2007). 

2- The participants requested the use of clearer phrases and easier vocabulary in the 

future for their colleagues. They have language problems and ways to 
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communicate with natural people (Barker et al., 2009; Mishra, Nagarkar, & 

Nagarkar, 2018). 

These eleven (11) elements were proposed for the initial model of this study.   

4.3 Initial Conceptual Model 

Based on Oxman and Guyatt (1988) suggestions, a critical and comprehensive 

literature review was carried out by searching multiple bibliographic databases on 

engagement of MAR elements; searching reference list of previous eligible reviews 

on engagement of MAR elements; contacting scholars within MAR; searching 

conference proceedings, key journals and seminar articles related to engagement of 

MAR; HI, HCI and museum management. The outcome of these activities produced a 

number of elements which have been previously discussed in Chapter 2 and presented 

in Table 2.6. However, these elements are further scrutinized by checking their usage, 

definition and suitability to the HI museum visitors. Therefore, these elements were 

presented to the Focus Group. The results produced eleven (11) elements which are 

presented in Table 4.3. Based on the recommendations by the Focus Group, these 

elements were presented to academic expert review to validate. Figure 4.3 shows the 

initial conceptual model for this study. 
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Table 4.3 

Selected Elements and their Operational Definition 

No Elements Definitions References 
1 Aesthetics Visual beauty or the study of natural and 

appealing mobile environments. 
Wiebe et al. (2014); O'Brien and 
Toms (2010) 

2 Interaction Aware of being in control towards the 
application whereby interactivity, information 
and feedback are given-up-on an action. 

Othman et al. (2011); Huang 
(2003). 

3 Curiosity This is when the human mind yearns for 
knowledge by investigates an environment, 
object, or situation in search of the knowledge. 

Reychav et al. (2017); Webster 
& Ho, (1997); O'Brien and 
Toms (2010) 

4 Usability This is the measurement of consistency of 
information and ease of use application 
functionality as perceived by the users' 

Othman et al. (2011); Hussain et 
al. ( 2015); Lund (2001) 

5 Motivation An act which encourages action or target 
activity to be performed by a user. 

Chapman (1997); Fogg (2009). 

6 Satisfaction This is act of being content and fond with an 
application.  

Alqahtani & Mohammad, 
(2015); Chin, Diehl, & Norman, 
(1988); Abdinnour‐Helm, 
Chaparro and Farmer (2005). 

7 Self-
Efficacy 

One’s belief in the ability to succeed in specific 
situations or accomplish a task. 

Beaudin (1998); Mahat, Ayub, 
and Luan, (2012). 

8 
Perceived 
Control 

The act of dominating, commanding and 
regulating others, an activity, or a system. 

O'Brien & Toms (2008); Boberg 
et al. (2015). 

9 Enjoyment The user experiencing fun, enjoy and 
entertainment with the usage of applications. 

MäNtymäKi and Salo (2011); 
Nysveen et al. (2005); Pendit et 
al. (2014b) 

10 Focused 
Attention 

The ability to involved and absorbed on a 
specific task by losing track of time without 
being distracted 

Wiebe et al. (2014); O'Brien and 
Toms (2010) 

11 Interest This when an object or system attract attention, 
provoke thought, intrigue, and fascinate a user. 

Schraw, Bruning, and Svoboda 
(1995)  

 

The eleven (11) elements were further evaluated in order to select the most suitable 

items for each measurement. For instance, the element of Aesthetics was previously 

measured based on items by O'Brien and Toms (2010) and it is described as the visual 

beauty or the study of natural and pleasing of a computer-based application. Likewise, 

the element of Interaction was based on items by Othman et al. (2011) and is 
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described as the measurement of the control, interactivity, information and feedback 

that are given-up-on an action. Similarly, the required items for all the other elements 

were also selected. The identified items for each element were adapted in order to 

cater to the needs of the HI and its context in museum visits. This is imperative for 

consistency and to ensure that the items directly measure the elements which have 

been identified.  

 

Figure 4.3. The Initial Conceptual Model  

A normal approach for element validation that suits the HI museum visitors is the 

academic expert review. Thus, the expert review phase 1 was conducted to validate 

the selected eleven (11) elements listed in Table 4.3. 
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4.4 Academic Expert Review 

This subsection presents the findings from the expert review that was conducted to 

validate the conceptual model elements. The profiles and demographics of these 

experts are introduced in the subsequent section and their recommendation with 

respect to the conceptual model elements is also highlighted.  

The academic expert review involved eleven (11) experts from the fields of 

Augmented Reality (AR), Mobile Augmented Reality (MAR), Multimedia systems 

Human Computer Interaction (HCI), Hearing Impaired (HI) and/or Museum from 

various countries namely: Malaysia, Romania, Australia and the United States of 

America (USA). The form used for the expert review containing all eleven (11) 

elements and their corresponding items is presented in Appendix D. The experts are 

all PhD holders in their domains (AR, MAR, HCI, HI, Multimedia and/or Museum) 

and they possess over five (5) years of working experience and of both genders (male 

and female). Table 4.4 below shows the profiles of the experts. The experts are 

assigned codes E1 to E11 to distinguish them when presenting their recommendations 

in the subsequent sections. 

Table 4.4 

Summary of Expert Details 

Expert 
code 

Country Field of Expertise Education 
 

Experience 
(year) 

Involvement 
stage(s) 

E1 Malaysia Museum, HCI PhD 18 Review phase 1 

E2 Malaysia Museum, HCI PhD 20 Review phase1 

E3 USA MAR, HI PhD 11 Review phase1 

E4 Romania Museum, MAR PhD 6 Review phase 1 

E5 Malaysia MAR, AR PhD 16 Review phase 1, 
Review phase 2 
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Table 4.4 Continued 

Expert 
code 

Country Field of Expertise Education 
 

Experience 
(year) 

Involvement 
stage(s) 

E6 Malaysia HI, HCI, 
Multimedia 

PhD 14 Review phase 1 

E7 Australia HCI PhD 17 Review phase 1 

E8 Malaysia HCI, Multimedia PhD  >5 Review phase 1, 
Review phase 2 

E9 Malaysia Multimedia, HCI PhD 15 Review phase 2 

E10 Malaysia Multimedia PhD 15 Review phase 2 

E11 Malaysia Museum  PhD >5 Review phase 2 
 

The first eight (8) experts were involved in Review phase 1, and two of them were 

involved again in the second review (Review phase 2) with the other three (3) experts. 

The recommendations and comments from the experts per review are further 

discussed. 

The academic expert review form was distributed using two approaches since the 

experts were chosen from different continents. The first approach is via email (see 

Appendix C) and the other approach is hand-delivered. The forms were all collected 

back using the same platform in which they were given. All the experts provide their 

responses and some of them provide recommendations in written format for both 

Review phase 1 and Review phase 2. A sample of the expert review forms sent out for 

both Review phase 1 and 2 are documented in Appendix D and E respectively. 

The measurement adapted for the elements and items followed a three-point scale: 

Definitely not relevant (D), Maybe not relevant (M) and Relevant (R) as cited from 

Sarif, Ibrahim, and Shiratuddin (2016); Pendit et al. (2014b); Burger (2009); Mason, 

McInnis, and Dalal (2012); Aziz, Mutalib, and Sarif (2014). The average congruent 

percentage value defined for the choice of elements by the experts in this research is 

100%. This implies that the criterion to accept an element is based on all experts 
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agreed on the relevancy of the element. Details of the expert comments and 

recommendations with respect to each element are further discussed.  

 

i. Aesthetics 

The element of aesthetics is visual beauty or the study of natural and appealing 

mobile environments. This implies that the beauty which is introduced into the 

MAR must be apparent so that mobile users can be attracted with the application 

and representation of the message that the MAR application is conveying. During 

the first round of expert review, all the experts (E1 to E8) responded with 

relevant to the aesthetics element of the MAR application for HI museum 

visitors. This implies that the average congruency percentage value is 100%. This 

satisfies the criterion for selecting the element. Thus, the next step was to 

determine the content validity of the items. The aesthetics element adapted three 

items labelled.  

With respect to the criteria for accepting an element and its items, the element 

Aesthetics is selected with certain modifications to its three items in preparation 

for Review phase 2. Table 4.6 gives the results of responses from Review phase 2 

and Table 4.7 gives the results of the modifications after responses from Review 

phase 2. 

 

ii. Interaction 

Interaction is a form of awareness of being in control towards the application 

whereby interactivity, information and feedback are given upon an action. This 

implies that is a social relation and connection between a user and an application.  

In Review phase 1, all the experts (E1 to E8) responded relevant on the 

Interaction element. This implies that the average congruency percentage value 
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was 100%. This satisfies the criterion for selecting an element from the response 

of the experts. Thus, the next step was to determine the content validity of the 

items. Interaction has adapted three items labelled as item 1-3. 

With respect to the criteria for accepting an element and its items, the element 

Interaction is selected with certain modifications to its three items in preparation 

for Review phase 2. Table 4.6 gives the results of responses from Review phase 2 

and Table 4.7 gives the results of the modifications after responses from Review 

phase 2. 

 

iii. Curiosity 

Curiosity is when the human mind yearns for knowledge by investigating an 

environment, object, or situation in search of the knowledge. From Review phase 

1, not all the experts agreed that the element Curiosity is relevant as Expert E7 

gave the response of ‘maybe not relevant’.  Expert E7 gave the opinion that since 

the element is required to measure engagement, Curiosity as an element may not 

produce relevant results to the research focus. Since the criterion to select an 

element requires all the experts to agree that the element is relevant and having 

an average congruent percentage value of 100%. Therefore, since only seven out 

of eight experts agreed, the element has an average congruent percentage value of 

87.5% and did not satisfy the condition and hence was not chosen.   

 

iv. Usability 

The Usability element depicts consistent information and ease of use application 

functionality as perceived by the users. As mentioned by Sauro (2015); Othman 

et al. (2011), ease of use of a system is one of the measuring tools for evaluating 
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MAR applications and the element promotes users’ engagement with an 

application.  

From Review phase 1, the Usability element obtained an average congruency 

percentage value of 100% as all experts (E1 to E8) recommended the element as 

relevant. Therefore, the element satisfies the criterion for selection and the 

content validity of its items of measurement was investigated.  

With respect to the criteria for accepting an element and its items, the element 

Usability is selected with certain modifications to its three items in preparation 

for Review phase 2. Table 4.6 gives the results of responses from Review phase 2 

and Table 4.7 gives the results of the modifications after responses from Review 

phase 2. 

 

v. Motivation 

Motivation is defined as an act which encourages action or target activity to be 

performed by a user. This implies that Motivation is the ability for users to be 

willing to accomplish a task. It means is the drive towards excitement with the 

application in order to achieve a target.  

From Review phase 1, the Motivation element obtained an average congruency 

percentage value of 100% as all experts (E1 to E8) recommended the element as 

relevant. Therefore, the element satisfies the criterion for selection and the 

content validity of its items of measurement was investigated.  

With respect to the criteria for accepting an element and its three items, the 

element Motivation is selected with certain modifications to its items in 

preparation for Review phase 2. Table 4.6 gives the results of responses from 

Review phase 2 and Table 4.7 gives the results of the modifications after 

responses from Review phase 2. 
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vi. Satisfaction 

Satisfaction is the act of being content and fond with an application. The element 

of satisfaction refers to pleasing moments with an application which leads to 

users fulfilling their expectations on the usage.  

During the first version of the expert review, all experts (E1 to E8) responded 

relevant to the Satisfaction element. This implies that the average congruency 

percentage value is 100%. This satisfies the criterion for selecting an element 

from the response of the experts. Thus, the next step was to determine the content 

validity of the items.  

With respect to the criteria for accepting an element and its items, the element 

Satisfaction is selected with certain modifications to its three items in preparation 

for Review phase 2. Table 4.6 gives the results of responses from Review phase 2 

and Table 4.7 gives the results of the modifications after responses from Review 

phase 2. 

 

vii. Self-Efficacy 

Self-efficacy defines confidence in users’ belief in their ability to succeed in 

specific situations or accomplish a task. For Review phase 1, not all the experts 

agreed that Self-Efficacy is relevant as Experts E1, E2, E4, E6 and E7 had their 

reservations about the element and thus responded with ‘maybe not relevant’. 

The reservations of the element by the experts included the relation of this 

element to the target audience that is HI users, thus its contribution to this study 

was questionable. Since the criterion to select an element is by obtaining an 

average congruent value of 100%, this implies that self-efficacy did not satisfy 

the condition. This is because the percentage from the three experts who 
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recommended relevant for the element was only 37.5%. Thus, self-efficacy was 

not chosen.  

 

viii. Perceived Control 

Perceived control addresses the act of dominating, commanding and regulating 

others, an activity, or a system. From Review phase 1, not all the experts agreed 

that the element Perceived Control was relevant as Expert E7 gave the response 

of ‘maybe not relevant’. Expert E7 gave the opinion that since the element and its 

corresponding items were required to measure engagement of the application, 

Perceived Control as an element may not produce relevant results to the research 

focus. The criterion to select an element requires that all experts agreed that the 

element is relevant and having an average congruent percentage value of 100%. 

Therefore, since seven out of eight experts agreed, the Perceived Control element 

has an average congruent percentage value of 87.5% and did not satisfy the 

condition and hence was not chosen. 

 

ix. Enjoyment 

Enjoyment refers to the user experiencing fun, enjoy and entertainment with the 

usage of the application. The element of enjoyment implies users’ feeling of 

being benefiting to the conveying message of the interactive application. 

From Review phase 1, the Enjoyment element obtained an average congruency 

percentage value of 100% as all experts (E1 to E8) recommended the element as 

relevant.  

With respect to the criteria for accept an element and its four items, the element 

Enjoyment is selected with certain modifications to its items in preparation for 

Review phase 2. Table 4.6 gives the results of responses from Review phase 2 
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and Table 4.7 gives the results of the modifications after responses from Review 

phase 2. 

 

x. Focused attention 

Focused attention is the ability to be involved and absorbed on a specific task and 

losing track of time without being distracted. For Review phase 1, not all the 

experts agreed that the Focused Attention was relevant as Experts E5 and E8 had 

their reservations about the element and thus responded ‘definitely not relevant’ 

and ‘maybe not relevant’ respectively. The reservations of the element by the 

experts included the fact that why it must be Focused Attention’ as attention 

should suffice. Since the criterion in selecting an element is to obtain an average 

congruent value of 100% implying that all the experts agree that the element is 

relevant, the Focused Attention did not satisfy the condition. This is because the 

obtained percentage for six experts recommending relevant for the element was 

only 75%. Thus, Focused Attention was not chosen.   

 

xi.  Interest 

Interest, as defined in respect of this study is when the application attracts 

attention, provokes thought, intrigues and fascinates a user. For Review phase 1, 

not all the experts agreed that Interest was relevant as Expert E6 gave the 

response of ‘maybe not relevant’. The reservation concerning this element by 

the expert was the conflict between the term interest being referred to such as 

long-term or short-term. For this reason, there could be conflicting results from 

this element to the research focus. As the usual trend for the previous elements 

is to select an element where all experts agree that the element is relevant and 

thus having an average congruent percentage value of 100%. Therefore, since 
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seven out of eight experts agreed, the element had an average congruent 

percentage value of 87.5% and did not satisfy the condition and hence was not 

chosen.  

It was found that the instrument contained some elements that were not so relevant 

and certain proposed items of the elements required refinements. In terms of the 

proposed elements, it can be seen that only six elements are generally accepted by the 

experts which are Aesthetics, Usability, Interaction, Motivation, Satisfaction and 

Enjoyment. Thus, only elements that are largely accepted by the experts will be 

considered and selected for the conceptual model development. Likewise, only the 

selected elements items will be taken to consideration in respect of the frequency of 

the corresponding items. The element threshold value was set at eight (8), that is, 

elements where all experts agree are relevant were selected. This implies that all the 

six selected elements (Aesthetics, Usability, Interaction, Motivation, Satisfaction, and 

Enjoyment) items are all picked and will be used for the conceptual model. 

The following describes the responses of expert review phase 1 and 2 for further 

clarification about the selection of elements. 

4.4.1 Expert Review Phase 1 

All responses from the experts as discussed previously with respect to the choice of 

elements were then recorded. The findings from the results of the expert review phase 

1 are documented in Table 4.5. 
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Table 4.5 

Relevance of Elements for MARHIME Conceptual Model 

Element Relevant(R) Maybe not 
Relevant(M) 

Definitely not 
Relevant(D) 

Aesthetics 8 0 0 
Curiosity 7 1 0 
Usability 8 0 0 

Interaction 8 0 0 
Motivation 8 0 0 
Satisfaction 8 0 0 

Self-Efficacy 3 5 0 
Perceived Control 7 1 0 

Enjoyment 8 0 0 
Focused Attention 6 1 1 

Interest 7 1 0 
 

The details from Table 4.5 are displayed as a graph as shown in Figure 4.4. The 

legend shows the different scales, where the x and y axis represent the elements and 

the frequency of relevance from the experts respectively. 

 

 

Figure 4.4. Relevancy of elements for the conceptual model 

As aforementioned, the condition to select an element suitable for this study is based 

on the choice of all the experts review phase 1 agreeing that the element is relevant. 

This implies that having a frequency of 8 in Figure 4.3. Therefore, the elements 
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satisfying this condition and thus selected are: Aesthetics, Usability, Interaction, 

Motivation, Satisfaction and Enjoyment. These selected elements from the expert 

review were utilized to construct the conceptual model for this study which as 

discussed in detail in section 4.5. 

However, the proposed items for the remaining relevant elements required certain 

refinement. This is observed in Appendix F with the proposed items for aesthetics, 

interaction, satisfaction and enjoyment. Meanwhile, the number of proposed items for 

usability and motivation was reduced and also refined. Therefore, refinements were 

made based on the expert review phase 2. 

