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Abstract 

The rapidly growing world of digitalisation opens the doorway for the new era of 

automation that plays a crucial role within the industry. Furthermore, technological 

innovations that are emerging every day are disrupting traditional business processes 

especially within small and medium size manufacturing enterprises (SMEs). The current 

industrial revolution pioneer for profit maximisation with cost reduction shows a 

significant refinement in improving sustainability that drives forward digitalisation. 

Evidence shows that industries have identified digitalisation as a priority in the upcoming 

years as the global supply chain is equipping itself with the digital world in the current 

industrial revolution. Economic growth is dependent on SMEs around the world where 

small and medium size Manufacturing Enterprises (SMMEs) play a vital role in the 

current competitive world while they are not able to manage their supply chains 

effectively and efficiently due to a lack of optimisation of digitalisation. They identify 

that technological innovation is evident for transforming themselves with digital supply 

chain, while global market leading organisations are positioning themselves with the 

world of digitalisation to their end consumers in their supply chain utilising technological 

innovation virtually driving towards a new era of a digital ecosystem.  

This research aims to investigate the impact of technological innovation to foster and 

promote digital supply chain within SMMEs. Due to the exploratory nature, this study 

adopted a case study approach where the data is collected using a semi-structured 

interview across 4 cases from three various countries. The findings indicate a lack of 

framework for the digitalisation of supply chains within SMMEs, in addition to a lack of 

technological innovation and financial constraints that served as limiting factors for 

digitalisation of supply chain within organisations. Further, a framework has been 

developed consisting of five elements that have been identified from empirical data as 

being critical for Digital Supply Chain (DSC) transformation. The theoretical 

contributions of this research are the identification of problems faced, limitations of 

technological innovation, and an improved understanding of how digital supply chain 

transformation can be initiated and achieved in the context of SMMEs. The practical 

contribution of this study is imbedded in the developed framework in the form of 

recommended strategies for SMMEs for digitalisation of supply chain.  
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1.0 INTRODUCTION 

An introduction to this research, beginning with an overview and justification for 

undertaking this research is presented in this chapter. The significance of the research is 

discussed with an overview of previous studies on Digital Supply Chains (DSC) and Small 

and Medium Enterprises (SMEs), specifically within the manufacturing industry. Next, 

the research problem is explored in light of the recommendations from previous research 

and the aim and objectives of this research are presented. Finally, the chapter concludes 

by outlining the structure of this thesis.   

1.1 An overview of this research 

This study proposes a framework to assist small and medium size manufacturing 

enterprises which are called as small and medium size manufacturing enterprises 

(SMMEs) throughout in this research in the digitalisation of their supply chain by 

focussing on the transformation of the digital supply chain (DSC) within SMMEs. The 

purpose of the framework is to promote DSC transformation by identifying the actual 

status of DSC adoption within SMMEs based on their understanding and knowledge. The 

framework will assist in evaluating the DSC transformation within SMMEs. This research 

helps identify various factors associated with DSC transformation within the organisation, 

thereby providing a complete picture of the adoption level of DSC in SMMEs. 

The research identifies the level of adoption of innovative technologies that pave the way 

for DSC transformation within SMMEs. It also explores the understanding and knowledge 

of employers to identify various challenges and motivations within the organisation for 

DSC transformation. In order to comprehend and acquire real-world insights on the topic 

that is being researched, qualitative case studies with semi-structured interviews as the 

research methods have been employed in this research. The findings and conclusions of 

this research are based on empirical data collected by the researcher. These findings were 

used to develop a framework that will assist SMMEs in planning for a successful DSC 

transformation by assessing their current supply chain practices and areas of development.  
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1.2 Background of the study 

In the current global context, supply chains (SCs) are an essential component of the day-

to-day operations of professional and personal activities in contemporary life; however, 

these processes are becoming more complex and intricate for business organisations to 

manage (Min, et al., 2019). Even if globalisation and digital services have created 

possibilities for expansion, they have also created challenges, such as an increase in the 

complexity of supply chains (Agarwal & Narain, 2018). Innovative technologies are 

rapidly changing the outlook of most businesses fundamentally. The digital world has 

brought a rigorous change in consumer demand and buying patterns with extensive 

information availability over the internet networks (Farahani, et al., 2015; Weill & 

Woerner, 2015). This rigorous change has a significant impact on consumer-focussed 

manufacturing organisations (Hanifan, et al., 2014). According to MacCarthy, et al., 

(2016), SCs are never constant; instead, it keeps evolving in terms of their size, structure, 

and the mode in which it is regulated and monitored. SCs are undergoing a transition 

toward the use of digitalisation in order to successfully control the increasing complexity 

caused by increased consumer trends (Skog, et al., 2018; Garay- Rondero, et al., 2020). 

While organisations have been using enterprise resource planning (ERP) systems for 

some time now, these were primarily implemented for the system of records, maintaining 

a database, and, nowadays, having interconnection between departments within the 

organisations that brings out a process flow (Liotine, 2020). 

The advent of innovative technologies in current industrial revolution is causing 

established business models to experience unprecedented disruption, which is affecting 

every function of the business, including the supply chain, and bounding the need for 

redesign with digitalisation (Queiroz, et al., 2019). The term "digital disruption" refers to 

the shift in the market that takes place whenever the business model is altered as a direct 

result of technological advancements (Skog, et al., 2018; Karimi & Walter 2015). In the 

current era of digital technologies, most organisations operate on blended supply chain 

models that combine paper and information technology (IT) supported processes (Israelit, 



   

 

 3  

 

et al., 2018; Rauch, et al., 2016). Thus, it is evident that, although organisations are using 

IT-enabled process automation, they are not necessarily going beyond specific business 

functions, still leaving the process isolated. The significant weaknesses in the blended 

supply chain identified by Hanifan, et al., (2014) are: 

• Lack of transparency 

• Lack of agility 

• Lack of end-to-end process integration 

• Complicated IT landscapes 

• Poor labour cost and location utilisation 

The digitalisation of the supply chain will enable the organisation to overcome these 

critical shortfalls resulting in a more efficient and profitable business (Menon & Shah, 

2019; Isaksson, et al., 2016). Gezgin, et al., (2017) identified during their study that digital 

supply chains can result in 3.2% of increase in annual earnings and 2.3% of increase in 

revenue growth. Additionally, Buyukozkan & Gocer (2018); Wong, et al., (2020) has 

identified that the implementation of DSC brings out many advantages by offering 

flexibility and efficiency. 

The study by Lammers, et al., (2019), Da Silva, et al., (2019), and Tjahjono, et al., (2017), 

have concluded that digitalisation of the supply chain is able to offer tremendous 

opportunities to industries in every sector. The survey report from Capgemini in 2018, 

which included around 1001 organisations, 50% of organisations from developed and 

developing countries like the UK, USA, India, Netherlands, Germany, Spain, and UAE 

identified digitalisation of supply chain as one of their top three organisational priorities 

(Capgemini, 2018). The report also states that the digital supply chain is a top funding 

priority for businesses worldwide, with investments reaching $93 billion in 2018. The 

studies show that supply chains are developing into a broad platform-powered ecosystem 

with various newly identified frameworks that see machines and humans will work 

seamlessly together in the future (Calatayud, et al., 2019; Ehie & Ferreira, 2019; Hanifan, 

et al., 2014). Buyukozkan & Gocer (2018) mentioned during their study that DSC is 
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gaining popularity worldwide and provided a framework by reviewing kinds of literature 

that focussed on various innovative technologies and their related business functions. The 

study conducted by Liotine (2020) identified that the digitalisation of supply chains is 

gaining momentum with greater emphasis in supply chain literature while novel 

technologies are significantly changing the business environment. Therefore, it is evident 

that there are various studies on digitalisation and a significant increase in the studies 

associated with DSC in recent years.  Muller, et al., (2018) states that digitalisation has 

disrupted various industries, including the manufacturing sector and continues to present 

manufacturers with both challenges and opportunities. However, very few of them are 

responding in a broad and coordinated mode (Muller, et al., 2018). According to 

Alejandro, et al., (2019) lack of digitalisation can potentially cause an organisation to 

decline to a point where competition within the market will force closure or 

commoditisation of organisations. Reports from organisations such as Capgemini, 

KPMG, Accenture, and McKinsey & Company have identified that larger manufacturers 

are the early adopters of innovative technologies and are on track with DSC 

transformation (Capgemini, 2018; Hanifan, et al., 2014; KPMG 2019; Knut Alicke; 

2016).  

1.3 Rationale for the study 

The manufacturing sector is described as an industry comprising the handling of raw 

material, designing, fabrication, manufacturing, assembly, handling of semi-finished or 

finished products and services or value-adding (Muller, et al., 2018; Zhong, et al., 2017, 

Scuotto, et al., 2017). Manufacturing organisations all over the globe have been 

significantly influenced by the industrial revolutions since the 18th century despite the 

fact that the fourth industrial revolution has had a significantly profound effect (Moon, et 

al., 2018). The emergence of new innovative technologies creates enormous new 

possibilities to develop and transform various industrial process management. In addition, 

it assists the manufacturing sector in becoming more capable of adapting to changes and 

exchanging data (DMIW, 2021; Liao, et al., 2018). According to Jung, et al., (2016), the 
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vast majority of manufacturers do not yet have a robust strategy for identifying and 

implementing.  

The statistical reports from United Nations Statistics Division and World Economic 

Forum have listed China, the USA, Japan, Germany, South Korea, India, Italy, France, 

the UK and Brazil in the top 10 in the list of manufacturing countries in the world by their 

manufacturing output (UNSTATS, 2019; World Economic Forum, 2020). According to 

the report from Make UK (2022), the UK is still the 9th largest manufacturer in the world, 

and manufacturing in UK is responsible for 10% of the national GDP. Manufacturers still 

account for half of the UK (United Kingdom) goods exported and nearly two-thirds of all 

R&D activity within the country. As per the government SME reports from countries like 

UK, India, and UAE they identify digital transformation as a priority for SMEs (Savvy, 

2019; Government of India, 2019; UAE Ministry of Economy, 2020).  Thus, it is evident 

from these initiatives by the governments that organisations, including SMMEs still have 

a long way to go for successful DSC transformation. 

According to the reports from the World Bank (2020), 90% of the industrial sector 

worldwide are SMEs. The developing countries report that formal SMEs accounts for 

around 40% of their national income, which will be significantly higher if informal SMEs 

are counted (World Bank, 2020). According to the report from World Bank, the 

manufacturing sector has been contributing an 19% of the GDP in 1997 which has been 

decreasing annually and reached 16% in 2020 (World Bank, 2020). The manufacturing 

sector contribution to GDP in a developed country like UK has declined from 16.66% to 

8.84% between 1990-2019, whereas in a developing country like India, it has declined 

from 16% to 12% but in a fast-developing country like UAE it is vice versa, as the 

manufacturing sector has been increasing from 7.5% to 9.68% (World Bank, 2020). UAE 

is considered as the one of the countries worldwide that praises innovative technologies 

and in the forefront of technology adoption (UAE Ministry of Economy, 2020) while UK 

is considered as the developed nation according to OECD and India is considered as 

developing nation which has been promoting Make in India project to support 
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manufacturers in India (OECD, 2021). While every country has identified digitalisation 

as priority for the future, the SME report from UK shows that there has been a decline in 

survival rate of SMEs including small and SMMEs. According to UK SME report, 

number of manufacturers including SMEs those survives 5 years is only 50% while in 

2021 it is reported that there has been a numeric decrease in manufacturing business 

around 26,000 which accounts for 10% in the sector (Department for Business, Energy & 

Industrial Strategy, 2022). Innovate UK report (2016) has reported that, UK and India 

have many areas of mutual interest in manufacturing which includes the emerging themes 

such as digital manufacturing and digital supply chain. The Competitive Industrial 

Performance (CIP) index report has stated that India is 6th largest manufacturing country 

in the world with an output of $290 billion while UK is in the 9th position with $247 

billion, whereas UAE was ranked 35th in 2018 has climbed its position to 30th in 2021 and 

is expected to rank 25th in 2031. Government of UAE reports manufacturing output has 

risen nearly 80% over the last ten years to reach over $39.6 trillion in 2019 where Dubai 

is expected to become the biggest trade hub in Asia by 2021 while Abu Dhabi 

manufacturing is on the rise (UAE Ministry of Economy, 2020). As part of initiative for 

the growth of manufacturing in UAE, Ministry of Industry and Advanced Technology has 

defined fourth industrial revolution (4IR) strategy which aims to strengthen UAE’s 

position as a global hub for the fourth industrial revolution and to increase its contribution 

to the national economy by means of advancing innovation and future technologies within 

manufacturing (UAE Ministry of Economy, 2020).  

Kamar, et al., (2021) and Iddris (2018), have highlighted that most of the studies on DSC 

considered conceptual frameworks from literature reviews, and technology enablers, that 

focussed on larger firms while studies on SME sectors were considerably low. Hence, 

they recommend future research on SMEs as their contribution towards the economy of a 

country is unquestionably crucial. As the majority of the studies were limited to larger 

organisations, the researcher identifies that research on DSC in particular needs to be 

expanded to SMMEs. Gandhi, et al., (2018) state that, business operations vary for SMEs 

compared to large organisations. Larger organisations have reduced challenges in moving 
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forward with advancements by adopting new practises than SMEs (Zhu, et al., 2010; 

Singh, et al., 2014). Conversely, the progress of SMEs is inhibited due to the factors such 

as lack of systems and organisational structure, limited funds, and resources (Gandhi, et 

al., 2018). 

Zhong, et al., (2017) identified that organisation size has significant impact on DSC 

adoption while the report from Deloitte (2018) further adds that large manufacturing 

organisations are already on the track of DSC transformation because of the sufficient 

resources and funds in comparison to SMEs. Additionally, Bar, et al., (2018) and Iddris 

(2018) have acknowledged that there is lack of research on DSC with real case industrial 

applications in SME context. Large organisations prefer working with SMMEs, as they 

can create items in accordance with needs to satisfy consumer expectations and growing 

pattern alterations (Singh, et al., 2014). Thus, more research focussing on these industries 

may accelerate their expansion, which would benefit the economies of the nations. 

Therefore, it is clear from the literature that more research on the SMME sector is 

necessary to support their DSC transformation due to the vast potential they have, as well 

as the need to develop them to sustain and be competitive in the current thriving 

environment and contribute to the economy in the future. 

As a result of globalisation, most nations have started paying major attention to 

digitalisation of supply chain. According to Bar, et al., (2018), opportunities are emerging 

for SMEs, who often serve as manufacturers due to increasing globalisation and 

competition. One of the most important goals for major organisations that want to remain 

competitive in the market is to digitalise their supply chains as they are often under 

enormous pressure to fulfil the growing and changing client requirements (Schmidt, et al., 

2015; Isaksson, et al., 2016). However, DSC remains emerging for the SMMEs because 

the majority of them are still unaware of it, which prevents them from taking advantage 

of opportunities to work with larger organisations or even to meet the demands of their 

direct customers (Deloitte 2018). Therefore, to obtain a competitive advantage and sustain 
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in developing supply chain, SMMEs must understand the significance of DSC 

transformation within themselves (Ben-Daya, et al., 2019).    

Furthermore, Urbinati, et al., (2018) suggest in their study that SMMEs must adapt to 

change and respond to digitalisation to obtain a competitive edge as they can increase 

their overall performance in their operations by better understanding and implementation 

of innovative technologies. Due to the growing nature of this subject, studies conducted 

by Ehie & Ferreira (2019); Bar, et al., (2018), and Iddris (2018) have concluded that there 

is lack of studies on DSC within SMMEs due to the emerging nature of this field and 

indicated that SMMEs are still using conventional supply chain compared to other sectors. 

This may be due to lack of awareness within the SMMEs DSC, lack of interest within 

SMMEs for DSC transformation, lack of skilled labour, or even lack of resources and 

funds for DSC transformation as discussed earlier in this chapter. It is evident that most 

of the studies are based on literature reviews or survey-based and ignored, exploration 

from AS-IS real case industries (Buyukozkan, & Gocer, 2018; Agrawal & Narain, 2018; 

Iddris 2018). A detailed literature review was conducted in this research that identified 

the research gaps within DSC in SMME context that required additional exploration. In 

the following section, the researcher provides an overview of the research gaps. 

1.4 Research Gap 

Reviewing previous research makes clear that the study on DSC within SMME context is 

relatively new which indicates the emerging nature of the subject that needs exploring. 

There has been an increasing number of literatures every year since 2015 while most of 

the literature are published in recent years (Menon & Shah, 2019; Agrawal & Narain, 

2018).  

Despite the fact that there has been more research on DSC as a result of increased interest 

in it, there are still many gaps in the literature. Buyukozkan, and Grocer (2018) stated that 

more research should be conducted in various industries to gain knowledge regarding the 

various types of DSC adoption practises from various industries, whereas Bar, et al., 
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(2018) addressed a crucial gap in the field of DSC in their research but recommended that 

further, in-depth research to be done on DSC transformation as their framework does not 

focus on DSC transformation. Scuotto, et al., (2017) pointed out that qualitative research 

within DSC is highly limited. Tjahjono, et al., (2017) and Pessot, et al., (2020) also 

recommends for developing a framework for DSC transformation in their research. 

Therefore, it is evident from the literature that there is a huge amount of scope in this field. 

As DSC is still an exploratory area there is a huge potential for DSC research among 

SMMEs. 

The study by Buyukozkan, & Grocer (2018) focused on DSC by exploring literature on 

various technologies on an academic point of view. This research contributes to drawing 

attention to the primary idea, which is based on a concept for the development of DSC. 

According to the findings of the research, there are certain technological enablers, and 

success factors involved in the development of DSC. However, this study is based only 

on literature. This study has recommended for further research in different areas of DSC 

in order to deliver a solution that is versatile, reliable and resilient for the adoption of DSC 

across a variety of sectors.  

Korpela, et al., (2017) studied on DSC integration of B2B (business to business) industry 

with the support of blockchain technology. They used a case study methodology to carry 

out the research, collecting information from thirty different multinational corporate 

which were represented by focus groups. The study concluded that the digitalisation of 

supply chains has been an essential problem for more than a decade for several industry 

sectors including retail, auto, electronic, chemical, or aviation. Their study indicated a 

significant gap in several operations that was determined by doing an analysis of 

organisation objectives and the feasibility of integration.  

Another survey research conducted by Scuotto, et al., (2017) collected data from SMEs 

in the service sector in Italy. They analysed the data with structural-equation model that 

focused on ICT within HR, knowledge sharing, supplier relationship, and e-commerce 
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adoption. They recommended more research utilising qualitative methodology to 

investigate the impact of DSC within SMEs in-depth.  

A comprehensive content centric literature review was conducted by Ghobakhloo (2018) 

that identified key design principles and technological trends in industry 4.0 that assist in 

DSC. Ghobakhloo (2018) identified that industry 4.0, is only an integrative system of 

value creation that is comprised of 12 design principles and 11 innovative technologies. 

In addition, a comprehensive roadmap was developed by Ghobakhloo (2018) as a 

foundation for the creation of a thorough roadmap for digital transformation. The study 

concluded by mentioning that various industries including manufacturing sectors need to 

embrace digital transformation sooner rather than later. 

A case study was conducted by Bar, et al., (2018) aiming to understand the potential 

advantages of Industry 4.0 technologies in SMEs while emphasizing on supply chain and 

customer satisfaction. They identified the realisation factors of industry 4.0 for their study. 

This study was limited by the fact that they focused on a single SME in a particular sector 

and only investigated the designated industry 4.0 factors of realisation for the study. They 

identified that there is a lack of realisation on industry 4.0 technologies within the industry 

and research on digital transformation. The study suggested that further research should 

be done on digitalisation considering more factors and industries that will also enable for 

generalisation of the results.  

Iddris (2018) undertook a review on 60 articles published between 2000 and 2017 in an 

effort to provide prior knowledge on DSC. The review revealed that majority of the 

studies did not cover any theoretical background, as well as the most popular study 

technique was the survey. The conclusion of the study is that qualitative case studies are 

required to empirically analyse the evolution of DSC, which might lead to a high-level 

conceptualization and theoretical advancement in the DSC area. 

Martins, & Simen (2018) conducted a study in the context of SCs with the purpose of 

identifying and analysing the organisational challenges during the implementation of 
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industry 4.0 technologies. The study identified 17 challenges that were grouped into four 

macro groups: technical, technological, financial & legal, and social. The study concluded 

that more priority needs to be given by both the industry and researchers to mitigate these 

challenges and allow for SC operations performance optimisation. 

Wong, et al., (2019) conducted research to explore the factors that affect the adoption of 

blockchain technology in supply chain management among Malaysian small and medium-

sized enterprises. These factors included cost, competitive advantages, regulatory support, 

organisation management support, and complexity. The study considered the TOE 

framework that comprises technological, organisational, and environmental dimensions. 

A non-compensatory partial least square structural equation technique was used to do an 

analysis on the data gathered from 194 small and medium-sized businesses, and the results 

were rated. The study concluded that there is significant opportunity for more research, 

since SMEs typically lacks sufficient resources for technology advancements, while 

experiencing high demands for optimising business operations to maximise profits. In 

addition, the research results indicated that blockchain is a feasible choice for the SMEs 

owing to its data integrity, visibility, and security, which have the ability to transform the 

global market. 

Stentoft, et al., (2019) conducted their study on readiness and practice for industry 4.0 

within SMMEs in Denmark considering the barriers and drivers. The findings were 

presented based on the questionnaire survey conducted within 308 micro- and small-sized 

enterprises considering their current activity and potential for digitalisation. The study 

found that the perceived technology drivers lead to increased digitalisation readiness 

which in turn leads to degree of practising digitalisation. Further, they also found that 

barriers make the organisation less ready for digitalisation, but this does not have any 

significant impact on digitalisation practices. The study makes explicit reference to the 

absence of empirical data on the readiness and actual execution of digitalisation in SMEs. 

According to the Organization for Economic Co-operation and Development (OECD), 

Denmark is among the forefront countries on digital adoption; however, this study found 



   

 

 12  

 

low levels of digitalisation readiness among Danish SMMEs; as a result, the readiness 

among other OECD countries will be even at a lower level. Their study was based on a 

single respondent from organisation, and they mentioned that analysis of single-person 

views is a limitation to understanding a complete overview of the themes that were 

investigated in this study. Finally, they came to the conclusion and recommended that 

future research can be strengthened by considering multiple participants from an 

organisation. 

The study Attaran (2020) identified the current research on technologies enabling and 

streamlining DSC. The importance of these technologies for SC in emphasized in the 

study. Additionally, it explored the trends and challenges in DSC performance including 

the challenges for DSC integration. The findings from the study clearly indicated that the 

DSC yields several benefits including better SC decisions, greater transparency, increased 

SC flexibility, lower warehousing costs, efficient delivery, improved asset utilisation, and 

higher uptime. The author identified various barriers for digitalisation of SCs and 

concluded by mentioning that DSC is still an ambitious undertaking.  

Nasiri, et al., (2020) studied improving relationship performance within companies with 

digital transformation and smart technologies. Their study indicates that smart 

technologies could provide firms with a substantial benefit in relationship performance, 

thus improving the supply chain. While the study utilised only a survey approach to collect 

data from 280 Finnish SMEs, the authors have recommended for qualitative study with 

multiple respondents from different countries as it can bring generalisability into the 

findings. 

Given that there have been relatively limited studies conducted on DSC within SMMEs, 

there is a need to address this gap in the literature as the studies are limited on DSC 

transformation within SMMEs. While few exploratory studies were discovered that 

reflected the current situation of DSC within large organisations in particular, the 

literature reviewed above relied either on a single technology for DSC or on identifying 

and analysing the drivers and barriers. Again, there is lack of studies using qualitative 



   

 

 13  

 

methods to analyse the data, and most significantly, the studies on DSC only focus on a 

small portion of SMEs. Since there are only very limited studies examining the AS-IS 

states within SMMEs, awareness, and expertise on the adoption of DSC within 

organisations, this research intends to contribute to fill the knowledge gap in the literature 

with AS-IS studies within SMMEs. The researcher discusses on the research problem in 

the following section. 

1.5 Research problem 

It is evident from the literature that there is an increase of pressure on manufacturing 

industries for DSC transformation by large industries to meet changing customer demands 

and patterns in the current competitive market (Kache, & Seuring, 2017). Mathiyazhagan, 

et al., (2016) and Geng, et al., (2017) argues that larger organisations highly depend on 

the products manufactured by SMMEs owing to take advantage of material cost and low 

labour while vast numbers of SMEs are engaged in various forms of manufacturing 

operations across the world. It is generally accepted in the studies that by integrating 

cutting-edge technologies at every stage of the supply chain—from strategic planning and 

resource acquisition to product development and distribution—the traditional supply 

chain can be transformed into a cutting-edge digital supply chain that better serves both 

customers and suppliers. Bar, et al., (2018) identified that DSC transformation has not 

been adequately executed within SMEs despite of growing pressure and popularity. 

Studies highlighting the importance of digitalization on the supply chain within SMEs are 

still relatively new and have received very little attention, despite the fact Industry 4.0 has 

evidenced immense opportunities in creating value and digital supply chain 

transformation (Kamble, et al., 2020). According to findings from recent study carried 

out by Ageron, et al., (2020), the digitalization of SC within SMEs is in the beginning 

stages of development. 

This research is focussing on SMMEs, as they play a very important role within SMEs 

and contribute to economic growth and employment opportunities as stated by various 

researchers such as Ageron, et al., (2020); Stentoft, et al., (2019); Gandhi, et al., (2018) 
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and Singh, et al., (2015). Due to their robust infrastructure and resources larger 

organizations are adopting DSC more readily than smaller businesses while the latter 

suffers from a lack of expertise, financial resources, skilled labour, and relevant support 

from technology providers, academics, or government (Pessot, et al., 2019). A recent 

increase in study within DSC proves its relevance in the industry (Ageron, et al., 2020; 

Buyukozkan, & Gocer, 2018; Tjahjono, et al., 2017). While the majority of large 

organisations are in forefront of DSC transformation, SMMEs who are highly dependent 

by larger organisations are facing many barriers (Qin, et al., 2016).  

The SMME sector constitutes the backbone of the industrial sector, and their role in 

economic contributions are recorded to be more than 10% globally (Haraguchi, et al., 

2017). This study is focussing on the SMME within the UK, UAE, and India as identified 

from the literature and articles, UK is a developed nation as per OECD, UAE is recognised 

at the forefront of technology innovation and India is considered as the fast-developing 

country with various innovative projects and focus to support SME sectors (UNCTAD, 

2016; Government of India, 2019; UAE Ministry of Economy, 2018). Despite being the 

backbone of the entire industrial sector, the proportion of SMMEs total contribution to 

the GDP of the UK and India is also declining whereas their contribution towards the 

GDP of UAE has been increasing (World Bank, 2020). According to the report from Make 

UK (2022), the UK is still the 9th largest manufacturer in the world, and manufacturing in 

UK is responsible for 10% of the national GDP. Manufacturers still account for half of 

the UK (United Kingdom) goods exported and nearly two-thirds of all R&D activity 

within the country where 99.9% of businesses in the UK are SMEs (Savvy, 2020; World 

Bank, 2020). As SMMEs play a significant part in the industrial sector globally it is crucial 

for SMMEs to comprehend the value of DSC transformation while governments all over 

the globe are now praising digital transformation. Hence it is really important to support 

SMMEs to successfully digitalise their supply chain. 