4.4.2 Expert Review Phase 2 

After the refinements were implemented, the instrument was resent for the expert 

review phase 2 using five experts. However, these five experts also requested that the 

conceptual model be sent alongside the edited elements. Therefore, the next section 

will first present the conceptual model sent to the five experts and afterwards, the 

response from the experts with regards to the elements will be presented. Table 4.6 

displays responses from Expert Review phase 2.  
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Table 4.6 

Responses from Experts in Review Phase 2 

Element Items  Relevant(R) Maybe not 
Relevant(M) 

Definitely not 
Relevant(D) 

Aesthetics 
AES 1 5 0 0 
AES 2 5 0 0 
AES 3 5 0 0 

Usability 
USA 1 5 0 0 
USA 2 4 1 0 
USA 3 5 0 0 

Interaction 
INT 1 5 0 0 
INT 2 5 0 0 
INT 3 4 1 0 

Motivation 
MOT 1 4 1 0 
MOT 2 5 0 0 
MOT 3 5 0 0 

Satisfaction 
SAT 1 5 0 0 
SAT 2 4 1 0 
SAT 3 5 0 0 

Enjoyment 

ENJ 1 5 0 0 
ENJ 2 5 0 0 
ENJ 3 5 0 0 
ENJ 4 4 1 0 

 

It is worth to note that dealing with HI people is very challenging (Mishra, Nagarkar, 

& Nagarkar, 2018; Abdul Mutalib et al., 2015; Chen, 2014) since they have some 

difficulties and internal problems such as anxiety, depression, have low confidence 

and they tend to be isolated from the normal hearing people (Batten et al., 2013; Lesar 

& Vitulic, 2013; Chuan et al., 2017). In addition, they have language problems and 

ways to communicate with natural people (Barker et al., 2009; Mishra, Nagarkar, & 

Nagarkar, 2018), thus paying little or no attention to issues (Bhuvaneswari & 

Immanuel, 2013). For these reasons, HI people find it difficult to complete long 

questionnaires (Tomitsch & Grechenig, 2007). (Chuan et al., 2017) mentioned that HI 

are up to four times slower than normal people at completing reading. Therefore, to 

get the information and answers from them, the questionnaires should have short text 

and sentences which are clear and easy to understand in order to obtain true and 

realistic results (Abdul Mutalib et al., 2015; Zainuddin, Zaman, & Ahmad, 2009; 
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Chen, 2014). These reasons affirm the pattern of items highlighted in Table 4.7 as 

considered suitable for this group of HI participants. A sample of the questionnaire in 

English can be accessed in Appendix G while its translation to Arabic as suitable for 

the HI visitors to the Baghdad museum in Iraq, is presented in Appendix H. From 

Table 4.7, the six elements for MAR for engaging HI museum visitors have 19 items, 

whereby Aesthetics has three items, Usability has three items, Interaction has three 

items, Motivation has three items, Satisfaction has three and Enjoyment has four 

items.  

Table 4.7 

Items of Elements for Conceptual Model MARHIME 

Aesthetics 

AES 1 The application is attractive. 

AES 2 The application is appealing to my visual senses. 

AES 3 The application screen layout is suitable. 

Usability 

USA 1 The application was easy to use 

USA 2 The application provides me the required guidance to perform my task 

USA 3 The application provides consistent information. 

Interaction 
INT 1 The application provided control through my actions. 

INT 2 The application provided responses that I need. 

INT 3 The application provided feedback smoothly. 

Motivation 
MOT 1 The application increased my excitement with the museum exhibition 

MOT 2 I feel more motivated to do an activity with the application 

MOT 3 Touring the museum was more encouraging with the use of the application 

Satisfaction 
SAT 1 Generally, I am satisfied with the application. 
SAT 2 I became fond with the application 
SAT 3 I will recommend the application to others. 

Enjoyment 
ENJ 1 I enjoyed using the application 
ENJ 2 The application provided me an entertaining experience 
ENJ 3 It was fun using the application 
ENJ 4 I did not feel the time has passed while using the application 
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Thus, the 19-item scale is acceptable. Therefore, the content validity of both the items 

and the entire scale has been validated.  

The instrument used in this research was a set of questionnaires which consists of 

demographic profile, proposed elements, elements description and proposed items for 

measuring the elements as shown in Table 4.7. The process was continued by 

determining the scale of the instrument.  

  4
5 0.8Range of scale

Scale
Interval = = =       (4.1) 

The scales that were used in this research are as follows. 

i. 1-1.8:  Strongly disagree 

ii. 1.81-2.60: Disagree 

iii. 2.61-3.40: Neutral 

iv. 3.41-4.20: Agree 

v. 4.21-5.00: Strongly Agree 

A five-scale measurement with an interval of 0.8 ranging from strongly disagree to 

strongly agree was used. The interval was obtained by dividing the range of scale by 

the scale as given in equation 4.1 (Zikmund, Babin, Carr, & Griffin, 2010; Pendit et 

al., 2014b). Next section will first present the validated conceptual model.  The 

instrument together with the scales is documented in Appendix G. 

4.5 Validated Conceptual Model 

Based on expert reviews findings it is suggested that the conceptual model has two (2) 

layers; one layer for six (6) elements and another layer is more detailed of Technology 

and more information Architecture. 
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4.5.1 First Layer of MARHIME Conceptual Model  

The first layer conceptual model depicts the six selected elements from the expert 

review phase 2 as discussed in the previous section. The elements are Aesthetics, 

Usability, Interaction, Motivation, Satisfaction and Enjoyment in relation with the 

elements of Engagement. The combination of these six elements of Engagement 

representing the first layer of the conceptual model of mobile augmented reality for 

engaging the HI museum visitors and it is illustrated in Figure 4.5. 

 

Aesthetics 

Usability 

Interaction 

Motivation 

Satisfaction 

Enjoyment 

MAR 

Engagement 

Museum 

HI 

MARHIME 

 

Figure 4.5. First Layer of the MARHIME Conceptual Model  

As shown in Figure 4.5, the four main components are Museum, MAR, HI, and 

Engagement altogether produced the first layer of the MARHIME conceptual model. 

On top of that, six elements have been incorporated into the MARHIME conceptual 
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model that includes: Aesthetics, Usability, Interaction, Motivation, Satisfaction and 

Enjoyment. 

The MARHIME conceptual model covers areas of Engagement, MAR, Museum and 

HI. The six selected elements are for engagement between the HI visitors and the 

application. Meanwhile, the six selected elements initiate the engagement between the 

HI visitors and the application. This conceptual model was verified by the experts 

involved in Review phase 2 for all the elements and their respective items. The aim of 

conducting the expert review is to validate the conceptual model. In Review phase 2, 

besides reviewing the elements, recommendations pertaining to the model were 

provided. The response from the experts was that they accepted the conceptual model 

as suitable.  

4.5.2 Structure of the MARHIME Conceptual Model  

The final version of the MARHIME conceptual model is illustrated in Figure 4.6 

which consists of two levels. In the first level ‘Technology’ is divided into two 

components. The first main component is ‘Hardware’ that is needed for developing 

the MAR which consists of 'Mobile & Tablet'. While the second main component is 

the Software which consists of 'Vuforia/Unity 3D/C++', 'Android SDK/Java SDK', 

'Target Database', 'Target Tracking for AR marker' and 'Multimedia Objects'. The 

multimedia objects in this model consist of four elements; '3D mode', 'Text', 'Video' 

and 'Images'.  The following are the components of the ‘Technology’: 

• ‘Vuforia/Unity 3D/C++’ – all the tools used to develop the MARHIME 

conceptual model in addition to other software to create the video by Window Movie 

Maker and to create and edit the 3D model by using 3DS MAX. 
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• 'Android SDK/Java SDK' – these are the software development tools to build 

the MARHIME prototype for Android phones and tablets. 

• 'Target Database' – it is used to store the images that were uploaded as target 

markers, the database created by using the Vuforia online database. 

• 'Target Tracking for AR Marker' – The tracking method involves registering 

what is being captured by the mobile camera and linking it with a specified 3D 

computer generated image. Marker-based tracking is easy to implement with the use 

of artificial features tracking and are quite suitable for indoor AR prototype such as 

the MARHIME which is for indoor museum environment. The MARHIME prototype 

will display and superimpose the respective computer-generated object (image, text, 

video, or 3D model) onto the mobile device screen once a marker has been 

recognised. 

• 'Multimedia Objects’ – many types of multimedia objects ('3D mode', 'Text', 

'Video' and 'Images') are used to display the content of application such as 

background, AR markers and multimedia information for the artefacts of the museum. 

 

The second level consists of six engagement elements and their features have been 

incorporated into the MARHIME conceptual model namely; Aesthetics, Usability, 

Interaction, Motivation, Satisfaction, and Enjoyment. The following subsections 

discuss each element in the MARHIME conceptual model as illustrated in Figure 4.6. 

The discussion reflects the relationship between the elements and their features as 

expressed by the conceptual model of Mobile Augmented Reality for Engaging the 

Hearing-Impaired Museum Visitors.  
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i. Aesthetics in MARHIME  

Aesthetics is defined as visual beauty or the study of natural and appealing 

mobile environments. It is shown through the interface of the MARHIME 

application so that the HI visitors can appreciate the expression and 

representation of the message that the application is conveying. This element 

revolves around the attractiveness of the application, its visual appeal and screen 

layout which would compel users to continue to engage with the application. 

This finding is in line with Carlson (1993) explanation on the linkage between 

aesthetics and engagement whereas the result outcomes from O'Brien and Toms 

(2010); Wiebe et al. (2014) support the fact that the element of aesthetics 

increases engagement in application’s interaction. Based on the expert review, it 

shows that aesthetics may affect the HI engagement of MAR. Therefore, the 

aesthetics element consists of three main features that include; ‘Attraction’, 

‘Screen Layout’ and ‘Visual Sense’ as implemented in O'Brien and Toms (2010); 

Wiebe et al. (2014). The first feature is ‘Attraction’ could be 'Image background', 

'Splash screen' and 'Colours of icons'. The second feature is ‘Screen layout’ could 

be ' Splash screen in full size' and 'Suitable video in a full-screen layout'. Last 

feature is ‘Visual Sense’ could be 'Appealing text', 'Appealing colours' and 

'Appealing images '. 

 

ii. Usability in MARHIME  

Usability depicts consistency of information; ease of use and providing required 

guidance to complete assigned tasks. Ease of use of a system is one of the 

measuring tools for evaluating the MARHIME application and the element 

promotes user engagement with an application. This element entails application 

consistent information provided which represents the ease of use of the 
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application. Likewise, usability element promotes positive HI experience during 

HI interaction with the application. This outcome supports arguments from 

Hector and Payel (2014); Pribeanu (2014); O'Brien and Toms (2010); Huang and 

Liao (2015); Nilsson and Johansson (2007) studies that usability enhances 

continuity usage of the application and promotes engagement. Therefore, the 

Usability element consists of two main features namely; ‘Ease of Use’ and 

‘Consistent Information’ implemented in Othman et al. (2011); Al-Aidaroos 

(2017). The first feature is ‘Ease of Use’ could be 'Easy to use video', ' Easy to 

use scan camera', ' Easy to use AR markers', 'Easy to use scrollbars', 'Easy to 

rotate 3D model' and 'Help screen as guidance to perform the task'. The second 

feature is ‘Consistent information’ could be 'The amount of information', 'The 

duration of video' and 'The size and style of multimedia object’. 

 

iii. Interaction in MARHIME 

The element of interaction reflects the awareness of being in control towards the 

application whereby interactivity, information and feedback are provided upon an 

action. Interactive platform and application communication nature will promote 

the HI engagement. The control must be effectively used between the HI and the 

application. The application then must provide responses to the HI upon actions 

and the feedback must be smooth. This is critical to engagement because it will 

determine if the user is willing to continue to use the application. This is found to 

be in line with outcomes from Wu, Y., Wu, Y., and Yu, S. (2015); Sutcliffe 

(2009); Othman et al. (2011) which pointed out that interaction enhances 

engagement. The Interaction element which consist of two main features namely; 

‘Control’ and ‘Feedback’ was implemented in Othman et al. (2011); Permadi and 

Rafi (2016). The first feature is ‘Control’ could be ' On moving images', 'During 
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video playback', 'Interaction with AR markers', 'Rotating the 3D model' and 

'During game'. The second feature is ‘Feedback’ could be ' Smooth 3D rotation', 

'Responses upon camera scanning' and 'Responses on scrollbar movement'. 

 

iv. Motivation in MARHIME 

Motivation is defined as an act which encourages action or target activity to be 

performed by the HI. This implies that Motivation is the ability for the HI to be 

willing to accomplish a task. The HI may engage with applications that they 

perceive to increase their excitement and motivate them towards completing their 

tasks. This element depicts that the application should be able to encourage the 

HI participation in related museum activities. These arguments support the 

findings from Gopalan et al. (2016); Przybylski, Rigby, and Ryan (2010); Di 

Serio et al. (2013) studies where it was pinpointed that MAR may contribute to 

motivation during the user-application interaction. The Motivation element 

consists of two main features namely; ‘Excitement’ and ‘Sharing’ was 

implemented in Chapman (1997); Gopalan et al. (2016). The first feature is 

‘Excitement’ could be 'Moveable image during display' and 'Wide range of 

activities'. Second feature is ‘Sharing’ could be 'The like to social media' and 

'Social encouragement to further touring the museum'. 

 

v. Satisfaction in MARHIME  

Satisfaction is defined as an act of being content and fond with an application.  

The user would generally feel satisfied and become fond with an application 

which leads to the HI fulfilling their expectations on the usage. This element 

pinpoints that every HI usually has predefined target or aim for exploring an 

application whereas if this target or aim is not met then they will disengage with 
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the application. On the other hand, if the target or aim is met then they will 

become more engaged with the application and will recommend the application 

to other HI. This finding corroborates the argument by Kim et al. (2013); 

Alqahtani and Mohammad (2015) whereby satisfaction is found to be related to 

engagement. The Satisfaction element consists of two main features namely; 

‘Recommendation’ and ‘Fond’ which has been implemented in Alqahtani & 

Mohammad, (2015); Permadi and Rafi (2016). The first feature is 

‘Recommendation’ could be 'Satisfied on AR marker', 'Satisfied with video', 

'Satisfied with text information' and 'Share to others using social media'. The 

second feature is ‘Fond’ could be 'Like to use AR'. 

 

vi. Enjoyment in MARHIME 

Enjoyment implies fun, enjoy and entertainment with the usage of applications. 

This concept involves the HI experiencing enjoyment, fun, and entertainment 

while using the application in touring the museum with fulfilment based on their 

interaction with the MARHIME application. The element of enjoyment is linked 

with the element of engagement in such a way that when the HI are experiencing 

enjoyment as the result of their interaction with the application, then the HI 

engagement with the application will be increased. This outcome supports fthe 

indings from Karimi and Lim (2010); Xie, Antle, and Motamedi (2008) where it 

can be seen that when the HI experience enjoyment due to their interaction with 

an application, then it will increase the HI engagement with the application. 

Enjoyment consists of two main features namely; ‘Manipulating’ and 

‘Entertainment’ as implemented in Pendit et al. (2014b). The first feature is 

‘Manipulating’ could be 'Playing game', 'Enjoy reading text', 'Enjoy looking at 

images', 'Enjoy watching video' and 'Scanning the AR marker'.  Second feature is 
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‘Entertainment’ could be 'Long time using the application'. The instrument 

together with the scales is documented in Appendix G. 

4.6 Chapter Summary 

This chapter describes the development of the conceptual model of MAR for 

engaging the HI museum visitors. Chapter 2 has presented a critical and 

comprehensive literature review that was carried out by searching multiple 

bibliographic databases on engagement of MAR elements. Then twenty (20) elements 

were presented to the focus group of which eleven (11) elements were selected. The 

eleven (11) elements were then put through the expert review phase 1 for validation 

purpose. The outcome from the expert review phase 1 resulted with six elements 

which were used to develop the first layer of the MARHIME conceptual model and 

then the final MARHIME conceptual model. The penultimate section shows the final 

version of the conceptual model after the expert review phase 2. The next chapter will 

discuss the design of the MARHIME prototype. In addition, the validation of the 

prototype will also be mentioned. 
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Figure 4.6. A Conceptual Model of Mobile Augmented Reality for Engaging the HI Museum Visitors 
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CHAPTER FIVE 

PROTOTYPE DEVELOPMENT AND EVALUATION OF MAR 

FOR ENGAGING HI MUSEUM VISITORS 

5.1 Introduction 

This chapter highlights the design, development and evaluation of the MARHIME 

prototype based on the conceptual model discussed in Chapter 4. The main objective 

of the MARHIME prototype is to engage Hearing-Impaired (HI) museum visitors. In 

the subsequent sections of this chapter, the requirements and architecture that were 

adapted for the development of the MARHIME prototype are highlighted. The 

subsequent sections of this chapter shed more light on the phases encountered for the 

design, development and evaluation of the MARHIME prototype. 

5.2 Requirements of MARHIME 

To develop an accurate and useful mobile prototype, a significant step is to identify 

the requirements. The general requirements for any prototype such as the MARHIME 

include both the functional and technical specifications. Therefore, the following 

subsections will highlight those requirements and in addition a discussion on the 

relations of the functions with the selected elements of the MARHIME conceptual 

model. 

5.2.1 Components Related to the Elements of MARHIME 

The components that allow the user to view the input and program response actions in 

terms of the prototype capabilities are shown in Table 5.1. These components are 

listed with respect to each interface that has been developed for the prototype. This 
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study develops the MARHIME prototype highlighting three artefacts from the Iraq 

museum including game and connection to social media in order to increase the HI 

visitors’ engagement with the prototype. Thus, the prototype suitably justifies its 

usage of granting the HI visitors with palatable visit to the museum. 

Table 5.1 

Components Related to the Elements of MARHIME 

No 
 

MARHIME 
Component 

A
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sa

bi
lit

y 

In
te

ra
ct

io
n 

M
ot

iv
at
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n 

Sa
ti

sf
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ti
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E
nj

oy
m

en
t References  

1 Image √ √ √ √ √ √ Pendit (2015); Al-Aidaroos 
(2017); Gopalan et al. (2016); 
Permadi and Rafi (2016); 
Chapman (1997) 

2 Text √ √  √  √ Pendit (2015); Al-Aidaroos 
(2017); Gopalan et al. (2016); 
Chapman (1997) 

3 Video √ √ √ √ √ √ Pendit (2015); Al-Aidaroos 
(2017); Gopalan et al. (2016); 
Permadi and Rafi (2016); 
Chapman (1997) 

4 Colours √      Al-Aidaroos, A. S. A. (2017); 
Chapman (1997) 

5 Help screen  √     Al-Aidaroos (2017) 

6 Scan camera  √ √ √ √ √ Pendit (2015); Gopalan et al. 
(2016); Permadi and Rafi 
(2016) 

7 Image target (AR 
object) 

 √ √ √ √ √ Pendit (2015); Gopalan et al. 
(2016); Permadi and Rafi 
(2016) 

8 Video target (AR 
object) 

 √ √ √ √ √ Pendit (2015); Gopalan et al. 
(2016); Permadi and Rafi 
(2016) 

9 Text target (AR 
object) 

 √ √ √ √ √ Pendit (2015); Gopalan et al. 
(2016); Permadi and Rafi 
(2016) 

10 3D target (AR object)  √  √ √ √ Pendit (2015); Gopalan et al. 
(2016); Permadi and Rafi 
(2016) 

11 Scroll horizontal and 
vertical bar 

 √  √   Al-Aidaroos, A. S. A. (2017) 

12 Rotate 360 degree  √  √  √ Pendit (2015); Gopalan et al. 
(2016) 

13 Random movement      √ Pendit (2015).   
14 Touch screen  √  √  √ Pendit (2015); Gopalan et al. 

(2016) 

15 Facebook link     √ √ Pendit (2015) 
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Table 5.1 Continued 

No MARHIME 
Component 

A
es

th
et

ic
s 

U
sa

bi
lit

y 

In
te

ra
ct

io
n 

M
ot

iv
at

io
n 

Sa
ti

sf
ac

ti
on

 

E
nj
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m
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t References  

17 Twitter link      √ Pendit (2015) 

18 Game   √ √ √ √ √ Pendit (2015); Permadi and 
Rafi (2016) 

19 Video Time   √     (Shelena, 2017). 

 

Having presented the discussion for the components related to the elements of 

MARHIME, the next section considers the technical requirements needed to be in 

place to ensure great experience by the users of the prototype. 

5.2.2 Technical Requirements 

Technical requirements are a set of specifications that must be met to allow a 

hardware product to be fully operational. There are certain compatible technical 

requirements that must be satisfied to ensure efficiency and effectiveness, thus, these 

specifications to be discussed are chosen for optimal performance of the MARHIME 

prototype. 

The usage of the MARHIME prototype requires the displaying of augmented 3D 

computer generated object. For this reason, this research uses a smartphone. The 

MARHIME prototype works on a mobile device with a minimum Android version 2.3 

for the operating system (OS) and the Android platform includes a set of managed 

prototype programming interfaces (API). In addition, for the MARHIME to operate in 

a smooth, hitch free manner, it is necessary to run with a Central Processing Unit 

(CPU) with at least 1.4 GHz, 2GB of RAM and display screen resolution of 1024 x 

600 pixels. The MARHIME prototype requires an android device with a Graphic User 

Interface (GUI). The GUI is useful for better engaging HI visitors in the museum 
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through the adaptation of many types of multimedia objects such as image, text, video 

and 3D model. These multimedia objects give visitors and all-round knowledge and 

information pertaining to the artefacts in the museum. For this research, the android 

device used is a Samsung Note 5 with specifications; Android 5.1.1 OS, 32GB 

storage, 1.5 GHz octa-core processor, 1440 x 2560 pixels resolution and 16-

megapixel rear camera. 

The presence of the rear camera is very important in mobile device for tracking of AR 

markers. These markers are usually square shaped predefined images printed on a 

piece of paper and placed on the scene to identify the place where digital information 

is to be presented. The tracking method involves registering what is being captured by 

the camera and linking it with a specified 3D computer generated image. Marker 

based tracking are easy to implement with the use of artificial features tracking and 

are quite suitable for indoor AR prototype such as the MARHIME which is for indoor 

museum environment. More details on the usage of AR markers will be addressed 

when discussing the MARHIME prototype development. 

5.3 MARHIME Architecture 

To validate the conceptual model developed in the previous chapter, a prototype for 

MARHIME has been developed. In developing this prototype, a mobile simulator 

architecture was first designed using an assembly process for the MAR environment. 

AR technology has great relevance for prototype in different fields, thus assembly 

process is suitable for designing the MAR architecture as the assembly task in itself 

requires making a sequence of operations and procedures. A two-dimensional (2D) 

sketch is normally used in the assembly process to guide users in the phases involved 

in the assembly steps. This sketch contains a list of labelled portions and phases and 
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how they are executed or accomplished. Therefore, the concept of using 2D sketches 

in assembly is adopted in this study to design the MAR architecture. This architecture 

consists of the phases executed in developing the MARHIME prototype which 

include the required development tools, AR markers and scenes to complete the 

assembly procedure as shown in Figure 5.1.  

This Figure illustrates the architecture of MARHIME prototype showing that the 

prototype design passes through different stages with the use of several tools. The 

utilization of the MARHIME prototype requires interaction of the device’s camera 

with the AR markers as depicted in the development tools section. The MARHIME 

architecture requires a new database created from Vuforia AR toolkit online database 

(Qualcomm, 2014) to set the target markers for each of the museum artefacts. A 

single target-based image is selected with customised dimensions and uploaded, to 

add a target to the database. This allows the activation of the authoring part in the 

Unity 3D software (Unity, 2014) which will be discussed later in this chapter. Overall, 

to materialize this MARHIME architecture requires the use of four software; 

Windows Movie Maker, 3DS Max, Vuforia Software Development Kit (SDK) and 

Unity 3D. The next section discusses the role played by each of this software in the 

prototype development. 
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Figure 5.1.  Architecture of MARHIME Prototype Development
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5.4 Prototype Development 

The MARHIME prototype was designed specifically for engaging HI museum 

visitors and the development of the prototype involved two main stages. The first 

stage handles the creation of content while the second stage deal with the integration 

of the prototype on the mobile device. The roles of the previously mentioned software 

for the MARHIME prototype development include: Windows Movie Maker for 

compiling videos of the artefacts, 3DS Max for the creations and modifications of the 

3D models, Vuforia SDK as Android development SDK and Unity 3D for the 

development and deployment of MARHIME onto the android device. On utilizing the 

software, the prototype can be installed on any Android smartphone. 

5.4.1 Contents of the MARHIME Prototype 

Considering the first stage that involves the creation of content, this phase started with 

the gathering of relevant information to be included in the prototype. The contents of 

MARHIME entails images, videos, text and 3D models (in suitable smartphone 

requirement format) gathered for the three artefacts from the Iraq museum. The 

reason for requiring images, videos, text and 3D models of each artefact is because 

the target audience are the HI, therefore, it is important to insert appropriate formats 

in order to interact with their visual sense. The content of MARHIME also covers the 

features and history of the selected artefacts.  

The use of the MARHIME prototype in the museum requires the use of AR markers. 

These markers must be implemented with the installed prototype for proper 

functioning. The MARHIME prototype will display and superimpose the respective 

computer-generated object (image, text, video, or 3D model) onto the mobile device 

screen once a marker has been recognised. Therefore, the Vuforia software marker 
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manager was used in creating the marker. A device database was created using the 

Vuforia online database and a new target has been identified and given a name as 

shown in Figure 5.2. For MARHIME prototype, the targets include image, text, video 

and 3D model. The target dimensions or size were set and then the target image file 

was uploaded to the Vuforia database. With Vuforia, the marker can be saved in either 

a JPEG or PNG image file format. For the MARHIME prototype, the markers were 

saved in JPEG as shown in Figure 5.3. The Unity 3D software was used to integrate 

the contents of the MARHIME prototype in three phases that include; 3D modelling, 

video text and finally using the augmented reality SDK.  

 

Figure 5.2. Image-based markers for the MARHIME prototype 
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Figure 5.3. Vuforia database for MARHIME prototype 

5.4.2 Integration of MARHIME on Mobile Device 

In order to achieve the augmented reality environment, Vuforia was used. Several 

features were determined for MARHIME as highlighted in the previous subsection 

and set in Vuforia. These features comprise of image targets, text targets, 3D model 

targets, video targets and the SDK project file for the Android development. The 

marker project file was downloaded from the Vuforia database after the images were 

uploaded as target markers. A Unity Editor file was selected to match the authoring 

development of the Unity 3D software. Then the augmented reality unity project was 

set up with Vuforia SDK, saved and downloaded for further development in the Unity 

3D software. This implied that, the development of MARHIME requires the merging 

of Vuforia and Unity 3D software. The prototype also used C++ language during the 

development phase. The overall development of MARHIME including compilation, 

visual development, interaction, content presentation and deployment to mobile 

device, employed the use of Unity 3D.  
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The main interface of the MARHIME prototype includes 4 main icons consisting of 

three artefacts and a game, in addition to the icons for navigation to social media. 

These icons are stored in the Unity workspace. For the MARHIME prototype, a raw 

image was inserted and saved in the Unity workspace to function as the background 

of the prototype. This prototype requires a scene exchange; as such an object named 

Manager was created and the script for the corresponding icons was attached to the 

object. In order to scan, a script written in C++ was created. Therefore, when a marker 

is scanned, the virtual content that is attached to the marker appears on the mobile 

screen. The details of the output on the mobile screen will be discussed in detail in 

subsequent sections. Figures 5.4-5.7 presents some screenshots of the interfaces for 

Unity 3D, Windows Movie Maker, 3DS Max and a sample of C++ codes 

respectively.  

 

 

 

 

Figure 5.4. Unity 3D Interface 
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Figure 5.5. Windows Movie Maker 

 

Figure 5.6. 3DS Max 
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Figure 5.7. Sample C++ Codes 

 

5.5 MARHIME Prototype Version 1 

The resultant MARHIME prototype from the phases discussed in the previous section 

can be installed on any Android smartphone. This prototype has taken into 

consideration all the functional and technical requirements and is therefore ready for 

use. The interfaces of the MARHIME prototype will be displayed in the following 

sections. These interfaces are grouped into two; the home page and the interaction 

function interface. 

5.5.1 Home Page 

The prototype starts with a splash screen which precedes the home page. This splash 

screen consists of images of the Iraq museum displayed in a slideshow for few 

seconds. At the end of the slideshow, the Main Menu pops up and the user can further 

interact with the prototype. Figure 5.8 shows the interfaces from the splash screen to 

the Main Menu. 
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Figure 5.8. Splash Screen and Main Menu 

5.5.2 Interaction Function Interface 

The Main Menu has several icons as seen on the right in Figure 5.8. The top two icons 

on the right and left execute the help and exit buttons respectively. Meanwhile, the 

four icons in the middle execute the three artefacts (Ishtar gate, Winged Bull and 

Harmal Hill respectively) while the last icon executes the game. The Facebook, 

YouTube and Twitter icons below are the social media icons. 

In order to execute the icons for the artefacts of the museum to display 3D model, 

image, text and video information about these artefacts, two main components are 

required. These components are the AR markers (3D model, Image, Text, Video) and 

the MARHIME prototype on the mobile device. The steps when these icons are 

displayed are discussed as follows. 

 

1. Ishtar Gate 

The Ishtar gate was the eighth gate to the inner city of Babylon, the ancient 

Mesopotamian city in what is today Iraq. When the user clicks its icon on the 
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Main Menu, it automatically opens the mobile device camera. As soon as the 

camera is launched, the user can now scan the desired marker by placing the 

marker in front of the camera to display the corresponding information.  

When the user places the camera over the 3D AR marker from Figure 5.2, the 3D 

model of the Ishtar gate is displayed on the device screen as seen in Figure 5.9. 

The user can touch the screen to rotate the object in 360 degrees and also zoom in 

and out of the object by moving the camera closer or farther from the marker. 

 

 

Figure 5.9. 3D Interface and display for the Ishtar Gate 

When the image marker from Figure 5.2 is superimposed, MARHIME displays 

images of the Ishtar gate as seen in the museum. The user can navigate through 

these images using the scrollbar as shown in Figure 5.10. 
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Figure 5.10. Image Interface of Ishtar Gate 

Likewise, when the user places the text marker from Figure 5.2 in front of the 

mobile device camera, the prototype shows information about the Ishtar gate as a 

text document. The user can scroll up and down to read more about this artefact as 

seen in Figure 5.11. 

 

Figure 5.11. Text Interface of Ishtar Gate 
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The last marker from Figure 5.2 is the video AR marker. Superimposing this 

marker with the mobile device camera initiates a short, subtitled video about the 

Ishtar gate. The video displays different video clips of the Ishtar gate while giving 

some historical details about the artefact. Figure 5.12 shows the execution of these 

steps. 

 

Figure 5.12. Video Interface of Ishtar Gate 

2. Winged Bull 

It has been recorded in history that the winged bull stood at one of the many gates 

along Nineveh's city walls, as a protective spirit and a symbol of the power of the 

Assyrian king. A click on the icon of the winged bull on the main menu screen 

also launches the camera of the mobile device just as the case of the previous 

artefact. The user can now scan the 3D model, text, image or video markers by 

placing the required marker in front of the camera to display the corresponding 

information.  

For the winged bull interface, when the user places the camera over the 3D AR 

marker, the 3D model of the winged bull is displayed on the device screen as seen 

in Figure 5.13. This model can be rotated or resized by the user as preferred. 
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Figure 5.13. 3D Interface of Winged Bull 

The second marker is the image marker from Figure 5.2. After clicking the icon 

for the winged bull and superimposing this image marker, MARHIME prototype 

displays the images of the Winged Bull as seen in the museum. The user can 

navigate through these images using the scrollbar as displayed in Figure 5.14. 

 

Figure 5.14. Image Interface of Winged Bull 
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Likewise, when the user places the text marker from Figure 5.2 in front of the 

mobile device camera after clicking the winged bull icon, the prototype shows 

information about the Winged Bull as a text document. Scrolling up and down 

allows the user to read more about this artefact as seen in Figure 5.15. 

 

 

Figure 5.15. Text Interface of Winged Bull 

Finally, for the video marker from Figure 5.2, a scan of the marker with the 

mobile device camera displays a short, subtitled video about the Winged Bull. The 

history and other relevant information are highlighted in this video using a video 

clip slideshow with text interpreting each scene. The flow of the steps is seen in 

Figure 5.16. 
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Figure 5.16. Video Interface of Winged Bull 

3. Harmal Hill 

This terracotta guardian lion is documented in history from the temple of Harmal. 

When the user clicks its icon on the Main Menu, it automatically opens the mobile 

device camera. As soon as the camera is launched, the user can now scan the 

desired marker by placing the marker in front of the camera to display the 

corresponding information.  

When the user places the camera over the 3D AR marker from Figure 5.2, the 3D 

model of the Harmal Hill is displayed on the device screen as seen in Figure 5.17. 

The user can touch the screen the rotate the object in 360 degrees and also resize 

the object by moving the camera closer or farther from the marker. 
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Figure 5.17. 3D Interface of Harmal Hill 

When the image marker from Figure 5.2 is superimposed, MARHIME displays 

the images of the Harmal Hill as seen in the museum. The user can navigate 

through these images using the scrollbar. Figure 5.18 displays the interface. 

 

Figure 5.18. Image Interface of Harmal Hill 

Likewise, when the user places the text marker from Figure 5.2 in front of the 

mobile device camera, the prototype shows information about the Harmal Hill as a 
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text document. The user can scroll up and down to read more about this artefact as 

seen in Figure 5.19. 

 

Figure 5.19. Text Interface of Harmal Hill 

The last marker from Figure 5.2 is the video AR marker. Superimposing this 

marker with the mobile device camera initiates a short, subtitled video about the 

Harmal Hill. The video displays different video clips of the Harmal Hill while 

giving some historical details about the artefact. Figure 5.20 shows the execution 

of these steps. 

 

Figure 5.20. Video Interface of Harmal Hill 
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4. Game 

Discussions have been provided about three of the four major icons on the main 

menu of MARHIME which include the artefacts of the museum as seen in Figure 

5.8. The fourth icon incorporates a game into the MARHIME prototype. The 

advantage of this game includes enhancing the learning motivation of the HI 

visitor while also keeping the visitor engaged to learning process at the museum. 

The game incorporated a simple puzzle on a 3 x 3 tiles to trigger engagement 

among the user when playing this game. Figure 5.21 gives the steps in initiating 

and playing the game. 

 

 

Figure 5.21. Game Interface for MARHIME prototype 

5. Social Media 

It is generally known that there is a high rave when it comes to social media. A lot 

of mobile users, either young or old, occasionally visit social media sites on their 

devices. This observed passion by users triggered the initiating of social media 

icons when using the MARHIME prototype. The three major social media 

platforms namely; YouTube, Facebook and Twitter are incorporated to the main 

menu screen of the MAR prototype (see Figure 5.8). A click by the user on either 
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of these buttons redirects the user to the corresponding social media platform. 

This is displayed in Figure 5.22. 

 

 

Figure 5.22. Social Media Interface for MARHIME Prototype 

6. Help 

The last icon to be considered for the interaction interface is the help icon. It is 

important to always provide a platform where users can get information about a 

prototype and its usage. The MARHIME prototype is a MAR prototype for 

engaging HI museum visitors and information on how to use the prototype needs 

to be provided. For this reason, a help icon is incorporated in the main menu 
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screen as shown in Figure 5.8. Clicking on this icon button launches the help 

screen interface as shown in Figure 5.23. 