The studies by Garay-Rondero,, et al., (2020); Nasiri, et al., (2020)  Lammers, et al., 

(2019); Queiroz, et al., (2019); Wong, et al., (2019); Stentoft, et al., (2019); Buyukozkan, 
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& Gocer (2018); Iddris (2018); Agarwal & Narain (2018) and Tjahjono, et al., (2017); 

has developed different DSC frameworks but lack the focus on the implementation of 

DSC that may assist in the adoption of DSC within the SME context. Furthermore, 

SMMEs are currently the least focused industrial sectors to follow the DSC 

transformation (Stentoft, et al., 2019). Attaran (2020) recommends further study for the 

DSC framework in order to comprehend the existing degree of DSC acceptance and to 

work towards DSC adoption in SMEs. Previous studies by Iddris (2018); Buyukozkan, & 

Gocer (2018) highlighted about limited studies and awareness within the SMEs that are 

impeding the DSC transformation within SMMEs. Therefore, there is a need for DSC 

framework that will allow SMMEs to initiate DSC transformation within their business 

as there is a major gap within the literature. As discussed in this chapter, since larger 

organisations highly depend on SMME and as they have a role in contributing to the 

global economy, it is crucial for them to have a DSC framework to analyse their degree 

of adoption and opportunities that may further assist in initiation and adoption of DSC. 

Thus, with the framework developed in this research, SMMEs will be able to understand 

their problems and existing situations, based on which, they should be able to take the 

proper steps for DSC transformation in their organisation to obtain a competitive edge in 

the industry. This study employs an inductive method to build theory from a case study 

to fill this gap that has not yet been taken into account by other research studies in DSC 

within the SMME context. The next section details the research questions followed by the 

aims and objectives of this research. 

1.6 Research question 

The SMMEs are currently using traditional approaches within their supply chain (Ageron, 

et al., 2020; OECD, 2021). Many countries including the UK have prioritised 

digitalisation as a major focus in future years (Savvy, 2019; Innovate UK, 2018). As per 

the studies, digitalisation of SC is highly relevant and a necessary concept for SMMEs 

(Ghobakhloo, 2018; Liao, et al., 2018). Various advantages are reported regarding 

digitalisation within various areas and sectors of industries, inlcuding SMEs (Bar, et al., 
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2020). According to the studies by Ageron, et al., (2020); Agarwal & Narain (2018) and 

Menon, & Shah (2019), digitalisation brings various advantages including, improved 

efficiency, resource utilisation, coordination, speed, flexibility, and resilience (Ageron, et 

al., 2020; Agrawal & Narain, 2018; Menon, & Shah 2019). Recent underpinnings 

emphasise on the digitalisation concept as a way of improving the supply chain within the 

industries. The literature also emphasises that DSC helps to achieve a competitive 

advantage for an organisation with various features like speed, transparency, traceability, 

predictivity, and collaboration which is discussed in detail in the chapter 2. 

The theoretical underpinnings served as the basis for the development of research 

questions that require further investigation. Thus, a broad contextual research question is: 

How SMMEs can adopt digital supply chain?  

The driving research questions are: 

Which are the innovative technologies for DSC in SMMEs? 

How can technological innovations impact the supply chains of SMMEs in the UK, UAE 

and India? 

What are the factors affecting SMMEs to adopt technological innovations for DSC 

transformation? 

1.7 Research aim and objectives  

The aim of this research is to “To investigate the impact of technological innovation to 

foster and promote Digital Supply Chain within SMMEs”. To assist this, aim the following 

objectives were defined for this research:  

• Objective 1 – To explore the innovative technologies in the supply chain within 

manufacturing area. 

• Objective 2 – To critically analyse the impacts of technological innovations for 

promoting digital supply chain in SMMEs within UK, UAE, and India. 



   

 

 17  

 

• Objective 3 – To develop a framework to promote digital supply chain 

transformation within SMMEs. 

1.8 Thesis structure 

This section details the layout of this thesis. This research thesis is arranged into 7 chapters 

with an abstract on the study at the beginning. Following is a summary of each chapter of 

this thesis.  

Chapter 1 – An introduction to this research is presented in this chapter. It provides the 

background of the study followed by justification for the study.  Based on an earlier 

empirical study on DSC, particularly in SMEs, the research issue under discussion was 

developed. It further describes the research gap and research problem, and then the aim 

and objectives of this study are presented. The structure of this thesis is provided in the 

concluding section of this chapter.  

Chapter 2 –  A literature review on digital supply chain with identified research gaps in 

the context of SMMEs are presented in this chapter. A Review on SMME is provided at 

the beginning in order to gain an understanding on SMMEs based the previous debates. 

A discussion on technological innovation is given precedence. Following to which 

researcher discusses the industrial revolutions that have been advancing according to 

technological innovations within the industries. The chapter then provides a detailed 

review of DSC and discuss a wide range of innovative technologies that plays critical role 

in the DSC as identified from the extant literature. Additionally, a review of the key 

features, barriers, and success factors for DSC. A systematic review assisted the 

researcher to find the gaps in the literature in the field of DSC for SMMEs. Further, a 

review of various DSC framework and various technology adoption theories followed by 

the research gap and research question is discussed. 

Chapter 3 – Research methodology underpinning this study is presented in this chapter. 

The research philosophies relevant to this study have been critically analysed. With an 

interpretive philosophy, the researcher had a few decisions to make, including selecting 
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the technique and the nature of the study. The chapter discusses on various preparations 

made by the researcher before going into the field, such as those made prior to data 

collection and the various procedures used to carry out the study. Further, the validity and 

reliability are discussed with the method adapted in this research. The process entails 

outlining the various methods used to carry out this study, including unit of analysis, 

sampling techniques, and method of data collection. It also entails preparing the necessary 

paperwork, outlining the details of the main study further to the discussion on the pilot 

study. The chapter ends by detailing on thematic analysis, which is considered as  the data 

analysis procedure in this study and provides a description on steps of data analysis and 

themes identified. 

Chapter 4 – This chapter presents within cases analysis. It provides the analysis of data 

on an individual case basis with supporting data from the cases. The data were analysed 

in light of various factors that have been identified to serve as both drivers and barriers 

for the adoption of DSC.  

Chapter 5 – This chapter covers a cross-case analysis, in which the key themes that were 

discovered from the within case analysis are discussed by comparing the similarities, 

differences, and pattern matching across instances.  Major findings are presented as per 

themes identified for DSC implementation.  

Chapter 6 – This chapter comprises of framework development and discussion. Further 

to the findings and analysis from the previous chapter, a framework is developed to 

promote DSC transformation within SMMEs. Following the framework development, a 

discussion on major themes within the framework is presented.  

Chapter 7 – This chapter summarises the research with the achievements of aim and 

objectives of this research. It also discusses the contribution to the body of knowledge 

followed by the research limitations faced by the researcher. The chapter concludes with 

a description on the specific areas for future research.  
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1.9 Summary 

This chapter provided with an introduction to this research. It is identified that 

manufacturers over the globe have been significantly influenced by the industrial 

revolutions since the 18th century while the I 4.0 has had a significantly profound effect 

in the industry. There has been increased studies in digitalisation within various areas of 

industries while studies in digitalisation of supply chain have been gaining a recent 

increase due to disruption caused within the supply chain due to digitalisation in other 

areas and industries. While digitalisation has been identified as a priority by governments, 

large organisation has initiated themselves with digitalisation including within their 

supply chain whereas acceptance of digitalisation within SMMEs is very limited. 

According to the UK SME report the survival rate of SMEs including SMMEs over the5 

years has been not more than 50% where digitalisation has been identified as a highest 

priority by the government for the SMEs. According to governments, SMMEs need to 

embrace with digitalisation within their supply chain to be competitive and sustain in the 

market as they provide 2.5million jobs in UK with 51% of the share in UK’s total exports. 

This has led to the development of research question addressed by this research which is 

discussed in detail in this chapter followed by the aim of this research “to investigate the 

impact of technological innovation to foster and promote digital supply chain within small 

and medium size manufacturing enterprises”. The chapter is concluded by providing the 

structure of the thesis which presents the description of each chapter within this thesis. 

The following chapter presents a review of the literature to understand the current level 

of DSC research across industries, which leads to identified research gaps.
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2.0 LITERATURE REVIEW 

2.1 Introduction 

Bolderston (2008), states that a literature review explores what is known and seeks out 

the most significant studies and the gaps in the research, which lead to the development 

of research questions that need further exploration. Thus the researcher conducts a 

literature review in this chapter that maps and summarises the current level of DSC, 

leading to the gaps that were identified within the literature that led to the research 

question and the basis for this research.   

The researcher has utilised different relevant sources, including company reports, book 

chapters, thesis, and relevant online articles for the review while the major source is 

journal articles. As the researcher is focused on improving the supply chains within 

SMMEs, the review explores supply chain digitalisation to gain more knowledge as DSC 

is still exploratory in nature.  Further, a review on DSC, the innovative technologies that 

support DSC, its features and success factors and barriers is presented. The researcher 

then discusses various theoretical frameworks and identifies the gaps. This chapter 

concludes with a discussion of the highlighted research gaps and research questions. 

2.2 SMMEs 

Since the 1970s, it has been widely acknowledged that the manufacturing sector is a 

significant contributor to the development of emerging and developing economies 

(Haraguchi, et al., 2017). Except for the historically rich and oil-rich countries, yet many 

developing countries have made remarkable advances with the support of their 

manufacturing sectors, resulting in higher living standards in recent years (Chang, 2016). 

Since SMEs make up the vast majority of companies everywhere and as they play an 

important part in the economies of the majority of nations they are referred to as the 

"backbone" of the economy (Menon & Shah, 2019).  
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As per World Bank (2020), SMEs are a major contributor to opening more job 

opportunities and economic development within countries worldwide. While they account 

for 50% of employment, they also represent 90% of businesses worldwide. World Bank 

(2020) has mentioned that formal SMEs contribute 40% of their national income which 

will be significantly higher if SMEs that are unofficial and thus non-recorded are included. 

World bank reports estimates for a 600million job requirements by 2030 to absorb the 

global workforce which makes retaining and developing SMEs a high priority for 

countries around the world (World Bank, 2020). The world bank defines SMEs as those 

organisations with 50-300 employees, with $3 million to 15$ million of total assets or an 

annual total sale (World Bank, 2020). However, SMEs are defined differently across the 

nations globally. SMEs with fewer than 250 employees are defined as independent 

businesses in Europe, while in USA  SMEs can have up to 500 employees (CSES, 2012). 

In the UK, 99.9% of private sector businesses are SMEs which employ less than 250 

employees and 0.1% employees more than 250 and are still within the SME bracket 

(Savvy, 2019). According to India, with over 30 million units, at least 17% of countries 

GDP is accounted by SMEs where they contribute for at least 45% of national industrial 

outputs and 40% of total exports (Government of India, 2019).  

Manufacturers makes significant contribution to the economy of the world while more 

than 90% of businesses within every country are SMEs  (Menon & Shah, 2019; 

Haraguchi, et al., 2017). Chang (2016) has argued that SMMEs are able to adapt and react 

rapidly to changing needs of their customers which allows them to be competent and 

foster innovativeness across industries. While larger manufacturers are already on track 

with digitalisation, SMMEs are finding it difficult to keep pace in order to fulfil the 

demands of its customers in the current industrial revolution I 4.0 (Menon & Shah, 2019). 

Therefore, it is essential to provide guidance to the SMMEs owing to the overall 

productivity contributions they provide globally. Hence, in this research, the researcher 

focuses on SMMEs due to their major role in supporting manufacturing industry and 

national economies. The following section explains the industrial revolution and the 

trends that make industries more competent in the current industrial world.   
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2.3 Technological Innovation 

Technological innovation is one of the buzzwords within this thesis. The word has been 

mentioned throughout this thesis including, in the title. Several definitions of the word 

‘innovation’ result in uncertainty in the way the term is put to use in the literature with 

technology. According to Scherer (1999), the advancement of technology has provided 

customers with access to a variety of innovative products and services that are 

incomparably greater to something which could have been anticipated two centuries ago. 

Rogers (1995) identified technology as two components: hardware and software and 

defined innovation as the design of action that minimises the level of uncertainty to 

achieve a desired outcome. Whereas Cantwell, & Kosmopoulou (2003) states that 

technological innovation is a process where an organisation focusses on innovation that 

has been identified for increased competitiveness in the market with technology as a 

primary source for innovation. Rogers (1995) argues that even though technological 

innovation has some degree of benefit for its potential adopters, it creates uncertainty 

within potential adopters as the advantage of technological innovation is not always very 

visible, even to the intended adopters. The researcher has identified that innovation and 

technology are two different terms, but together they have a relation to each other as, 

technology can be innovative, and innovation can be achieved by using a technology.  

Thus, innovation is a term with numerous understandings to academics and industry but 

in general, it involves implementation of ideas to develop new products or services, 

addressing the unaddressed needs or finding solutions to the problems in the world 

whereas technological innovation focuses on technological aspects for innovation 

(Scherer, 1999; Cantwell, & Kosmopoulou 2003). Thus, technological innovation within 

this research is defined as a consistent innovative practise within organisations to improve 

processes that create value for  organisations by introducing and adopting  technologies, 

a new devices, methods, or materials. The continuous innovative processes with 

technology adoptions can be identified as a process of understanding various 

technologies, their benefits and various methods of adoption to improve the process within 

organisations (Cantwell, & Kosmopoulou 2003). Technological innovations are identified 
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as the most important driver of competitive successes by many industries (Melissa, et al., 

2010). Various innovative technologies are introduced within the industries that could 

improve the products, services, or processes of industries (Mahroof, 2019). While some 

of the technologies are new, some of them have been advancing since their discovery with 

the advancements in industrial revolutions (Menon, & Satya 2019). In the following 

section, the researcher discusses in detail on various industrial revolutions and the 

advancements in each industrial revolution with technological innovation.  

2.4 Industrial revolutions.  

Literature has explained the industrial revolution in different ways as a shift in the 

economy, a shift in population focus, a shift in the manufacturing industry and even as a 

shift in national income. The industrial world is on its way to new developments with 

technological innovations and innovative technologies. According to Agarwal, & 

Agarwal (2017) the first industrial revolution which has been introduced in Britain in 

1760 brought steam and hydraulic machines into the factories. This revolution is a part of 

history which lead the future with era of mechanisation. While the first industrial 

revolution built up the industries with mechanised steam energy and fast-paced textile 

industries, the second industrial revolution was a rapid shift from conventional 

innovations which has been focusing on utilising electricity, gas and oil (Anon, 2017). 

The second industrial revolution had the innovation for separating components and 

product assembly which led to mass production and affordable consumer products 

(Jevons, 1931; Agarwal & Agarwal, 2017).  The industrial revolution three originated 

since 1970 by the second half of the 20th century in US, Japan and Europe (Agarwal, & 

Agarwal 2017). According to Robert, et al., (2012) and Ghobakhloo (2018), the advent 

of new cutting-edge technologies for the digital revolution have boosted the industrial 

revolutions with technological advancements making third industrial revolution a 

cornerstone for I 4.0. It is referred to as a transformation from electronic, mechanical and 

analogue technology to digital technologies (Vale, 2016).  
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While the first, second and third industrial revolutions spanned for almost 250 years, in 

2011 the term “Industrie 4.0” (I 4.0) was introduced at Hanover Gair in Germany which 

emerged as the fourth industrial revolution in Germany and other European countries 

(Ghobakhloo, 2018). Alejandro, et al., (2019) mentioned I 4.0 as a new paradigm that 

creates value for industrial activities through the convergence of innovative technologies. 

Its vision is to emphasise a network of machines in smart-factory settings globally which 

enables for autonomous exchange of data and control of each other (Liao, et al., 2018). 

According to Rober, et al., (2012) I 4.0 involves a radical shift from the current 

conventional production floor operation to an improved efficient, productive, flexible, 

resilient new production floor operation. I 4.0 has been identified by various academics 

as an industrial revolution that enabled the global transformation of the manufacturing 

industry through digitisation and digitalisation which results in an improved design and 

manufacturing process, operations, and services (Szozda, 2017; Ivanov, et al., 2018; 

Berttram, & Schrauf 2016; Rubmann, et al., 2015). Digitisation and digitalisation are 

related terms employed frequently in the current industrial revolution. As identified by 

Menon & Shah (2019), digitisation is defined as the mode of transformation of physical 

data and information to digital setup whereas digitalisation is an integration of innovative 

technologies or technological application that help with digitisation within the industry.  

It is evident that literature has defined I 4.0 in various dimensions, from all those 

definitions, the researcher defines I 4.0  in view of a manufacturer, as a revolution which 

develops a manufacturing industry through digital transformation using innovative 

technologies that result in an improved manufacturing value chain environment. There 

has been extensive research by various researchers in the past 3 to 5 years which focus on 

understanding and utilisation of innovative technologies within manufacturing that results 

in identifying the advantages of industry 4.0 within manufacturing which has generated 

buzzing word smart manufacturing, smart factory, digital manufacturing (Menon, et al., 

2018). Various studies define smart manufacturing as a conversion of the conventional 

manufacturing industry utilising innovative technologies that help for digitalisation and 

digitisation (Menon, et al., 2018; Liao, et al., 2018; Ghobakhloo, et al., 2018). While there 
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has been a focus on integrating innovative technologies which have been leading to smart 

manufacturing, there has been another area that has been gaining focus since 2016, to 

improve the supply chain by digitalisation which has embarked for SC 4.0 also known for 

DSC (Alicke, et al., 2016). In the following section, the researcher has tried to understand 

in detail on supply chain and its relevance within the industry with a prime focus on the 

manufacturing industry. 

2.5 Supply Chain  

According to Harland (1996), SCM was initiated in early 1980 within the industry where 

SCs are considered to be the whole process involved in creating and delivering a product 

to the customer, whereas SCM is considered to be the management of the whole process 

within the SCs. There have been many definitions for SCM, and it has been significantly 

considered by various researchers. The definition of SCM has been varying in literature 

from time to time depending upon various business models, processes and even the 

integration of innovative technologies within the industrial revolution. The definition of 

SCM by various authors that have been identified in the literature are listed below (Ross, 

et al., 2010; Fayezi, & Zomorrodi 2016; Min, et al., 2019): 

• According to Jones, & Riley (1985), “SCM deals with the total flow of materials 

from suppliers through end users”. 

• Steven (1989) mentioned “The objectives of managing the supply chain is to 

coordinate the requirements of the customer with the flow of materials from 

suppliers in order to effect a balance between what are often seen as conflicting 

goals of high customer service, low inventory management, and low unit cost”. 

• La Londe, & Masters (1994) described that supply chain as “a strategy where two 

or more firms in supply chain entering into a long-term agreement due to 

development of trust and commitment to the relationship and integrating the 

logistics activities involving the sharing of demand and sales data with the 

potential for a shift in the locus of control of logistics process”. 
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• Cooper (1997) defined that, “SCM is an integrative philosophy to manage the total 

flow of a distribution channel from supplier to the ultimate user.” 

• Monczka (1998) mentioned “SCM is a concept whose primary objective is to 

integrate the sourcing, flow, and control of materials using a total systems 

perspective over various processes and suppliers within various tiers”. 

• According to Marvin (1999) “SCM is the design, planning, execution, control and 

monitoring of supply chain activities to create net value, by building a competitive 

infrastructure, synchronising the supply with demand, leveraging global logistics, 

and measuring the global performance”. 

• Paul (2001) stated SCM “as a set of approaches utilised to efficiently integrate 

suppliers, manufacturers, warehouses and stores, so that products are produced 

and distributed only at required quantity, at required locations, at right time, in 

order to minimise systemwide cost with improved service level requirement 

satisfaction”. 

• Fayezi, & Zomorrodi (2016) mentions SCM as “the systemic, strategic 

coordination of the traditional business functions within a particular company and 

across businesses within the supply chain, for the purposes of improving the long-

term performance of the individual companies and the supply chain as a whole”. 

Summarising the definitions provided by various authors, the supply chain within the 

context of a manufacturer can be identified as a typical process which involves plan, 

source, make, deliver, and returns in a manufacturing organisation. 

Garay-Rondero (2019) has defined two supply chain management constructs which are 

identified as supply chain flows and supply chain management processes. Table 2.1 below 

shows the essential factors identified within the supply chain management constructs from 

extend literature. The process of turning raw materials into a tangible good which is 

delivered to a customer is known as the traditional supply chain, often referred to as the 

conventional supply chain (Menon, & Shah 2019). The traditional supply chain method 

consists of five main phases as shown in Figure 2.1.  
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Table 2.1 Supply chain management constructs (Sources: Garay-Rondero 2018; Menon, 

& Shah 2019; Lambert 2014) 

According to Garay-Rondero (2019) and Menon, & Shah (2019) a traditional supply chain 

system starts with the procurement of raw materials and moves on to the second stage of 

manufacture. The supply chain flow and supply chain management processes identified 

by Garay-Rondero (2019) are essential for improving the traditional supply chain. In 

between the sourcing of raw material and manufacturing, various processes are happening 

within the organisation, such as manufacturer – supplier communications, negotiation, 

supplier evaluation, material evaluation, order placement, material delivery, material 

delivery inspection, warehouse stocking of material, preparing the material for 

manufacturing, manufacturing the product. 

Figure 2.1 Traditional Supply Chain (Adopted from Menon, & Shah 2019) 
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Table 2.2 Conventional supply chain challenges (Source: Menon, & Shah 2019, p.2; 

Buyukozkan, & Gocer 2018; Bar et al., 2018; Ageron et al., 2020)   
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Once the product is manufactured, it is either supplied through distributors, who then 

transport it to retailers, and lastly to the customer, or it is delivered straight from the 

manufacturer to the customer. Procurement, marketing, research, operations, engineering, 

and transportation management are a few of the many disciplines in an organisation 

comprised of both “hard" (technical) and "soft" (human) areas that make up the traditional 

supply chain system (Menon, & Shah, 2019). Further to the evolution of various industrial 

revolutions with technologies and increasing competition within the market conventional 

supply chain faces various challenges as described in Table 2.2. 

There has been a huge influence of innovative technologies within the industrial 

revolutions that impact various areas of organisation including the supply chain which has 

seen, increased research in the area of the SC that has resulted in new buzzwords like 

smart supply chain, DSC, SC 4.0, and intelligent supply chain (Menon, & Shah 2020). 

In the following section, the researcher explains in detail about digital supply chain, 

followed by innovative technologies for DSC, its features and current research that led to 

identification of the research gaps. 

2.6   Digital Supply Chains  

Supply chain processes are enhancing through the use of innovative technologies 

(Buyukozkan, & Gocer 2018; Nasiri, et al., 2020). There has been an increasing number 

of literature since 2016 on digital supply chain that indicates its relevance in the current 

industrial revolution that results improvements in the conventional supply chain through 

digital transformation. The researcher has identified various definition for DSC defined 

by various researchers as described below: 

• Buyukozkan, & Gocer (2018) defined DSC as “a physical and digital network 

consisting of companies and their suppliers, who seek, through the management 

and coordination of a myriad of activities, to produce and distribute goods and 

services to final consumers.” 
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• Abdel-Basset, et al., (2018) described supply chain 4.0 as “a modern system with 

interconnected processes that expand from isolated applications to a broad 

relationship, integrated and efficient between the stages of the supply chain.” 

• Szozda (2017) defined supply chain 4.0 as “a transformation from traditional 

relations between the stages of the chain to a data connection network, and the use 

of technologies, systems and personnel. In this configuration of the chain, the 

supplier, manufacturing industry and final customer stages stand out, because they 

will have more interactions with each other, the remaining stages also being 

fundamental to its organisational performance.” 

• Xue, et al., (2013) mentioned that “DSC is an inter-organisational system (IOSs) 

that is implemented by organisations to digitise their processes of transaction and 

enable collaboration with their supply chain partners (i.e., upstream suppliers and 

downstream customers.” 

• Ageron, et al., (2020) described DSC “as the adoption of innovative technologies 

that integrate and strengthen the agility of the supply chain using information 

systems resulting in improved customer service and sustainable performance of 

the organisation.” 

Summarising various definitions for DSC, DSC can be defined as the technological 

innovation of the supply chain that is achieved by the transformation of the conventional 

supply chain by integrating various innovative technologies that will result in a visible, 

transparent, flexible, and resilient supply chain which is more efficient and productive. 

As described by Menon, & Shah (2019) digital supply chain is the management of supply 

chain operations using a wide range of cutting-edge technology. 

Digitalisation of supply chain is offering tremendous opportunities to industries of all 

sectors (Da Silva, et al.,  2019; Buyukozkan, & Gocer 2018; Lammers, et al., 2019). Even 

though there has been an increased number of studies that have surpassed more than 100, 

a study conducted by Kamar, et al., (2021) found that only limited research has sought to 

evaluate the DSC. Iddris (2018) has provided an overall content of existing knowledge of 
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digital supply and presents possibilities for additional study. Narain, et al., (2018) have 

discussed on identifying digital transformation enablers and frameworks while the study 

by Lammers, et al., (2019) provided an indication of a framework which encompasses 

barriers and drivers for digitalisation of SC within industrial sector. Ageron, et al., (2020) 

has discussed the barriers, developments, and research opportunities of DSC by focussing 

on innovative technologies and exploring the strategic, organisational and human 

dimension of the DSC. Buyukozkan, & Gocer (2018) has conducted an extensive review 

of DSC which has identified the prospects and key limitations in DSC, summarised prior 

research and identified knowledge gaps with limitations of individual methods & 

weaknesses. Thus it is clear that various studies have identified that innovative 

technologies are the technological drivers that enable DSC (Iddris, 2018; Ageron, et al., 

2020; Kamar, et al., 2021; Menon, & Shah 2020). The following section discusses in 

depth the innovative technologies that are transforming the traditional supply chain into 

DSC. Industrial reports from IBM, EY, Capgemini, and PWC, explain that they are 

already in their direction in introducing digital supply chain transformation for large 

enterprises using various innovative technologies (IBM, 2018; EY, 2016; Capgemini, 

2018; Berttram & Schrauf, 2016). 

2.6.1 Innovative Technologies for Digital Supply Chain.  

DSC is in its early steps where there are early adopters in the competitive industrial world. 

The digitalisation of the SC is made possible by the integration of innovative technologies 

(Ageron, et al., 2020; Tjahjono, et al., 2017). While Paulina (2018) identified 6 

technology enablers for digitalisation of supply chain, a review by Menon, & Shah (2019) 

has identified additional 5 innovative technologies during their study for digitalisation of 

supply chain. The eleven major innovative technologies that have been identified based 

on the review of literature on digital supply chain which are generally called as technology 

drivers for DSC in extent literatures are shown in Figure 2.1 and further discussed below. 
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Figure 2.2: Innovative Technologies for DSC 

2.6.1.1 Big Data/Big Data Analytics (BDA) 

Big data is considered as a major innovative technology in I 4.0. According to Gang, et 

al., (2016), various literature identifies big data as “next big innovation”, “fourth theory 

of science”, and “next frontier for innovation within production”. Nada, & Ganeshan 

(2018) argues that big data is becoming extensive in the industry impacting on every 

aspect of how the industry organises and manages its supply chain. This innovative 

technology is unlocking new research streams which is evident with the increasing 

number of literature in this area. According to Gilpress (2012), in 1997, Cox and Ellsworth 

introduced the idea of big data in a digital library article. Tiwari, et al., (2018) have 

defined big data as complex due to an increased quantity of data that exceeds the 

technological capability of managing, processing and analysing data via conventional 

systems and data storage. BDA is identified as the technology of advanced data analytics 

methods on huge datasets generated by the industry for improving efficiency and 

exploring the opportunities (LaValle, et al., 2011; Loshin, 2013; Rouse, 2012).  
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Big data is able to generate a variety of information from various sources like sensors, 

using the IoT, mobile devices in unstructured, or structured formats (Assuncao, et al., 

2015). It is able to create the data quickly in batches, in real time, or in a streamlined 

manner. (Tan, et al., 2015). Big data analytics are beneficial within the manufacturing 

industry as it generate a significant amount of data by integrating with various other 

innovative technologies like sensors, Radio-Frequency Identification (RFID), Barcodes, 

digital machinery, Artificial Intelligence (AI) within shop floors, production lines, 

logistics, warehousing (Tiwari, et al., 2018;  Nguyen, et al., 2018).  