 

 

Figure 5.23. Help Screen Interface for MARHIME 

The interpretation of the text on the help screen is “Point your camera at the marker to 

view the content”. This guides the user on what to do when using the MARHIME 

prototype. 

This section has presented the first version of the MARHIME prototype as developed 

using Vuforia and Unity 3D as discussed previously. The interfaces have been 

displayed and the mode of use has been highlighted. To affirm the suitability of this 

version for HI users, its interfaces and contents were evaluated by certain individuals 

such as teachers for the HI and museum staff from the Iraq museum. 
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5.5.3 MARHIME Prototype Evaluation 

The aim of Section 5.5 is to evaluate the first version of MARHIME prototype. It is 

important to request feedback about the prototype to know if it is suitable to achieve 

its objective, which is to engage HI visitors to the museum. Four groups of individuals 

were involved in this session. The first group were teachers for HI at a school for HI 

in Malaysia, the second group were also teachers for HI at a school for HI in Iraq 

while the third group were staff from Iraq museum in Baghdad. The final group was 

academic experts in AR and museum.  

For the first group (teachers of HI in Malaysia), feedback was requested in terms of 

the interface and text of the MARHIME prototype. Figure 5.24 shows one of the 

images for the HI teachers in Penang with the students checking the prototype 

interface design. 

 

Figure 5.24. HI Teacher and Students in Penang using MARHIME prototype 
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The response from the teachers as documented in Appendix I states that MARHIME 

prototype is beneficial and useful for the HI or the deaf community. The images for 

the artefacts are of different angles with captions are very helpful and the 3D features 

were interesting. The prototype is easy to understand even though it was in Arabic 

language, very simple and friendly to use. However, the teachers suggested that 

having the video in full screen mode would be more suitable, and a bit of colour 

should be added as the HI or deaf community are people who are attracted with visual 

things. 

The second group of evaluators was teachers for the HI in Iraq. It was important to 

consult this group of individuals since the language of the prototype is in Arabic. In 

order to ascertain the suitability of the prototype, teachers who understand Arabic 

were consulted. The teachers also agreed that the MARHIME prototype is a novel 

development which is very advantageous in engaging HI people. The teachers further 

commented that the ideas and interface is suitable for HI. Figure 5.25 shows some of 

the teachers who provided their report on the suitability of the MARHIME prototype 

in engaging HI people when visiting the museums. In addition, the response from the 

HI teachers in Iraq as documented in Appendix J. 
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Figure 5.25. Some of the HI Teachers in Iraq who evaluated the MARHIME 

prototype 

The third group of individuals was the Iraq museum employees and their responses 

are documented in Appendix J. These employees interacted with the MARHIME 

prototype and responded that the prototype helps the HI museum visitors to 

understand, enjoy and consolidate with the artefact by knowing and learning from 

about the historical background. The integration of 3D models, information, videos, 

and images has generalized everything that benefits the visitor. The information given 

by the prototype is very valuable to the visitors and helps them understand these 

artefacts. In addition, the presence of a game in the prototype removes monotony and 

helps overcome the boredom. Thus, it is considered that this kind of prototype will 

have a positive effect for its usage in museums as it has contributed in terms of 
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science and knowledge to HI people who receive less attention. Figure 5.26 shows 

one of the museum staff giving her report after interaction with the MARHIME 

prototype. 

 

Figure 5.26. Museum Staff giving report after using the MARHIME prototype 

Finally, MARHIME prototype was evaluated by AR, multimedia systems and 

museum experts. Their reports can be accessed in Appendix L. The three (3) experts 

are PhD holders in their domains. The evaluation of the interface used Heuristic and 

Subheuristics method which is adopted using the questionnaire cited by Ibrahim and 

Ahmad (2014). These Heuristics are: Interface (IN), Multimedia (MM), and 

Interactivity (IV). All responses for experts were positive without further comments 

as shown in Table 5.2. 
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Table 5.2  

Expert Responses for MARHIME Interface 

Heuristic Code Items  Yes  No  

Interface (IN) 

IN1 
The instruction given is clear and easy to 
understand. 

3 0 

IN2 The interface design is attractive. 3 0 

IN3 The MARHIME application is easy to use. 3 0 

IN4 The colour scheme used is appropriate. 3 0 

IN5 Attractive display of the screen design. 3 0 

IN6 Appropriate interface. 3 0 

IN7 The readability of text suits the target. 3 0 

Multimedia (Image, 
Video, Text, and 3D 
model) (MM) 

MM1 
Each multimedia elements used serves a clear 
purpose. 

3 0 

MM2 
Usage of multimedia elements is suitable with the 
content. 

3 0 

MM3 
The presentation of multimedia elements is well 
managed. 

3 0 

MM4 
The use of multimedia elements supports 
meaningfully the information provided. 

3 0 

MM5 The quality of multimedia elements used is good. 3 0 

MM6 
The use of multimedia elements enhances the 
content presentation. 

3 0 

Interactivity (IV) 

IV1 The interactivity is easy to understand. 3 0 

IV2 The interactivity is not misleading. 3 0 

IV3 The help functions provided may be useful. 3 0 
 

This implies that MARHIME prototype is considerably good prototype to be further 

tested upon HI visitors at the museum. 

5.6 MARHIME Prototype Version 2 

Following the responses from the evaluation session by the teachers of the HI, 

museum staff and functionality and interface experts, it was necessary to implement 

some changes in the first version of the MARHIME prototype. One important 

modification that was made is to change the orientation of the display of the prototype 

from portrait to landscape view. Figure 5.27 shows the wireframe for the second 

version of the MARHIME prototype. 
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Figure 5.27. Wireframe of the MARHIME prototype
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This figure highlights the process flow from the splash screen to the main menu which 

allows the user to further interact with the prototype. From the new landscape view, it is 

observed that the help, exit and social media icons have been modified so as not to 

distract the user from the more important icons (artefacts and game). In addition, the 

colour choices have been improved for a better visual experience by the HI users. Finally, 

the suggestion of having a direct link for the social media icons to information regarding 

the artefacts and HI has been incorporated as evident in the screenshot images from 

YouTube, Facebook and Twitter. 

Figure 5.28 shows the interfaces for the 3D model, image, text and video outputs for each 

of the artefacts now in the modified landscape mode.   
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Figure 5.28. Wireframe of the Artefacts in the MARHIME prototype
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Figures 5.27 and 5.28 represent the total package for the MARHIME prototype. The 

interfaces and different steps to view the 3D model, image, text and video outputs for 

each artefact have also been highlighted. However, it is important to show the 

relationships between the elements of the conceptual model (Aesthetics, Usability, 

Interaction, Motivation, Satisfaction and Enjoyment) and the developed prototype. 

Thus, the next section discusses the elements that were embedded in the MARHIME 

prototype. 

5.7 Embedding Elements in the MARHIME Prototype 

In the implementation phase, all the elements that have been planned for designing the 

MARHIME are implemented in the prototype. The prototype comprises of virtual 

contents in the form of texts, images, 3D animations and videos which are coded into 

AR markers so that the HI users can view the virtual contents when held in front of 

the camera. Note that the elements of the conceptual model were infused in the 

development of the prototype. The following subsections provide some insights about 

the MARHIME conceptual model elements. 

5.7.1 Aesthetics 

Aesthetics as defined by O'Brien and Toms (2010) describes the visual beauty of 

computer-based environments or the study of natural and pleasing computer-based 

environments. Aesthetics element focuses on the look and feel. Aesthetics is 

important to HI because quality illustrations and presentation which are colourful and 

realistic in style conforms to their developmental, cognitive, cultural and emotional 

needs (Yaman, Dönmez, Avci, & Yurdakul, 2016). HI are attracted to nice looking 

interfaces, coloured buttons, style, and feel to visual senses with AR objects. This is 
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evident in the developed MARHIME prototype such as when viewing the splash 

screen and attractive colour for buttons as seen in the main menu design and general 

attractive screen design for each interface as shown in Figure 5.29. 

 

 

Figure 5.29. Splash screen for MARHIME prototype 

5.7.2 Usability 

Usability is refers to the consistent information and ease of use based on the 

functionality of an prototype as perceived by the user (Hussain et al., 2015). The 

element of usability in MAR prototype is important to HI because technology presents 

an enormous potential to help HI by providing their needs to perform tasks easily and 

efficiently (Nathan, Hussain, Hashim, & Omar, 2017; Chuan et al., 2017). Thus, 

usability of the MARHIME prototype is significant as this element is concerned with 

specific features to use. In MARHIME prototype, the HI can easily use videos, 

camera, select the options in the main menu and move from screen to another (Figure 

5.28). One notable usability trait that has been observed in the MARHIME prototype 

is the help screen for HI visitor to understand the navigation of the interface. The 

expression as seen in Figure 5.30 guides the user by stating “Point the camera toward 

the marker to view the content” as translated from Arabic language. 
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Figure 5.30. Selected Help Menu for MARHIME prototype 

5.7.3 Interaction 

A form of awareness to control the prototype where interactivity, information and 

feedback are given on action. This implies that social relation and connection between 

the user and the prototype is referred to as interaction (Dix, 2009). Interaction as part 

of a computing process, considers how users understand and interpret multimedia 

signals at the perceptual, cognitive, and affective levels, and how they interact 

naturally by embedding the cultural and social contexts as well as personal factors 

such as emotion, attitude, and attention. Interaction is important to the HI because any 

prototype without enhanced interactivity would be ineffective to them as users (Ryu, 

Han, Yoon, & Ryu, 2016). The MARHIME prototype properly infuses the interaction 

as evident whenever the HI user was viewing the 3D superimposition of the artefacts. 

It was observed that the HI could move his/her finger on the 3D model to understand 

more information about the artefact and resize the 3D model to view a clearer display. 

Likewise, the virtual objects move and rotate whenever there was movement or 

rotation of the marker by the HI user as shown in Figure 5.31. 
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Figure 5.31. Interaction with the 3D model artefact of the MARHIME prototype 

5.7.4 Motivation 

Gopalan et al. (2016) defined motivation as the drive towards involvement in order to 

achieve a target. Motivation as an element on MARHIME is the act which encourages 

action or target activity to be performed by the HI. Motivation determines the 

participation, hard work and continuous learning of an individual (Chen, 2012). When 

considering MAR prototype for HI, motivation is an issue of concern since they are 

mostly passive users, thus it is expected that the prototype can arouse or sustain 

interests of HI visitors to the museum and whether it can enhance their learning and 

engagement (Chen, 2014). In view of this, the MARHIME prototype was designed in 

an interactive and self-regulated environment. This is evident in the infusion of social 

media in the prototype to increase the excitement of the HI visitor with the museum 

exhibition and also allowing the user to share with other HI groups on these social 

media platforms. An instance is shown in Figure 5.32. 
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Figure 5.32. Social Media Menus for MARHIME prototype 

5.7.5 Satisfaction  

Satisfaction addresses the act of being content and fond of a prototype (Alqahtani & 

Mohammad, 2015). Members of the HI community have a higher thirst for 

satisfaction when adopting MAR prototype. This is because their shortcoming in 

hearing spikes their satisfaction desire level due to the fact that they are limited to use 

other senses such as sight to attain an engaging MAR experience (Chen, 2014). The 

MARHIME prototype aims at satisfying the HI visitor by being implemented on an 

AR technology. Therefore, the user does not experience hitches, lags or unexpected 

shutdown when operating the mobile with the markers. In addition, the 

implementation of image, text, 3D model, and video in the prototype for observing the 

artefacts provides an all-round experience for the HI users as they totally engaged and 

thoroughly enlightened. A sample of the image, text, 3D model and video of one of 

the artefacts is shown in Figure 5.33. 
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Figure 5.33. A sample of the image, text, 3D model and video from the MARHIME 
prototype 

5.7.6 Enjoyment 

Enjoyment as defined by MäNtymäKi and Salo (2011) is the experience of fun, enjoy 

and entertainment. Enjoyment is very crucial in the development of the MARHIME 

prototype since HI visitors are most times unreceptive (Chen, 2014) and therefore it is 

important in integrating something fun to engage them during their museum visit. For 

this reason, the game scene (puzzle) was incorporated into the MARHIME prototype. 

Puzzle is known in engaging users as the aim is always to get it solved. Therefore, the 

view of a scrambled puzzle game (see Figure 5.34) within a museum visit spikes a 

level of enjoying the total package of MARHIME prototype as a whole. 

 

Figure 5.34.  Puzzle game for MARHIME prototype 
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It is evident from the discussions above that the six elements of the MARHIME 

conceptual model which have been validated by the expert have been infused into the 

MARHIME prototype. This further establishes the suitability of the MAR prototype 

for engaging HI visitors to the museum. The next phase involved a pilot study in 

identifying the limitations of the research instrument and the MARHIME prototype. 

5.8 Chapter Summary 

This chapter explains the validation of the MARHIME conceptual model in chapter 4 

through prototyping. The development of the prototype begins with an emphasis on 

the functional and technical requirements necessary to be in place for smooth running 

of the prototype. These requirements were the guide for developing the first version of 

the prototype using Vuforia and Unity 3D software. After this initial prototype has 

been completely developed, it has to undergo an evaluation process by several groups 

of individuals related to the field of HI, HCI and Museum. Their recommendations 

informed the modifications to the second version of the prototype. Therefore, the next 

stage is embarked upon, which is the prototype evaluation. The next chapter presents 

discussion on the user evaluation of the MARHIME prototype in engaging HI visitors 

to the museum. 
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CHAPTER SIX 

USER EVALUATION 

6.1 Introduction 

The previous chapter has discussed the steps involved in designing and developing the 

MARHIME prototype. This chapter goes further to evaluate the MARHIME 

prototype for Hearing-Impaired (HI) on museum visitors’ engagement. This 

evaluation was initiated by first conducting a pilot study to investigate any 

shortcomings or limitations. Prior to the HI museum visitors’ evaluation, the pilot 

study was conducted to obtain satisfactory results from the participants’ responses. 

The collected data were analysed to determine how effective the MARHIME 

prototype in achieving its aim of engaging the HI visitors. Statistical analysis was 

conducted using SPSS version 24 and the results and findings were documented. 

Subsequent sections in the chapter give more insights into what the entire evaluation 

process entailed. 

6.2 Data Coding 

Data coding is the first step in data preparation for analysis (Sekaran and Bougie, 

2016). All elements and items in the questionnaire were coded for ease of presentation 

as shown in Table 6.1. 
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Table 6.1 

Data coding for Elements 

6.3 Pilot Study 

The pilot study which is also known as pre-test (Colton & Covert, 2007) is a small 

study of the main study which aims to provide useful information to improve the scale 

Element Code Item Code 

AESTHETICS 

AES The MARHIME prototype was attractive. AES.1 

 
The MARHIME prototype was appealing to my visual 
senses. 

AES.2 

 The MARHIME prototype screen layout was suitable. AES.3 

USABILITY 

USA The MARHIME prototype was easy to use. USA.1 

 
The MARHIME prototype provides me the required 
guidance to perform my task. USA.2 

 The MARHIME prototype provides consistent information. USA.3 

INTERACTION 

INT 
The MARHIME prototype provided control through my 
actions. 

INT.1 

 The MARHIME prototype provided responses that I need. INT.2 

 The MARHIME prototype provided feedback smoothly. INT.3 

MOTIVATION 
 

MOT 
The MARHIME prototype increased my excitement with 
the museum exhibition. 

MOT.1 

 
I feel more motivated to do an activity with the MARHIME 
prototype. 

MOT.2 

 
Touring the museum was more encouraging with the use of 
the MARHIME prototype. 

MOT.3 

SATISFACTION 

SAT Generally, I am satisfied with the MARHIME prototype. SAT.1 

 I became fond with the MARHIME prototype. SAT.2 

 I will recommend the MARHIME prototype to others. SAT.3 

ENJOYMENT 
 

ENJ I enjoyed using the MARHIME prototype. ENJ.1 

 The MARHIME prototype provided me an entertaining 
experience. 

ENJ.2 

 
It was fun using the MARHIME prototype. ENJ.3 

  I did not feel the time has passed while using the 
MARHIME prototype. 

ENJ.4 



 

 

175 

of the study and determine the level of reliability of the scale (Bordens & Abbott, 

2011). The pilot study helps to save time in real evaluation and to benefit from the 

participants’ responses by improving some of the items of the scale, because there 

may be a weakness in formulating some of them due to not using appropriate words 

that lead to misunderstanding (Bordens & Abbott, 2011; Saunders, Lewis, & 

Thornhill, 2009).  

In ensuring the reliability of the elements in the pilot study, many authors such as 

Carmines and Zeller (1979); Peter (1979); Tabachnick and Fidell (2013) 

recommended testing the Cronbach's alpha for the pilot survey. This tool has been 

used to assess whether the items measure the same thing that was set for it (DeVellis, 

2016). Hair et al. (2010) mentioned that the level of reliability ranges from 0 to 1 and 

the minimum acceptance is between 0.60 and 0.70. Besides, item analysis method was 

conducted by means of Corrected Item-Total Correlation test to show the most related 

items with the construct, where any items less than 0.30 in value will be deleted 

(Nunnally, 1978). 

According to Sheatsley (1983), the number of sample size ranging from 12 to 25 is 

sufficient to provide the necessary information on weaknesses in the pilot study. 

Therefore, 16 HI visitors involved in this pilot study with the highest level of 

education to ensure the accuracy of their responses. Consequently, some unclear 

words were modified in order to increase the understanding of the real evaluation. 

Table 6.2 shows that all the items correlate higher than 0.30 for the Corrected Item-

Total Correlation, which ranged from 0.438 to 0.916. Also, it is clear that the items 

have a very high reliability which is ranged between 0.952 and 0.961 as a result of 

Cronbach's Alpha if Item Deleted. Besides, all constructs have achieved acceptable 
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reliability because the values of Cronbach's Alpha ranging from 0.750 to 0.942, which 

is higher than 0.70. 