It is evident from literature that BDA is able to support in the majority of the supply chain 

areas such as procurement, manufacturing, warehousing, logistics, demand management 

and other general supply chain processes (Wang, & Alexander 2015; Tiwari, et al., 2018; 

Buyukozkan, & Gocer 2018).  However, due to the novice nature of the technology, 

studies are still going on exploring different domains that, when combined, constitute big 

data analytics an essential component of the DSC. It is understood that an effective 

application of big data provides numerous information, and an abundance of process 

improvements with improved visibility within the supply chain (Wang, & Alexander 

2015; Wang, et al., 2016; Nguyen, et al., 2018).  

As per the studies by Zhao, et al., (2016) and  Ting, et al., (2014), it is clear that big data 

has gained more attention by integrating with sensors in logistics especially within 

network planning and product condition monitoring, and management during transit. 

Wang, & Zhang (2016) has identified that BDA tools are relatively at a mature stage in 

planning and control for the production process. Implementation of big data in product 

research and design, equipment diagnosis, and maintenance makes a significant 

contribution to predictive and prescriptive analytics in manufacturing research (Wang & 

Zhang, 2016; Zhang, et al., 2017). A summarised list of the current level of utilisation of 

big data technology within the supply chain function is shown in fig 2.3.  
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Figure 2.3: Utilisation of Big Data within SC Functions (Source: Nguyen, et al., 2018; 

Tiwari, et al., 2018) 

2.6.1.2 Internet of Things (IoT) 

In 1999, Kevin Ashton was the first person to use the phrase "Internet of Things," referring 

to it as the communication of devices using the internet or communication between the 

digital and physical world (Xu, et al., 2014). Ashton considered using RFID technology 

to monitor a product in the supply chain at Procter and Gambles. The commodity was 

identified using a RFID tag integrated with the system and information was transmitted 

wirelessly through the IoT. IoT converges connected products and sensors to offer new 

competence (Manavalan & Jayakrishna, 2019). Buyukozkan, & Gocer (2018) states that 

IoT is considered as an enabling factor of wireless technology in Industry 4.0. IoT is 

defined as the network system that connects physical materials embedded with software, 

sensors, and other innovative technologies for the exchange of data and connecting other 

systems or devices over the internet (Oracle, 2018). Haddud, et al., (2017) argues that 

from a supply chain viewpoint, IoT allows machine-enabled decision-making with 

minimum or no human intervention (Haddud, et al., 2017). According to Ben-Daya, et 

al., (2019) and Koohang, et al., (2022), IoT is a complex network of digitally connected 

materials that enables the devices to monitor, interact and share information inside an 

organisation and within its external supply chain which will provides visibility, agility, 

and traceability to enable predictive planning, management and coordination of SC 

processes. Shah, & Ververi (2018) states that IoT is being introduced and utilised to 



   

 

 35  

 

collect, store and transmit the information generated by objects that are equipped with 

RFID, Barcodes or Sensor technology that are highly used in logistics, manufacturing, 

and many other areas within larger organisations (Jin, et al., 2017).  The data gathered 

with RFID, Barcode, or Sensor technology are transferred to a software for data analysis 

or to cloud which is an internet-based platform which is connected and accessed on 

demand with a pool of various computing resources such as mobile, computers, wearable 

devices, storage or software (Rhouzali, et al., 2019). Cloud computing is another critical 

innovative technology used within the DSC with the deployment of IoT due to the high 

volume of generated data by devices connected to analyse. According to the literature IoT 

has a great impact within the supply chain which mainly focuses on improved visibility, 

flexibility, and traceability that results in increased quality, revenue, efficiency, customer 

satisfaction, and reduced cost and lead time for a manufacturer (Satya, et al., 2019; Abdel-

Basset, et al., 2018; Ben-Daya, et al., 2019). Fig 2.4 shows various roles of IoT within the 

supply chain as identified from the literature. 

Procurement

Supplier 
relationship

Real Time 
sourcing and 
Inspection of 

data from 
suppliers

Manufacturing

Production 
planning and 

control

Real time 
Quality control

Remote 
Preventative 
maintenance

Warehousing

Real time 
Inventory 
tracking

Storage 
management

Delivery 
management

Logistics

In transit 
logistics data

Real time 
logistics 
planning

Figure 2.4: Roles of IoT within SC (Sources: Ben-Daya, et al., 2019; Rhouzali, et al., 

2019) 
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2.6.1.3 RFID/Barcode/Sensor Technology 

RFID/Barcode/ Sensor technology is a key innovative technology that is identified as a 

primary technology required for the DSC (Tjahjono, et al., 2017). It is known as a key 

technology required to gather the information required to identify, track, or transmit the 

information (Ben-Daya, et al., 2019). According to Kamar, et al., (2021) this set of 

technology provides real-time data identification, material flow, and tracing which helps 

to increase the data quality. It has a greater impact when integrated with other innovative 

technologies. 

It will help with inventory shrinkage, save processing time, scanning and recording time, 

precise inventory, shelf replenishment, precise delivery on time, autonomous decision 

making, visibility, help to track and reduce the cost for the repair, and reduce maintenance 

downtime with improved monitoring and safety (Delen, et al., 2009; Tang, et al., 2018). 

RFID technology which identifies, and captures data automatically is made of three 

essential components: an antenna connected with a tag formed by a chip, a reader which 

emits and receives radio signals and answers from tags respectively, and finally, a 

middleware that bridges enterprise application and RFID hardware (Sarac, et al., 2010; 

Badole, et al., 2013). These technologies are implemented extensively in retail, logistics, 

and SCM within large manufacturers and other organisations to identify and track the 

materials or processes (Dweekat, et al., 2017). The use of RFID in conjunction with 

blockchain technology is contributing to an increase in the SC's level of traceability (Rita, 

et al., 2019; Chen, et al., 2017; Tarun, et al., 2021). This technology has strong application 

in DSC and allows for greater automation of tasks where it enables warehouses to readily 

identify inventories within the truck, warehouse to include item-level accuracy, barcode 

or sensors helps to avoid human data error, speeding the process of manually entering the 

data by warehouse or admin teams and improves accuracy (Menon, & Shah 2019). Thus, 

with the current developments in these innovative technologies, it is evident that by 

integration of RFID/Barcode/Sensor technology with IoT, big data, and cloud will enable 

low-cost tracking, and improve visibility, agility, accuracy, and traceability within a SC.  



   

 

 37  

 

According to the study by Leise (2019) adoption of RFID technology by UK retailer Mark 

and Spencer has increased their productivity from 600 items scanned per hour to up to 

15,000 items which is an immense improvement in productivity that has resulted in 

improving the speed within their supply chain. Unlike as described in previous 

technologies, utilisation of RFID/barcode/sensory technology within a manufacturer 

starts from material delivery at the warehouse where this technology can give complete 

information like quality, quantity, or origin of individual components or material 

delivered. Further during the assembly or production stage, this technology helps to 

monitor the number of operations in the pipeline, and stages of each order i.e., work in 

process. After the production stage once the product moves to the warehouse, these 

technologies could assess the out-of-stock situation, inventory visibility, or reduction of 

shrinkage errors to speed up the dispatch process. Finally, after delivery, if there is damage 

or quality issue raised by the customer, it can be monitored using these technologies 

(Modgil, et al., 2012). Geo Location as the name itself refers to the technology that helps 

for identifying the location in a supply chain (Bhattacharya, 2021). Sensor/RFID is also 

used for geo-location to provide real-time data. The data gathered are utilised to 

coordinate daily activities and forecasting. Geolocation helps to track the origin of 

products which helps to track the quality, quantity and other required details related to 

that product. It is all done with the aid of sensors connected with IoT.  

2.6.1.4 Cloud Technology 

Cloud is a technology that appeared in early 1996 and was popularised in different styles 

later in the 2000s by different technology giants like Google, Amazon, Microsoft, IBM, 

and all (Ling, et al., 2009). While it is known as an online data storage platform for many 

of the public, it is mainly known as cloud computing among researchers and technology 

providers. According to Giannakis, & Spanaki (2019); Schneider & Sunyaev (2016) and 

El-Gazzar (2014) there are many different definitions provided for cloud computing. 

However, Mell, & Grance (2011) identified that most widely accepted definition of cloud 

computing comes from the National Institute of Standards and Technology. Cloud 
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computing was defined by National Institute of Standards and Technology as “a model 

for enabling convenient, on-demand network access to a shared pool of configurable 

computing resources (e.g., networks, servers, storage, applications, and services) that can 

be rapidly provisioned and released with minimal management effort or service provider 

interaction” (Mell, & Grance 2011). It helps to promote flexibility and speed while 

lowering operating costs for organisations. It delivers a vast amount of computing 

resources within minutes or even less (Gupta, 2020; Qian, et al., 2009).  

Hogan, et al., (2011) identified cloud service provider and cloud service consumer as two 

actors in cloud computing. There are various cloud computing models provided by the 

service providers as per requirement of customers (Hogan, et al., 2011). The three basic 

cloud computing service easily accessible to businesses are, Infrastructure as a Service 

(IaaS), Platform as a Service (PaaS), and Software as a Service (SaaS) (Mell, & Grance 

2011; Hogan, 2011). Infrastructure as a service, or IaaS, is the basic element of the cloud 

that often gives users access to servers, databases, and networking capabilities (Zhang, et 

al., 2010). It is comparable to the IT resources that businesses are already employing, and 

it also delivers high levels of adaptability and managerial control. As a result, businesses 

save cost on hardware, and workflows that are constantly changing may use the 

infrastructure's scalability (Mihalis, et al., 2019; Hogan, 2011). A platform as a service 

(PaaS) is a kind of cloud-based environment that frees businesses from the obligation of 

organising the underlying framework and gives them the ability to focus instead on the 

development, administration, and maintenance of their applications (Zhang, et al., 2010). 

Therefore, businesses become more efficient since they no longer have to worry about 

procuring resources, hosting, or any other non-value-adding application-related tasks. 

SaaS, usually referred to as an end-user application, is a service provider-managed 

product (Mihalis, et al., 2019; Mahmood, & Hill 2011). When the provider controls the 

service, the client is not required be concerned about maintaining or managing the service 

and can instead concentrate on using it. It also helps businesses by facilitating the usage 

of new, creative business applications from any connected devices (Mahmood, & Hill 

2011). 
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The study by Wu, et al., (2013) and Xu (2012) mentions that manufacturers are able to 

effectively utilise cloud technology service at all stages from product design to life cycle 

management including planning, manufacturing and testing.  According to Mihalis, et al., 

(2019), the use of cloud computing can optimise a supply chain with rapid response to 

decision making and expanded access to information. The most potential feature is supply 

chain visibility with real-time end-to-end data, which offers a platform for demand 

responsiveness and proactive decision-making by monitoring a variety of performance 

aspects, including predicted key performance indicators (KPIs) (Mihalis, et al., 2019).  

The five main features of cloud technology that have an impact within supply chain are 

On-demand service, wide network access, resource pooling, rapid elasticity, measured 

service (Giannakis, & Spanaki 2019; Mell, & Grance 2011). According to Bogue (2014) 

and Garay-Rondero, et al., (2019), the cloud had a rapid and crescent evolution into 

machine learning or AI to be able to analyse and learn from data to understand the context 

and make a decision from it, to execute actions. In the following section, the researcher 

explains more about AI and robotics.  

2.6.1.5 Artificial Intelligence/Robotics 

AI and Robotics have a vital role within the manufacturing sector which has a greater 

effect on the digital supply chain. These technologies had been around since 1956 and 

have been developing ever since to become more efficient (Barnes, 2018). According to 

International Federation of Robotics report IFR (2016), around 70% of industrial robots 

worldwide are within electrical, automotive and machinery industries. The report also 

states that in 2016 the number of industrial robots worldwide will increase to around 2.6 

million units by 2019 which is a half-a-million increase than in the year 2015 (IFR, 2016). 

While automation has been a competitive factor for traditional manufacturers, it is also 

becoming increasingly important for SMEs around the world to look into robotics (IFR, 

2016). Intelligent machines which is core of this technology have the ability to 

accommodate handle activities autonomously by perceiving, interpreting, and acting on 

the information they receive (Menon, & Shah 2019). Thus, it works autonomously without 
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any human assistance, and we named them as robots. Mahroof (2019) states that AI is 

effective with good real-time data that is gathered from different sources as required. 

According to Innovate UK (2018) this technology has been able to be utilised at various 

areas in a SC such as initial planning to production, warehouse activities, marketing, 

logistics, and enhancing customer experience. It can optimise the supply chain by 

providing problem-based specific solutions along different steps of the supply chain. 

(Bonkenburg, 2016) has identified in his study that only 5% of warehouses are currently 

automated.  

Most of the large manufacturers have already implemented robotics and the next level of 

robotics with AI within their supply chain (Albers, et al., 2016). Robots have been 

deployed within warehouses, manufacturing, and logistics whereas AI has been deployed 

in different forms in different areas of SC process, networks, flows, and components by 

automation with predictive analysis (Bogue, 2014; Garay-Rondero, et al., 2019; Abdel-

Basset, et al., 2018; Mahroof, 2019).  Current AI technology is based on machine learning 

where huge data is generated and analyses the data with BDA to learn from it and then 

classifies it into sections with machine learning technique also known as algorithms that 

assist a device or system to perform the needed function in a step-by-step manner 

(Lehtisalo, 2018).  AI / Robotics can transform conventional supply chain into DSC 

through faster, safer, and more productive actions by classification, clustering, regression, 

recommendation, or detection of data as required (Mahroof, 2019). The rapidly 

developing innovative technologies such AI is able to transform the manufacturing sector 

to be more automatic and intelligent. Thus, it clear from the  literature that, there are 

various methods of utilisation of AI technology in which one of them is in transportation 

for Automated Guided Vehicle (AGV) which is explained in the next section by the 

researcher. 

2.6.1.6 Automated Guided Vehicle (AGV) 

Unmanned vehicles that offer horizontal transportation, of commodities or for service are 

known are AGVs (Kabir, & Suzuk 2018). AGVs travel automatically along a guided path 
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that is created with embedded tape or wire on the floor (Miyamoto, & Inoue 2016; Kabir, 

& Suzuki 2018). To achieve this transformation within SC, large quantities of AGVs will 

be used for material handling (Kabir, & Suzuki 2018; Zhang, et al., 2018). AGVs play a 

key role within manufacturing facilities, distribution centres & warehouses, container 

terminals, and other transportation systems (Le-Anh, & Koster 2006; Vis, 2006; Aized, 

2009). Large enterprises like Amazon, DHL, and Alibaba have already implemented 

different forms of AGVs within their warehouse and logistics operations to improve 

efficiency (Kehoe, et al., 2015). Interconnecting IoT enables communication and 

interaction among the digital supply chain. The IoT makes AGVs smart, which can 

improve how container terminals, factories, farms, and other sectors handle their inter- 

and intra-logistics (Bechtsis, et al., 2018; Ferrara, et al., 2014). According to Mehami, et 

al., (2018) AGVs with sensing and processing capability integrated with other innovative 

technologies like IoT, Big data, or cloud that can capture and process real-time status, can 

track and trace, provide predictive analysis, material handling those results in an efficient 

supply chain with real-time visibility.  

The AGVs used within warehousing is able to provide improved safety during the 

unloading and loading of products (Bechtsis, et al., 2018; Mehami, et al., 2018). AGVs 

considered as a technology is part of DSC as it assists the operators and stakeholders in 

the network with every information such as storage, shipment preparation, order pick up, 

and delivery. As mentioned, AGVs have been in the industry and its developments over 

the decade provides a key role in DSC. They are equipped with smart features that provide 

precise positioning, route optimisation, guidance, and machine diagnostics for predictive 

maintenance that enable an efficient, visible, transparent, flexible supply chain (Le-Anh 

& Koster, 2006; Miyamoto & Inoue, 2016; Ivanov, et al., 2019). According to Zhang, et 

al., (2018), these vehicles will eventually be able to determine on their own which supplies 

need to be replenished anywhere within the production process, pick up loads from 

storage, drop them off where they are needed, and collect returnable packaging. This will 

be made possible by their strong collaboration with the ERP system of the company 

(Zhang, et al., 2018). These vehicles equipped with contactless sensors and laser safety 
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bumpers, will considerably increase the safety of workers on-site (Bechtsis, et al., 2018). 

Various machinery within warehousing such as pallet movers, forklifts, and cranes are all 

equipped with smart features nowadays (Ivanov, et al., 2019). 

Summarising, AGVs are able to positively impact the DSC due to their ability to support 

the process within warehouses for safe loading and unloading of products resulting in a 

reduced number of accidents, improved efficient inventory management with short 

picking cycle by providing increased visibility. Integration of AGVs is possible at any 

level of end-to-end supply chain even though the more prevalent trend is their adaptation 

within manufacturing shop floor tasks and warehouse facility layouts (Bechtsis, et al., 

2018). It is widely promised that this innovative technology eliminates driver wages, 

lower fuel and shipping costs, reduce accidents, gas emission, and liability if efficiently 

integrated with DSC (Hopkins, 2020).  According to the findings of Bechtsis, et al., 

(2018), the incorporation of these kinds of vehicles into the supply chain function is a 

critical step during the progression towards a DSC. 

2.6.1.7 User Interface (UI) 

The user interface is becoming a significant factor in supply chain. The mobile device has 

been playing an important role with the UI. Workers in industrial sectors are being given 

new technologies to engage with their machines as a result of the combination of UI and 

mobile devices (Li, 2016). Nevertheless, with the advent of smartphones and other 

wearable devices, the efficiency of the supply chain has been improved with upgraded 

UIs (Osburn, 2019). As mentioned by Wallenburg, et al., (2015), in the discipline of 

industrial design, human-machine interaction is occurring more with UI. While the UI 

enables human interaction to manage and process a machine effectively, the interface 

concurrently enables the machines to offer insightful information that supports operator 

decision-making (McCaghren, 2005). According to Lawler (2010); Senkuviene, et al., 

(2014) the overarching concepts of UI include the collaborative capabilities of tools, 

computer operated systems, heavy equipment operator controls, and process controls.  
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Pereira, et al., (2016) mentions that the creation of a user interface design process is a 

crucial area for all organisational processes while Stirrup & Ramos (2017) argues that it 

is a challenging prospect by any standards. User interface design should not only adhere 

to the three fundamental ideals of organising, economising, and communicating. It should 

also help users do more tasks in a more time-efficient manner (Gates 2014; Menon, & 

Shah, 2019). One of the most important aspects to take into account when looking at UI 

in DSC is its adaptability in providing mobile process support that is agile, along with a 

quick and secure performance. This is accomplished by avoiding the long implementation 

cycle of traditional applications, which in turn leads to a rapid response rate in the supply 

chain (Hughes, 2017; Kache, & Seuring 2017).  

Current and future UI includes support for business intelligence and analytics, which 

enables dashboarding and is now the primary factor driving the use of mobile devices 

among industries, while Cross-platform (hardware) support, enables users to just have to 

develop code once and deliver it to any hardware platform of their choice, and finally 

voice-directed operations, RFID, and a variety of additional input and output methods are 

all supported by multi-modal, which also includes the ability to execute applications 

offline (Gates, 2014; Osburn, 2019). Thus UI will assist in enabling human-machine 

interaction that increases the global connectivity, transparency, visibility and speed that 

results in DSC increasing the efficiency and making it more agile. 

2.6.1.8 Blockchain 

Blockchain which is a most prevalent disruptive innovative technology in digitalisation 

with a peer-to-peer distributed data infrastructure was developed by Nakamoto (2008). It 

is well known that blockchain is being used increasingly to generate decentralised 

currencies (such as Bitcoin), but it is also being developed to be used in the formation of 

self-executing digital contracts (smart contracts), as well as intelligent assets that can be 

managed via the internet (smart property) (Kosba, et al., 2016; Wright & Filippi, 2015). 

It is evident from Pilkington (2016) that there has been a lot of research on this technology 

focussing on its impacts on financial transaction and distributed ledger system, while 



   

 

 44  

 

Wang, et al., (2019) argues that majority of studies focussed on traceability, anti-fraud, 

transparency, smart contracts, real-time sharing, and supply chain security within the 

pharmaceutical industry, construction, and Agri-food industry within the global supply 

chain. Blockchain technology uses a shared data infrastructure that updates in real-time 

and can process and complete the transactions using system algorithms in minutes, 

without any verification by third-party (Westerkamp, et al., 2018). Blockchain allows for 

the exchange of data securely, and it has started to impact the way the supply chain 

relationships are structured within an organisation (Wang, et al., 2019). Blockchain 

integration with other technologies such as IoT enables it to create a shareable, actionable, 

and permanent record of every moment of a product’s way through its supply chain, with 

improved efficiencies, throughout and enhancing customer trust (Aste, et al., 2017; Wang, 

et al., 2019; Queiroz & Wamba, 2019). While traceability with blockchain refers to 

tracking of the downward operation, from raw materials to end products, blockchain 

promotes traceability within a supply chain following the path of the product upwards to 

its origin (Biswas, et al., 2017; Bocek, et al., 2017).  

Blockchain provides a variety of advantages and benefits that impact the supply chain 

(Ar, et al., 2020; Karuppiah, et al., 2021). It includes transparency (Kshetri, 2017; 

Westerkamp, et al., 2018), traceability (Biswas, et al., 2017; Bocek, et al., 2017), and 

cybersecurity (Queiroz & Wamba, 2019; Wang, et al., 2019) for the prevention of fraud. 

According to Wang, et al., (2019), blockchain provides added value to the supply chain 

due to its extended traceability and visibility and enables the supply chain to be 

transparent to participating organisations within the supply chain. The blocks created for 

each transaction follow a path of the products from manufacturing to sale will provide 

improved transparency and visibility which ensures authenticity and legitimacy (Wang, 

et al., 2019).  A smart contract is another major utilisation of blockchain for the 

traceability and automation in SC that gets self-executed or even self-enforcing and is 

tracked within the network (Weber, et al., 2016; Collomb & Sok, 2016). Wang, et al., 

(2017) and Bocek, et al., (2017) claims that blockchain technology has the potential to 
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cut down on the number of required proxies and the number of human interventions that 

would lead to a reduction in the overall cost of operations. 

2.6.1.9 Additive Manufacturing/ 3D Printing 

3D printing is the technique within additive manufacturing for the fabrication of wide 

range of complex structures from a three-dimensional (3D) design (Ngo, et al., 2018). 

Charles Hull developed this technology in 1986 in a process known as stereolithography. 

New applications are emerging as additive manufacturing (AM) methods are continuously 

developing (Ngo, et al., 2018). It is considered as a technology that contributes to digital 

manufacturing and allows organisations to review and revise their supply chain design 

process (Strong, et al., 2018). According to Ngo, et al., (2018) and Verboeket & Krikke 

(2019) AM is a hyper-flexible technology that enables the design and manufacturing of 

bespoke structures, directly by the customers using digital connection that result in cost 

savings, simplified supply chains, and shorter lead times. Additive manufacturing is 

considered as an integrated technology with enormous applications around the world with 

3D printing as a vital method that enables the manufacturing process to build the product 

using a layer-by-layer method with a sequence of cross-sectional slices and takes 

manufacturing to next level from the conventional methods (Menon & Shah, 2019). Shree, 

et al., (2020) has discussed different types of AM methods such as laminated object 

manufacturing, stereolithography, fused deposit modelling, selective laser sintering and 

melting, and electron beam melting. Additive manufacturing is considered widely as a 

technology that has a key role in reverse logistics that has increased attention in the supply 

chain for improved design, analysis and performance of SC due to recycling, 

remanufacturing and reuse factors in reverse logistics (Berttram & Schrauf, 2016). 

According to Shree, et al., (2020) with AM, digital files get replaces to physical product 

where final products is produced with limited raw materials from single source, thus 

changing supplier relationships. 

Supply chain design is impacted by additive manufacturing as they bring game-changing 

effect for stakeholders such as consumers acts as designers and manufacturers; reduced 
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supplier demand with fewer permanent relationships, economical products for 

community, and decreased carbon footprints (Kuckelhaus & Yee, 2016). AM will 

advance the traditional supply chain with unlimited mass customisation, digital stock 

keeping, last-minute production decision with engineered to order and integration of 

functionalities may reduce supply chain steps (Menon & Shah, 2019). As stated by 

Bogers, et al., (2016) by using AM, distribution centres will be able to maintain a 

consolidated AM manufacturing plant while simultaneously lowering the required 

inventory levels. It allows the organisations to reduce delays and overall inventory levels 

while being able to effectively meet requirements of the actual demand (Bogers, et al., 

2016). By combining centralised inventory with AM manufacturing for smaller-scale 

components, inventory may be reduced while investments are maintained at a reasonable 

level (Ghobakhloo, 2018). This suggests that the inventory shelves within the organisation 

may include more standardised products and have a high turnover rate as a result. Thomas 

(2015) has identified during the study that AM has the potential to lower the overall costs 

of supply chains while simultaneously increasing their levels of efficiency. Whereas 

Strong, et al., (2018) have developed a model that chooses AM over traditional 

manufacturing that identifies and uses raw materials considering the demand and their 

cost as the key decision criteria that benefit the supply chain. Nyman, & Sarlin (2014) and 

Strong, et al., (2018) summarised their studies by mentioning the benefits of AM over 

supply chain strategies that also highlight sustainability with efficient utilisation of 

materials. 

Additive manufacturing allows the manufacturers to use 3D printing using a specific 

printer, software, and materials and with the right blueprint for specific parts, within their 

facilities if there is increased demand for a product (Nyman, & Sarlin, 2014; Kubac, & 

Kodym, 2017; Chan, et al., 2018). Thus, additive manufacturing is highly impacting the 

supply chain with increased responsiveness that eliminates the lead time between design 

and delivery, decreasing the lead time caused by suppliers due to various factors such as 

delay of material availability, rejection of supplier-delivered products due to various 



   

 

 47  

 

reasons, by enabling on-demand manufacturing with improved process flexibility (Mohr, 

& Khan, 2015; Scott, & Harrison, 2015; Kubac, & Kodym, 2017; Chan, et al., 2018) 

There are previous studies that have highlighted scenarios where comparatively reduced 

fixed costs and the capacity to produce in small batch sizes would bring additive 

manufacturing production closer to the point of broad acceptance (Kleer & Piller, 2013; 

Weller, et al., 2015). It is evident from the literature that AM brings in various 

opportunities and makes it possible to conduct manufacturing and sourcing operations 

close to the region in which customers are located, that provides less opportunities for the 

organization's logistics department to be engaged in the upstream supply chain while it 

impacts DSC resulting in improved overall efficiency of supply chain with increased 

speed and flexibility (Menon & Shah, 2019; Chan, et al., 2018; Strong, et al., 2018; Bell 

& Lyon 2012) 

2.6.1.10 Augmented Reality/Virtual Reality 

As defined Voogt & Fisser (2015), “Augmented Reality (AR) is a live, direct or indirect, 

enhanced view of a real-world environment whose elements are augmented by a 

computer-generated sensory - merges what is real and what is computer-generated by 

adding layers of digital information, such as sounds, videos, graphics or GPS data, in the 

line of vision with the use of devices, such as glasses or smartphones”. AR is an innovative 

technology with a history that dates to 1968 when Ivan Sutherland first reported on his 

AR systems (Sutherland, 1968). Even though the foundation of AR lies in the sixties, the 

first industrial use of this technology did not occur until the 1990s, when Boeing employed 

the technology to complete a wire bundle assembly project (Barfield & Caudell, 2001). 

According to Chanlin & Chan (2018), this cutting-edge technology represents paradigm 

change in the advancements of intelligent logistics which may lead to more flexible 

product handling, packaging and storage. AR allows it users to make informed decisions 

based on the comparison of information obtained from various range of physical objects 

(Voogt, & Fisser 2015). A study by Phupattanasilp & Tong (2019) has found that high 

visualisation of AR technology enables farm managers to get more insights from the data 
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collected using connected IoT devices. According to DHL (2016), they rolled out 

advanced smart glasses as part of implementing AR technology in 2016 in the US where 

the workforce assigned with picking job roles are equipped with these smart glasses that 

provided visually displayed information about the products, location and where to place 

the item in a trolley which enabled faster pace in order picking and resulted in reduced 

error rates while fulfilling 9000 orders within time frame.  