Table 6.2. 

Pilot Study Measurement Reliability 

Elements Item 

Corrected Item-

Total 

Correlation 

Cronbach's 

Alpha if Item 

Deleted 

Cronbach's 

Alpha 

Aesthetics AES.1 .771 .956 .757 

AES.2 .814 .954 

AES.3 .695 .956 

Usability 

 

USA.1 .783 .954 .884 

USA.2 .677 .956 

USA.3 .778 .954 

Interaction 

 

INT.1 .775 .955 .875 

INT.2 .438 .958 

INT.3 .916 .955 

Motivation 

 

MOT.1 .869 .955 .750 

MOT.2 .553 .957 

MOT.3 .752 .955 

Satisfaction 

 

SAT.1 .902 .952 .942 

SAT.2 .900 .952 

SAT.3 .829 .953 

Enjoyment ENJ.1 .642 .961 .802 

ENJ.2 .853 .953 

ENJ.3 .738 .955 

ENJ.4 .750 .955 

 

6.4 Evaluation Session 

From the satisfactory results obtained from the pilot study, the evaluation session can 

now be delved into. The evaluation was conducted to investigate the engagement 

ability of the MARHIME prototype. The venue was at the Iraq Museum in Baghdad 
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where HI visitors were granted access to interact with the mobile application as seen 

in Figures 6.1 and 6.2. 

 

Figure 6.1. Group of HI Students during the Evaluation Session at the Iraq Museum, 
Baghdad 

 

Figure 6.2. HI visitors during the Evaluation Session at the Iraq Museum, Baghdad 
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The evaluation conducted was measured by the questionnaire documented in 

Appendix G and H. After conducting the evaluation, a data analysis was carried out 

and the findings are explained in detail in the following subsections. 

6.4.1 Participants’ Background 

All participants in the current study are Iraqis. The characteristic of the participants 

will be clarified and interpreted based on Table 6.3 and the figures for each 

characteristic. 

 

Figure 6.3. Gender characteristic 

 

Table 6.3 and Figure 6.3 show that more than half of the participants (65.8%) were 

male. Table 6.3 still illustrates the age groups as seen in Figure 6.4. The age group 21 

- 29 years (37.0%) was the highest among the participants, followed by the age group 

less than 20 years (27.4%), followed by the age group 30 - 39 years (23.3%), then the 

age group 40 - 49 years (9.6%), and finally, the age group Over 50 years (2.7%). 
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Figure 6.4. Age groups 

Figure 6.5 and Table 6.3 show the educational levels. 36 (49.3%) of the participants 

were secondary school certificate holders, followed by preliminary school certificate 

holders (28.8%), bachelor’s degrees holders (15.1%) and none of the above (5.5%). 

They were only 1.4% having postgraduate degrees.  

 

 

Figure 6.5. Educational levels 
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Finally, Table 6.3 and Figure 6.6 present details concerning experience in mobile 

applications. Most of the participants (87.7%) had more than one year of experience 

in mobile applications. A few of them (12.3%) have a year or less experience in 

mobile applications. The experience in mobile applications helps in terms of their 

interaction and acceptance of mobile application in this current study. 

 

One year or 
less 12.3

More than one 
year 87.7

 

Figure 6.6. Experience in mobile applications 

Table 6.3 

 Profile of participants’ background 

No. 
Participants’ 

Background 
Category Frequency Percentage (%) 

1 Gender 
Male 48 65.8 

Female 25 34.2 

 Total  73 100.0 

2 Age 
<20 years 20 27.4 

21-29 years 27 37.0 
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Table 6.3 Continued 

No. 
Participants’ 
Background 

Category Frequency Percentage (%) 

  

30-39 years 17 23.3 

40-49 years 7 9.6 

Over 50 years 2 2.7 

 Total  73 100.0 

3 Educational Level 

Primary school 21 28.8 

Secondary school 36 49.3 

Graduate 11 15.1 

Postgraduate 1 1.4 

None of the Above 4 5.5 

 Total  73 100.0 

 

4 
Your Experience on 

Mobile Applications 

One year or less 9 12.3 

More than one year 64 87.7 

 Total  73 100.0 

     

6.4.2 Validity 

Validity refers to the accuracy of a measure or the extent to which a score truthfully 

represents a concept (Zikmund, Babin, Carr, & Griffin, 2013). In other words, validity 

means using an instrument in a study that actually measures what to measure 

accurately (Sekaran & Bougie, 2016). In this study, two types of validity will be 

conducted: content validity and construct validity. 

6.4.2.1 Content validity 

Content validity refer to the degree to which the content of the items represents the 

appropriate universe of all relevant items under study (Cooper & Schindler, 2014).  It 

can be verified by three types of experts; experts in the content area, experts in 
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instrument construction (they have experience in statistics and instruments) (Davis, 

1992), and professional experts (Cooper & Schindler, 2014). Waltz, Strickland and 

Lenz (2010) stated that the number of academic experts should be at least two (2) 

experts. According to Lynn (1986), the minimum number for content validity is five 

(5) academic experts. In the current study, eleven (11) academic experts were 

involved in the content validity whereby, eight (8) experts from Malaysia, one (1) 

from the United States of America, one (1) from Australia and one from Romania.  

Meanwhile, for the instrument construction, according to Waltz et al. (2010), there 

should be at least one expert. That was done in this study, where an expert from the 

School of Quantitative Sciences, Universiti Utara Malaysia was appointed. This was 

done in addition to the statistical results of the pilot study and the main study (see 

Appendix M). On the other hand, the professional experts are HI, and their feedbacks 

were included by changing a few words in the items of the instrument (see Section 

6.3). 

 

6.4.2.2 Construct Validity 

Besides content validity, the other type is the construct validity. According to Hair, 

Black, Babin, and Anderson (2014), construct validity is the extent to which a set of 

measured items actually reflects the theoretical latent construct those items are 

designed to measure. In the same vein, the construct validity means measuring the 

extent to which the measure fits theoretical expectations (De Vaus, 2002). Construct 

validity can be verified through factor analysis (Fabrigar & Wegener, 2012; 

Thompson, 2004). Therefore, the construct validity has been expressed as “factorial 

validity” (Nunnally, 1994). In this study, the Exploratory Factor Analysis (EFA) was 

used because the measurements were adapted from previous studies. For the EFA,  
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SPSS version 24 was used through the principal component analysis (PCA), which is 

one of the most common methods for this purpose (Field, 2009). 

In achieving the construct validity using the PCA method, a set of requirements and 

assumptions should be achieved. Assumptions include the adequacy of the sample 

size for conducting the factor analysis, which is measured by using Kaiser-Meyer-

Olkin (KMO), where it should be greater than 0.50  (Field, 2009; Kaiser, 1974), and 

testing that enough correlations exist among the factors by using Bartlett’s test of 

sphericity, which should be of a statistically significant (sig. < .05) (Field, 2009; Hair 

et al., 2014). 

As already mentioned, there are some requirements to be met and one of these 

requirements is communalities. Tabachnick and Fidell (2013) pointed out that the 

communality for a variable is the variance accounted for by the factors, it is the 

squared multiple correlation of the variable as predicted from the factors. 

Communality is the sum of squared loadings (SSL) for a variable across factors. Also, 

according to Field (2009), variable that has no specific variance (or random variance) 

would have a communality of 1, a variable that shares none of its variance with any 

other variable would have a communality of 0. Besides, the communality value with 

small samples of less than 100 can be acceptable when communality more than 0.60 

(Field, 2009). 

Second requirement is the eigenvalue. The eigenvalue is a measure of the importance 

of the factor (Field, 2009). The factors that have the eigenvalue of above 1 are 

significant, and the factors that have eigenvalue value of less than 1 are not significant 

(Hair et al., 2014). The last requirement is the factor loading. Factor loading indicates 

the extent to which each variable is related to the factor (Tabachnick & Fidell, 2013), 

and the higher the loading level the greater the representation of the variable to the 
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factor (Hair et al., 2014). Since the sample size in the current study is 73, Hair et al. 

(2014) noted that when the sample size is 70 the factor loading should be 0.65 or 

more. Using the SPSS version 24, the exploratory factor analysis of the six elements 

of engagement was carried out as shown in Table 6.4 (see Appendix N for more 

details). 

Table 6.4 shows the results of the exploratory factor analysis for the six elements of 

engagement, which include 19 items. The results showed that all the items accurately 

measure the six elements of engagement, therefore achieved the construct validity. 

The Kaiser-Meyer-Olkin value is 0.779, which means that the sample size was 

suitable for the factor analysis. The Bartlett's Test of Sphericity has a significant value 

of 0.000 which means that the correlations exist among the constructs are adequate 

and statistically significant. Besides, communalities for all the items ranged between 

0.619 and 0.864, which were higher than 0.60. All the six elements were significant 

since all of them had eigenvalues of greater than 1, and these elements were 75.307 % 

of the total variance from the items. Finally, all of the items represented the elements 

that they measure whereby the factor loadings for all the items ranged between 0.667 

and 0.848 and all of them were more than 0.65. 
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Table 6.4 

Results of exploratory factor analysis for elements of engagement (N=73) 

Element Item Factor Loading  
Communalities 

1 2 3 4 5 6 

AES 

AES.3 .833       .729 

AES.1 .774       .793 

AES.2 .774       .759 

ENJ 

ENJ.3  .831      .762 

ENJ.2  .762      .812 

ENJ.4  .759     
 .809 

 

 
ENJ.1  .678      .714 

MOT 

MOT.2   .829     .864 

MOT.3   .720     .619 

MOT.1   .667     .683 

SAT 

SAT.3    .787    .814 

SAT.2    .748    .767 

SAT.1    .729    .797 

USA 

USA.3     .848   .754 

USA.2     .827   .680 

USA.1     .704   .732 

INT 

INT.3      .753 
 

.730 

INT.1      .670  .775 

INT.2      .667  .715 

Eigenvalues 6.598 2.139 1.790 1.495 1.273 1.013 
 

 

% of Variance 34.729 11.256 9.421 7.867 6.702 5.332   

Total variance Explained      
 

75.307 

Kaiser-Meyer-Olkin      
 

.779 

Bartlett's Test of Sphericity 

Sig. 
     

 
.000 
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6.4.3 Correlation & Multicollinearity Test 

Correlation is a statistical technique to explore the relationships between the elements 

and engagement for this study. Through a matrix of Pearson correlation which 

determines the strength, direction and significance of the relationship between the 

variables (Field, 2009; Hair et al., 2014; Pallant, 2010; Sekaran & Bougie, 2016). 

Cohen (1988) suggested the following guidelines to determine the strength and 

direction of the relationships between the elements or variables as shown in Table 6.5. 

The multicollinearity of the elements can be determined from the matrix of Pearson 

correlation (Field, 2009; Verma, 2013). Indeed, the problem of multicollinearity 

occurs when two interrelated elements having a value of greater than 0.70 (De Vaus, 

2002), or 0.90 (Pallant, 2010). 

Table 6.6 illustrates the Pearson correlation matrix which shows the relationships 

between the six elements (usability, motivation, aesthetics, satisfaction, interaction 

and fun) and engagement. The relationships ranged from 0.537 - 0.785 which is 

considered strong and these indicate that all of these elements represent engagements. 

Besides that, there was no problem of multicollinearity between all the six elements 

since all the correlations between them ranged from 0.174 - 0.540, which did not 

exceed 0.70 or 0.90 as suggested by De Vaus (2002) and Pallant (2010). 

Table 6.5 

Categories of correlation strength 

Correlation Strength 

+.10 - +.29 Small 

+.30 - +.49 Medium 

+.50 - +1.0 Large 

Source:  Cohen (1988, pp. 79-81) 
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Table 6.6  

Matrix of Pearson correlation 

 AES USA INT MOT SAT ENJ Engagement 
AES 1       

USA .342** 1      

INT .477** .363** 1     

MOT .508** .203 .540** 1    

SAT .327** .278* .452** .517** 1   

ENJ .270* .174 .316** .394** .404** 1  

Engagement .693** .537** .785** .765** .716** .637** 1 
**. Correlation is significant at the 0.01 level. 
*. Correlation is significant at the 0.05 level. 
 

6.4.4 Descriptive Statistics 

Through descriptive statistics, we can obtain the maximum, minimum, mean and 

standard deviation, for the data, which help us to know many of the trends and 

characteristics of the sample answers (Sekaran & Bougie, 2016). In addition, it 

describes the results by summarising the responses in specific patterns (De Vaus, 

2002). According to Verma, (2013), the purpose of the descriptive statistics is to 

describe the interest of the sample or their point of view about something specific. 

SPSS version 24 was used to determine the descriptive statistics as shown in Table 

6.9. 

 

6.4.4.1 Usability 

Table 6.7 shows the results of the descriptive statistics that include the values of the 

means for three items (4.15, 4.56, 4.40) respectively. 
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Table 6.7 

Descriptive Analysis for Usability 

Items Min Max Mean Std. Deviation Ranked 

USA.2 3.00 5.00 4.56 .62 1 

USA.3 3.00 5.00 4.40 .64 2 

USA.1 3.00 5.00 4.15 .81 3 

Usability 3.33 5.00 4.37 .57  

 

 The highest level of agreement by the users was towards the second item (The 

MARHIME prototype provides me the required guidance to perform my task). While 

the lowest level of agreement by the users was towards the first item (The MARHIME 

prototype was easy to use). These results show that the users were having positive 

opinions with regard to all of the items, meaning that the users agreed on the usability 

of the prototype. In addition, the standard deviations for all the items were small and 

ranged from 0.62-0.81, and this indicates the accuracy of the users' answers to the 

questionnaire. Moreover, the level of agreement by the users around the usability 

element was 4.37 and the standard deviation was 0.57, which strengthened their 

agreement on the items. 

 

6.4.4.2 Motivation 

Table 6.8 shows the results of descriptive statistics that include the values of the 

means for three items (4.52, 4.32, 4.22), respectively.  
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Table 6.8 

 Descriptive Analysis for Motivation 

Items Min Max Mean Std. Deviation Ranked 

MOT.1 2.00 5.00 4.52 .71 1 

MOT.2 2.00 5.00 4.32 .81 2 

MOT.3 2.00 5.00 4.22 .79 3 

Motivation 2.33 5.00 4.35 .66  
 

The highest level of agreement by the users was towards the first item (The 

MARHIME prototype increased my excitement with the museum exhibition). While 

the lowest level of agreement by the users was towards the third item (Touring the 

museum was more encouraging with the use of the MARHIME prototype). These 

results show that the users were having positive opinions with regard to all of the 

items, meaning that the users agreed on the motivation of the prototype. In addition, 

the standard deviations for all the items were small and ranged from 0.71 to 0.81, and 

this indicates the accuracy of the users' answers to the questionnaire. Moreover, the 

level of agreement by the users around the motivation element was 4.35 and the 

standard deviation was 0.66, which strengthened their agreement on the items. 

 

6.4.4.3 Aesthetics 

Table 6.9 illustrates the results of the descriptive statistics that include the values of 

the means for three items (4.42, 4.18, 4.33) respectively. 
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Table 6.9 

Descriptive Analysis for Aesthetics 

Items Min Max Mean Std. Deviation Ranked 

AES.1 3.00 5.00 4.42 .69 1 

AES.3 3.00 5.00 4.33 .73 2 

AES.2 2.00 5.00 4.18 .79 3 

Aesthetics 2.67 5.00 4.31 .64  
 

 The highest level of agreement by the users was towards the first item (The 

MARHIME prototype was attractive). While the lowest level of agreement by the 

users was towards the second item (The MARHIME prototype screen layout was 

suitable). These results show that the users were having positive opinions with regard 

to all of the items, meaning that the users agreed on the aesthetics of the prototype. In 

addition, the standard deviations for all the items were small and ranged from 0.69-

0.79, and this indicates the accuracy of the users' answers to the questionnaire. 

Moreover, the level of agreement by the users around the aesthetics element was 4.31 

and the standard deviation was 0.64, which strengthened their agreement on the items. 

 

6.4.4.4 Satisfaction 

Table 6.10 show the results of descriptive statistics that included the values of the 

means for three items (4.27, 4.25, 4.25), respectively.  

Table 6.10 

Descriptive Analysis for Satisfaction 

Items Min Max Mean Std. Deviation Ranked 

SAT.1 2.00 5.00 4.27 .80 1 

SAT.2 2.00 5.00 4.25 .74 2 

SAT.3 2.00 5.00 4.25 .81 3 

Satisfaction 2.00 5.00 4.26 .66  
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The highest level of agreement by the users was towards the first item (Generally, I 

am satisfied with the MARHIME prototype). While the lowest level of agreement by 

the users was towards the second item (I became fond with the MARHIME 

prototype), and the third item (I will recommend the MARHIME prototype to others). 

These results show that the users were having positive opinions with regard to all of 

the items, meaning that the users agreed on the satisfaction in using the prototype. In 

addition to that, the standard deviations for all the items were small and ranged from 

0.74-0.81, and this indicates the accuracy of the users' answers to the questionnaire. 

Moreover, the level of agreement by the users around the satisfaction element was 

4.26 and the standard deviation was 0.66, which strengthened their agreement on the 

items. 

 

6.4.4.5 Interaction 

Table 6.11 exhibits the results of the descriptive statistics that included the values of 

the means for three items (4.27, 4.15, 4.10), respectively.  