Luh, et al., (2013) has identified AR and real-time sensing technology as a feasible tool 

for product customisation as per customer requirement which evaluates the customised 

results for the product. They have even utilised ARtoolkitTM and KinectTM technologies 

for a virtual try-on function where the customer can experience the product virtually. AR 

is different from virtual reality (VR) differs from AR and allows users to be completely 

submerged in a computer-generated environment that is designed to replicate the actual 

world and engage them in an activity that takes place inside that virtual environment 

(Guttentag, 2010). Thus, VR is being used by manufacturers in the development, and 

design of a product that provides a consolidation of data and enables decision-making by 

experiencing through visualisation. It provides a real - world visual experience, without 

engaging with the actual event, that helps to understand the situations more precisely and 

enables better decisions (Choi, et al., 2015). Burton (2015) states that VR within a supply 

chain can make significant changes by integrating it into online technology and can be 

used at "the point of the spear" by manufacturers and their customers by allowing them to 

make more precise decisions on quantity and time to buy including the decision to cancel 

the order or decision to buy more or less by identifying the pull and push of orders. 

Integrating VR technology can give access to the customer to design or make changes in 

design and visualise their changes with real-time pricing and manufacturers can provide 

analysis of their design and once the customer approves the purchase, the configured order 

will get released to the manufacturer, the supplier, and distributer within a supply chain. 

The customer is also able to receive all updates regarding their order in real-time with 

other integrated technologies (Choi, et al., 2015; Burton, 2015). 
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According to Menon, & Shah (2019), various literature has identified that all these 

technologies described above are drivers for the digitalisation of supply chain. A global 

survey conducted by Deloitte (2018) with 1116 responses from supply chain professionals 

has concluded that innovative technologies emerging into new phases are driving a 

massive transformation of the conventional supply chain into DSC. Thus, research interest 

in DSC is increasing day by day as it is identified as the key for long-term growth and 

success for globally performing organisations. The features that can be achieved by 

transforming with innovative technologies are the main reason for digitalisation. Key 

features of DSC identified by various literature are explained by the researcher in the 

following section. 

2.6.2 Key Features of DSC 

Digitalisation of the supply chain is revolutionising the warehousing and distribution of 

products including spare part products (Ehie & Ferreira, 2019). Technologies such as big 

data together with IoT, sensors allow forecasting of demands for products with increased 

precision using solutions such as predictive analytics or predictive maintenance for 

industrial machines which allows the manufacturers to optimise their storage and 

distribution by gathering more information including traffic and weather data that is 

highly depended (Buyukozkan & Gocer, 2018; Berttram & Schrauf, 2016). DSC is a 

diffusion of selective innovative technologies for a radical reconfiguration of processes 

within an organisation to become more innovative and competitive (Urbinati, et al., 2018). 

It is clear from the previous section that even though most of the innovative technologies 

have been existing more than a decade, they had been under development in recent years 

where integration of these technologies within a SC helps to transform conventional 

supply chain into DSC with distinct features. Widespread adoption of DSC depends upon 

various success factors as discussed in the following section which brings various benefits 

to the organisations. These are identified as the 5 key features of DSC as shown in Figure 
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2.5. The distinct advantages of DSC that are distributed under the main features of DSC 

are   described below. 

Speed: One of the most significant features of DSC is its ability to respond rapidly to 

customer demand as organisations are always looking for methods to speed up the 

delivery of their goods. (Menon, & Shah, 2019). Speed for delivery of the goods is central 

for those involved in the digital supply chain. Monczka (1998), states that organisations 

are wanting to get the stock delivered as per the requirement which is considered to be a 

lean approach known as just in time (JIT) while those within the DSC want to move more 

in a shorter period. According to Hanifan, et al., (2014), online giants like Amazon and 

google are already testing drones for the delivery of their products to their customers 

within 30mins to break the current difficulties in delivery. Speed within DSC is achieved 

by various factors such as shared information, highly evolved operating models, advanced 

analytics, responsiveness, and automated execution (Deloitte, 2018; Buyukozkan, & 

Figure 2.5: DSC Features & success factors 
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Gocer, 2018). It is various technologies like Big data, IoT, AGV (drones), additive 

manufacturing, and blockchain that helps to increase the speed within DSC (Chen, et al., 

2017; Narain, 2018; Menon & Shah, 2019). According to Ivanov, et al., (2018) 3D 

printing enables mass customisation and production of products which can result in a 

reduced number of suppliers and faster production resulting in reduced lead times. 

Transparency & Visibility: An efficient exchange of information is a key for a 

successful SC. Delays in exchange and lack of efficient information has caused disruption 

in the conventional supply chain while lack of raw materials, demand change and other 

environmental factors potentially disrupt planned supply chains (Menon & Shah, 2019). 

According to Barlett (2007), in today's increasingly unpredictable markets, transparency 

has been considered a crucial competitive tool. A  lack of optimisation within departments 

in an organisation causes a lack of visibility of overall supply chain requirements resulting 

in an inefficient supply chain (Barlett (2007). A study conducted by Prokop (2017) 

mentioned that while visibility lets an organisation to see a particular activity with access 

to information at selected nodes, whereas transparency sets us to see through all nodes to 

evaluate, the supply chain. According to Berttram & Schrauf, (2016), there is lack of 

visibility within the conventional supply chain when there is an increased number of 

outsourcings of key elements that becomes challenging to address the problems as they 

emerge. Menon & Shah (2019) has identified that in a digitalised supply chain, the 

innovative technologies provide real-time data which improves the visibility and 

transparency within the supply chain. Integrating the technologies within inventory 

provides real-time data by means to ensure that not excessive, but sufficient stocks are 

there to meet the demand. Buyukozkan, & Gocer (2018) and Mahroof (2019) has 

identified that DSC enables warehouse management to monitor continuous stock levels 

with sensors or other innovative technologies such as AI resulting in increased efficiency. 

In an organisation, DSC provides dynamic and interactive visibility of their SC resulting 

in improved management (Da Silva, et al., 2019).  
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Blockchain technology enables real-time tracking and organisations can accomplish real-

time exchanges (Wang, et al., 2019; Kamble, et al., 2018). Buyukozkan, & Gocer (2018) 

and Alejandro, et al. (2019) states that real-time data provides transparency with live 

information that can assist in enhanced responsiveness and proactive decision support 

within SC. Abdel-Basset, et al., (2018) has identified that real-time data provides more 

transparency while dealing with suppliers which creates an understanding of suppliers and 

alignment of suppliers with better performance and quality. According to Tjahjono, et al., 

(2017) and Delen, et al., (2009), customers can get real-time data which creates more 

trustworthiness and chances for customisation if required before the final production of 

their order and avoids return and cancellation of orders at later stages. RFID and IoT are 

the innovative technologies which provide real-time information or data resulting in live 

transparency and visibility of SC (Modgil, et al., 2012; Shah & Ververi, 2018).   

Traceability: While the innovative technology within DSC provides transparency as 

discussed previously, it also provides traceability of SC. According to Roy (2019), the 

possibility to check the status and history of an object or service is the defining 

characteristic of traceability. It is considered as an initial step towards complete visibility 

over a supply chain (Song, et al., 2019; Chen, et al., 2017). A study conducted by Aste, 

et al., (2017) have identified blockchain as a major technology for traceability that is able 

to keep track of various functions of  SC such as logistics, quality, inventory, production 

and forecasting.  

Studies by Bocek, et al., (2017) focussing food supply chain and Biswas, et al., (2017) 

focussing medical supply chain in the context of blockchain concluded that, blockchain 

technology provides traceability feature which have a high impact in SC. Together, 

innovative technologies such as Blockchain, AI, IoT, RFID/Barcode/Sensors can take 

traceability to a whole new level by providing detailed reports on the status of any product 

or service with direct links between various stakeholders in the SC, whether they are 

located internally within the organisation or externally ranging from the raw material 

manufacturer all the way to the consumer (Roy, 2019).  
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Predictivity:  One of the objectives of DSC is effective integrating that provides visibility 

to every aspect in a SC which will assist in predictivity within the SC. A key technology 

for this feature of DSC is big-data analytics (Wang, et al.,2016). The large organisations 

in the forefront of the digitalisation of supply chain have their technology tools that 

provides them predictivity feature by describing the state of their SC such as the location 

of goods, when the products are expected to deliver, location of the demand for specific 

products, design liked by customers, customer lead time expectation and delivery needs 

of customers which help them in planning in advance and avoid disruptions in their SC 

(Gunasekaran, et al., 2017). As stated by Lehtisalo (2018), early adopter organisations are 

learning from the data they collect to predict critical elements of their SC with BDA  

where the data may be analysed to offer demand data with more complex signals from the 

market, which would convert to demand for the necessity of raw materials, manufacturing, 

storage, and logistics.  

Various integrated technologies in DSC enables predictivity by providing unique insights 

on, market trends, buying patterns and maintenance cycles that will support the 

organisation to plan, lower overhead costs and enable improved targeted business 

decisions (Wang, et al.,2016). While BDA analyses the data, Garzoni, et al., (2020) 

mentioned that IoT enables to collaborate with the sensor network to transmit real -time 

data for data analytics that would constitute decision-making for the users and provide 

predictive analytics. According to Alicke, et al., (2016), a few large organisations are 

using the predictivity feature of DSC where they use predictivity analytics in demand 

planning to analyse external data and internal data combined with influencing variables 

to predict and process according to analytics data.  

Gunasekaran, et al., (2017) have identified that most of the studies on predictivity 

explored improvements in visibility, resilience, organisational performance, and 

robustness within SC using BD. According to Nguyen, et al., (2018); Kunt Alicke (2016) 

and Garzoni A, et al., (2020), predictivity, is a key feature of DSC that could support the 

organisation for overall improvements and sustain in the marker by predictive analytics 
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according to the factors such as market, cost, time, demand to sustain in the current and 

future competitive market based on the gathered and analysed data. 

Collaboration: The literature mentions the collaboration feature within DSC as a driving 

force for an effective supply chain and identified two types of collaboration (Ageron, et 

al., 2020; Ivanov, et al., 2019). One of the types is the collaboration between involved 

actors in supply chain (Buyukozkan & Gocer, 2018). While the other type of collaboration 

is the collaboration between humans and machines (Kamar, et al., 2021). Linh, et al., 

(2019) mentioned that, with recent development in digital platforms, the intra-firms and 

inter-firm collaboration is the heart of businesses. Kache & Seuring (2017) and Iddris 

(2018) have discussed in their literature about various approaches for collaboration based 

on the key supply chain actors that are crucial for efficiently utilising the available data 

and analytics across the supply chain. 

It is evident that various success factors assist in achieving the key features of 

digitalisation of the supply chain which improves performance of supply chain even 

though there are various barriers for DSC. The researcher has provided a more in-depth 

description on the success factors and challenges for DSC in the following section. 

2.6.3 Success factors for DSC  

Success factors is referred in this research as the factors or requirements that enables an 

organsiation to achieve the key features of DSC with technological innovation. According 

to Buyukozkan, & Gocer (2018), the key advantage of DSC is its capability to bring out 

extraordinary performance of those involved in the SC to attain high customer 

satisfaction. Hence the assessment of performance including customer satisfaction in DSC 

is significant as more accurate information allows to design products or provide services 

more efficiently as per customer requirements (Tjahjono, et al., 2017). Therefore, 

performance may be measured by the analysis of some of the parameters such as the 

incoming order, order fulfilment, delivery time, supplier dependability, delays, or cost.  

The study by Berttram & Schrauf, (2016) used survey methods and identified from 2000 
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responses, that only one-third of the organisations has started the digitalisation of the 

supply chain and the major limitation that slows down DSC adoption is the lack of 

awareness and required skills among the stakeholders. It is also identified that DSC 

adoption depends on awareness of various eight success factors (shown in Figure 2.5) as 

described below (Menon, & Shah, 2019): 

• Real-time tracking: real-time tracking of the products that could help to optimise 

inventory management. 

• Advanced analytics: Data analytics enhances decision-making by providing a 

deeper insight as well as assisting with the forecasting of demand, both of which 

contribute to overcome unforeseen disruptions among SC.  

• Enhanced responsiveness: The ability to respond more quickly to shifting 

technological landscapes as well as fluctuating demand and supply may be 

enabled through improved analytics and intelligence. 

• Flexibility: Increasing the level of collaboration with external stakeholders could 

improve flexibility in the process. Digital plug-and-play capabilities improves the 

flexibility as it makes it easier to configure or reconfigure. It could swiftly 

reorganise the assets and ensure the suppliers are aligned with evolving demands.  

• Automated Execution: This could enable seamless machine-human interactions 

that result in increased operational efficiency.  

• Integration: Seamless integration of processes, peoples and technology could 

bring maximum efficiency.  

• Shared information: Digitalisation of supply chain enables easier sharing of 

information such as sales forecasts and production data as per requirements.  

• Alignment of supplier: DSC makes it possible to easily form strategic alliances in 

the SC that creates incentives and develops trust.  

2.6.4 Barriers to DSC 

While the large organisation has started understanding the opportunities of DSC, there are 

barriers for DSC. According to Moeuf, et al., (2017) and Ruebmann, et al., (2015), SMEs 
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are still struggling to understand the opportunities and barriers of DSC that limit them 

from DSC transformation. As discussed in the previous section 2.6.2, DSC brings various 

features also known as opportunities for the organisation that can improve SC. 

Buyukozkan, & Gocer (2018) mentions that organisation need to pay attention to 

developing digital organisation capabilities since they will compete in external SC at a 

global level regardless of whether they are big or small. DSC is still exploratory thus there 

are various barriers that limit organisations from the adoption of DSC.  

The primary barrier for DSC is gathering the required data from every source (Agrawal 

& Narain, 2018; Ageron, et al., 2020; Deloitte, 2018). Furthermore, Moeuf, et al., (2017) 

and  Kuckelhaus & Yee (2016) has mentioned that the majority of organisations have 

identified verifying the quality of the data collected and implementing a software platform 

to manage and execute the SC by analysing the data is a challenge. Moreover, due to the 

length of the chain involving the external and internal stakeholders, it is prone to errors 

and results in a slow adoption (Hines, 2014). Some of the most identified barriers are 

(Ageron, et al., 2020; Menon & Shah., 2019; Agrawal & Narain, 2018; Deloitte, 2018; 

Hines, 2014): 

• Lack of proper demand plans, guidelines and tools resulting in inaccurate 

projections about demand, production, inventory, logistics, and other pertinent 

data, leading decision-makers to assume that everything is in order.   

• Lack of knowledge, and skills in DSC. 

• Lack of collaboration resulting in poor communication and coordination with 

external stakeholders and insufficient input from internal stakeholders 

• Organisations reluctance to disclose information. 

• Lack of agile and flexible supply chain management. 

• Relying on specific suppliers locally or globally and heavily depending on them 

for specific parts 

• Lack of planning for technological innovation. 
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Further to the success factors and barriers of DSC, in the following section researcher 

discuss in detail on critical reflection based on literature review on DSC. 

2.7 Theoretical Review  

The key technological drivers, features, and barriers of DSC identified in review of 

literature was presented in previous sections. This section is divided into two sub sections, 

in the first section the researcher has presented a review on the theoretical frameworks of 

DSC based on various studies and in the following second section a review of various 

technology adoption theories is discussed. According to Yin (2014), a theoretical review 

may guide researcher for a theoretical preposition that is beneficial to the process of 

resonating research results whereas Reeves, et al., (2008 p.631) mentioned that a 

theoretical review provides researchers different ways to look at complex problems and 

social issues, allowing them to focus on different parts of the data and giving them a 

context for their analysis. Thus these reviews have assisted in identification of suitable 

research design based on the aim and objectives of this research and derived research 

question.  

2.7.1 Review on DSC frameworks 

Due to the exploratory nature of this topic- DSC, there has been an increased number of 

articles during the past years which has proposed various digital supply chain frameworks 

considering various factors. 

Agrawal & Narain (2018) have identified that innovative technologies are emerging and 

developing day by day which have the capacity to alter the business and social 

environment. Thus, the digitalisation of supply chain empowers the involved actors of SC 

with collaboration and communication across the digital platforms while processing and 

analysing a high amount of data. 

The study conducted by Iddris (2018) on digital supply chain has tried to review the 

theories used in selected literature to identify the theory underpinning particular research. 
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While reviewing the theories, it was found that 73% of studies in DSC failed to discuss 

any theoretical foundations and majority of them were literature reviews. Iddris (2018), 

concluded by mentioning that lack of theories is attributable to emerging nature of the 

DSC. 

Various authors such as Scuotto, et al., (2017); Ehie & Ferreira, (2019) and Garay-

Rondero, et al., (2019) have established a framework for DSC in their study. Bhargava, , 

et al., (2013) investigated the challenges and existing approaches for secured collaboration 

between the partners in the supply chain and proposed an innovative approach which 

relies on trust brokers. Scuotto, et al., (2017) have conducted a study with a modelling 

method which explores the use of DSC in SMEs within service sectors in Italy which is 

focussing on multiple-buyer supplier relationships. They have concluded that DSC could 

improve SMEs innovativeness if the decision-makers could invest more in innovative 

technologies, and skilled employees to overcome the opportunism risk of DSC. Kumar, 

et al., (2016) conducted a study in the context of smart city and supply chain design and  

developed a conceptual framework that highlights correlations among manufacturing and 

integrative emerging technologies.  

The study by Buyukozkan & Gocer (2018) has proposed a framework for the integration 

of a DSC focussing on DSC enablers, but the components suggested do not support 

primary components and structures of discipline. A conceptual framework was proposed 

by Ehie & Ferreira (2019) that investigated the utilisation of digital technologies in SC 

management with the SCOR model using a survey instrument developed by the authors. 

A model was proposed by Garay-Rondero, et al., (2019) provided a comprehensive and 

novel overview of the components and new concepts which drives current DSCs, but it 

lacks the method for planning to implement DSC. Lizette, et al., (2019) has proposed a 

DSC framework model comprising technology drivers with conventional SC elements 

and actors identified by systematic literature review. The study by Calatayud, et al. (2019) 

focused only on IoT and AI technologies and proposed a novel framework model -“self-

thinking supply chain” which can help to address a few of the key supply chain challenges 
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within organisations. Yanamandra (2019) has conducted a systematic literature review 

and developed a framework based on supply chain practices and performance relationship 

considering various technologies as enablers. This study also mentioned that DSC is 

affected by analysis of the high amount of data generated during various supply chain 

process such as product design, SC design, sourcing, production, warehousing, 

transportation, PoS (Point-of-Sale) and consumer. 

Menon & Shah (2020) has identified that some authors have addressed the sustainability, 

resilience, and risk challenges in the context of DSC. A study was conducted by Dossou 

(2018) on the impact of sustainability in DSC performance. On the contrary, Schluter, & 

Henke (2017) have considered the risk management of DSC during their study.  There 

has been various literature based on a single technology like Big Data, IoT, AR, Block 

chain which has explored their roles and impacts within the supply chain using review or 

modelling methods and provided theoretical frameworks on various aspects within the 

supply chain. Bechtsis, et al., (2018) conducted a study with their narrow knowledge of 

the real-world environment, developed a conceptual framework to develop customisable 

simulation software tools which allow for the development of sustainable DSCs which 

has supported for integration of AGVs. Tiwari, et al., (2018); Nada & Ganeshan (2018); 

Gunasekaran, et al., (2017); Wu, et al., (2017) and Wang, et al., (2016) has proposed 

various frameworks primarily focussing on Big data for DSC. Similarly, Manavalan & 

Jayakrishna (2019); Abdel-Basset, et al., (2018); Wang & Liu (2014) and Chunling Sun 

(2012) have focussed on IoT, while Aste, et al., (2017); Chen, et al., (2017) and Kamble, 

et al., (2018) focussed on blockchain technology within DSC. Thus it shows a lack of 

studies to promote DSC transformation in the context of SMMEs.  

2.7.2 Review on technology adoption theories 

Various industrial revolution has been evolving with technology advancements that have 

been driving the adoption of technologies within some industries while it has been 

challenging for some of the organisation within the management context as stated by 

Mahroof (2019). In this section research provides an overview on various known 
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technology adoption theories, models and even advanced framework of some theories that 

has been used in numerous studies over the years to assist with technology adoption in 

various context inlcuding organisations. As identified by Mahroof (2019), Fishbein & 

Ajzen (1975),  proposed the Theory of Reasoned action (TRA), further Ajzen (1985) 

proposed the theory of planned behaviour (TPB). The major technology adoption theory  

Technology acceptance model (TAM)  was proposed by Davis (1985) and Diffusion of 

Innovation theory was proposed by Rogers in 1995 (Rogers, 1995). While Tornatzky, et 

al., (1990) porposed Technology, Organisation and Environment (TOE) theory in 1990s 

an advanced version of technology adoption theory has been developed by Venkatesh, et 

al., (2003) by unifying these theories known as UTAT (Unified Theory of Acceptance 

and use of Technology).  Even though these theories help in understanding various 

methods for the adoption of technologies, they focus on the diffusion of technology from 

different perspectives considering various relative factors (Mahroof, 2019). Each of these 

theories or models has its limitations and boundaries as described in Appendix 1 of this 

thesis. The latest study on technology adoption theories conducted by Dube, et al., (2020) 

has concluded that the integrated model concept supported by current frameworks and 

innovation hypotheses, are fractionally significant in defining technological acceptance 

for a technological advancement including ERP, biometric systems, e-commerce, cloud 

computing, or the IoT  in an organisational level while the study mentions about the lacks 

of framework considering technological innovation process within an organisation for 

digital transformation of SC. As a result, there is a need for novel models and theories to 

analyse the acceptance, adoption and success of technological innovations in SC. Hence, 

as DSC is an exploratory area, the researcher has decided to explore it through a general 

lens guided by key multiple theoritical constructs and DSC factors rather than through a 

particular theory and focus on the firm level through the lens of various members in the 

organisation for DSC. 



   

 

 61  

 

2.7.3 Critical summary & guiding theories  

It is evident from the review of literature on digital supply chain, and its elements that 

despite still being observed majorly from the technological perspectives, DSC needs 

expanding to cover beyond its traditionally technical focus towards non-technical, 

organisational elements and processes as intended in this research. Based on the review 

of literature researcher believes that DSC is in emerging stage and lacks the necessary 

framework to incorporate various processes with relevant components considering its 

characteristics within SMME environment. Although the literature reviewed highlights 

the appropriateness of DSC that are now in  its implementation stage in larger 

manufacturing organisations as mentioned by Menon & Shah, (2019), Zhu, et al., (2010) 

and Singh, et al., (2014) argues that larger organisations have reduced challenges 

compared to SMMEs  which is supported by Gandhi, et al., (2018) who states that, 

SMMEs are inhibited due to resources factors that includes lack of systems, organisations 

structure, limited funds and skilled employees. Studies by Ageron, et al., (2020); Hopkins, 

(2020); Buyukozkan, & Gocer, (2018); Agrawal & Narain, (2018) on DSC have proposed 

various frameworks focussed on DSC based on review of literature that appears to be 

better suited for larger organisations and long-term but lacks on a structured method on 

implementation of DSC which requires relevant planning and resources including gaining 

adequate knowledge for SMMEs. It is understood from the extant literature that DSC is 

still in its emerging stages, there is a need for more qualitative, real-world studies that 

have the potential to result in a high degree of conceptualisation as well as theoretical 

developments within the area. According to Ageron, et al., (2020) and Alejandro, et al., 

(2019) despite the numerous advantages of the digitalisation of supply chain, only a few 

large industries have been early adopters and integrated digital supply chain within their 

fundamental operations process. As identified in the previous sections, DSC 

transformation provides key features within the organisation but lack of awareness of 

digitalisation and DSC features among the employees and stakeholders, as well as lack of 

essential skills for employees and stakeholders are the major reason that delays in 

digitalisation of SCs.  
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Using SC and technological theories in organisational research has attracted much 

attention. Mahroof (2019) has outlined three approaches from Eisenhardt (1989) to use 

theory in organisational research; initial guide for design and data collection; component 

of an iterative process of data collection analysis; and as a final product of research. 

Walsham (1993) initially used theory to guide design and data collection during his study 

as an interpretivist while Orlikowski (1993) used grounded theory where the data derived 

were used with ‘existing formal theory’ during their study on innovation. Furthermore, 

Orlikowski & Baroudi (1991) derived a theory as a final product by drawing on their own 

work with structuration theory by Giddens (1994). Therefore, the researcher upholds to 

Walsham (1995:77) view that ‘it is possible to access existing knowledge of theory in a 

particular subject domain without being trapped in the view that it represents final truth 

in that area’. 

Mahroof (2019) mentions about using theories as a guide in the initial stages in an 

interpretive case study assists in acknowledging knowledge from extant literature and  

generates a sensible theoretical premise to guide the research including the empirical work 

approach. While Alvesson (1996) mention using one key theory which on contrary 

Walsham (1993) argues and recommends using multiple theories or relevant factors from 

theories and extant literature as it assists the research in understanding current complex 

situation and serves as source of inspiration. Therefore, relevant strands of various 

theories and extant literature is used as an initial guide for design and data collection in 

this research.   

As mentioned previously, Iddris (2018) has highlighted that 73% of literature in DSC 

lacks any underpinning theory while 5% of literature used multiple theories followed by 

single theories such as resource-based view, diffusion of innovation theory, information 

process theory, actor network theory, enactment concept, and combinatorial technological 

evolution. Majority of these theories were used to explore technology adoption as part of 

digitalisation of SCs. Accordingly, this research aims to incorporate theoretical constructs 

as an initial guide to design and facilitate this research. The theoretical constructs includes 
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‘combinatorial evolution’ developed by Arthur (2009) enclose various dimensions 

inherent in composite technology which he mentions as ‘tool beget tool’ with a potential 

for limitless innovations, Enactment of technologies-in-practice from Orlikowski (2000), 

Technology, Organisation, Environment (TOE) theory by  Tornatzky, et al., (1990) along 

with literature related to DSC success and barrier factors from Menon & Shah, (2019), 

Buyukozkan and Gocer (2018), Tjahjono, et al., (2017), Kache & Seuring (2017), Garay-

Rondero (2018). Table 2.3 highlights the key theoretical dimension that guided the design 

for this research.    

Dimension/ 

Factors 

Description/definition Source 

Combinatorial 

Technology 

Evolution 

To examine long-term processes of 

technological innovation with  technological 

change in evolutionary perspective. It is 

defined as combining simple technologies into 

components which becomes the building 

blocks for technological innovation that over 

time may be components for other new 

technological innovation which is a recursive 

structure. 

Arthur (2009) 

Enactment of 

Technology in 

practice 

It provides a deeper understanding of 

emergent, unprecedented, and innovative ways 

of engagement of people with new technology 

and technological innovation within the 

organisation and overtime  

Orlikowski (2000) 

Technology, 

Organisation, 

Environment  

To examine three context of TOE which 

includes technology context that considers the 

technological innovations including 

technology adoption by the organisation, 

Tornatzky, et al., 

(1990) 
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Organisational context that considers the 

decision maker including managers, 

development drivers and limitation from 

organisation perspective, and finally 

environmental context that includes the 

external factors that affects the organisation for 

DSC  

DSC Factors 

Digital skills 

Skills-set act as an important factor while 

considering for technological innovation. An 

organisation needs to have enough skilled 

employees while planning for technological 

innovation. 

Menon & Shah 

(2019); 

Buyukozkan & 

Gocer (2018) 

DSC Factors 

Technological 

awareness  

Awareness about technologies and its features 

is identified as an important factor that can 

influence an organisation and individual to 

consider technological innovation within their 

processes.  

Menon & Shah 

(2019); Savvy 

(2019); Agrawal & 

Narain, 2018; 

Deloitte, 2018; 

Hines, 2014;  

DSC Factors 

Key features 

It was identified from the extant literature that 

DSC provides key features such as Speed, 

Transparency & Visibility, Traceability, 

Predictivity, Collaboration. Knowledge about 

these technologies and its key features can 

impact DSC transformation. Awareness about 

the features can impact the organisation for 

DSC transformation 

Ageron, et al., 

(2020); 

Buyukozkan & 

Gocer, (2018); 

Garay-Rondero, et 

al., (2019); 

DSC Factors 

SCMP 

Supply chain management process (SCMP) is 

identified as the activities that produce a 

Lambert (2014); 

Garay-Rondero 
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specific value output to the customer and 

organisation. It includes customer and supplier 

relationship, manufacturing flow management, 

customer service management, order 

fulfilment, returns management and supply 

chain evaluation 

(2019); Seuring & 

Gold (2012); 

Schwieterman 

(2012); Tjahjono, et 

al., (2017) 

DSC Factors 

Supply chain 

flow  

Supply chain flow is considered as an 

important construct among SCM elements 

while considering for digitalisation of supply 

chain due to relevant interconnection and 

systematic interaction provided. It considers 

flow of inbound and outbound materials, 

services, return of goods, information, and 

knowledge.  

Lambert (2014); 

Garay-Rondero 

(2019); Mentzer, et 

al., (2001); Chopra, 

et al., (2016) 

Table 2.3 Key theoretical constructs. 

2.8 Summary 

This chapter explored the pertinent literature which sets the basis for this research.  The 

extant literature acknowledges the need for in-depth real-world study to be considered 

when exploring the implementation of DSC. The literature review highlighted the 

concepts concerning small and medium manufacturing size enterprises compared to other 

types of small and medium size enterprises. The literature review also explored the 

significance of the DSC with technological innovations within various industries reports 

and literature. Furthermore, the literature review uncovered the role of technological 

innovations in DSC, providing a basis to explore the impacts of technological innovation 

within SMME for DSC. Additionally, it was identified that researchers have 

acknowledged the drivers and barriers of DSC. 

As such , the chapter also focusses on DSC literature and explored the drivers and barriers, 

technological innovations which is also considered as technological drivers by various 
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researchers such as (Ageron, et al., 2020; Buyukozkan & Gocer 2018; Bar, et al., 2019 ). 

A review on SMME is also conducted which offers critical insights into the need for more 

research to explore on adoption of DSC within SMME. In doing so, this chapter provides 

a critical overview of the importance of acknowledging technological innovations, digital 

supply chain, SMEs and associated underlying theoretical concepts that have been 

proposed. It is important to present an overview of major areas of study based on which 

this research will continue – predominantly based on digital supply and SMMEs.  

According to Garay-Rondero, et al., (2019) there is a lack of framework that provide a 

roadmap for the implementation of DSC. The roadmap for DSC fulfilment is still unclear 

in both academia and industry (Qin, et al., 2016). Therefore, there is a need to concentrate 

on the guideline on how to digitalise the supply chain within various organisations. 

Studies by Ehie & Ferreira, (2019) highlighted that SMMEs still use conventional supply 

chain compared to other sectors as DSC is still emerging. Iddris, (2018) mentioned that 

the majority of articles on DSC have failed to address any theoretical underpinnings due 

to the fact that DSC is still in its early stages, and hence researchers are not sure which 

theories are relevant or appropriate to use. Even though there have been various 

conceptual frameworks on DSC in various sectors, the studies on DSC within 

manufacturing sector was limited and gaining interest in recent years (Ehie & Ferreira, 

2019; Garay-Rondero, et al., 2019; Ageron, et al., 2020). Therefore digitalisation of the 

supply chain within SMME perspective have not received a lot of attention. 

The theoretical background recaps the fundamental factors that prevents digitalisation of 

the supply chain within SMMEs. For an organisation to take advantage of digitalisation, 

there is a need for well-articulated criteria even though digitalisation is identified highly 

necessary and crucial for SMMEs to sustain in future (Taifa, 2020). According to the 

findings of a study carried out by Kroll, et al., (2018), there is an impact that digitalisation 

has within the manufacturing industry in terms of the innovation performance and 

production efficiency of individual businesses. In addition to this, they brought attention 

to the fact that "an empirically accurate evaluation of the impacts of digitalisation is only 
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attainable when the precise nature and purpose of technologies that are classified under 

digitalisation are described properly". Kroll, et al., (2018) concluded that it is not 

necessarily required to accomplish a seamless transition during digitalisation, particularly 

when updating existing systems. Thus, this chapter presented with the review of literature 

and identified gaps which forms the theoretical base for the research while the research 

methodology adopted in this study is presented in the following chapter. 
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3.0 RESEARCH METHODOLOGY 

3.1. Introduction 

The researcher identified significant research gaps in the previous chapter by conducting 

a literature review, forming the basis for this thesis’s aims and objectives. This chapter 

identifies and discusses the research methodology that fulfils those aims and objectives. 

According to Bickman, et al., (2009), the key components of research are the research 

approach, research objective, methods, and validity. The introduction of this chapter is 

followed by a section which defines aim and objectives of this research. Further, the 

chapter continues by discussing various research philosophies followed by the various 

research approach and the significance of real-world exploration in research. The 

researcher then discusses the research design including the philosophy, design, 

methodology and approach adopted in this research. The chapter then continues by 

providing details on the research ethics, followed by the research process and research 

quality established in this research. Finally, a detailed discussion on the pilot study as well 

as the main data analysis method including the themes identified are presented before 

summarising this chapter.  

3.2 Research Purpose 

The purpose the study is one factor that may be used to determine a research philosophy. 

According to Robson (2015), there are three common possible purposes for research and 

each of these three might help the researcher to form the focus of a real-world exploration 

considering from the point of view of the aims of the study. Research purpose are broadly 

classified into the following three categories based on Robson, (2015) and Kumar, (2019): 

Descriptive: A study is considered descriptive when it focuses on describing things rather 

than analysing their connections or interconnections with one another. “Descriptive 

Qualitative Research Design” provides a precise and thorough details of an event, a 

situation, or a person. 
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Explanatory: A study is said to have an explanatory purpose when it gives a thorough 

account of a phenomenon or a problem, and when its primary focus is on explaining how 

and why there is a connection between two aspects.  

Exploratory: This study is being carried out with the intention of gaining additional 

insight into a subject that has either not been extensively researched in the past or is still 

relatively new. When doing this kind of research, the investigator is seeking for solutions 

as well as new perspectives on the topic being investigated.  

3.3 Research Philosophy  

The precise definition of the word ‘research’ varies from expert to expert and discipline 

to discipline. According to Kumar (2019),  Grinnell (1993:4) defines the word research 

as a systematic, rigorous investigation in the field of knowledge, conducted to establish 

principles or facts. However, Burns (1997:2) defined research a systematically organised 

study that seeks solutions to a problem. Further, Bunge (1999, p78) defines research as a 

methodical search for knowledge. Creswell (2014) mentions that research philosophy is 

the use of abstract ideas and beliefs which inform the research. Nevertheless, Easterby-

smith, et al., (2018) states that a research philosophy consists of ontology and 

epistemology. Guba & Lincoln (1994) and Pathirage, et al., (2008) mentioned that 

axiology is a guiding philosophy and must be considered during the discussion of research 

philosophy. Thus, selection of a research philosophy in a research is a concern and it is 

Figure 3.1 Structure of the research philosophy. 

 



   

 

 70  

 

crucial to understand the difference between ontological, epistemological, and axiological 

philosophies to adopt the appropriate in a research. Figure 3.1 shows the research 

philosophy  structure.  

3.3.1 Axiology 

Axiology is one of the three predominating research paradigms which is concerned with 

fundamental ideas and values. Axiology investigates the philosophical method to 

assessing the value of research, as stated by Saunders, et al., (2019). A discussion of the 

ethical standards that should govern the research is needed initially as a research may have 

an integration of people, equipment, and machines, among others, which research. Ethical 

norms is associated with the questions to be asked to respondents and reporting of the 

results by avoiding language that implies bias. Thus it is very necessary to design research 

in a way that takes into account diversity, equality, and respect for each of the people who 

take part in the study. In this chapter, section 3.7, there is a comprehensive discussion on 

the research ethics that pertain to this study.  

3.3.2 Ontology 

 According to Easterby- Smith, et al., (2018), ontology is the set of philosophical beliefs 

about reality and existence. It is considered as the first stage for philosophers. Ontology 

is the central core from which a researcher works to epistemology, axiology, and 

methodologies of a research (Easterby- Smith, et al.,2018). There are four various 

research paradigms for Ontology as shown in Figure 3.2. 

Figure 3.2 Research paradigms under Ontology 
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Realism is a paradigm where the world is fixed like concrete and science progresses only 

with observations which have a direct resemblance to the direct case being analysed 

(Easterby- Smith, et al., 2018). Whereas internal realism presumes that there is a single 

reality and declares that researchers are not able to approach right to reality (Putnam 

1987). Easterby- Smith identifies that relativism is at a stage further and suggests that the 

theories are not simply discovered but are created by the people. For a relativist, a different 

researcher has different views, and it takes discussions to create a theory or model. While 

nominalism is a paradigm where the researchers believe that their interpretations of the 

world are based on their self-subjectivity and personal views (Easterby- Smith, et al., 

2018). 

3.3.3 Epistemology 

In short, epistemology defines the validity of knowledge generated. Easterby-Smith, et 

al., (2012, p.17), defined epistemology as “general set of assumptions about the best ways 

of enquiring into nature of the world”. The data generated from the participant statements 

are analysed and themes are generated. According to Glaser & Strauss (1967), a theory is 

not just emerged and discovered, but it is developed based on the data generated with the 

active involvement of the researcher to interpret participant's views through transcribed 

data. The empirical data gathered account for the way reality was during the time of the 

data collection, where the participants have their own perception based on their 

organisation, knowledge, and experience (Corbin & Strauss, 2014). The philosophical 

views always remain hidden in research while they still highly influence the research 

practice. Creswell (2016) and Guba & Lincoln (1994) describe the philosophical view as 

“a basic set of beliefs that guide action”, while Crotty (1998:7) mentions it clearly as 

epistemologies and ontologies and few other authors mention it in common as research 

paradigms (Robson, 2015; Saunders, et al., 2019). Positivism, Interpretivism, and 

Pragmatism are the three primary philosophies that have been recognised, and may be 

categorised according to a qualitative, quantitative, or mixed method approach (Saunders, 

et al., 2019).  
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3.3.3.1 Positivist view 

Saunders, et al., (2019) and Creswell (2016) calls this view as a scientific method of 

conducting research which is known as positivist or empirical science. Positivism had 

been a standard philosophical view for many years while Easterby-Smith, et al., (2018) 

identify post-positivism as thinking beyond positivism which challenges the conventional 

concept of established knowledge truth. Robson (2015) identifies the post-positivist 

research as a quantitative approach and states that post-positivists think reality exists but 

that it can only be understood poorly with patterns due to the researcher's limitations. 

Post-positivist research emphasises the requirement to determine and assess the 

determinants that affect outcomes, similar to those in experiments as this view holds 

deterministic reasoning which probably causes to determine outputs or effects (Robson 

2015). Thus, as in a scientific method- in research with a positivist view, the research set 

out with a theory, that follows up with collection of data that either hold up or reject the 

theory, which results in executing vital alteration which follows additional tests (Creswell, 

2016). According to the above characteristics, real-world exploration research presents 

severe challenges while working with a post-positivist view as the characteristics of post- 

positivist view are associated with a quantitative approach (Robson, 2015).  

3.3.3.2 Interpretivist View 

Interpretivism also known as constructivism is a perspective which is a stereotyped 

proposal for qualitative research (Robson, 2015; Creswell, 2016). An interpretivism 

which is often referred to constructivist view focuses its attention interpreting the world 

in which people actively engaged in a given situation (Robson, 2015). The fundamental 

process of generation of meaning by interacting with the real world. A significant meaning 

is generated by the researcher from the field data collected which makes the qualitative 

research approach highly influencing in interpretivist research (Easterby-Smith, et al., 

2018). An interpretivist does not prescribe any specific method of conducting the research 

or data collection even though every research within the interpretivist view utilises a 
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qualitative methodology and its strategies as it seeks real-world exploration during the 

research (Robson, 2015).  

3.3.3.3 Pragmatic View 

Pragmatism follows out of results, or actions rather than precursor conditions. Pragmatism 

seeks a middle ground between philosophical dogmatisms and scepticism (Robson, 2015). 

In pragmatism view, the researcher tries investigate available methods for data collection 

and further analyse the data which is mixed methods approach. According to Creswell 

(2016), pragmatism is not committed to a particular system of philosophy which applies 

to the mixed method approach where researcher liberally utilises both design approaches 

that is qualitative and quantitative when engaged in the research. Pragmatism, in other 

words, is an anti-philosophy, where it tries to endorse a strong and practical empiricism 

as the path to determine what works (Easterby-smith, et al., 2018). 

3.4 Research methodology 

There are various methodologies to carry out a research and wide set of ways of naming 

this approach. Gilbert (2008) mentioned that selecting the appropriate methodology is 

dependent on a number of criteria, some of which include the topic of research, research 

question,  the availability of data and sometimes even the researcher capabilities. 

According to Creswell (2016), the methodologies are described as strategies and 

processes for the study that bridge from assumptions to techniques of data collecting, data 

analysis, and interpretations. Saunders, et al., (2019) identifies these methodologies as 

methodological choices and categorises them as mono methods -quantitative or 

qualitative, multi method -quantitative or qualitative, mixed methods- simple or complex. 

However, Creswell (2016) mentioned quantitative, qualitative, and mixed method as three 

main methodologies that can be applied in research while Robson (2015) identifies three 

methodologies as fixed, flexible and multi-strategy research paradigms. The typical 

features of the major three research methodologies are presented in Table 3.1 for 

comparison. 
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Table 3.1 Features of research approach (Source: Robson, 2015, Creswell, 2016) 

 

Quantitative Qualitative Mixed Method 

• A scientific approach is 

used in natural science 

• The findings are turned 

into number for 

evaluation 

• Based on pre-existing 

theoretical concepts 

• Research design is pre-

specified at an early 

stage of research 

• Deductive logic and 

experimental methods 

are adopted 

• Statistical reports are 

presented by statistical 

analysis of data  

• Reliability and validity 

of measurements are 

important 

• Looks for 

standardisation in the 

interest of control and 

accuracy  

• Findings are generalised  

• Objectivity is sought  

• Findings are presented in 

verbal forms 

• Focus on meanings and 

takes place in the outside 

fields 

• Situations are described 

from the informant’s 

perspective 

• Concludes with theoretical 

concepts which emerges 

from data collection 

• Research design emerges 

during the research and is 

flexible  

• Inductive logic is used 

beginning from data 

collection  

• Small scale in terms of 

number of participants or 

situation researched 

• Generalisation of findings is 

not a major concern 

• Objectivity is not valued 

• Researcher involvement is 

essential being an 

instrument 

• Combines substantial 

elements on both 

quantitative and 

qualitative designs. 

• Focuses on outcomes 

and processes. 

• Endorse a strong and 

practical empiricism 

method which works 

• Involves data 

collection and 

experimental method  

• A value-oriented 

approach is adopted 

• Endorses theory which 

informs effective 

practices 

• Rejects reductionism 

• Knowledge obtained 

on daily basis is 

viewed as provisional 

truth 
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3.4.1 Quantitative  

According to Creswell (2016) during the late 19th and throughout in 20th century the 

quantitative research methodology was mostly quoted by post-positivist. Quantitative 

research is described by Creswell (2016) as a strategy for evaluating objective ideas by 

investigating the connection between variables.  Those variables, in turn, are quantifiable, 

most frequently using tools, which allows for numerical data to be analysed via the use of 

statistical processes. Quantitative methodology is theory-driven and is characterised by 

numerical approaches and data analysis (Robson, 2015). Despite the fact that it employs 

statistical evidence to discuss observed events through the application of quantitative 

analysis the variables and the procedures to be used are pre-established with the theory 

and its phenomenon (Robson, 2015; Aliaga & Gunderson, 2005). It follows 

fundamentally the research path of basic research used within the natural science field 

(Robson, 2015).  

3.4.2 Qualitative  

The objective of a qualitative research methodology is to investigate and comprehend the 

meaning from different people or groups connected to the area of study based on their 

experience and perspectives (Saunders, et al., 2019; Creswell, 2016). According to 

Robson (2015), Yin (2014), and Creswell (2016), qualitative research uses a fact-finding 

strategy, in which words are the main source for data collection, and it does not make 

decisions based on the statistical values to communicate the results. In qualitative 

research, developing an understanding of the phenomenon being studied is crucial, 

although objectivity is not needed (Creswell, 2016). According to Robson (2015), even a 

flexible or qualitative research methodology may and does incorporate a limited collection 

of quantitative data, only to support the qualitative data. 

3.4.3 Mixed Methods  

A mixed method is a third way of methodology where quantitative and qualitative 

methods are systematically integrated into research (Saunders, et al., 2019). When  
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quantitative data consist of close-ended responses that may be found in surveys and 

instruments, qualitative data are open-ended and do not adhere to a set of predetermined 

replies. In the same way that pragmatism does not commit itself to a single mode of 

philosophy, the mixed methodology explores a variety of approaches to data collection 

and analysis rather than settling on a single methodology (Creswell, 2016). Robson (2015) 

called it a multi-strategy methodology as it is not just a combination of qualitative and 

quantitative data, but it also utilises more than one research strategy (Robson, 2015; 

Bryman & Bell, 2011). The following section describes research design used in this  

research 

3.5 Research Design 

According to Robson (2015), a research design is an overarching strategy that offers a 

methodological approach and integrates various aspects of the research methods that is 

logical and understandable. A research design act as a guide for this research on achieving 

the solution for the research question effectively and efficiently. A fundamental argument 

is used to establish a research paradigm, which offers the framework for conducting the 

research inquiry. This assumption is determined by the combination of ontology, 

epistemology, and methodology (Guba & Lincoln, 1994; Lindgreen, 2008). According to 

Creswell (2016), the research design is a broad strategy used by researchers to achieve 

their goals, including methodological selection, data gathering and analysis techniques, 

and ethical research practises. Thus, the research framework is designed by considering 

the purpose, philosophy, approach, methods or techniques and procedures for data 

collection and analysis. Based on the research aim and objectives, and due to the 

exploratory purpose considered, the researcher adopts an interpretivist view. In a research, 

with an interpretivist view, Easterby-smith, et al., (2018), suggest the use of the qualitative 

methodology is most suited. Hence researcher identifies this methodology as suitable to 

know more about the role of the digital supply chain within SMMEs.  
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3.5.1 Research purpose: Exploratory 

According to Yin (2014), if the research question is likely, to begin with, ‘How’ then the 

research is likely to be exploratory. Given that the research is exploratory in nature, the 

researcher opted to use an exploratory research design to explore the real-world SC 

practices in SMMEs context and based on their perceptions which will have a greater 

impact on how they can adopt innovative technologies for a successful digitalisation of 

their supply chain. As discussed in the previous chapter, there is limited evidence of study 

on digital supply chain transformation within SMMEs. Hence, this study chose to conduct 

an in-depth study on digital supply chain, and its practices among industries, which 

involves qualitative methodology to discover the AS-IS process and to understand the 

real-world scenario. As, the researcher has realised that an exploratory design is the most 

appropriate for this study, it will aid in understanding real-world scenario in the 

organisations. Additionally, this will help the researcher to learn more about the 

participants' knowledge and expertise on technological innovation based on the activities 

they engage in and the degree of SMMEs' interest in implementing new technologies. 

3.5.2 Research philosophy: Interpretivism 

According to Easterby- Smith, et al., (2018), with epistemological philosophy, the 

researcher has concluded that an interpretive view is most suitable for this research. With 

an interpretivist view of the research, the researcher has tried to get as close as possible to 

the participants in the real world to understand the real-world views and to “know what 

they know” (Saunders, et al., 2019). Hence, this approach is most suitable for 

investigating more about digital supply chain, to understand their concept and their role 

within SMMEs as this approach focuses on how the real world is interpreted by those 

involved in it. The following section describes the relevance of real-world exploration 

followed by chosen methodology, approach, adapted for this research. 

Real-world exploration seeks to identify the objective solutions to poorly defined 

problems or generate current information from the participants. The proposal for real-
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world exploration emphasises applied research rather than basic research. According to 

Robson (2015), real-world exploration is carried out in applied research, which is 

typically small in scale, involves real-life situations and modest in scope. This study has 

identified the relevance of real-world exploration due to the exploratory nature of the topic 

being studied and to gain in depth information from the people within the industry due to 

the lack of studies that focuses aim of this research. The dimensional significance between 

RWE and basic research is described in Table 3.2. There are several methods of data 

collection for exploratory research, including reviewing the existing literature, conducting 

in-depth interviews, speaking with experts, or holding focus groups (Saunders, et al., 

2019). The qualitative methodology will enable the researcher to explore the notion of 

DSC among SMMEs. In the following section, the researcher discusses the chosen 

methodology to conduct this research based on the exploratory nature and interpretivist 

philosophy of this research.  

3.5.3 Chosen methodology: Qualitative.  

Creswell (2016) states that research uses various methodologies to inquire and collect data 

from the field setting and conduct data analysis that may involve either inductive or 

deductive or both, which helps to establish the results of the study. This research adopts 

Real-world Exploration (RWE) Basic Research 

Curious in solving problems Gaining knowledge and advancing 

discipline 

Always works in fields  Depends on research but mainly in 

laboratories 

Able to replicate in other settings Not able to replicate in other settings 

Looks for robust results and concern for 

actionable factors 

Establish relationship and develop a 

theory by accessing statistical 

significance. 

Table 3.2 Dimensional significance of RWE and basic research (Source: Robson, 2015) 
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qualitative methodology and intends to interpret phenomena in terms of meanings from 

words rather than on statistics, as adopted by various researchers such as Denzin & 

Lincoln (2011) and Mahroof (2019). Hancock, et al., (2001) mentioned that qualitative 

research has a breadth of knowledge that allows for the interpretation of data from the real 

world in terms of language as opposed to quantification in numbers.  

The philosophical foundation of a research influences its methodological consideration. 

Therefore, the choice of interpretivism and the qualitative methodology in this study 

support the validity of the research design (Creswell 2007; Blaikie, 2007). The researcher 

has preferred qualitative methodology to conduct this study as it is believed that, it would 

significantly enable the researcher to address the current research problem. The researcher 

is interested in studying SMMEs, their knowledge, perspectives, and understandings of 

the digitalisation of the SC within them to fulfil the research aim and objectives and 

subsequently answering the research question. Therefore, a qualitative methodology is 

most appropriate for this study since it will allow the researcher to interpret the knowledge 

and experience from selected cases. 

Even though SMMEs significantly contribute to the economy, research on DSC 

transformation within their context is less explored, as discussed in previous chapters. 

DSC is still an emerging field of study, as the majority of the studies on DSC are 

quantitative, and review of literature that leads to a conceptual framework design but lack 

to provide an adoption framework for SMMEs. As noted in the research gaps in chapter 

2, there is only limited studies that concentrate on an in-depth examination of DSC among 

SME organisations. While the researcher seeks the findings using a qualitative 

methodology which will enable the researcher to develop a framework based on SMME 

perspectives on DSC transformation. In this research study, the researcher engaged in 

interactions with various SMMEs to investigate new foundations. They discussed their 

present supply chain processes and novel technologies employed or to be adopted by them 

inside their supply chains. Thus, the results identified within this research are explored 

with the views and opinions of the SMME, which established new empirical foundations 

rather than defining conclusions based on previously established studies. 
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3.5.4 Chosen method:  Case study 

Qualitative studies have several choices of methods. There have been various types of 

methods, from 4 to 28 types, based on various areas of research disciplines (Easterby- 

Smith, et al., 2018). However, four methods have been consistently within the list over 

the years, such as ethnography, phenomenology, grounded theory, and case study 

(Creswell, 2016; Robson, 2015; Yin, 2014). A case study is characterised by Dooley 

(2002) as a research method in applied research. According to Yin (1994, p33), case study 

research is defined as “scholarly inquiry that investigates a contemporary phenomenon 

within its real-life context when the boundaries between phenomenon and context are not 

clearly evident; and in which multiple sources of evidence are used”. Case study 

comprises of studying a single or multiple cases within real life in contemporary settings 

(Yin 2014). Extending a case study from single case to multiple cases allows for more 

data collection and analyses over the time that enables developing new theory (Dooley, 

2002). The researcher is able to concentrate on a case and retain a real-world perspective 

while studying their organisational processes in a case study (Rowley, 2002). According 

to Thomas (2015), a case study is defined not by the method the researcher is using to do 

the study but by the boundary put around the case. 

Voss, et al., (2002) mentioned case study as a widely acknowledged method for theory 

development within operations management research and an essential method to explore 

developing practices. Stake (2005) argues that case study is a choice of what the 

researcher is studying, which may be bounded by time or place or other conditions which 

can make the case study complex. According to Eisenhardt (1989), the purpose of case 

study is to perceive the dynamics existing within individual settings. A case study is 

identified as a qualitative design to explore real-life exploration of case that provides, in-

depth data involving multiple sources of information and reporting it as case descriptions 

with identified themes (Creswell, 2016).  Whereas Dooley (2002) argues that case study 

research can be qualitative or quantitative. Saunders, et al., (2019) mention case study as 

a preferred methodology due to its adaptability and flexibility, as it provides the researcher 
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with the freedom to reframe their research in response to the development or availability 

of new perceptions and data.  

Every research has a unit of analysis which in case study, known as case. Here the 

researcher has identified the SMME sector as the case to be studied with in-depth data 

collection from cases with defined boundaries, focussing on their technological 

innovation, digitalisation of supply chains within their SC areas such as purchase, 

operations, and logistics areas. The reasons for choosing case study as research 

methodology in this study is discussed below: 

• Instead of the researcher himself driving the research, the researcher is interested 

in the perspective of the organisations participating in the investigation. (Creswell, 

2016). 

• By engaging with SMMEs and learning about their perspectives on the subject, 

researcher can gain a deeper knowledge of how they view the use of technological 

innovation for DSC change in their businesses. As a result, the case study research 

methodology has been determined to be the one that is most appropriate for this 

research. 

• Data quality will be improved by gaining significant knowledge and concepts 

from participating organisations. The researcher aims to undertake case study 

methodology by gathering qualitative data from the real world to enhance the 

quality of data and research by closely understanding the perception of 

organisations. With the aid of this methodology, the researcher will be able to 

reveal diverse realities and viewpoints, improving the triangulation of data (Yin, 

2014; Creswell, 2016). 

According to Yin (2014) and Creswell (2016), there are four data collection methods for 

case studies to gain more in-depth real-world knowledge, different perspectives, and 

thoughts from the organisations. Crotty (1998) asserts that a case study under the 

qualitative methodology is more pertinent when there are limited studies on a topic, an 

issue or within a field, and the researcher want to explore and understand more about it. 
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Due to the fact that DSC transformation is still a developing field within SMMEs that 

requires a thorough understanding of the phenomena in the real-world context, and case 

study method is most suited for this research. In order to accomplish the goal of this 

research, the researcher decides to employ a qualitative data collection approach that relies 

more on words than on figures which is described in detail in the following section. 

3.6 Research ethics considerations 

Every research method considered within most of the research has certain ethical concerns 

linked with them. When it comes to research, "ethics" may be described as the ethical 

principles that direct a researcher on interaction with others (Cooper & Schindler, 2014). 