Table 6.11 

Descriptive Analysis for Interaction 

Items Min Max Mean Std. Deviation Ranked 

INT.1 2.00 5.00 4.27 .95 1 

INT.2 1.00 5.00 4.15 1.15 2 

INT.3 2.00 5.00 4.10 .99 3 

Interaction 1.67 5.00 4.17 .86  
 

The highest level of agreement by the users was towards the first item (The 

MARHIME prototype provided control through my actions). While the lowest level 

of agreement by the users was towards the third item (The MARHIME prototype 

provided feedback smoothly). These results show that the users were having positive 
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opinions with regard to all of the items, meaning that the users agreed on the 

interaction of the prototype. In addition, the standard deviations for all the items were 

small and ranged from 0.95-1.15, and this confirms the accuracy of the users' answers 

to the questionnaire. Moreover, the level of agreement by the users around the 

interaction element was 4.17 and the standard deviation was 0.86, which strengthened 

their agreement on the items. 

 

6.4.4.6 Enjoyment 

Table 6.12 clarifies the results of the descriptive statistics that include the values of 

the means for four items (4.23, 4.00, 3.96, 3.95), respectively.  

Table 6.12 

Descriptive Analysis for Enjoyment 

Items Min Max Mean Std. Deviation Ranked 

ENJ.1 2.00 5.00 4.23 .99 1 

ENJ.2 2.00 5.00 4.00 1.01 2 

ENJ.3 2.00 5.00 3.96 .96 3 

ENJ.4 2.00 5.00 3.95 .93 4 

Enjoyment 2.00 5.00 4.03 .77  
 

The highest level of agreement by the users was towards the first item (I enjoyed 

using the MARHIME prototype). While the lowest level of agreement by the users 

was towards the fourth item (I did not feel the time has passed while using the 

MARHIME prototype). These results show that the users were having positive 

opinions with regard to all of the items, meaning that the users agreed on the 

enjoyment in using the prototype. In addition, the standard deviations for all the items 

were small and ranged from 0.93-1.01, and this confirms the accuracy of the users' 

answers to the questionnaire. Moreover, the level of agreement by the users around 
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the enjoyment element was 4.03 and the standard deviation was 0.77, which 

strengthened their agreement on the items. 

Table 6.13 shows the results of the descriptive statistics that included the values of the 

means of the six elements that include; usability, motivation, aesthetics, satisfaction, 

interaction and enjoyment (4.37, 4.35, 4.31, 4.26, 4.17, 4.03), respectively. The 

highest level of agreement by the users was towards usability, while the lowest level 

of agreement by the users was towards enjoyment. These results show that the users 

were having positive opinions with regard to all of the items, meaning that the users 

agreed on all the elements of the prototype. In addition, the standard deviations for all 

the elements were small and ranged from 0.57-0.86, and this confirms the accuracy of 

the users' answers to the questionnaire.  

Table 6.13 

Descriptive Analysis for Elements of Engagement 

Element Min Max Mean Std. Deviation Ranked 

USABILITY 3.33 5.00 4.37 .57 1 

MOTIVATION 2.33 5.00 4.35 .66 2 

AESTHETICS 2.67 5.00 4.31 .64 3 

SATISFACTION 2.00 5.00 4.26 .66 4 

INTERACTION 1.67 5.00 4.17 .86 5 

ENJOYMENT 2.00 5.00 4.03 .77 6 

 

Graph is the most frequently used methods in descriptive statistics because it provides 

clearer and easier idea of understanding information (Bryman & Bell, 2015; De Vaus, 

2002). Figure 6.7 shows the graphs for the means and the standard deviations of all 

the elements in the current study. 
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Figure 6.7. Descriptive Analysis for Elements of Engagement 

6.5 Discussion of Concurrence between Previous Studies Findings and Current 

Study Findings   

As mentioned earlier, there are six elements (Usability, Motivation, Aesthetics, 

Satisfaction, Interaction and Enjoyment) for measuring the engagement of HI visitors 

to the museum. Based on the descriptive statistics, the mean for Usability was 4.37 

which indicated that the users strongly agreed on this element. This finding is 

consistent with the studies by O'Brien and Toms (2010); O’Brien & Cairns, (2015); 

Permadi and Rafi (2016); Othman et al. (2011); Nilsson and Johansson (2007), which 

indicate that the users are interested in using the application when the application is 

easy to use in terms of selecting options, provides consistent information and 

providing required guidance to complete assigned tasks. For HI, this study also 

supports findings by Chuan et al. (2017) which found that HI is interested to use an 

application with good usability.  

The mean for Motivation was 4.35 which indicated that the users strongly agreed on 

this element. This finding is consistent with the studies by Gopalan et al. (2016); 

Chang et al. (2015); Di Serio et al. (2013); Alqahtani and Mohammad (2015) which 
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indicate that the users are interested in using the application when the application is 

able to increase the user’s excitement, feeling more motivated and encouraging with 

the use of the application. However, it is difficult to find any support or contradict 

findings related to HI. 

The mean for Aesthetics was 4.31 which indicated that the users strongly agreed on 

this element. This finding is consistent with the studies by O'Brien & Toms, (2010); 

O’Brien & Cairns, (2015); Wiebe et al. (2014) which indicate that the users are 

interested in using the application when the application emphasizes on attractive, 

visual senses and the screen layout is suitable. However, it is difficult to find any 

support or contradict findings related to HI. 

The mean for Satisfaction was 4.26 which indicated that the users strongly agreed on 

this element. This finding is consistent with the studies by Alqahtani and Mohammad 

(2015); Permadi and Rafi (2016); Kim et al. (2013) which show that when users are 

satisfied with the application, they become fond with the application and they will 

recommend it to others. For HI, this study also supports findings by (Chen 2014) 

which found that HI is interested to use an application with good Satisfaction. 

The mean for Interaction was 4.17 which indicated that the users agreed to this 

element.  This finding is consistent with the studies by Othman et al. (2011); Wu, Y., 

Wu, Y., and Yu, S. (2015) which show that the users are interested in using the 

application when the application provides good feedback to the user, provided control 

on their actions and also the application provides responses on their needs. For HI, 

this study also supports findings by (Adamo-Villani, Carpenter, and Arns, 2006) 

which found that HI is interested to use an application with good Interaction. 

Although this finding contradicts with Permadi and Rafi (2016), which fails in 

establishing the relationship between interaction and engagement. Finally, the mean 
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for Enjoyment was 4.03 which indicated that the users agreed to this element. This 

finding is consistent with the studies by Gopalan et al. (2016); Pendit et al. (2014b, 

2016); Karimi and Lim (2010); Xie, Antle, and Motamedi (2008); Lin, Fernandez, 

and Gregor (2012) which show that the user feels fun, enjoy, entertaining, and does 

not feel the passage of time with using the MAR application. However, it is difficult 

to find any support or contradict findings related to HI. 

Therefore, it can be concluded from this study that the HI users strongly agreed on 

Usability, Motivation, Aesthetics and Satisfaction elements and agreed on Interaction 

and Enjoyment elements. The Usability element was ranked the highest with mean of 

4.37 while Enjoyment was the lowest with mean of 4.03.  

6.6 Notable Findings on Observation of HI Museum Experience 

During the evaluation, there were several observations that were recorded on HI 

visitors in the museum during their use of the MARHIME application. These 

observations were generally classified into seven categories as shown in Table 6.14. 

Table 6.14 

Observation of HI Museum Experience 

Categories Observation Description  

Expectations 
The HI visitors were comfortable with the use of the MARHIME application 
because it is designed in a way that meets their ambitions and expectations, which 
increased their motivation and passion for engaging with it. 

Emotions  The HI visitors felt comfortable, enjoyed and happy especially when using the 
game and social networking sites. 

Ease to use The HI visitors successfully completed the task without any difficulties. 

No guide  The HI visitors get the information without the help either from a person, guide or 
teacher to transfer the information to them and this increased their self-reliance 

Behaviours  
The HI visitors successfully completed the task of using the MARHIME 
application. They have made slight mistakes but recovered quickly and 
successfully. 
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Table 6.14 Continued 

Categories Observation Description  

Knowledge and 

options 

The HI visitors had many options to gain new knowledge with the MARHIME 
application, in addition to strengthening their previous knowledge. This was 
obvious during the discussion that took place among the participants regarding the 
information. 

Communications  
The MARHIME application gave the HI the opportunity to discuss among them 
through the use of social networking sites and invite each other to use the 
application. 

Interaction  HI interaction with the application by reading information about the application 
and using the provided multimedia. 

 

From the table above, most of the observations were positive, they satisfied and 

enjoyed the MARHIME application. 

6.7 Chapter Summary 

The main aim of conducting the evaluation in this chapter is to ascertain that the 

developed MARHIME prototype from Chapter 5 based on the conceptual model in 

Chapter 4, achieves its aim in engaging the HI visitors at the museum. In justifying 

this aim, statistical analysis was conducted with an initial analysis from the pilot study 

upto the main evaluation. The results obtained from the analysis, has statistically 

confirmed that the MARHIME prototype is capable of engaging the HI when visiting 

the museum. The findings show that the main objective of this study has been 

successfully achieved. 
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CHAPTER SEVEN 

CONCLUSION 

7.1 Introduction 

This chapter briefly outlines all the important phases and steps that were undertaken 

to achieve the main aim of this study. This chapter identifies the appropriate responses 

to answer the research questions, hence showing how the research objectives were 

actualized. The chapter further discusses the contributions of this research to various 

fields, limitation of the study and future works. 

7.2. Research Discussion 

The aim of this research is to develop a conceptual model for engaging HI visitors in 

the museum. To achieve this aim, the study has identified suitable elements of MAR 

for HI museum visitors’ engagement, to be implemented in the development of the 

conceptual model. Therefore, the study was directed towards answering these three 

research questions. 

i. What are the elements of MAR for engaging the HI museum visitors?  

ii. How to develop the conceptual model of MAR for engaging the HI museum 

visitors based on the identified elements? 

iii. How to validate the conceptual model of MAR for engaging the HI museum 

visitors through expert review and prototyping? 

With respect to the research questions highlighted, this study likewise has three 

objectives to be achieved as mentioned below. 
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i. To identify the elements of MAR for engaging the HI museum visitors. 

ii. To develop a conceptual model of MAR for engaging the HI museum visitors 

based on the identified elements. 

iii. To validate the conceptual model of MAR for engaging the HI museum 

visitors through expert review and prototyping. 

The achievement of these objectives which serves as answers to the research 

questions are provided in the following sections. 

7.2.1. Research Objective One 

To identify the elements of MAR for engaging the HI museum visitors. 

In order to achieve this objective, it is necessary to delve into literature sources, theses 

and research using different platforms especially the online academic databases, to 

find out more about the elements of engagement. This investigation of literature gave 

rise to twenty (20) elements of engagement as documented in section 2.4.4. From 

these elements, eleven (11) elements were extracted the most preferred elements of 

engagements based on the focus group session (refer to section 4.2). These eleven 

(11) elements were then presented to eight (8) experts in the field of Museum, HI, 

MAR, AR, HCI and Multimedia who recommend those elements which are suitable 

in order to achieve the aim of the research. The review from the experts resulted in the 

selection of six elements for engaging HI museum visitors. Details of the procedure of 

selection can be accessed in Section 4.3 of Chapter 4. This meets the first research 

objective and the selected elements are: Aesthetics, Usability, Interaction, Motivation, 

Satisfaction and Enjoyment. The following is the list of the selected elements and 

their proposed definitions.  
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i. Aesthetics refers to visual beauty or the study of natural and appealing mobile 

environments. 

ii. Usability refers to consistency of information and ease of use based on the 

application functionality as perceived by the users. 

iii. Interaction refers to aware of being in control towards the application whereby 

interactivity, information and feedback are given upon an action.  

iv. Motivation refers to an act which encourages action or target activity to be 

performed by a user.  

v. Satisfaction refers to act of being content and fond with an application.  

vi. Enjoyment refers to the user experiencing fun, enjoy, and entertainment with 

the usage of the application.  

7.2.2. Research Objective Two 

To develop a conceptual model of MAR for engaging the HI museum visitors 

based on the identified elements. 

The achievement of this objective is dependent on the review of the literature 

conducted in Chapter 2 of this research. The conceptual model for this study was built 

based on the review of research related to the fields of Museum, HI, MAR, and 

Engagement. Thus, the conceptual model for this study in the first layer consists of 

these four components (Museum, MAR, HI and Engagement) incorporating the six 

elements (Aesthetics, Usability, Interaction, Motivation, Satisfaction and Enjoyment) 

obtained from the focus group and the expert review. Section 4.5 of Chapter 4 

discusses these elements in relation with the concept of engagement in developing the 

conceptual model. In addition, the structure of MARHIME conceptual model 
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developed to consists of two levels. In the first level, Technology and the second level 

for engagement elements that consist of six elements and their features that have been 

incorporated into the MARHIME conceptual model that include: Aesthetics, 

Usability, Interaction, Motivation, Satisfaction, and Enjoyment. The development of 

the conceptual model based on these elements is discussed in chapter 4. Each of these 

elements is measured by certain number of items: Aesthetics (3 items), Usability (3 

items), Interaction (3 items) Motivation (3 items), Satisfaction (3 items) and 

Enjoyment (4 items). These elements together with their corresponding items are 

implemented in the research instrument administered in this research.  

7.2.3 Research Objective Three 

To validate the conceptual model of MAR for engaging the HI museum visitors 

through expert review and prototyping. 

In achieving this objective requires adapting the research instrument as a 

measurement for the elements of the conceptual model. The conceptual model was 

validated to suit the needs of the HI museum visitors by means of the academic expert 

review. Next, the validity of the conceptual model was measured by means of 

prototyping. A pilot study was conducted to pre-test the instrument before 

implementing it on the HI users which are the target users of this study. Statistical 

analysis was then conducted to determine the contribution of each element of the 

conceptual model towards engagement of the HI museum visitors. 

The initial version of the prototype was developed based on the conceptual model. 

Subsequently, the research instrument was developed by adapting items to measure 

each element of the conceptual model. This instrument was presented to a panel of 

experts as discussed in Section 5.5 of Chapter 5. Meanwhile, the initial version of the 
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prototype was evaluated by the experts for recommendations of improvement. Based 

on their feedbacks and recommendations, modifications were implemented on the 

initial version to obtain a second and final version of the prototype. 

This final version of the prototype was also investigated for any limitations by putting 

it through a pilot study. The pilot study was conducted to get responses from the 

participants, improving the items of the scale and determining its level of reliability. 

From the statistical analysis conducted Chapter 6, the results of the pilot study were 

acceptable on the basis that all the elements were acceptable according to the 

measurements. 

In Chapter 6, details of how the HI museum visitors interacted with the prototype at 

the Iraq museum were documented. After the interaction, the users were requested to 

fill out the questionnaires. The responses from the questionnaires were collated and 

analysed statistically. The results showed that the elements selected for the conceptual 

model, which were further incorporated into the prototype, were acceptable among 

the HI users. Therefore, the third which is also the last objective is achieved.  

Six elements are found to affect HI engagement in using MAR during museum visit. 

These are Usability, Motivation, Aesthetics, Satisfaction, Interaction, and Enjoyment. 

Usability has the highest mean due to the users’ strong agreement to this element as 

observed in its computed mean of 4.37. This result is consistent with O'Brien and 

Toms (2010); O’Brien and Cairns (2015); Permadi and Rafi (2016); Othman et al. 

(2011), Chuan et al. (2017); Nilsson and Johansson (2007), which indicate that the 

users are interested in using the application when the application is easy to use in 

terms of selecting options, provides consistent information and providing required 

guidance to complete assigned tasks. While Motivation has in the second highest 

mean due to the users' strong agreement to this element as observed in its computed 
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mean of 4.35. This result is consistent with Gopalan et al. (2016); Chang et al. (2015); 

Di Serio et al. (2013); Alqahtani and Mohammad (2015) which indicate that the users 

are interested in using the application when the application is able to increase the 

user’s excitement, feeling more motivated and encouraging with the use of the 

application. 

The third highest mean is Aesthetics as it is strongly agreed by participant based on 

the mean of 4.31 to be able to engage the HI visitors. This is consistent with the study 

of O'Brien and Toms (2010); O’Brien and Cairns (2015); Wiebe et al. (2014) which 

indicate that the users are interested in using the application when the application 

emphasizes on attractive, visual senses and the screen layout is suitable. The fourth 

highest mean is Satisfaction based on the mean of 4.26. This is consistent with the 

study of Alqahtani and Mohammad (2015); Chen (2014); Permadi and Rafi (2016); 

Kim et al. (2013) which show that when users are satisfied with the application, they 

become fond with the application and they will recommend it to others. 

The fifth highest mean is Interaction as agreed by the participants to affect their 

engagement based on the mean of 4.17 which consistent with the study of Othman et 

al. (2011); Wu, Y., Wu, Y., and Yu, S. (2015); Adamo-Villani, Carpenter, and Arns, 

(2006) which show that the users are interested in using the application when the 

application provides good feedback to the user, provided control on their actions and 

also the application provides responses on their needs. While, this finding is 

contradicted with Permadi and Rafi (2016), which still have minor problems with 

engagement. While the last affecting engagement is Enjoyment based on the mean of 

4.03 which consistent with a number of studies such as Gopalan et al. (2016); Pendit 

et al. (2014b, 2016); Karimi and Lim (2010); Xie, Antle, and Motamedi (2008); Lin, 
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Fernandez, and Gregor, (2012) which show that when the user feelings fun, enjoy, 

entertaining, and does not feel the passage of time with using the application. 

It is also found that these elements have strong relationship with engagement and do 

not interrelate. 

7.3 Contributions of the study  

The findings of this study which aimed to developing a conceptual model for 

engaging the HI museum visitors has contributed to various fields of knowledge. It 

has contributed in terms of theoretical contribution perspective, application 

contribution perspective, social contribution, education and technology for HI, and 

also for the HI museum visitors. The following discussions highlight how these 

studies have positively affected these sectors. 