Since qualitative research is more closely related with research done in the real-world, 

ethical considerations are more prevalent in qualitative research. As the researcher has 

planned to conduct case study within qualitative research, this research has considered the 

ethical processes and methods of the research ethics committee at the University of Bolton 

(UoB). The researcher has submitted the research ethics form (RE1) to ensure that the 

study will be done as per the ethical process adhering to the rules and regulations which 

were authorised by the research ethics committee of the University of Bolton. In this 

research, the researcher has gathered proper consent from participants, which ensures no 

harm to participants taking part in the study and no violation of privacy and deception 

involved. While receiving consent from the participants, the researcher has acknowledged 

that data collected from the participants may only be utilised in this specific academic 

research. According to the guidelines established by the research ethics committee, it is 

the responsibility of the researcher to ensure that: 

• The research process adheres to the principles of research integrity. 

• Acknowledge the source of origin. 

• Effective data handling with confidentiality and compliance with data protection 

regulations. 

• All ethical requirements, such as permission, and code of conduct, are fulfilled. 
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Every point mentioned above was considered while conducting the research. The 

researcher started the collection of data for the study further to the approval from the 

ethics department. This made it easier for the researcher to foresee conducting the case 

study with organisations effectively. Before conducting the interview, an introduction 

letter with relevant information was provided, and consent forms were signed by the 

participants to abide by the ethical norms Appendix 2 of this thesis contains a sample of 

the introduction letter that was used by the researcher in this study, as well as the consent 

form that was utilised by the researcher. Thus, the researcher has ensured that necessary 

ethical measures were followed during the data collection process of this research. The 

research process used by the researcher for this study is covered in detail in the next 

section followed by a detailed discussion on the validity and credibility undertaken in this 

study.  

3.7 Research process 

The research process used for this study has been clearly outlined in this section. A 

detailed description with steps followed for data collection and analysis, such as, the 

process of sampling, design of interview questions, transcribing data, and data analysis 

procedures are presented. Various strategies to build the rapport with the organisations 

and measures included for establishing the reliability of the study to address data quality 

issues are also discussed in this section. In the beginning, the researcher explained the 

preparations taken before entering the field for data collection.  

3.7.1 Preparing for data collection. 

Prior to beginning the data-collecting procedure from the real world, the researcher 

focussed on understanding various critical study-related insights from the Director of 

Supervisor (DoS). The guidance provided by the DoS was extremely useful for 

conducting the case studies. Before gathering data, the researcher created a pre-checklist 

to manage the procedure. Each significant and minor activity that is scheduled to be 

completed is included in it. Figure 3.3 shows the pre-checklist the researcher created. As 

mentioned previously, every activity performed before conducting the pilot and final 
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studies are in the pre-checklist. According to the pre-checklist, the researcher initially 

gained knowledge of DSC literature in general and within the SMME context. The 

researcher created the interview questions based on the research objectives and as per 

knowledge gained from study of literature. The researcher has prepared the interview 

questions to explore the current operation of SC and DSC transformation within the 

SMME context. Following the design of the interview questions, the researcher drafted 

the email invite to be sent to the organisations, keeping it clear and simple so that the 

participants could quickly comprehend the scope of the research. After sending invitation 

emails and awaiting replies, the researcher prepared an introduction letter and consent 

form for the participants.  

The researcher has to choose an optimum approach for data collection as the study 

adopted a case study methodology. The researcher has identified a semi-structured 

interview, either face-to-face or using an online application such as zoom, as the method 

of data collection. Based on the method of data collection, appropriate equipment and 

software were selected to record the interview. An excel file was maintained by the 

researcher maintained which contains all key details of the organisation and participants, 

such as name and address of the organisation, contact number, website address, email, 

names of the participants, their position, date of invitation letter sent, date of follow up 

emails, schedule of interviews, checklist for introduction letter and consent form, date and 

mode of interview, checklist for thank you email after the interview.  

Prior to conducting main study, the researcher conducted a pilot study to evaluate the 

procedure (described in section 3.7.3). Before performing the study, the researcher 

considered the following: 

• Keeping an open mind when entering the actual world will aid the researcher in 

gathering as much information as possible from the individuals without any bias 

or being influenced. 

• Keeping a note of all the interviews, which will be of use throughout the data 

analysis process in providing an overall perspective of the interview.  
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Furthermore, maximum time should be provided to the participants to convey their views, 

experiences, or thoughts, which may generate useful information for the study. 

Considering the perspectives, thoughts, or experiences of the participants who took part 

in the study throughout the process of data collection and analysis can assist to eliminate 

bias. The data collection procedure in this study is discussed in detail in the following 

section. 

3.7.2 Data collection process 

Even though the researcher made very few choices as the process of data collection 

progressed, the researcher did follow a few steps in both the process of data collection 

and analysis. The research process followed in this study to explore the DSC adoption 

practice within the SMME context is provided in Figure 3.4. 

3.7.2.1 Review of Literature 

According to Creswell (2016), setting the parameters of the research is crucial before 

moving into the real world. Hence, the researcher finalised the area of research after 

conducting an extensive literature review. The study maintained a systematic process for 

the review of literature to discover the gaps. 

3.7.2.2 Unit of analysis 

The most crucial element in the design of the research is determined to be the unit of 

analysis (Yin, 2014). Defining the unit of analysis is one of the significant decisions taken 

within qualitative research. Yin (2014), states that the unit of analysis is the "case" that 

the researcher is concentrating on or studying. Blumberg, et al., (2014), argues that it is 

difficult to begin the data collection phase in research before determining the unit of 

analysis. Thus, identifying the unit of analysis enabled data collection and analysis for 

this study. So, during the comprehensive literature review that preceded this study, the 

unit of analysis was chosen, as determining the unit of analysis for research is so critical 

(Blumberg, et al., 2014). It is evident from chapter 2 that studies on the DSC context 

focussed on large organisations or various industrial sector in general and did not consider 
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SMME in particular. Hence, this research will be focussing on the supply chain process 

within SMME in the DSC context as SC varies from industry to industry. This 

substantiates the gaps identified in the section as research gaps in chapter 2.  

According to the researcher, the cases will be able to provide a real picture for the 

development of the framework. Therefore, this study chose to bridge the gap in the 

existing literature by gaining knowledge of the AS-IS supply chain process within the 

cases, views and opinions of cases based on their knowledge on DSC and innovative 

technologies. Thus, the data collection for this research is conducted by mainly 

interviewing and observing the selected cases to understand their current supply chain 

process, views and understanding of technologies to improve their SC by digitalisation in 

their organisation. In the following section, the researcher discusses in detail on the 

sampling strategy adopted for this research. 

3.7.2.3 Sampling Strategy 

In qualitative research, it is essential to determine the sample that will be used in research 

in order to collect data. It is very necessary to apply a valid sampling strategy for data 

collection that provide effective and relevant results (Saunders, et al., 2019). Frey & Oishi 

(1995) defined sampling as the subset of the population that is taken into account for the 

study and may reflect the full population. Therefore, a sampling strategy is a plan for 

choosing a representative sample of population from which to perform the study. To plan 

a sampling strategy, a sample criterion for the selection of relevant participants is defined 

first followed by sampling technique & size and finally locating the target samples. 

A sample criterion is the eligibility criteria established by the researcher while choosing 

participants for the study based on the aim and objectives of the research (Saunders, et al., 

2019). The following is a discussion of the eligibility requirements created for this study: 

• The company must be an officially recognised SME. The researcher used 

accessible SME business directories, government directories or official 

government documents from the organisation. 
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• The organisation should be a registered small and medium size manufacturing 

enterprise, from the UK, UAE, or India, as data from three different manufacturing 

types of countries help to determine the level of adoption of DSC within SMME. 

According to SME and various business reports, India is considered a developing 

country, UAE considers themselves at the forefront of technology adoption, and 

as per the UK SME report, the UK is a developed nation looking to support SMEs 

for the adoption of innovative technology for a successful DSC transformation 

(Government of India, 2019; UAE Ministry of Economy, 2018; Savvy, 2019). 

• The organisation should be in business for more than five years, which will help 

the researcher to gather the knowledge, views, and opinion of experienced 

participants on technological innovation within the organisation for DSC. 

• Organisations should be able to provide a minimum of three-person who acts as 

internal stakeholders, such as department managers, operations managers, and 

directors, to gather in-depth information for the main study. For the pilot study 

organisation minimum of one person, who is either an operations manager or 

director, should be able to attend the study. 

According to SMME reports including Government of India, (2019); UAE Ministry of 

Economy, (2018); Make UK (2022), there are various sectors in SMME which includes, 

food & drink, chemical and pharmaceuticals, rubber, plastic and non-metallic minerals, 

metals, electronics, electrical equipment, machinery, transport, and other manufacturing. 

It is identified from these SMME reports that every sector has their own role in 

contributing to the total percentage of manufacturing contribution to the economy 

(Government of India, 2019; UAE Ministry of Economy, 2018; Savvy, 2019). During this 

study, researcher has contacted a total of 300 SMMEs within UK, UAE and India that 

were manufacturing products such as food, drinks, packaging, pharmaceutical, electrical, 

construction bricks, OEM parts, electrical cables, electronics parts, textile, metals, 

equipments and machineries. Out of 300 SMMEs that were contacted only 85 SMMEs 

has reverted back initially with a response showing either interest to know more about the 

research. The organisations studied in this research where into manufacturing equipment 
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manufacturing for food industry, equipment manufacturer for hospital industry, parts and 

equipment manufacturer for general industry, and electrical cable manufacturer.      

This study made use of various sampling techniques in order to obtain the data for the 

study in line with the objectives of the study (Yin, 2014). When a wide number of 

organisations serve as the source of the research’s target sample population, it helps the 

researcher reduce the amount of data that must be collected. In general, there are two 

primary categories of sampling techniques: probability sampling and non-probability 

sampling (Saunders, et al., 2019). Blaxter et. al (2001), mentions that survey-based 

research that studies the probability of each participant in the population will utilise a 

probability sampling. Whereas Zikmund, et al., (2013) states that, probability sampling is 

more frequently utilised in quantitative research and aids in producing statistical estimates 

of the population from the sample.  

According to Etikan, et al., (2016) a non-probability sampling does not include any 

randomization; instead, a sample is chosen from the target population. Non-probability 

sampling is generally used within qualitative research where all participants or units in 

the population are given an equal chance to be studied within the research (Llewellyn, et 

al., 2004). There are different sampling techniques within non-probability sampling such 

as purposive sampling, convenience sampling and snowballing sampling. These are the 

main sampling techniques which are considered within this research. Data collection is 

crucial in research, as it is meant to highly contribute to the design of the framework or a 

better understanding of the theoretical framework (Etikan, et al., 2016). According to Yin 

(2014), purposive sampling is the sampling technique where the samples within 

qualitative research are probably to be selected in a purposeful method. The researcher 

identifies the information to be collected, understood, and sets out to find the sample who 

can contribute information and are willing to do so because of their need, experience or 

expertise (Bernard, 2017).  
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Figure 3.3 Pre-checklist prior to data collection 
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In addition, it is important on availability and willingness to participate and able to 

communicate expressively and effectively, according to their opinions and experiences. 

Neuman (2014) argues that purposive sampling is relevant in research with small samples. 

Purposive sampling was first employed to choose suitable cases that may aid in reaching 

the research’s intended outcomes since this research is exploratory and seeks to 

investigate the DSC methods used by SMMEs. At later stage in the research, both 

purposive and snowballing sampling was utilised to identify the cases.  

Over the years, snowballing sampling technique is gaining attention among a lot of 

qualitative researchers as it aids to get beyond the limitations of getting a sample and data 

collection (Parker, et al., 2019). Once the sampling technique was decided, the next focus 

was on locating the target population for the research. Collingridge & Gantt (2008) argues 

that qualitative research is identified as “purposive” as the cases selected for the research 

should be relevant cases and able to satisfy the requirements connected to the research 

objective. Patton (2002) mentions that the number of cases and which cases should be 

considered for the research solely depend on its purpose, timeline, and objectives. Since 

this research aims to explore DSC transformation and study the phenomenon within 

SMME, the participants considered for this research were SMMEs. The researcher had to 

identify the cases that may offer pertinent data and support this research. As a result, in 

accordance with the sampling criteria stated previously, this research searched for 

SMMEs in the UK, UAE, and India. As the researcher is in UK, various SME business 

directories from each country were used to find the participants. Their information was 

then double-checked on company websites, websites for the government, registered 

chambers of commerce in each country and during the initial contact to conduct the study. 

The cases identified through SME directories were used both for the pilot and main study. 

Figure 3.4 Research Process 
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During the data collecting process, one of the most essential decisions in the sampling 

strategy is the choice of the sample size (Creswell, 2016). According to Pinnegar & 

Daynes (2007), the intention of qualitative research is to explain in detail and not to 

generalise the information while in majority of qualitative research the findings will be 

transferable to various settings. According to Creswell (2016), sampling sizes vary 

depending upon the chosen method in qualitative research.  

Lieberson (1991) mentions that not more than four or five case studies are required for 

case study research, while Eisenhardt (1989) estimates between four and ten cases, 

whereas Wolcott (2008) mention that any research with more than one case reduce the 

level of detail the researcher can provide in the research study. It was difficult to find the 

study’s location and obtain permission to carry it out, and the researcher encountered 

several obstacles as the research progressed. Therefore, the researcher has also employed 

several techniques to find the samples, including utilising professional social networking 

platforms (LinkedIn) and requesting references from the already interviewed samples. 

These methods have been extremely useful as they helped the researcher to locate enough 

samples that provided useful data for the study. The researcher established initial contact 

with 30 organisations to choose cases for the study and then used them to build more 

connections. Finally, the researcher had three samples for the pilot study based on the 

sample criteria. The organisations who replied with non-willingness to take part in the 

study and those who took part in the study were again contacted by the researcher to 

provide further reference which makes it more relevant to snowballing technique. 

Snowballing technique has provided a further 4 SMMEs who were willing to take part in 

the study. In summary, the researcher has utilised a mixed sampling method in this 

research for data collection. Even though a total of 85 SMMEs were selected and 

contacted using purposive and snowballing techniques, only seven organisations were 

willing to take part in the study. The researcher has considered four factors in selecting 

the sample size for this research, as described below:  

1. Time and budget, i.e., the study was planned between Nov 2018 – Oct 2021 
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2. The main case study was conducted across four cases. Yin (2014) and Dooley 

(2002), states that data collection needs to be continued until we reach replication 

or saturation. It is at this point that further data collecting can seem to contribute 

very little information to what has already been identified. According to Lieberson 

(1991) in a real-world study, external factor such as completing the study by a 

given deadline can limit the number of cases.  

3. The time required to transcribe and analyse the data for this research, which relied 

on thematic analysis, was taken into account while choosing the sample size.  

4. The target population’s homogeneity was considered while choosing the sample 

for this study. The researcher planned to conduct the study with three participants 

from each case which include at least one director of the organisation who is a 

final decision maker and rest two respondents who are more than three years 

experienced and in a managerial position within procurement, HR, warehouse, or 

manufacturing to gather in-depth knowledge about the process.  

Once sample strategy, technique and size were finalised, the next step was collection of 

data. In the next section, the researcher discusses the data collection methods used within 

this research. 

3.7.2.4 Data Collection 

An appropriate method for data collection was identified when the unit of analysis was 

finalised. In this section, the researcher focuses on methods used to collect information 

from the cases. Data collection is recognised as the primary raw material for addressing 

the research problem or achieving the research objectives, making data collection within 

the research a crucial activity (Graziano & Rawlin 2004). Primary and secondary data are 

the two kinds of data that are gathered in research. Primary data are the primary raw data 

that are gathered in order to discover answers to research questions, which in turn helps 

to achieve the aim and objectives of the study (Bryman & Bell, 2011). Research collects 

the primary data using suitable methods like questionnaires, interviews, or tests. These 

collected data are used specifically to support the research study. According to Saunders, 
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et al., (2019), already existing data available in the form of literature, documents, articles 

and relevant web sources are referred to as secondary data. In this research, the researcher 

has collected primary data using case studies and secondary data through journals, books, 

and internet sources.  

Since the qualitative method (described in section 3.6.1) has been determined to be 

appropriate for this study, there are four main categories for data gathering processes that 

fall under this approach: observations, archival records, document analysis, and 

interviews (Yin, 2014; Creswell, 2016). This study has chosen to conduct interviews as 

the primary data collection method as it can provide rich, complex, and rigorous data and 

knowledge from the cases on the topic being researched (Yin 2014; Cavana, et al., 2001). 

Researchers tend to use interviews when doing exploratory research to examine 

participant perceptions on the topic, of which little is known and which may necessitate 

in-depth knowledge (Cavana, et al., 2001; Blaxter, et al., 2001; Mahroof, 2019).  

According to Dooley (2002) Interviews are the most used data collection method in 

qualitative research. In this research, observation was also considered as a source of data 

method to support the interview data. Observation to support the interview data was done 

by a number of means such as visits to the manufacturing area, head office, navigating 

around the shop floor and warehouse area and for those cases where the researcher could 

not physically visit, participants provided a quick tour through their factory, shop floor, 

warehouse via online. Additionally, information from the websites of the organisation was 

also included within the observations that will support to validation of the interview data. 

As the primary objective of the research is to explore DSC transformation within SMME, 

the researcher presumes that the interview technique will provide rich knowledge to 

achieve the objectives of the research. Thus, the researcher uses interviews as the primary 

data collection method for this research as it will entitle to understand and explore the 

topic, generating a detailed understanding of the real-world scenario. 
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Source of data collection: Interview & Observation 

The researcher has reviewed various qualitative data collection method and considered 

interviews for the research. This review included focus groups, observations, document 

analysis and one-to-one interviews. The Focus group method could not be a success due 

to the variation of each case and region. The researcher identified that arranging a face-

to-face discussion or conference call at the same time for all participants is challenging. 

Thus, this method was omitted by the researcher. The observation technique “involves the 

researcher in witnessing, documenting and evaluating the occurrence of interest” (Blaxter 

et al. 2001, p. 178). The observation approach might take much time and needs the 

researcher to participate in the event (Yin, 2014; Blaxter, et al., 2001). As the samples 

selected were spread over three countries (UK, UAE & India), undertaking observation 

by visiting each sample in these three countries has been difficult during the time period 

of this research. Data collection by document analysis was tried by the researcher, but it 

was found that SMMEs did not have much of the data required for the research, and they 

also did not wish to share confidential reports. Still researcher has utilised observation to 

support the interview data collection method which is adopted in this research. The 

researcher was provided with organisation tour during the face -to-face interview and 

web-interview. Even though the organisation tour during the web-interview was not as 

effective as face-to-face tour, researcher was able to gather some evident information for 

the study. The observation included document analysis of information about the 

organisation available online and offline that was provided by each organisation.  

The exploratory nature of this research has led the researcher to conclude that interviewing 

participants is the ideal strategy for gathering data for this study since it allows for in-

depth comprehension, perspectives, and knowledge of each instance (Yin, 2014). Even 

though there were multiple participants from each case, the researcher utilised the face-

to-face interview method as the participants from each case were more easily accessible 

for it. The researcher has tried to conduct interviews face-to-face and via web 
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conferencing using an application named zoom due to the time restrictions. The type of 

interview that is utilised for this research is covered in detail in the following section. 

Types of Interviews 

According to Saunders, et al., (2019) there are three distinct types of interviews: 

unstructured interviews, semi-structured interviews, and structured interviews. While 

semi-structured and unstructured interviews, are generally used in qualitative research, 

structured interviews, can suits qualitative or quantitative research (Yin, 2014). 

Unstructured interviews, often referred to as non-directive interviews, are casual and lack 

a predetermined list of questions to direct the interview process (Saunders, et al., 2019). 

In unstructured interview the participants will be free to discuss the subject matter, and 

the conversation will be led by their experience. The relationship of interview questions 

to the objectives and underpinned literature are presented in Appendix 7 of this thesis.  

According to Braun & Clarke (2003), during a semi-structured interview, the interviewer 

(researcher) will have a list of questions relating to the specific topic. However, Bryman 

& Bell, (2011) states that questions asked and answered during the interview may not 

follow the same schedule within the list. A semi-structured interview also provides the 

freedom to the interviewer to ask relevant question from the interview question sample 

and even additional questions that are not on the list to gain in-depth knowledge and re-

word the questions during the interview to make sure the respondents understand the 

question, covering the key developed questions and a list of themes if any (Bryman & 

Bell, 2011). A study conducted by Omolola, et al., (2021) used semi structured interviews 

as a data collection method with key question samples as they identified that primary 

benefit of semi-structure interview is that it allows the researcher to explore pertinent 

ideas or relevant topics that may come up in the course of the interview while keeping the 

interviews to be focussed within the area of study. In this study, it is crucial to have a 

predetermined set of interview questions in order to successfully explore various factors 

such as knowledge, supply chain process, technological innovation, impacts within supply 

chain process . Hence researcher has decided to conduct a semi-structured interview with 
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the developed interview questions that provide the researcher to probe more questions 

when it is found relevant to gain in-depth information while making sure the key questions 

within areas of supply chain is asked. 

A semi-structured interviews are more relevant for this study as DSC is a new field with 

broad concepts and varied industry perception; while semi structured interview allows the 

researcher to explore pertinent ideas or relevant topics that may come up in the course of 

the interview while keeping the interviews within the field of study. Thus, this study 

utilised semi-structured interviews with open-ended and closed questions for data 

collection. Open-ended questions are used to explore in depth information by 

understanding the processes as it provides the participants with ample opportunity to 

respond without any boundaries while presenting their opinions, understanding and 

knowledge (Creswell, 2016). While Creswell, (2016), Yin (2014) mentions that semi 

structured interview is considered to use open-ended questions, on contrary Bryman & 

Bell, (2011) mentions that a semi structured interview is allowed to have both open-ended 

and closed-end questions if deemed necessary for the study. A study by Anastassiadou 

and Heath (2002) used semi-structured interview with open and closed-end question 

during their study as they identifies that while open-ended questions invite the respondent 

to provide long stretch of in depth information with limited control on the part of the 

interviewer on response construction, whereas closed-ended questions provides the 

interviewer more control and inviting the respondent to provide short and minimal 

responses which may be enough information for the interviewer to interpret and analyse 

based on the field of study. According to Adams (2015) a semi-structured interview with 

one respondent at a time may employs a blend of closed-and open-ended questions, often 

accompanied by follow-up how or why questions to gain more information around the 

topic on the agenda. In addition, Mahroof (2019) mentions that semi-structured approach 

encourages a conversational form of interviewing while following the interview questions 

from the questions sample will make sure the discussions may not drift away from the 

boundaries of the topic being studied. Hence due to exploratory nature the research, this 

study utilised both open-ended and closed-end questions to explore the opinions and 



   

 

 97  

 

understanding of the participants on the topic and on behalf of their respective 

organisation. The following section discusses the process followed in designing the 

interview questions. 

Design of interview questions 

Developing relevant questions for the interview in the research is crucial in order to gain 

rich and productive results. Questioning helps to bring in the social world views of 

participants in the research (Bryman & Bell, 2011). Designing interview questions proved 

challenging for the researcher in the early phases of the study. The initial literature review 

on DSC, its practices and features aided to realise the areas that needed investigation. As 

discussed previously in chapter 1, the research conducted by Buyukozkan, & Gocer 

(2018); Iddris (2018); Ageron, et al., (2020) and Kamar, et al., (2021) called for a 

qualitative and in-depth study on DSC practises drivers, and barriers for a successful 

transformation within SMMEs. As discussed during literature review in chapter 2, the aim 

and objectives were developed based on the review of the literature and previous empirical 

investigations within the literature. These aims and objectives assisted the researcher to 

craft interview questions that would cover a range of perspectives, arguments, and aspects 

of the subject under study. Based on this review, the researcher has developed 27 

questions initially. The interview questions have been examined by the supervisory team, 

who have also given their thoughts and suggestions. The researcher conducted a pilot 

study as discussed in section 3.9 of this chapter. During the pilot study, participants found 

it difficult to understand some of the complex theoretical terms during the interview. 

Additionally, based on the results from pilot study, the researcher revised the interview 

questions and created a final set of questions. The primary adjustment made in the final 

interview questions set was an improvement in the question wording that sufficiently 

changed the focus of particular supply chain process areas inside the organisation. After 

some refining, the final set of interview questions for the primary research, which includes 

enquiry on some of the study’s concepts and the primary supply chain process of the 

organisation, was developed. A sample of the interview questions used for this study is 



   

 

 98  

 

presented in Appendix 3 and Appendix 7 presents the relationship of interview questions 

to the objectives and underpinned literature. Below given are some examples of the major 

questions in the list. 

Before beginning the interview there are introductory questions to know the case:  for 

example – Name of the company, location of the company, Year of establishment, 

Position of the participant, the present number of employees, and kind of manufacturing 

business they do. 

Specific questions based on knowledge about technology and DSC practices include – 

Are you aware of various innovative technologies used for DSC?; How do you rank the 

challenges in implementing innovative technologies? Explain the 

technologies/applications in your organisation that makes the supply chain transparent 

within your organisation internally and externally – with suppliers or customers such as 

live raw material/warehouse stock details to internal departments or suppliers externally. 

Example: production details/updates available internally/to customer/higher 

management? 

Based on challenges and motivational factors – What are your plans for implementing any 

new technologies within your supply chain system in the next three years, and which are 

all technologies? What are the factors limiting your organisation from the adoption of 

innovative technologies which pave the way for a successful digital supply chain 

transformation? 

Follow-up question example– Could you please explain the technology used within your 

organisation to track the stock at the warehouse?  

Indirect question example– Could you please describe the raw material and finished 

product ordering process, including the technology and mode of communication used?; 

Explain your KPIs and method/process of evaluation of KPIs in each department. 
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Further to the design of the interview questions, the next step is to contact the organisation 

to conduct the study. In the following section, the researcher discusses different kinds of 

documents prepared to contact the organisations. 

Source of data collection: Observation   

Observation is one of the data collection processes within qualitative case study research 

(Yin 2014). Denzin & Lincoln (1994) mentions observational research as a widely used 

empirical resources in qualitative research. While Creswell (2016) identifies, observer as 

complete participant, participant as observer, observer as participant and complete 

observer as various observation methods is qualitative research; Yin (2014), identifies 

direct observation and participant observations as the two common observations methods 

in case study research. Study by Zuboff (1988) used only participant observation in his 

work ‘In the age of the smart machine’ while Duhan, et al., (2001) has argued that 

interview is also a form of participant observation. Pollock & Cornford (2004) have 

combined the use of interview with passive, distant observation of testing and meeting 

sessions, while Nandhakumar (2002) have fully immersed themselves and engaged in 

their role as participant observer during their case study research. Yet, studies within DSC 

research needs to embrace and accommodate more real-world studies with observational 

research. Particularly as DSC studies need to focus on phenomena as well as 

organisational conditions and behaviours, therefore it is also contested that using 

observation within case study research may uncover elements beyond what interviews can 

achieve (Moore & Yager 2011).  

Creswell (2016) mentions that a researcher as a qualitative observer may change their role 

during the observation such as initially taking the role as a direct observer and then 

moving into the participant observer role or vice versa. Walsham (2005) proposes a role 

of neutral observer in qualitative explorative research where the researcher may change 

their role during the study as mentioned by Creswell (2016). The extent to which the 

observer participates is depended on a variety of factors, such as epistemological 

approaches, the nature of research and availability of relevant conditions and resources. 
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According to Walsham (2005), the neutral observer does not refer to being ‘unbiased’, as 

everyone is bound by biases of their own background, knowledge and prejudices to view 

things in particular ways and not others. ‘Neutral’ refers to when the participants in the 

field do not identify the researcher as being associated with any particular group or 

individuals within the organisation, nor as having strong pre-existing views of individuals, 

systems or processes as a result of previous endeavours in the organisations or for the 

researcher not having or being interested in monetary gain, as for instance consultants 

may (Walsham 2005).    