7.3.1 Theoretical Contribution Perspective  

The major theoretical contribution of this study is the conceptual model of MAR for 

the HI museum visitors’ engagement. This major theoretical contribution is achieved 

in two different ways. Firstly, the study theoretically identifies the elements of the 

MAR which contributes to the HI museum visitors’ engagement. Based on the first 

theoretical contribution, the second contribution obtained is the conceptual model of 

MAR for the HI museum visitors’ engagement. The conceptual model is unique since 

its elements emphasise on engagement with MAR for the HI. Secondly, the study 

contributes to theories such as the engagement theory (Kearsley & Shneiderman, 

1998) which can be used as the underpinning and guide by designers in order to 

develop applications that are engaging, particularly for the HI people. In addition, the 

instrument to measure the engagement of HI museum visitors was also developed. 
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The instrument was proven to be reliable through reliability test and can be 

implemented by future researchers (refer to Appendix G). 

This study also offers guidelines for developing MAR for HI people. This guideline 

would assist computing professionals and researchers to understand the needs and 

requirement of one of the underserved communities. 

7.3.2 Application Contribution Perspective  

Apart from the theoretical contribution perspective, the second contribution 

dimension is the application contribution perspective. This is achieved by using the 

proposed model to develop an engagement with MAR application which explicitly 

emphasises on engage the HI visitors within the museum. This application was 

developed using Vuforia and Unity 3D based on the C++ programming language.  

Besides that, Windows Movie Maker and 3DS Max were used to edit and compile the 

videos and also editing of 3D models respectively. The application was designed with 

features to further compliment the elements given in the design of engaging 

technology by Brandztæog, Følstad, and Heim (2005). 

7.3.3 Social Contribution 

The progress of communities has been measured by their particular interest in special 

needs. This has led the United Nations World Tourism Organization (UNWTO) in 

2005 to acknowledge the need for tourism for all which was tagged as “accessible 

tourism for all”. Therefore, the contribution of this research to this special need 

especially for HI can be summed up as follows: 

i. HI visitors can learn about a country's culture and history and establish its 

importance by visiting the museum and having an engaging experience. This 
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increases their cultural awareness of tourism by linking them to their past and 

thus generating a sense of belonging to the society in its present and past. 

ii. HI visitors can communicate with HI communities and other individuals 

through social networking sites using one of the features provided in the 

MARHIME prototype. This reduces isolation and increases knowledge by 

sharing of educational and cultural information between members of the HI 

communities. 

iii. MARHIME prototype eradicates inferiority complex among the HI. They can 

experience the same level of engagement as normal people. This increases 

their social confidence value and thus erasing all thoughts of inferiority. The 

overall self-esteem is encouraged to initiate relationships with normal hearing 

individuals. 

iv. The MARHIME prototype grants the HI a sense of self dependence. This is 

because they can make use of the prototype without having to rely on others. It 

enhances their interaction in getting more information and this motivates them 

to visit the museum again in the future. 

v. The museum can then be seen as a disabled-friendly place for the HI to learn 

about national culture and history. 

7.3.4 Education and Technology 

The field of technology and education has also contributed to providing historical 

information directly by using augmented reality technology in the museum. The 

MARHIME prototype supports video, text, image and 3D objects, and the use of these 

multimedia elements can increase the users’ interest in learning. Hence, knowledge 

can be conveyed through the use of technology and increased enthusiasm to further 
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explore the historical artefacts (Carillo, Rodriguez-Ischaria, & Arnold, 2007). This 

leads to the HI visitors’ engagement, improved memory, rapid learning as well as 

lifelong learning (Damala et al., 2008) that affect the growth of knowledge and 

awareness and simultaneously increase their knowledge of modern technology. 

7.3.5 Museum Visitors 

The government and museum management can use the prototype to provide service to 

HI visitors. It is effective to explore the artefacts in the museum in an attractive 

manner as proven from all analysis conducted in this research. Thus, being an 

interesting tool helps in keeping the HI visitors engaged in the museum. These 

conclusions are drawn from the evaluation results which are described in detail in 

Chapter 6. The use of the prototype creates more interest in HI individuals to visit the 

museum. This will increase the government's income by encouraging tourism which 

has increased the government resources as a source of national income. 

7.4 Limitation of the study 

This study has been conducted with certain limitations because it deals with a group 

of minority community that is the HI in a country namely Iraq. These limitations are 

summarized as follows: 

i. The conceptual model of MARHIME was developed for indoor image-based 

AR environment such as the museum which has been considered in this study. 

The indoor navigation works using scans within the museum environment. 

ii. The study covers numerous multimedia elements in delivering information 

through MAR. It is found however the amount of data storage is quite 
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enormous for mobile phone users. This may hinder users to install the MAR 

app. Thus, another study may extend the capability of storage optimization. 

iii. The most important problem faced by the researcher is that the number of 

participants in the evaluation was not many. This is because the level of 

education for the HI in Iraq is low and the study was conducted for HI 

individuals who can only read and write. Therefore, the researcher sought for 

cases of people that have an average level of education or individuals that are 

educated before encountering hearing loss as a result of accidents and injuries. 

On the other hand, as a result of the security situation in Iraq, the HI turnout to 

schools for HI is low. All these reasons affected the sample size. 

iv. The researcher encountered difficulty in dealing with HI people because they 

are sensitive and shy in dealing with normal people and also feel bored when 

talking to them for a long time. 

v. The task of bringing the HI to visit the museum was quite difficult. This is 

because of the culture and also conservative attitude towards the researcher as 

a woman. 

vi. The operating system (OS) that was used for the MARHIME prototype was 

based on Android. Therefore, the MARHIME prototype only runs on Android 

mobile devices, which does not reflect the effectiveness and feasibility of 

other operating systems. 

7.5 Future Work 

Considering the limitations mentioned in the previous section, it is clear that the room 

for improvement exists. Therefore, list of future directions for this study is as follows:  
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i. The extension of the conceptual model may include advanced features using 

location-based MAR for outdoor cultural heritage sites. 

ii. This study warrants the inclusion of cloud storage to be integrated in the 

MARHIME model. 

iii. This study may further expand to include sensor capabilities built in 

smartphones for extensive use by HI visitors. 

iv. This study was applied in Iraq and the language used was Arabic and the 

participants were HI Iraqis. Thus, it is suggested that new elements be 

investigated for any other variables, for example the interaction of the HI in 

other languages, for example English or Malay.  

v. Future studies may include larger sample size in order to generalize the 

findings. 

vi. Future work may focus on comparing the use of the MARHIME prototype 

according to the culture of the country. In this study, it was difficult to recruit 

females as participants; hence the findings are more inclined to male 

participants. On the other hand, culture of the country may affect the nature of 

the study and warrants further research. 

7.6 Chapter Summary 

This study has identified the elements of MAR for the HI museum visitors’ 

engagement, and the MARHIME conceptual model was then developed based on the 

identified elements. This study has identified six elements of MAR for engaging HI 

museum visitors. The validity of these six elements was proven through validation 

steps and prototyping. All elements were validated through the expert reviews and HI 

responses gathered through the use of the MARHIME prototype in the museum aimed 
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at measuring the engagement experience. This study demonstrates the importance and 

benefits of MARHIME prototype in engaging HI museum visitors. Thus, when 

preparing applications such as this, emphasis should be placed in the development of 

the contents that reflect the relevant theoretical architecture in its design and 

development. The contents should be engaging and helpful enough in assisting the HI 

visitors in the museum. The results showed that all the HI visitors agreed that they had 

an engaging visit to the museum by using the prototype. Many visitors also prefer the 

application in the museum and wish to use it again in the future. All these results 

conclude that the prototype is suitable to be used for engaging HI visitors in the 

museum. Finally, the elements and conceptual model may be a guideline for 

developers to develop MAR for engaging HI at the museum.  

In summary, the following is the notable findings of the study. 

 

i. The validated conceptual Model of MARHIME is reliable. 

ii. The validated elements of aesthetics, usability, interaction, motivation, 

satisfaction, and enjoyment, in the MARHIME prototype contribute to the 

engagement of HI museum visitors. 

iii. The validated MARHIME prototype is provides engagement for the HI 

museum visitors. 

iv. Conceptual model may serve as a guideline for future of MAR in order to 

engage the HI during the museum visit. 

Overall, this study has developed and evaluated the conceptual model of MAR for 

engaging HI museum visitors. 
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Appendix A 

Focus Group Form 
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Dear Participant,  

We are delighted to inform you that you have been selected to participate in our research on 

“Mobile Augmented Reality for Engaging Hearing-Impaired Museum Visitors”. The research 

focuses on the relationships between the elements of the Mobile Augmented Reality and 

engagement for hearing impaired museum visitors.  

The following proposed elements of engagement aims to understand several aspects of the 

needs and requirements of the hearing impaired during their visit to the museum. Your 

participation in answering this question is very much appreciated in ensuring the success of 

this study.  The information gathered will be treated as confidential and only be used for 

research purposes and may be reported anonymously in the academic publication. 

I would like to thank you for your time and cooperation. 

 

Objective of Focus Group:  
To review the proposed elements of engagement for hearing-impaired museum visitors 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Participant Details  
Name:                       ________________________ 

Age:                          ________________________  

Gender:                     ________________________ 

Education:                ________________________  

Field of work:          _______________________  

Experience (year):    _______________________ 
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Instruction: Answer Yes or No and write remarks to the needs and expectations of the following elements to be included in the MAR application for HI 
museum visit. 
 

 
 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

No Elements Description 
Select one  Remark  

Yes No  

1 Aesthetics 
This is the concept of mixing the nature of beauty, art, and with the creation and appreciation 

of MAR. 

   

2 Novelty The concept of using MAR to teach new behaviour and knowledge for the user.    

3 Usability This is the concept of consistency of information and ease of use MAR application.    

4 Feedback 
Positive information that will enhance passionate reactions which will promote positive 

performance. 

   

5 Motivation An act which encourages action or target activity to be performed by a user.    

6 
Focused 

Attention 

The ability to involved and absorbed on a specific task by losing track of time without being 

distracted. 

   

7 
Perceived 

Control 
The act of dominating, commanding and regulating others, an activity, or a system 

   

8 Curiosity 
This is when the human mind yearns for knowledge by investigates an environment, object, or 

situation in search of the knowledge. 

   

9 Enjoyment The user experiencing fun, enjoy, and entertainment with the usage of the application.    

10 Social skill Ability to facilitate interaction and communication with others.    
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General Comments/Suggestions:  

11 Self-efficacy Confident in one's belief in one's ability to succeed in specific situations or accomplish a task.    

12 
Felt Involvement 

 
The users feeling involve during interaction with MAR application. 

   

13 Endurability The likelihood of the user to returns back to the usage of the application.    

14 Interest This when an object or system attract attention, provoke thought, intrigue, and fascinate a user.    

15 Immersion The application should be able to cause deep mental involvement for the users.    

16 Challenge The application should be able to provokes users to action.    

17 Satisfaction This is act of being content and fond with an application.    

18 Concentration The action or power of focusing the user attention on the action with the application.    

19 Trust Users must have confident in the workability of the application.    

20 Interaction 
Aware of being in control towards the application whereby interactivity, information and feedback 

are given upon an action. 
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Appendix B 

Focus Group Form in Arabic 

  

 

 
 
 
 
 

 vwxyم ا{داب�xوا�� 

���w��� أ��را v����  

  

 ا����wن

  ��wس ���رvy ا��وار ����ء ا���� �� ا�����

  

  �� ا��اد

  ا��اء ����  ���

  

¡¢wx� ا��£م  
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:KLMNOPQRا TUاVWأ 

����°� إ £²¢¡  ±°¯ �� �¡ ا®��wرك ����xر�ª­�  �� vy ¬�ل "ا��ا�� ا����ز ا���ª©¨ �� أ�¨ إ¦�اك زوار 

� ا���x� ¹¸ ا��£��ت  �ª� �w¶� ا��ا�� ا����ز ا���ª©¨ وا�����¨ �� زوار  ."ذوي اv���³ ا����vwا����� y��

 .ا����¬� ا���º ���°�ن �� ��� ا����

��Áف ��ª¶� ا����رvy ا��©��¬v ا����vw إ�¸ �Á¡ ��ا°À ����ة ¾¬����wت و��½��xت ���ف ا���� أ«�ªء 

����x� ¡Áا³ .ز��ر� �� Â�yإن ���رvه ا��را�ºح ھ�Æ° ن��� �� �w�y ���©�  ¸Ç�� الÈا ا��ºھ ¸x� v ��. 

��w¡ ا�����¨ �� ا������xت ا��� ��¡ ���x� �Á¸ أ°v��� �Á و�� ��¡ ا���Ìا��Á إ¾ �²Ëاض  �­vw و�� ��¡ ا³ £غ 

 .��ÁÆ� ¨¢�  �Áªل �� ا����ªر ا�yËد���

Â°و���و Âو�� ¸x� أود أن أ¦¢�ك.  

 

x� ¡y�¢¦و��¢¡ و���و°¢¡وأود ان ا ¸ 

  �� ��ÍÎ ا¾¬��ام

VLMNORا YWZQ[\ ھ^ف: 

 

�وار ا����¬� ا���º ���°�ن �� ��� ا����� v¬��©ا�� vyا����ر �¶�ª� vا���� 

 
 

 

 

 

  

 

 

 

L`abc:ركaPQRا f 

 

  _________________________ا¾�¡: 

 _________________________ا����: 

 :ÏªÆا�________________________  

 :¡wxا���________________________  

  _____________________��Æل ا���¨: 

____________________ :(vªا��)ة��Ìا�  
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 :اaQLhiORت
 

  f�a�Z اZRا}� اViQRز aizRف ا�Q�R ا�ayء ز�aر�L��c \.�uOQhR nxcواkOM \~|{aت alaLO|qت وZc}aiت اN`ayiR اTw axyLQzc nOLR YLRaOR طkh اZtuRل rhW  (q)، (nio) أو أkl ب
 

  اnio  q  �LhiOR  ا��NiOR  اN`ayiR  ت

  ا��w���Æت  1
 Íx® �� ،ل وا�����Æا� v�wط� Òx® م�Á�� ا ھ�ºا��ا��  وإدراكھ ¨�� ��

  ا����ز
      

2  v»ا���ا  
���Áم ا���Ìام �� ��¨ ا��ا�� ا����ز ���wx¡ ا���xك وا�����v ا����Æة 

�x�.م�Ì��  
      

  �v��Á ا¾���Ìام  3
ھºا ھ� ���Áم ا���ق ا������xت و�v��Á ا¾���Ìام �½�Íw �� ��¨ ا��ا�� 

  ا����ز.
      

4  
  ردود ا���¨

v �Æ��¾ا/  

 �Á°±¦ �� ا��� vwردود ا���¨ ا���ط� ����� �Á°±¦ �� ا��� vw �Æ�³ت ا���xا���

� �Æ�³داء اËا �����.  
      

5  �        أو ھ�ف ا���ªط ا��� ����w ا�©�wم  �Á �� ��¨ ا�����Ìم. ��¨ ���Æ ا���ªط  ا����

� ا¾ھ���م  6wy��  
ا�©�رة �x¸ ا����رvy وا��v�Á� �� �Á ��w ���دة �� ®£ل �©�ان ا���Ô دون 

  .أن ��Õف ا°���ھ¯
      

       ��¨ ا�vª�wÁ وا��w½�ة و�wÇª¡ ا{®���، °��ط أو °�Çم  ا���¢¡  ���w½�ة  7

  ¬À ا¾��½£ع  8
ھ� ����ª ���ق ا��©¨ ا����ي �v����x �� ®£ل ا���©v×w  �� Íw أو �Î�y ھºا 

vأو ����  �­ً� �� ا�����.  
      

9  vا����  .Íw�½ام ا���Ìا�� �� ¯wوا¾�����ع وا���� vب ا�����Æ� يºم ا��Ìا����        

10  vwرات ا������Á�  ���®}ا�����¨ وا���ا¶¨ �� ا ¨wÁ�� ¸x� ا�©�رة.        

  ا�ºا�vwا�¢��ءة   11
 v�Á� ز�Æ°ح �� ��ا�� ���دة أو إ�Æªا� ¸x� إ���ن ا���ء  ©�رة ا���ء �� v©»

��.  
      

        .¦��ر ا�����w��Ì  �¾ر���ط ®£ل ا�����¨ �� �½�Íw  ر���ط¦��  �¾  12
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        ا¬����vw ��دة ا�����Ìم إ�¸ ا���Ìام ا��½�Íw.  إ��دة ا¾���Ìام  13

        °�Çم ا¾°���ه، �­�w ا��¢�، ®�اع، و���� ����Ìم. ھºا �ºÆ� ���ªب �Î�y أو  اھ���م  14

15  ��Ùا�  �w��Ì���x� v©w�� vwx©� vyإ¬�اث ���ر ¸x� ًدرا�� Íw�½أن �¢�ن ا�� ÀÆ�.        

        .�ÀÆ أن �¢�ن ا��½�Íw ��دراً �x¸ إ«�رة ا������x� �w��Ì¨  ا����ي  16

        ھºا ھ� �y°¯ ����ى و��Ùم �� �½�Íw.  ا����  17

�ا���  18wy  Íw�½ا��³اء �� ا�� ¸x� م�Ìا°���ه ا���� �wy��� ا��³اء أو ا�©�ة        

19  v©ا�­  Íw�½�x� vwx �� �� v©» �w��Ìأن �¢�ن ��ى ا���� ÀÆ�.        

  ا�����¨  20
أدراك �� ا��w½�ة �x¸ ا��½�¹w¬ Íw ��¡ إ�½�ء ا�����¨ وا������xت وردود 

  ا���¨ �x¸ ھºا ا���¨.
      