Giddens (1984) argues that in reality, people know more than they can express, while 

Walsham (2005) and Moore and Yager (2011) claim the being a neutral observer can 

enhance qualitative research by providing ‘thick descriptions’ of phenomenon being 

studied. Hence researcher adopted the role of neutral observer in this research as this 

research is intended to explore the impacts of DSC by assessing the current supply chain 

of organisations and how technological innovation may affect their supply chain. Thus 

neutral observation may reveal elements relating to resources and processes (Hardy 1996; 

Ageron, et al., 2020; Buyukozkan & Grocer, 2018) 

According to Yin (2014) recommends for multiple sources of data collection in case study 

research that includes observation as a data collection which is considered as multiple 

sources of data to improve the triangulation of the research with increased validity and 

reliability of data. As part of data collection with observation researcher observed various 

elements within the organisation to gain in-depth information on three categories which 

are supply chain process, technology adoptions, innovations. As mentioned initially in 

data collection, researcher was able to observe various elements directly with factory tour 

during the face-to-face interview while the organisations in the online interview provided 

a video tour of the factory by one of the respondents. Thus all the organisation has 

provided factory tour where the researcher observed various elements such as workshop 

machineries, supplier communication process - including supplier emails, quote analysis, 

bidding process, design files processing, material order processing, customer order 
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processing in shopfloor/warehouse, order delivery processes, various software application 

usage, lead time analysis (case A only), KPI analysis (case D only). Additionally, Case B 

and D has also provided a tour through the working of their implemented ERP software 

during the tour & employee training on ERP application, while Case C has shown the use 

of their vehicle tracking system as part of their factory tour, which was observed, and 

notes were made by the researcher. Appendix 8 provides a detailed list of non-interviewed 

data that was observed within each case that were analysed to strengthen the findings. 

Researcher made observation notes during the factory tour of the organisations which has 

been used during the analyses across the interview data.   

3.7.2.5 Necessary documents  

According to the researcher, introductory emails with interview invitations, consent letters 

with introduction letters, and post-interview letters are the best ways to engage with 

manufacturers. Hence preparing the necessary documents is considered a relevant step 

within this research. To contact the individuals, the researcher has mainly prepared three 

documents. As mentioned, previously in this chapter, the documents were kept 

straightforward for easy comprehension. First, an email with an introduction about the 

research topic with an invitation for the interview was sent to the organisations.  The 

sample of the invitation for the research interview is provided in Appendix 4 of this thesis. 

The researcher introduced himself with the aim of research to the organisation in the 

invitation email as part of the introduction of the research topic. It includes an overview 

of the researcher’s goal to contact them as well as a brief on the research topic. The 

researcher has given an idea about the interview procedures and the ethical approval detail 

in the invitation.  Once the organisation agrees to take part in the study and refers the 

researcher to the participants, an email to take part in the interview is formally sent to the 

participants. This email will request the participants to provide their preferred day and 

time to schedule the interview.  

Secondly, an introduction letter with a consent form was provided to the respondents at 

the time interview during face-to-face interview or a day before during the zoom 
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interview. This letter includes an introduction to the study, a brief overview of the 

problem, interview procedures, and confidentiality norms. The consent forms need to be 

signed by the participants, and they confirm consent on willingness to share their opinions 

and experiences. This letter reassures the respondents that their identities will be kept 

anonymous while also informing them that interviews will be recorded for transcription 

purposes only. 

Finally, the researcher created a post-interview form to document the interviews. This 

document includes information about the participant, the interview’s date, time, method, 

and length. The post-interview form sample is included in Appendix 5. When transcribing 

and analysing the data, the researcher had access to the information sheet, which gave the 

researcher a summary of the interview that had been done. The researcher ran a pilot study 

to test the created interview questions. The following section discusses the selected mode 

of case study within this research, followed by the process. 

3.7.3 Case study – Multiple case study 

The drawbacks of single case study, according to Voss, et al., (2002), include misjudging 

the single occurrences, exaggerating the limited data, and drawing inferences that are too 

broad. These limitations can be reduced with multiple case study research as data 

collected from different cases generate a richer understanding. Yin (2014) preferred a 

single case to conduct a longitudinal study for in-depth data, whereas multiple case studies 

were for exploratory studies. In accordance with Eisenhardt & Graebner (2007:27), 

multiple case studies enable comparisons that examine whether emergent results are only 

exclusive to a specific example or are consistently repeated across the cases. Choosing 

the number of case studies to include is difficult since Miles & Huberman (1994) indicate 

that two to fifteen instances are considered adequate, despite the fact that there is 

widespread agreement that including a higher number of case studies strengthens 

conclusions and generates a more robust theory that is firmly rooted in the data.  

Eisenhardt (1989) estimates between four and ten cases, considering the challenges of 

data and complexity management and generation of theory. 
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Four case studies were explored in the study to provide for a variety of contexts for DSC 

adoption inside SMMEs, ensuring that rich data is acquired from pertinent participants. 

The researcher aimed to identify the SMMEs that have had some technological 

advancement or are now undergoing a technological transformation, as purpose of this 

study is to analyse the DSC transition within SMMEs. The study conducted a pilot study 

to assess the interview questions. During the pilot study, it was understood that there are 

SMMEs that are at stage zero in DSC transformation. Stage zero in DSC transformation 

is defined by the researcher as those organisations that have not thought about DSC even 

though they have some technology readiness or innovative technology within their 

organisation. The next section describes the data collection procedure used in the pilot 

study and main study.  

3.7.3.1 Pilot Study 

A pre-testing carried out in advance of the main study is considered as a pilot study (PS) 

(Yin, 2014). According to Baker (1994), it is also known as trying out a certain research 

instrument. PS enables to identify the integrity of the research protocol followed, whether 

the method or tools administered for the study is too complicated or irrelevant. Van & 

Hundley (2001) argues that a PS allows the researcher to determine where the research 

may fail and the practical problems that the researcher may account for in subsequent 

research procedures.  

The key objective of the pilot study was to enhance the methodological dependability of 

the research and assess how successful the instruments for the main study would be. A 

total of 3 organisation was willing to undergo PS. Using the SME business directory 

websites, 30 organisations in total were contacted during the PS phase. Only one 

organisation out of the 30 was convinced to participate in the interview process, which 

entailed ongoing follow-up via email and phone conversations. Further, two organisations 

were selected through snowballing technique as described in the previous section. The 

researcher found this method as economical and accessible. In the beginning, the 

interview with representatives from three organisations assisted this study to gain a lot of 
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knowledge from the PS. It has aided the researcher in developing the main study. The 

researcher has grasped the following key aspects from the commencement of data 

collection to data analysis. 

• Contacting SMMEs only through emails did not provide a positive result. Around 

90% of the emails sent to 120 organisations out of 300 during the PS were 

completely ignored. During further attempt, researcher started to call each SMME 

and introduced himself and his topic in addition to the invitation email. The 

researcher has also tried to meet up with some organisations face to face, but he 

was refused entry to meet the respective managers due to the busy schedules of 

the organisation. The researcher has also tried snowballing technique from the 

initial stage with the organisation that refused to be part of the study. Finally, 3 

SMMEs agreed and took part in the pilot study. The researcher understood that 

contacting them through email did not work well. Hence researcher started 

contacting them through telephone calls as a follow-up. 

• Participants were not able to understand some of the questions due to the 

vocabulary that was addressed prior to the main study. 

• Some organisations were not happy to provide the 30-45mins time slot required 

for the interview. Hence at first researcher did not mention the time until the 

researcher gained the trust factor from the organisation. 

However, the researcher revised and developed the process and plan to conduct the final 

study. The revision mainly comprises of revision of interview questions for easy 

understanding of the participants and considering web conferencing for the interview with 

the organisation at a longer distance, and it was found economical and effective as 

participants can have face to face interview feel, which will increase their confidence level 

which will result in providing more and effective information. It was also discovered to 

be a viable method of communication with individuals who resided in various nations, 

and it allows for easy recording when participants let it. 
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Thus, by conducting PS, the researcher understood different issues that may arise while 

collecting data and made the researcher more organised for the main study. However, 

during the PS, the researcher realised that it is difficult to contact participants and obtain 

their permission for the study. Still, the researcher continued reaching out to organisations 

to collect significant data within the allotted period. The researcher has discussed in detail 

the pilot study in section 3.9 of this chapter. In the following section process followed in 

this research during the main case study is discussed. 

3.7.3.2 Main Case Study 

The main case study consists of 4 cases. After perceiving some lessons from the PS, the 

researcher thought about structuring the entire main case study approach, starting with 

data collection, which is covered below.  

Data Collection Process 

The researcher identified a suitable recording application to record the face-to-face 

interviews and used a recording option within the zoom application for the interviews 

using web conferencing. An excel spreadsheet was used to keep track of all participating 

organisations and participants. The post-interview feedback form was delivered to the 

participants along with documentation of the transcribed interviews for their review and 

approval. Even though the interview questions had a small change from the main study, 

the data gathered at the beginning of the investigation were included in this research to 

create a boundary for the main study. The difference between the pilot study and the main 

study interview questions was a change in vocabulary and the removal of some irrelevant 

questions. 

This study conducted the interviews between the period of Sept 2019 to Nov 2021 

(including the pilot study). As mentioned previously in section 3.7.2 a total of 300 

SMMEs were approached out of which 85 has responded to the invitation. Out of these 

85 (60 by purposive sampling and 25 through the snowballing sampling technique) only 

7 organisations finally agreed to take part within the study. Out of the seven organisations, 
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the first three were considered for a pilot study in a plan to consider them further during 

the main study with the other four organisations. However, 1 of the organisations were 

ignored for the main study, and the other two were unable to continue in the main study. 

The reasons for ignoring one organisation and two organisations not continuing in the 

main study are described in detail below: 

• The first organisation (Pilot study at A – PA) was only able to provide two 

participants for the pilot study, and they were not willing to take part in the main 

study due to their time limitations. However, still, as the data gathered from the 

organisation is relevant, the researcher has analysed the data. 

• Another organisation (Pilot study at B – PB) where the researcher conducted the 

pilot study was shut down temporarily as they went into administration by the time 

when the researcher visited them back to conduct further interviews as part of 

main study. Still, the data gathered in pilot study was analysed and very 

informative. 

• The researcher conducted one interview with an organisation (PC) during the pilot 

study, and this organisation was ignored for the main study as there were no other 

eligible participants to interview. The interview did not last more than 15 minutes 

as the answers were too short, and the participant was not too interested, 

informative and not ready to share much information during the interview. 

Mode of interviews 

This section outlines how interviews were conducted for this study. According to 

Saunders, et al., (2019) and Bryman & Bell (2011), qualitative interviews are more 

efficient if they are face-to-face, even though there are telephone or online methods. 

Interviewing using web conferencing seems like a face-to-face interview and benefits 

from long-distance access, low cost, and fast data collection. Moreover, it is convenient 

when the participants are in distant places. As discussed previously in section 3.8.2.4 (data 

collection) within research process, face-to-face interviews are the most successful 

interviewing method for qualitative research. The researcher conducted face-to-face 
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interviews with the organisations in the UK, but it was difficult to conduct direct face-to-

face interviews with organisations located in India and UAE as the researcher was located 

in the UK. The researcher, with the supervisor's approval, decided to conduct the 

interview by web conferencing, which will give the impression of a face-to-face 

interview, and record it with the consent of the participants, taking into account the 

prospective time and expense to visit India and the UAE for face-to-face interviews during 

this research period. The idea of web – interview was also discussed with the participants, 

and they happily agreed to the same understanding of the concerns during the period of 

study. Yin (2014) has mentioned the advantages of conducting an interview using various 

approaches and tools as described below: 

• It fosters positive relationships with the organisation and participants since it 

allows for process flexibility. 

• The results of using web conferencing for interviewing is cost-effectiveness, and 

quick data collection. 

• Even though the interviews were being recorded and were deemed to be more 

productive, expressive, and communicative, participants were found to be not 

cautious about the recording during the procedure. 

The researcher used the software named “Recorder” on the mobile phone to voice record 

the face-to-face interview and an in-built recording option within the application named 

zoom during the web conferencing, and it saved much time during the interview, which 

lasted 30-45 minutes. After each interview, the researcher created two copies of the 

recording, where one copy was uploaded to the Microsoft One drive account of the 

researcher and the other copy of the recording was uploaded to the google drive account 

of the researcher. In the next section, the researcher provides an outline of the 

organisations that participated in this study. 

Selected case profiles 

As discussed, previously, 4 organisations were part of the main study where, one 

organisation is from the UK, one is from UAE, and two are from India. A total of 12 
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interviews were conducted from these 4 cases. Pseudonyms are given to the organisation 

and participants in this study. The Table 3.3 provides the participant profiles which 

including their roles and years of experience. Considering the research ethics, the name 

and details of the organisations and the participants are not shared in this research study. 

Language proficiency has facilitated the researcher's ability to establish trusting 

relationships with the organisation and participants, which has increased the reliability of 

the data that has been gathered. The reliability of collected data can be justified by their 

findings to represent a population of the respective region (Yin, 2014). There have been 

studies that represented a population of a region or industry by collecting data focusing 

on a single aspect (Mathivathanan, et al., 2018; Kumar, et al., 2016; Yin, 2014; Reeves, 

et al., 2008). As a result, the data gathered as part of the research is expected to be able to 

depict the population of SMMEs. The next section discusses in detail the rapport building 

with the organisation and participants during the study. 

No Organisation Participant Role Years of experience 

1 CASE A R1A Director 40 

R2A Director 22 

R3A Operations & Design 

Manager 

9 

2 CASE B R1B Director 10 

R2B HR Manager 6 

R3B Procurement Manager 5 

3 CASE C R1C Operations Manager 7 

R2C Engineering Manager  5 

R3C Director 17 

4 CASE D R1D Director of operations 10 

R2D Director of purchase 11 

R3D Engineering Manager 5 

Table 3.3 Participant profile 
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Rapport building during the study. 

Prior to stepping into the real world, the researcher was fully conscious that developing a 

rapport is challenging and would undoubtedly have an impact on the data and outcomes. 

A well-developed interview questions may provide uninformative answers and make the 

interview void if there is a lack of a good rapport (Yin, 2014). Building a strong rapport 

with others involves reassuring them that you are paying attention by expressing your 

understanding of and a keen interest in what they are saying, which encourages them to 

continue speaking (Leech, 2002). Therefore, establishing rapport is a crucial skill for 

completing a successful interview (Bell, et al., 2016). Bartkowiak (2012) and Ryan & 

Dundon (2008) have argued that for the responders to produce rich and useful qualitative 

data, a strong rapport is essential. Participants may start revealing more sensitive and rich 

insight into issues in the real world if there is trust and understanding built up by a good 

rapport (Bell, et al., 2016; Bartkowiak 2012). The researcher has identified some 

strategies to build a good rapport with the organisation and participants. Some of the 

strategies include putting participants at ease, building trust, exploring common grounds, 

being a good listener, being flexible and having post-interview rapport (Leech, 2002; 

Ryan & Dundon, 2008). 

During the interview process, it is essential for the researcher to make the participants 

comfortable at first so that they feel more confident and can provide in-depth information 

required for the study (Leech, 2002). Leech (2002) also asserts that the researcher may 

appear oneself as informed and competent but not as knowledgeable as the subjects. This 

tactic aids the researcher in learning more about the research topic from the participant. 

The researcher has tried to follow this strategy during the interview by having little 

knowledge about the supply chain processes within their organisation, knowledge about 

the innovative process within the manufacturer and the ability to adapt innovative 

technologies for DSC transformation. Participants responded to this strategy more 

efficiently with in-depth information on the questions.  The researcher maintained this 
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strategy until the last interview so that participants do not exclude something important 

from this study. 

Trust is an important factor to build good rapport for an efficient interview in qualitative 

research (Ryan & Dundon, 2008). While it is really difficult to build trust in a research 

study, it helps to provide relevant and in-depth information pre and post the interview 

process. Building trust requires giving the organisation and participants relevant and 

reliable information while gathering the data they contribute throughout the process. In 

this study the trust of the organisation and respondents were gained by following methods:  

• The researcher contacted the organisation and their participants using the 

university email account. The relevant documents, such as the consent letter, had 

the university logo on them. The researcher also contacted them by telephone and 

introduced him in relation to the email that was sent. This has created an initial 

trust factor among the organisation, as few organisations reverted to an email 

asking for further information regarding the kind of questions to be asked. This 

query was reviewed with the supervisory team, and based on the suggestions from 

the supervisory team, a basic idea of what all areas will be covered in the interview 

was provided to them. Some participants were happier to be in contact using a 

direct telephone call or social media application named WhatsApp after the first 

contact through email due to the trust and confidence that had built up with the 

researcher. 

• Participation in the interview will be kept entirely private and anonymous, as per 

ethical standards and as stated in the consent letter, which helped to increase the 

confidence of the participants. These words provide more confidence to the 

participants to provide all the relevant information in the interview. 

• Finally, the transcribed copy of interview was sent to the participants to verify and 

notify if anything was wrong. This helped to build trust between the researcher 

and the participants. It also improves the internal validity of the data gathered as 

part of the validation of the data, as described in section 3.8 of this chapter. 
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In the initial interactions with the participants chosen by the organisations, the researcher 

made an effort to ascertain the participant's favourite language and spoke to them in that 

wherever possible. However, the researcher made sure to conduct the interview in the 

English language to avoid translation time and errors in translation. The researcher looked 

for these types of common grounds with the participants during the first contact which 

assisted to institute good rapport with the participants. This strategy really helped to pull 

out the fear and hesitations of the participants before going into the interview process. 

While building trust and creating common grounds assisted in building a good rapport to 

start the interview, the next step is to keep up this good rapport during the interview 

process. Bell, et al., (2016) state that to keep up a good rapport during the interview 

process, the best method is to be a good listener. Hull (2007) asserts that during the 

interview, the interviewer (researcher) should listen and paying close attention to what 

the participants are saying and answer with verbal signals like yeah, yes, and correct. It is 

essential to briefly summarise the statement from the participant before continuing to the 

next question. This allows the participant to clarify the researcher if necessary and 

demonstrates that the researcher paid attention to and understood what the participant had 

to say (Leech, 2002). As a result, the researcher made an effort to actively listen by giving 

verbal signals and asking questions in response to the responses the participants provided. 

The researcher also summarised the answers from participants before going to the next 

questions, allowing respondents to correct the researcher if their responses were 

misinterpreted. Thus, it showed that a good rapport was kept with the respondents during 

the interview process.  

Despite the fact that there was a time difference in the instances from India and the UAE, 

as a flexible researcher, complete authority was provided to the participants to choose the 

time and date to arrange their interview. To provide participants flexibility and allow them 

to postpone the interview at the last minute, the researcher continued to send reminders to 

participants two days before the planned interview. Most of the participants were pleased 

with the reminder message since it provides either a heads-up to prepare for interview 
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time or an opportunity to postpone the appointment. The researcher continued 

acknowledging the organisation and participants, as respectfulness was a priority.   

Following the interview, the researcher thanked the respondent for participating and asked 

for the participants' comments. The questions were acknowledged by participants for 

being thorough and covering every area they felt needed attention. Some of the 

participants mentioned that they found a lot of interesting details that they wish to look 

into within their organisation. Followed by a thanksgiving email was sent to the 

organisation and each participant for being a part of the research and providing valuable 

contributions to the research. Maintaining a positive relationship with the organisation 

and the participant after the interview is a crucial step, as mentioned by Ryan & Dundon 

(2008). Thus as indicated previously, a further email was sent to each participant with the 

transcript of the interview for their review and acknowledgement. Appendix 6 presents a 

sample copy of the confirmation email received from one of the participants as part of the 

acceptance of the transcribed data. 

As detailed above, to gather essential, in-depth, information-rich data from the qualitative 

case study, which uses interviews as a data collection method, building a strong 

relationship with the participants is critical. For this study, the participants gave in-depth 

information. Transcription of the data comes after data collection process, and the next 

section outlines the transcription procedure in this research. 

Data Transcription process 

The process of translating an audio recording into text for the purposes of data analysis is 

known as transcription (Kowal & Connell, 2014). In qualitative research, transcribing the 

data from the interview is considered the most time-consuming activity. To conduct 

analysis for this study, word-for-word transcription of the interview audio is done. 

According to Nikander (2008), various positive or negative elements that occurred during 

the interview are located with a detailed transcription of data. Nikander (2008); Halcomb 
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& Davidson (2006), had mentioned about three types of transcription methods that are 

available within qualitative research. They are verbatim, intelligent and edited type.  

According to Nikander (2008), verbatim transcripts translate the audio from the interview 

word for word into text and can contain cues like "hmm," "yep," and "ahh" included in 

the transcription. As a result, it is an extremely thorough transcription that captures every 

type of non-verbal expression, including speaking more slowly or quickly, becoming 

agitated, pausing while speaking and smiling. An intelligent transcription focuses on the 

actual content and omits the cues (Halcomb & Davidson 2006).  It is not focused on any 

kind of non-verbal expression but on content, which is adopted in this research. The edited 

type, which removes some responses to shorten the transcripts while maintaining the 

content's meaning even though the number of sentences is decreased, is not a word-for-

word transcription (Nikander 2008). Thus, this study chose to employ intelligent 

transcription since it facilitates in-depth analysis and gives insight into the subject being 

researched by analysing the content.  

From the interview with the respondents in the primary case study, a total of 12 

transcriptions were transcribed from 4 cases. On average researcher took around 3-4 hours 

to transcribe one interview. The transcriptions were saved in separate word file naming 

R1A, R2A, R3A and so on, where the letter ‘R’ represents the respondent, the number 

represents the respondent number, and the letter ‘A’ represents the case.  Finally, after 

transcribing the interview, the next step is an analysis of the data collected. In the next 

section, the researcher discussed in detail establishing the trustworthiness of the collected 

data to establish the research quality. 

3.8 Establishing Research Quality 

Data quality issues, such as various types of bias, reliability, generalisability, and validity 

difficulties, are associated with qualitative research using semi-structured interviews. The 

research process is related to a research philosophy and paradigm that impact the quality 

of the research. This led to the development of several quality control procedures and 
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techniques to guarantee that the study and results are reliable and valid. The question of 

measuring validity virtually by definition seems to include implications of measurement, 

according to Bryman & Bell (2011). While measurement is not a primary concern for 

qualitative studies, the validity of such studies would appear to be insignificant. 

Generalisability, reliability, and validity are the conventional quality benchmark acquired 

from the quantitative research quality measures. 

According to Yin (2014) and Johnson (1997), generalisability is respect to the ability to 

resonate the findings of the study further to the immediate context in qualitative research. 

Resonance is regarded as confirmability in qualitative research studies, while 

generalisability is quality measuring technique in quantitative studies (Yin, 2014). The 

triangulation, reliability, and validity of qualitative research as well as the methods 

employed in this study, are discussed in the section that follows. 

3.8.1 Triangulation 

Triangulation is a method that was first utilised in quantitative research; however, it has 

since been integrated into qualitative research to identify the misinterpretation of data by 

the researcher, which is done by comparing the observation with the interview data (Yin, 

2014; Bryman & Bell, 2011). According to various researchers, the concept of 

triangulation is employing more than a single method of collection of data such as 

interviews, archival records, and observations that leads to avoiding potential bias and 

improving the reliability and validity of the study (Eisenhardt, 1989; Yin, 2014). Thus, 

Easterby-Smith, et al., (2018); Yin (2014); Creswell (2016) recommends triangulation to 

the extent of validity and reliability, resulting in the overall quality of research. Easterby-

Smith, et al., (2018), identified four distinct types of triangulations as described below: 

• Data Triangulation: Data triangulation is the method where the data is collected 

from various sources or multiple data are collected using the single method from 

the different respondents at different times during the study. 
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• Methodological Triangulation: Methodological triangulation is the use of mixed 

methods to collect and analyse the data.  

• Theoretical Triangulation: Theoretical triangulation is done by explaining the 

phenomenon in one discipline using the theory from another discipline. 

• Investigator Triangulation: Triangulation within research where the results are 

compared following data collection and analysis done by different researchers is 

known as the investigatory triangulation method.  

Yin (2014) recommends the collection of data from multiple sources to reveal the 

phenomenon being explored, to explore a wide range of issues and gather in-depth 

information, rather than from a single source and thus prefers using case study 

methodology, which integrates the method of multiple data collection. Thus, the 

researcher selected to use data triangulation with multiple sources of data that comprises 

the collection of data using interviews, and with observation to reduce the bias of the 

respondents and researcher and thus increasing the validity and reliability resulting in 

overall research quality. A detailed description of reliability and validity including the 

details of data collection that converged to achieve the validity and reliability of data in 

this study is provided in following section. 

3.8.2 Reliability 

In terms of research, reliability refers to maintaining a consistent methodology throughout 

the study. The reliability of the research is affected if another researcher conducted the 

research in the same context that would provide the same or different result, and results 

generated even after the repeated trials would be different or the same (Golafshani, 2003; 

Bryman & Bell, 2011). According to Easterby-Smith, et al., (2018), reliability is verified 

by answering three questions: Will the same results be generated in other occasions and 

cases with the same measures? Will other researchers be able to attain the same 

observations? Finally, does the process of attaining the results from the raw data is clear?  

Easterby-Smith, et al., (2018) mentioned that an answer ‘yes’ to the three questions shows 
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reliability as it will show the same results consistently as per the data collected, analysed 

and described. 

The reliability of research is affected by errors and bias from respondents and researchers. 

A study by Riege (2003) has identified that the bias and errors can be reduced by the 

researcher by asking the same questions and ensuring that similar category responses are 

received from the respondents and matching it with the documents and archival records 

observation. Responses from the respondents are ensured to be comparable for reliability 

by making sure the questions asked are similar in the same language and clearly 

understood by the respondent. According to Ryan & Dundon (2008) and Ryan, et al., 

(2009), ensuring anonymity and confidentiality for the findings from the individual 

answers gave considerable confidence and encouraged the participants to provide in-depth 

answers and reduce respondent bias within the research. Saunders, et al., (2019) and Yin 

(2014) mentioned using appropriate data collection methods and triangulation to reduce 

the observer bias within the research. According to Yin (2014), case study research with 

the interview as a method of data collection, documents, archival records, and observation 

is used to triangulate the data. Considering the context of the research, the researcher had 

assured reliability to the data from respondents in the research by using data triangulation, 

where this research used multiple sources of data collection comprising of interviews and 

observation as part data collection to achieve data triangulation, thus ensuring reliability 

of this research. 

3.8.3 Validity 

In research the validity is concerned with the precise representation of the findings to the 

AS-IS situation within the real-world condition (Riege, 2003). Validity of research in 

qualitative research refers to the credibility, plausibility, and trustworthiness of the 

research (Johnson, 1997). Researcher bias is a potential threat to the validity of the 

research (Guba & Lincoln, 1994). While the validity of research is maximised by various 

strategies, the validity quality criteria are not fully achievable within every research 
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(Bryman & Bell, 2011). Table 3.4 describes various validity and validity strategies most 

widely discussed in various literature. 

Considering the context of the research, the researcher assured the internal validity of the 

qualitative data while analysing the data by carefully reading it multiple times to have a 

thorough understanding of the data.  Furthermore, Saunders, et al., (2019) has mentioned 

that respondent feedback on interview transcripts is one of the major methods to reduce 

observer bias which is also adopted in this research. Thus, the transcribed data was sent to 

the appropriate participants through email in order to maximise validity and prevent bias 

in this study. Each participant acknowledged that they were satisfied with the transcription 

of data. In Appendix 6 of this thesis, there is an example of a participant's return email on 

acceptance of transcribed data as mentioned earlier in section. Due to the qualitative 

nature of the research, interpretative and internal validity is ensured using the member 

checking strategy that also creates reliability of the research by reducing the bias within 

the research. Finally, as the findings have appeared more times with a different set of 

organisations, they provide evidence of replication logic that results in the transferability 

of the findings within the particular context of industries. In the following section, an 

overview of the pilot study is provided, where the researcher discusses in detail about the 

pilot study, analysis and lessons learnt from the pilot study. Further to the overview of the 

pilot study, a detailed discussion on the process of data analysis used in this research is 

provided before summarising this chapter. 