Y\aiRت اa�LhiORت:   \اa|اNO{qا  
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Appendix C 

Sample of Experts’ Invitation Email and Response 
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Appendix D 

Expert Review phase 1 Form 
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Appendix E 

Expert Review phase 2 Form 
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Appendix F 

Expert Review Phase 1 Responses 

Element Items  Relevant(R) Maybe not 
Relevant(M) 

Definitely not 
Relevant(D) 

Aesthetics 
AES 1 8 0 0 
AES 2 6 1 0 
AES 3 7 0 0 

Usability 

USA 1 4 2 1 
USA 2 5 1 1 
USA 3 7 0 0 
USA 4 4 2 1 
USA 5 4 3 0 
USA 6 4 2 0 
USA 7 3 2 1 

Interaction 
INT 1 7 1 0 
INT 2 7 0 0 
INT 3 5 2 0 

Motivation 

MOT 1 3 2 1 
MOT 2 6 1 0 
MOT 3 6 0 1 
MOT 4 6 0 1 

Satisfaction 
SAT 1 8 0 0 
SAT 2 6 0 1 
SAT 3 7 1 0 

Enjoyment 

ENJ 1 8 0 0 
ENJ 2 5 1 1 
ENJ 3 6 0 1 
ENJ 4 6 1 0 
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Appendix G 

Questionnaire for Mobile Augmented Reality for Engaging Hearing-

Impaired Museum Visitors  

 

 

 
 

College of Arts and Sciences 
 

UNIVERSITI UTARA MALAYSIA 
 
 
 
 

Questionnaire 
 

Measuring Engagement for Hearing Impaired Visitors in the Museum 

 

Prepared by: 
ESRAA JAFFAR BAKER 

 

Assalammu’alaikum and Good Day, 
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Dear participants,  

 

We are delighted to inform you that you have been selected to participate in our research 

on “Mobile Augmented Reality for Engaging Hearing-Impaired Museum Visitors”. The 

research focuses on the relationships between the elements of the Mobile Augmented 

Reality and engagement for hearing impaired museum visitors. A Mobile Augmented 

Reality for Hearing impaired museum engagement (MARHIME) app has been 

developed for that purpose.  

The following questionnaire aims to understand several aspects of the MARHIME app. 

Your participation in answering this questionnaire is very much appreciated in ensuring 

the success of this study.  The information gathered will be treated as confidential and 

only be used for research purposes and may be reported anonymously in academic 

publication. 

 

I would like to thank you for your time and cooperation.  

 

 

 

 

Yours Truly, 

 

ESRAA JAFFAR BAKER 
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SECTION I: PARTICIPANTS’ BACKGROUND 

Please tick (√) in the appropriate box. 

 

1. Gender:       

Male    □    

Female    □ 

 

2. Age:      

<20 years   □      

21-29 years  □      

30-39 years  □     

40-49 years  □      

over 50 years  □ 

 

3. Educational Level:   

Primary school   □     

Seconday school               □ 

Graduate             □             

Postgraduate             □  

None of the Above  □ 

 

4. Your Experience on Mobile Applications:  

One year or less   □  

More than one year  □ 
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SECTION II: ELEMENTS OF ENGAGEMENT 
Please indicate your degree of agreement on the following statement, by circling the most 
appropriate choice using the scale below: 
 
1 2 3 4 5 
Strongly 
Disagree 

Disagree Neutral Agree Strongly  
Agree 

 
AESTHETICS 
Aesthetics refers to visual beauty or the study of natural and appealing mobile 
environments.  This section aims to understand the aesthetics of the MARHIME app. 
 
Items Scale 
1. The MARHIME app is attractive 1 2 3 4 5 
2. The MARHIME app is appealing to my visual senses. 1 2 3 4 5 
3. The MARHIME app screen layout is suitable 1 2 3 4 5 
 
USABILITY 
Usability refers to consistent information and ease of use based on the app functionality 
as perceived by the users'.  This section aims to understand the usability of the 
MARHIME app. 
 
Items Scale 
1. The MARHIME app was easy to use. 1 2 3 4 5 
2. The MARHIME app provides me the required guidance 

to perform my task 
1 2 3 4 5 

3. The MARHIME app provides consistent information. 1 2 3 4 5 
 
INTERACTION 
Interaction refers to aware of being in control towards the app whereby interactivity, 
information and feedback are given upon an action. This section aims to understand the 
interaction while using the MARHIME app. 
 
Items Scale 
1. The MARHIME app provided control through my 

actions 
1 2 3 4 5 

2. The MARHIME app provided responses that I need. 1 2 3 4 5 
3. The MARHIME app provided feedback smoothly 1 2 3 4 5 
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MOTIVATION 
Motivation refers to an act which encourages action or target activity to be performed by a 
user. This section aims to understand the motivation after using the MARHIME app. 
  
Items Scale 
1. The MARHIME app increased my excitement with the 

museum exhibition 
1 2 3 4 5 

2. I feel more motivated to do an activity with the 
MARHIME app. 

1 2 3 4 5 

3. Touring the museum was more encouraging with the 
use of the MARHIME app. 

1 2 3 4 5 

 
SATISFACTION 
Satisfaction refers to act of being content and fond with an app. This section aims to 
understand the satisfaction after using the MARHIME app. 
 
Items Scale 
1. Generally, I am satisfied with the MARHIME app. 1 2 3 4 5 
2. I became fond with the MARHIME app. 1 2 3 4 5 
3. I will recommend the MARHIME app to others. 1 2 3 4 5 
 
ENJOYMENT 
Enjoyment refers to the user experiencing fun, enjoy, and entertaining with the usage of 
the app. This section aims to understand the enjoyment while using the MARHIME app. 
 
Items Scale 
1. I enjoyed using the MARHIME app. 1 2 3 4 5 
2. The MARHIME app provided me an entertaining 

experience. 
1 2 3 4 5 

3. It was fun using the MARHIME app. 1 2 3 4 5 
4. I did not feel the time has passed while using the 

MARHIME app. 
1 2 3 4 5 
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Appendix H 

Questionnaire for Mobile Augmented Reality for Engaging Hearing-

Impaired Museum Visitors (Arabic Language) 

 

 

  

  

 vwxyم ا{داب�xوا�� 

���w��� أ��را v����  

  

 ا����wن

  ��wس ���رvy ا��وار ����ء ا���� �� ا�����

  

  �� ا��اد

  ا��اء ����  ���

  

¡¢wx� ا��£م 
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:KLMNOPQRا TUاVWأ 

 

ا��Áف �� ھºا ¾����wن ھ� ��� �����xت ¬�ل "ا��ا�� ا����ز ��Æxال ����رvy ا��وار ا���º ���°�ن �� ��� �� 

� ا���x� ¹¸ ا��£��ª� Íw�½� �w  v¶� ا��ا�� ��اyا ا���¹. و��ºھ �� ¡¢�yر���� vªة و����y�¦ ن�¢� v­¬ا��� ."��

و�� �¡ �½���  .ا����ز �� ا��Æال و���ر�w��� �� ¯�y ا���� ��وار ا����� ا���º ���°�ن �� ��� �� ا����

Íw�½� زViQRا}� اZRا Rا TwالZ[  (TQLرھa\)Rزوار ا YMرaPQROQ �Q�Rا TbLi� �uض�Ùا ا�ºÁ� ي ا��ºوا� ���° .

���ر�y¢¡  ا¾�¢�ن ������xة �� ���ن °�Æح ھºه ا��را�ª� .v¢¡ ��اءة ا¾�×v��ª�  vx وا®��wر ا¾�� v ا���v©w ��ر

ھ� ���� �©��� �ª� �w�y و��w¡ ا�����¨ �� ا�� ��¢¡  ���v��� v و��ف ����Ìم �©�²Ë Òاض ا°�Æز  و���و°¢¡

  ا���¹.

 د ان ا¦¢�x� ¡y¸ و��¢¡ و���و°¢¡أوو

  

  ��ÍÎ ا¾¬��ام�� 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

v­¬ا��� 

 ا��اء ����  ���
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 اn��R اqول: �YLbh اaPQRرك

v�£� ا����ء و�� (�)    .À��ªا��� � ا�� ��  

1- �y[Rا  

�yذ         □ 

 □         ا°­¸

  

2- NQiRا 

  □   �vª     20ا�¨ �� 

21-29            vª�□  

30-39            vª�□  

40 -49 �          vª□  

 □�vª           ��50ق 

3-  Tرا�^Rى اZO�QRا  

        vwÎا¾ ��ا vا��را�    □  

              v��°ا�­� vا��را�□  

           ����� Ý��®     □  

              �wx� درا��ت     □  

 □أ�£ه     ��� ذ�y  ¦�ء¾ 

  

  Tw �O�N[c ا��O^ام a�L��cت ا�caxR اZQuQRل -4

 □            �vª او ا�¨

�­yأ vª� ��           □ 
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YMرaPQRا N`ayW :Toa�Rا n��Rا 

�� �ÂxÞ، �� دا�Îة ��wÌر وا¬� �©�ª  ¨y �� Ò وا�ºي ��yÈ ا¾�� v ا¾v�Î£� �­y ¾ھ�������Ì��� Â ا��wÌرات 

 اد°�ه:

5 4 3 2 1 

 q أواP� �w^ة q اوا�au\ �w^ اوا�w أواP� �w^ة    

aLRaQ[Rتا  

Æا��� Íw�½ت ا���w���� ¡Á�� ¡�©ا ا�ºف ھ�Áو� .v اºÆوا� vw�w�½ت ا�����ل ا��×w  vي أو درا��Õل ا����Æا� �ª�� ت�w�

(��wرھ��) 

  اaLO�qر  اa�iRرة

  5  4  3  2  1  ا��½�Íw ��رھº� ��wاب. -1

2-                                  .v��Õب ¬�ا�� ا��ºÆ� ��wرھ�� Íw�½5  4  3  2  1ا��  

  Íw�½1  2  3  4  5 ��رھv¦�¦ Í�°��                                        .v���ª� ��w ا -3

�YRZx ا�O�q^ام   

 �ª�� ام�Ì��¾ا v��Á�v©��� ت���x��  ¸ا ا�©�¡ إ�ºف ھ�Áو� �w��Ìا���� ¨�� �� Íw�½ا�� �Îام وظ��Ìا�� v��Áو�

.��wرھ�� Íw�½� vwx �� ¡Á� 

  اaLO�qر  اa�iRرة

1- ¨Á� ��wرھ�� Íw�½ام. ا���Ì��¾5  4  3  2  1  ا  

2-  ��wرھ�� Íw�½ب���� ا���x½ا�� ¯wا���� Ë                               .���Á� 5  4  3  2  1داء  

  ���x�� ���� ��v©��ª��.  1  2  3  4  5ت wا��½�Íw ��رھ -3

fWabORا   

¨ �x¸ ا���¨. و��Áف ��ا�����¨ ���w إ�¸ إدراك �� ��Æي �� ا��½�¹w¬ Íw ��¡ إ�½�ء ا�����¨ وا������xت وردود ا�

.��wرھ�� Íw�½ام ا���Ìء ا���ª»ا�����¨ أ ¡Á�� ¡�©ا ا�ºھ  
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  اaLO�qر  اa�iRرة

  5  4  3  2  1  ��م ا��½�Íw ��رھ��w ا��w½�ة ¬�ل ا�����. -1

2- .�Áwا��� ا¬��ج ا� v �Æ��¾ا ��wرھ�� Íw�½5  4  3  2  1  ��م ا��  

3- .Ïx� ��° ¸x� ¨�� رد ��wرھ�� Íw�½5  4  3  2  1  ��م ا��  

Rا VLbuO  

 ��ھ� ا�����Ìم. ��Áف ھºا ا�©�¡ ا�¸ �Á¡ ا����Æª� ا��� vد��Áت ا��wا���¨ او ا����� �Æ�� يºإ�¸ ا���¨ ا� �w�� �wا����

.��wرھ�� Íw�½ام ا���Ìا�� ��  

  اaLO�qر  اa�iRرة

�ي �� ���ض ا�����         -1w��� ز��دة �� ���� ��wرھ�� Íw�½5  4  3  2  1ا��  

2- ©x� �­yأ �  �w1  2  3  4  5م  ��ªط �� ا��½�Íw ��رھ��w.                      ا¦��  ���

3-  Íw�½ام ا���Ìا �� ا���� ��Æ�� ن�y ل �� ا������Æا��

      .��wرھ��  

1  2  3  4  5  

  اYWay�R واqرaLcح

©�¡ ا�©v��ª وا¾ر��wح ���w إ�¸ ا¬��س ا���� �¢�ن ا��½���Þ� Íw°� وا�����Ìم ����� �� ا��½�Íw. و��Áف ھºا ا�

.��wرھ�� Íw�½ام ا���Ìح  �� ا���wا¾ر� ¡Á�� 

  اaLO�qر  اa�iRرة

1-         .v��� رة�Õ  ��wرھ�� Íw�½5  4  3  2  1  ا°� راض �� ا��  

2-                       .��wرھ�� Íw�½ام ا���Ì���  ���� Ô��¶5  4  3  2  1  أ  

3- ��wرھ�� Íw�½ام ا���Ì���  ���®¾5  4  3  2  1  .�±و¶� ا  

^�O�qا YiO\ام   

 ¡Á�� ¡�©ا ا�ºف ھ�Áو� .Íw�½ام ا���Ìة �� ا���wو�­ vو���� vwx�� v �Æ� ¸�¾ م�Ì��� ا�¸ ان �w�� ام�Ì��¾ا v���

.��wرھ�� Íw�½ام ا���Ìء ا���ª»أ vا����  
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  اaLO�qر  اa�iRرة

1-                       .��wرھ�� Íw�½ام ا���Ì���  Ô5  4  3  2  1  �©� ا�����  

2- � ��wرھ�� Íw�½ة.                        �ا���w­� v �Æ� �� 5  4  3  2  1  م  

3-              .vwx�� ¯��Æ� �� م�� ��wرھ�� Íw�½ام ا���Ì5  4  3  2  1  ا��  

4-    .��wرھ�� Íw�½ام ا���Ìء ا���ª»ا Ô5  4  3  2  1  �¡ ا¦��  ��ور ا���  
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Appendix I 

Interface Evaluation Hearing Impaired  
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Appendix J 

Evaluation by HI Experts in Iraq 

(Expert 1) 

I hereby certify that the MARHIME App has been produced by Esraa Jaffar from the 

College of Arts and Sciences, University Utara Malaysia.  It has been checked by me 

in terms of the validity of the interface and the general comments are as follows:  

General Comments:  

I am one of the trainers of Al-Amal Institute for the Deaf and Mute in Baghdad. During my 

knowledge of the application provided by the researcher and through my seven years of 

experience with the deaf and mute and hearing impaired, brief of my comments below: 

1- The application is a new idea and encourages the hearing impact to visit the museum 
without the need of help from the others. 

2- All the contents of the application of videos, images, and 3D drawings clear texts and 
understandable. 

3- The presentation is attractive and entertaining, especially when using mobile and the 
use of new technology. 

4- The hearing impaired have a desire to learn and get out of the ordinary and this 
application will help them to do so. 

5- The application was easy to handle. 
6- I suggest adding additional antiquities to the application. 

Thank you to the researcher for the effort and attention to this segment of society. 
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Expert (2) 

 

I hereby certify that the MARHIME App has been produced by Esraa Jaffar from the 

College of Arts and Sciences, University Utara Malaysia.  It has been checked by me 

in terms of the validity of the interface and the general comments are as follows:  

 

General Comments: 

Through the study of the application, its tools and its impact on our students with 

special needs (hearing impaired) and responses to their actions show us the following: 

The idea of the application is a great concern for this segment of society in 

overcoming their problems and their integration among social circles and breaking the 

psychological factor. 

The clarity of the application tools and their ease of use show them the fun of the 

game in the application. 

The presentation of information (video, texts, images, 3D forms) was clear and 

understandable. 

The application gives them the opportunity to communicate on social media sites 
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Appendix K 

Evaluation by Museum Expert 
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Appendix L 

Expert Interface Academic Form 

I hereby certify that the MARHIME application has been produced by Esraa Jaffar 

from the College of Arts and Sciences, University Utara Malaysia. It has been 

checked by me in terms of the validity of the interface and the general comments are 

as follows: 

Heuristic and Subheuristics 

Interface (IN) 
Pick one 

Commands 
Yes No 

IN1 The instruction given is clear and easy to understand.    

IN2 The interface design is attractive.    

IN3 The MARHIME application is easy to use.    

IN4 the colour scheme used is appropriate.    

IN5 Attractive display of the screen design.    

IN6 Appropriate interface.    

IN7 The readability of text suits the target.    

Multimedia (Image, Video, Text, and 3D model) (MM) 
Pick one 

Commands  
Yes No 

MM1 Each multimedia elements used serves a clear purpose.    

MM2 
Usage of multimedia elements is suitable with the 

content. 
   

MM3 
The presentation of multimedia elements is well 

managed. 
   

MM4 
The use of multimedia elements supports meaningfully 

the information provided. 
   

MM5 The quality of multimedia elements used is good.    

MM6 
The use of multimedia elements enhances the content 

presentation. 
   

Interactivity (IV) 
Pick one 

Commands 
Yes No 

IV1 The interactivity is easy to understand.    

IV2 The interactivity is not misleading.    

IV3 The help functions provided may be useful.    
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Appendix M 

Statistical Expert Form 
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Appendix N 

Results for Exploratory Factor Analysis 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .779 

Bartlett's Test of Sphericity Approx. Chi-Square 762.619 

df 171 

Sig. .000 

 

Communalities 

 Initial Extraction 

AES.1 1.000 .729 

AES.2 1.000 .793 

AES.3 1.000 .759 

USA.1 1.000 .762 

USA.2 1.000 .812 

USA.3 1.000 .809 

INT.1 1.000 .714 

INT.2 1.000 .864 

INT.3 1.000 .619 

MOT.1 1.000 .683 

MOT.2 1.000 .814 

MOT.3 1.000 .767 

SAT.1 1.000 .797 

SAT.2 1.000 .754 

SAT.3 1.000 .680 

ENJ.1 1.000 .732 

ENJ.2 1.000 .730 

ENJ.3 1.000 .775 

ENJ.4 1.000 .715 

Extraction Method: Principal 

Component Analysis. 
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