3.9 Pilot Study 

Yin (2014) has identified the significance and benefits of conducting a pilot study in 

research.  The pilot study has various benefits, such as it helps for testing and validity 

enhancements of an interview guide and data to be collected, deletion or amendment of 

existing questions as investigation and generation of new questions. The pilot study 

provides an idea of the time takes for the interview and based on the responses; the 

interview question wording can be rewritten to provide a better understanding of the 

questions to the respondents. The new insights and themes are identified that potentially 
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require new questions that were not available previously. Ultimately, the feasibility is 

checked with the responses from the pilot interview. 

Various researchers have variable opinions on the number of pilot interview, but 

according to Yin (2014), the number of pilot interview depend upon the resources, access 

to participant and time. According to Van Teijlingen & Hundley (2001), at least two pilot 

interviews are required. Due to the potential for bias and the qualitative exploratory nature 

of this research and the availability of samples, the researcher decided to conduct three 

pilot interviews.   

3.9.1 Description - Pilot Cases 

The pilot study conducted within this research provided the researcher with a reality check 

and guidance for the main study, including data collection process and analysis. During 

the pilot study, the researcher conducted a minimum of one interview within two cases to 

unfold the real-world situation on technological innovation for DSC transformation.  In 

this section, the researcher provides a description of the cases that were part of the pilot 

study.   

The first pilot study (PA) was conducted with an SMME in the UK that has been in the 

manufacturing business since 1970 and completed 50 years of service in 2020 during this 

study. The organisation specialises in equipment design and manufacture to process and 

handle bulk solid materials within a factory area of over 30,000 sq.ft that is integrated 

with facilities for the fabrication of aluminium, stainless steel and nickel alloys. They are 

equipped with 2D and 3D design facilities, which enables them to design and test designs 

that are reliable and able to meet customer requirements. They are more focused on 

bespoke manufacturing than the standard ‘off the rack’ equipment manufacturing.  The 

researcher conducted two interviews at PA (P1A and P2A), who were the director and 

Operations manager at the organisation as part of the pilot study. P2A arranged a visit to 

their facilities within PA, including the design department, warehousing, material delivery 

and dispatch area. P2A accompanied the researcher and explained the operations within 
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the facility step by step. PA was not willing to take part in the main study due to the non-

availability of time slots.  

The researcher conducted a second pilot study (PB) within an SMME in the UK that has 

been in the manufacturing business since 1983. PB has been operating from a 68,000 sqft 

facility and specialises in stainless steel manufacturing of bespoke components 

predominantly for pharmaceutical and food industries and also for aerospace, nuclear and 

machinery industries. They highlighted themselves as an SMME that specialise in 

component manufacturing with high investment into technological innovations to become 

at the forefront of market-leading sheet metal manufacturer. The researcher conducted 

one interview with their operation manager (P1B), who also made arrangements and 

accompanied the researcher to visit their factory, which included their design office, 

manufacturing area, technology facilities, and warehousing. P1B explained the facilities 

and operations process to the researcher during the tour through the facility. PB was not 

able to be part of the main study as the organisation went into administration and no access 

was provided for further study during the research within the time limit. 

The third pilot study, case C – PC was conducted with an SMME from India that has been 

in the industry for 40 years. PC is a cable manufacturer focussing their business within 

the local state in India. P1C, who represented the first participant of the pilot study case 

C, was the director of the organisation. The researcher was not able to conduct more than 

one interview at PC and not able to consider PC for the main study due to a lack of 

stakeholders within the organisation. The pilot study of three various cases has really 

unfolded the real-world picture within these SMMEs regardless of geographical 

differences. In the following section, the researcher presents the outcomes form from the 

pilot study. 

3.9.2 Pilot Study – Analysis 

The study with PA was conducted at their factory, where the interview with P1A and P2A 

were done, followed by the study at PB and PC. During the study, the researcher identified 

that PA did not have any formal technological innovation practices for DSC within their 
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supply chain and mostly relied upon the conventional supply chain process with some 

upgraded machinery, experience, and knowledge. The lack of support by the government 

bodies for technological innovation was highlighted by the respondent from P1A. P2A 

has mentioned about the time resources for implementing and researching the technology 

as a high factor of limitation for the organisation for technological innovation for DSC 

due to lack of skilled and knowledgeable stakeholders. The respondent from PA has 

clearly mentioned that innovation and technology, skilled employees, and impartial 

consultant advice breach the gap between the technology as strong challenges faced by 

SMMEs. Respondent has mentioned that there were zero technology providers who 

approached them for implementation of technology other than for cloud technology.  P1A 

has mentioned that they still rely majorly on the physical documentation process and only 

use the email system for communication purposes and further telephone system for the 

majority of the supply chain process.  According to P1A, there is no visibility of supply 

chain process within the organisation and still use either email or physical communication 

for the process such as tracking the stock, and production process updates. 

PA have a manual process within the production department to evaluate the production 

efficiency based on the time taken and planned. It was found that PA highly lacks the 

knowledge on efficient use of innovative technologies for DSC transformation within the 

organisation. PA faces issues with the continuity of supply of material, lack of knowledge, 

supply chain complexity, existing conventional process and long lead time. During the 

study at PA researcher realised that technological innovation and DSC are still at the 

initial stage and exploratory thus affecting the researcher to evaluate the impacts of 

technological innovation and DSC within SMMEs. A motivational factor was identified 

within PA as the respondents mentioned that they would consider technological 

innovation if it had marginal benefits compared to high cost. Thus, the researcher 

identified cost as a factor that affects the SMMEs to consider DSC. Further, during the 

factory tour with P2A, a more open view of their supply chain process with a detailed 

explanation was provided and the researcher found that there are opportunities for PA to 

improve their supply chain with technological innovation.  
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Types of 

validity 

Description Strategies 

 

Descriptive 

Validity 

Refers to accuracy in reporting the information with a high description 

detailing all the available information. This includes a description of 

objects, behavior, events, group, people, location, time. 

Investigator triangulation: the behavior, and context of the research participants in which 

they are located are observed and recorded by multiple observers. The results generated 

from the records across the multiple observers will be more credible and valid. 

 

 

Interpretive 

Validity 

Refers to the accurate interpretation of the data provided by the 

participants based on the aim of the research study by the researcher. It 

is highly impacted as validity is based on the degree of accuracy on 

understanding and presenting the respondents thoughts, viewpoints, 

intentions, feelings, and experiences and interpreting it accurately.   

 

Member Checking: The interpretation of participants viewpoints is shared with the 

participants for feedback or approval of interpretations.  

 

 

 

Theoretical 

Validity 

 

 

It is the extent to which a research based theoretical explanation 

developed, fits with the research-based evidence.  

Pattern matching: This strategy is to identify the patterns of evidences supporting the 

theory. Researchers use cases that do not fit and that do fit the theory while the final theory 

will be based on most cases that fit the theory. 

Theory triangulation: Examination of the phenomenon studied is triangulated with various 

other theories. 

Peer review: The theoretical explanation is discussed with the experts, and colleagues to 

identify the problems  

 

 

 

Internal 

Validity 

 

 

It refers to the demonstration of the observed relationship is casual 

between two factors. It also refers to whereby demonstrating the various 

plausible factors is not able to explain the correlation to what is 

identified as a factor really generates what is viewed as an effect 

Methodological triangulation: Using more than one method in a research study. The 

methods broadly refer to different methods of research (such as a survey, ethnography), 

different types of data collection (such as interview, observation, and documents) or even 

an intermix of methods and data collection without overlapping the strength and 

weaknesses of the selected method.  

Data Triangulation: Using multiple data sources using a single method such as an 

interview or observation where the multiple data is sourced by multiple interviews or 

multiple observations. It involves data collection at various locations, from different 

participants at different times. 

External 

Validity 
It refers to having validity when the findings are applicable to situations 

other than those in which the study was done 

Naturalistic generalisations: Naturalistic generalisations is considered as a means of 

resonance in qualitative research which is achieved based on the similarity on the people, 

organisation, or circumstance in the research study. 

Replication logic: Replication is done when the research findings resonate and appears 

true more times with different sets of people, organisation in the findings of the research.  

Table 3.4 Validity and strategies (Compiled from Johnson, 1997; Yin, 2014; Bryman & Bell, 2011; and Saunders, et al., 2019).
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Studies within PB with P1B have provided highly informative data that influenced the 

main case study, data analysis and even the framework development. As mentioned in the 

previous section, P1B is the operations manager for the case PB. According to the 

responses by P1B, P1B lack awareness of most of the innovative technologies but the 

researcher has identified technological innovation practices that influence DSC within the 

case PB. P1B has mentioned the majority of the reason as the limitation for DSC such as 

cost of technologies, Return On Investment (ROI), skilled employees, lack of financial 

support, non-existence of a clear framework. According to P1B, case PA has technology 

innovation pipelined such as barcode/RFID sensor technology to track the incoming 

materials and trace the material within a product when required by the clients. During the 

factory tour, the respondent presented a machinery they have recently installed and 

implemented the system within their factory. This machinery is loaded with and 

implemented to supply the consumable materials required by the employees on the shop 

floor. Employees are able to receive the material with a pre-assigned code with each 

employee. P1B further explained the benefits of this machinery. This machinery can also 

be considered a vending machine that provides consumable materials. According to the 

discussion with P1B, this machine is connected to the supplier with the IoT, and it 

provides the live data to the supplier and case B. Supplier receives, data of the stock from 

this machinery, which is then analysed, and necessary action is taken by the supplier to 

refill the machinery. The data is also shared with the organisation (PB) to track the usage 

and financial factors. According to P1B, they are also able to retrieve the data and analyse 

the data thoroughly and even able to track the employee and analyse the employee as per 

the jobs assigned. Further, this machinery also eases the requirement for the continuous 

purchase of consumable materials avoids buying and stocking and enables on-demand 

availability of material as it can processed an automated ordering system due to trusted 

close integration with the supplier. Thus, this technological innovation and technological 

innovation collaboration with the supplier and technology provider has a high impact on 

DSC as it increases the transparency and visibility of material supply and usage. Further 

with the planned implementation of barcode/RFID scanner technology PB will be able to 
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track and trace the materials, the work output of employees, tracking the production, and 

material stock, thus making their current supply chain more efficient with technological 

innovation. Even though PB is in plans and on track to be at the forefront of the market 

with upgraded technological innovation the lack of financial flow that supports meeting 

the technological innovation has affected the survival of the case led to the closure and 

being under administration as informed by P1B when contacted to schedule further 

interviews. 

The interview with PC was conducted via the online platform zoom with the permission 

of the respondent (P1C) who is the director of the organisation. During the study, P1C 

mentioned that technological innovation is not a viable option for PC due to lack of 

business opportunities, skilled employees, and financial status which is due to the result 

of increased competition in the market. According to P1C, PC is struggling to keep up 

with the competitive market as they are not able to meet the market demand and advanced 

technologies within the competitor. It was also found that P1C highly lack knowledge on 

innovative technologies whereas P1C has agreed that lack of knowledge has impacted the 

technological innovation within PC. It was also surprising for the researcher that most of 

the operations other than the shop floor activities are performed by P1C alone due to the 

lack of financial support that affects the recruitment of skilled employees and even 

technological innovation. During the online factory tour, P1C mentioned that they 

understood further from the interview that a long supply chain, low visibility,  low 

transparency, and lack of technological innovation have affected the growth of their 

organisation in the current advanced competitive market. According to P1C, PC follows 

the conventional processes in every aspect including the SC and mentioned that there is a 

lack of financial support from the government bodies to support the SMMEs like PC, lack 

of understanding and methodology for technological innovation, and skilled staff that 

limited PC from implementing innovative technologies.  

During the pilot study, the researcher identified that most of the cases are still non-adopted 

or in the initial stages of technological innovation for DSC, hence rather than focusing on 
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evaluating the impact of technological innovation and DSC SMMEs, the researcher 

focussed to investigate the factors that impact technological innovation and DSC within 

SMMEs as DSC are still exploratory as highlighted in literature and pilot study. In the 

following section, the researcher discusses the learnt outcomes from the pilot study that 

are considered for the main study.  

3.9.3 Pilot study – Outcomes   

During the interview, the pilot study proved to be highly beneficial in terms of 

understanding the real-world situation within SMMEs and regarding the DSC 

transformation within SMMEs. The following are major outcomes from the pilot study, 

that guided the main case study and analysis. 

According to Yin (2014), it is best to give the opportunity to the respondents to decide the 

place of the interview in most cases. During the pilot study, most of the  participants chose 

the place of the interview which was their organisation office while PC chose to conduct 

it online face to face due to the travel restrictions faced by the researcher to the location 

which was understood by the case. As mentioned in the previous section, as respondents 

chose to conduct the study in a natural setting within the organisation, it helped the 

researcher in making the observations and to see the works and activities in progress. The 

researcher made sure to keep the respondents comfortable and relaxed as it helped to build 

rapport with the respondents which resulted in providing in-depth information. 

Respondents were provided with revised questions or a detail on the questions when it 

was found that they seem to struggle to understand some of the terms used by the 

researcher and the reason for the questions which also resulted in making the respondents 

comfortable during the study. PA and PB provided a factory tour during the study that 

made the respondents comment and have informal talks on their supply chain process and 

technological innovation practices the organization's efforts to overcome obstacles 

whilst reshaping the processes and technologies used and adoption plans. The factory tour 

lasted around an hour in both cases which proved that conducting the face-to-face 

interview within their organisation was extremely advantageous in terms of gathering in-
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depth information, deeper exploration, opportunities for observations and further 

understanding of the overall context of the organisation within the study. Due to safety 

measures, mobile phones and recorders were not allowed during the factory tour. 

Considering case C, further to the interview, P1C has provided a quick video tour through 

their factory explaining the step-by-step process within their supply chain. This factory 

tour provided a deeper understanding of the interview as the participants talked more 

openly about the issues; they have within their organisation that limit them from 

technological innovation practices. Thus, four main lessons were learnt. They are On-site 

interviews are preferable because they allow respondents to feel more comfortable sharing 

detailed information about the organisation. To gather in depth information during a web-

interview, it's important for the interviewer and the respondent to develop a comfortable 

level of trust and rapport. Data analysis should take into account not just the interview 

itself, but also the time spent thereafter. It is better to detail some of the innovative 

technologies as some of them seemed to be new to the respondents, but it probes the 

respondents to discuss in detail and explore more about the current level of technological 

innovation and opportunities during the factory tour. 

The next lesson learn was with regards to the terminologies used within the interview 

questions, specifically the terms such as visibility, and transparency of supply chain. P1A 

was quite uncomfortable with the new technologies such as big data, IoT, RFID, and 

blockchain but comfortable with additive manufacturing, and robotics even though P1A 

was not able to identify the real use of the technologies. P1A has shown many hardcopies 

within their factory and explained that they were using all physical hardcopies in use and 

also informed about the lack of access to the information within the system and the need 

to reach the respective employee on the shop floor or engineer to get an update on each 

project which is a conventional process. P2A was very comfortable with the terms 

technologies and various terms of process within their supply chain. P1B was more 

knowledgeable about technologies. P1C was not knowledgeable about most of the 

technologies and their application within their organisation for improving their supply 

chain. P1A and P1B were hesitant to answer the questions concerning supply chain 
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transparency and visibility as they were unaware of the terminology and structure of the 

question. Therefore, based upon this, the questions were revised with possible other 

words. 

The pilot study demonstrated that it is difficult to allot a specific amount of time for each 

question due to the structure of the interview questions, which in turn restricts the 

respondents, impacts the interview environment, and makes it difficult to acquire 

thorough information. The interview with P1A took longer than the scheduled 45mins as 

it was difficult for the P1A to understand the questions asked, due to many prompts and 

probes by the researcher to gather information on the impacts of technological innovation 

and DSC within their organisation. The objective of the case study was to evaluate the 

impact of technological innovation and DSC within SMME but during the pilot study, it 

was understood that there are a lot of SMMEs that are at position zero on technological 

innovation for DSC. As said in the literature, DSC and its technological innovations are 

still in exploratory stages within SMMEs. As a result, in addition to the interview with 

P1A, the interview with P2A was done by revising, deleting, and changing certain 

questions into probing. At this phase, the researcher identified the need for revision of 

some of the questions to understand their current process to identify the current 

technological innovation and opportunities and adding new questions regarding 

limitations for technological innovation, planned innovative technologies, remarks on 

technology interest as a major theme of barriers and drivers were identified.  

As there was a lack of response from organisations to take part in the study, the researcher 

realised the relevance of building trust and rapport with the cases who were willing to be 

part of the study. The researcher had a telephone conversation with P1A before the 

interview to make sure that P1A is comfortable with the scheduled date and to understand 

their view on DSC, it was understood that PA is interested to know more and explore the 

opportunities of DSC. As a result, the researcher presented a detailed and informal 

explanation of the research's objective, focus, and procedures for maintaining anonymity. 

The researcher made sure the respondents were confident and at ease for the interview. 
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The further researcher requested permission to turn on and record the interview on the 

recorder and mentioned the requirement of the recorder for transcribing and analysis in 

future. Respondents were informed that the recorder could be switched off at any point 

throughout the interview if they wish to do so.  

During the pilot study of each case, it was identified that the level of information was 

relevantly varying from respondent to respondent and case to case due to the level of 

knowledge, level of technological innovation, motivation, experience and position within 

the case organisation. Thus, the researcher realised the need to take extra time and explore 

more by motivating and engaging the respondents to share the processes and perceptions 

when they did not provide or have enough information. However, for data analysis and to 

enable comparability, it is required to ask all the questions during all the interviews with 

identical wording. 

During the pilot study, the researcher realised the importance of scheduling and 

conducting the study within a case without delays. PB was a relevant case for this research 

due to the technological innovation they have in their organisation that has an impact on 

their supply chain as discussed in the previous section. Case PB was not able to the part 

of the main study due to financial issues faced by the organisation that made the 

organisation go under administration. Thus, finance is a theme to be considered for the 

SMMEs considering for DSC that require investment for technological innovations within 

their organisation as it was evident during the pilot study that the majority of cases are 

non-adopters of technological innovation for DSC while PB is at the forefront and faced 

financial issue that resulted in the temporary closure of the business as informed by P1B 

when researcher contacted for further interview schedule.  

Thus, the pilot study enabled the researcher to identify various themes to be considered 

for the main study and the choice of data analysis method for this research where the 

researcher chose the case study data analysis method.  In this section, the learnt outcomes 

and improvements of the interview questions to enhance the quality and to test the data 

analysis method were discussed. The pilot study also provided clear information that the 
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majority of SMMEs are yet to initiate technological innovation and consider DSC 

transformation which led the researcher to deviate focus of the objective to identify and 

evaluate various factors that impact technological innovation and DSC transformation 

within SMMEs. Thus in the main study, the researcher analysed the data to identify and 

assess the various factors that impact the technological innovation and DSC 

transformation within SMMEs and thus propose a framework to promote DSC within 

SMMEs. The following section, discuss the data analysis followed in the main study.  

3.10 Data analysis – Main case study 

According to Dooley (2002), case study research is an in-depth contextual investigation 

in a particular phenomenon that seeks a comprehensive understanding of it, not by 

controlling variables but by observing all of their interdependent interactions. While 

Thorne (2000) identifies data analysis as a complex and mysterious of all phases in 

qualitative research; Eisenhardt (1989) mentions that data analysis is the core step for 

building theory from case study research.  There are many different approaches adopted 

by various researchers in preparing and analysing the data, typically it involves a detailed 

case study write-ups for each site (Eisenhardt, 1989). According to Dooley, (2002) there 

are two types of case study analysis Structural analysis and Reflective analysis. Structural 

analysis is the analysis of data to identify patterns within the data and reflective analysis 

involves decision of the researcher based on the personal intuitions (Dooley, 2002).  

Whereas Eisenhardt, (1989) mentions that the case study analysis is a thematic analysis 

that consists of two parts, the first of which is within-case analysis, followed by cross-

case pattern analysis that test the theory or build the theory from case study. The main 

objective of within-case analysis, according to Ayres, et al., (2003); Patton (2002), and 

Yin (2014), is to thoroughly examine each case as a unique organisation. Within-case and 

cross-case analysis are the data analysis steps adopted by the researcher within this 

research. The study has identified that a within-case analysis would assist the researcher 

to identify the initial themes that emerge from the collected data from each instance of the 

case, including connections between or among the themes. During the cross-case analysis 
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phase, the researcher will be able to analyse the themes across cases as well as 

interpretations and assertions of the meaning of these themes emerging from the 

respondents in the study.  

The primary tool to conduct data analysis in a qualitative case study approach is thematic 

analysis (Bruan & Clarke, 2006; Creswell, 2016). It is considered a flexible analytic 

method for deriving the major themes from the qualitative data (Corbin & Strauss, 2014). 

According to Corbin & Strauss (2014), the data analysis of qualitative research can be 

either inductive or deductive. A deductive analysis method is a type of data analysis that 

tests whether the collected data are consistent with pre-identified theories, hypotheses, or 

assumptions. In contrast, an inductive analysis method involves the researcher beginning 

to explore a subject and allowing the theory to emerge from the data (Corbin & Strauss 

2014; Yin, 2014; Saunders, et al., 2019). This research has adopted thematic analysis with 

inductive approach to analyse the data and explore the subject under study which has 

allowed the theory to emerge from the data. 

The researcher is focussing to explore in detail on DSC implementation within SMMEs. 

As an exploratory study, the researcher has understood that case study methodology is the 

best approach to understanding each scenario as described in previous sections of this 

chapter. As discussed previously this study will use semi-structured interviews to collect 

data as it is the most suited qualitative data collection process in this explorative research.  

Due to the exploratory nature of the research, chosen methodology and data collection 

method, the researcher has decided to utilise the inductive approach for the data analysis 

as it is the most suited approach for explorative studies. An inductive approach is a data-

driven approach and is suited where there is a lack of or limited previous theories or 

successful research findings (Eisenhardt, 1989; Yin, 2014; Creswell, 2016). As stated  by 

Saunders, et al., (2019) and Dooley (2002), a multiple case study with an inductive 

approach in this research will initiate in exploring an area and collection of data over time 

that will allows the development of the theory in this study. 
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There are many forms of software that can help the researchers to conduct qualitative data 

analysis. The software can help the researchers to manage data during the analysis process 

to sort, categorise, and labelling the data are some of them.  In this research, the researcher 

made an attempt to use NVivo at the initial stage to help in the data analysis process. 

However, as the number of cases is less, considering the time taken and challenges to 

learn and use NVivo software including many of its options, the researcher decided to 

conduct the analysis manually. Tace (2001) advises that using an open-minded 

strategy allows the emergence of unexpected themes and possibilities from the data. 

3.11 Analysis Method 

The researcher adopts a step-by-step method advised by Creswell (2016) to conduct the 

analysis of data and identify the results within this research. According to Creswell 

(2016), there are data analyses for each research methodology whereas, the researcher 

focussed on the case study data analysis framework. Figure 3.5 represents, the five-step 

framework proposed by Creswell (2016). Each step is discussed broadly in this section. 

This first step of the data analysis as per Creswell (2016) framework is the organisation 

of data that involves transcribing the interview and creating the files and managing the 

data files. While transcribing the data is a time-consuming process, the process helps the 

researchers to immerse themselves in the data and offers the opportunity to begin to think 

about possible codes. 

 

Figure 3.5 Five-step guide for data analysis (Adopted from Creswell, 2016) 

Face-to-face and online zoom interviews were undertaken for this study, and both types 

of interviews were recorded and supporting details acquired have been observed to 
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improve the reliability of interview data as mentioned in the previous section of 3.8. The 

interview was recorded and transcribed for 12 participants from 4 cases. 

The second and third steps from the Creswell’s five step guide for data analysis are the 

major steps which comprises the steps of the thematic analysis from Braun and Clarke 

(2006) which are beginning with: familiarisation of data, generation of codes, generation 

of themes, reviewing of themes, defining and naming themes and finalising the themes.  

The second step of the framework is familiarising of the data and outlining initial codes. 

This step is initially involving familiarisation of the data where the researcher conducted 

a repeated reading of transcripts to get thoroughly familiarised with the data. To actively 

seek meanings, concepts, codes, themes, and patterns, the researcher has to read 

extensively and become familiar with the data. The researcher has conducted a repeated 

reading of the transcribed data and made note of a few factors to be identified as codes 

that kept appearing in the data set.  

While some of the subthemes identified were new, some of them were similar to those 

identified during the pilot study. Some of the initial codes identified during the process 

are, using email & telephone calls for receiving quotes, using email for submission of 

quotes to customers, customer calling for quotes, no customer satisfaction report, no 

defined KPIs, no preventive maintenance, no supplier registration system, no proper 

supplier evaluation, reluctance to change supplier, rejection of supplier product, skilled 

employees, reluctance to accept technology, tracking of the product by Third-party 

logistics (3PL), ERP applications, stakeholder communication, transparency of the 

process, visibility of products, tracking materials, relying on single suppliers, 

collaboration with institutions, cost of technology, ROI, dumping of technology by 

providers, knowledge of technology, plans for technological innovation, interest to know 

the opportunity, financial difficulty, conventional processes, employee motivation, 

employer motivation. 
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Further to the second step, the third step of Creswell (2016) data analysis framework is 

the classification of codes into sub-themes and themes. In this step, the researcher 

identifies an appropriate initial theme for the coded data. Figure 3.6 shows the initial 

themes identified by the researcher based on the sub-themes and codes generated at the 

initial stage of data analysis during within-case analysis. Further, the cross-case analysis 

led to classify the main themes based on the subthemes relevant to this study. Figure 3.8 

shows the main themes known as final themes according to Braun & Clark (2006) that 

have been evolved further to the within-case and cross-case analysis. In chapter 5 

researcher presents the findings an analysis of these main themes that have led to the 

development of the framework in this study. The initial themes generated with classified 

subthemes and description are presented by describing each case and its context in the 

following chapter 4 of this thesis. In this phase, the researcher has to refocus the study at 

a higher level by finding the themes, as mentioned by Creswell (2016) and Braun & 

Clarke (2013).  
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Figure 3.6 Initial themes identified. 
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It entails compiling all the information and organising the respective sub-themes into 

pertinent topics. The sub-themes identified by the researcher as per the collection of 

instances from the empirical data that are categorised into various initial themes are 

presented in this step. The pilot study and review of literature guided the researcher to 

develop the themes and sort the sub-themes and codes under potential themes. The 

researcher describes the codes with their context under the sub-themes identified. Initially, 

the researcher inserted most of the codes in each identified sub-theme. The researcher 

then checked the sub-themes and subsequently categorised them into pertinent themes 

after finishing the first coding. Figure 3.7 shows the subthemes identified by the 

researcher from the initial data analysis. The third step is followed by developing and 

assessing the interpretation of the data and themes identified by the researcher. According 

to Creswell (2016) in this step researcher uses categorical aggregation to establish the 

identified themes or patterns from the transcribed data. During this step, the researcher 

presents the instance of data from across the cases and their transcribed data and put them 

together to establish the themes and patterns generated as part of the cross-case analysis. 

The researcher has identified two major themes, barriers and drivers during step 3 and 

further described the subthemes with their context as per the codes identified. During step 

4 with the identified themes from step 3 and by conducting a cross case analysis, the 
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Figure 3.7 Subthemes identified and analysed.  
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researcher generated the final themes as shown in the Figure 3.8. These final themes are 

identified as per the patterns and similarities from the empirical data across the case and 

by the interpretation of the themes described during step 3. Step 3 and Step 4 are presented 

in detail in the following chapters 4 and 5 where the case context and within-case analysis 

are presented in chapter 4 and cross-case analysis are presented in chapter 5 of this thesis. 

 

Further to the fourth step, the final step is the representation and visualisation of the data. 

According to Creswell (2016) framework, in this step, the researcher uses the direct 

interpretation of themes with the data and further develops a transferability of the learnt 

outcome. This step presents the final development of the framework which is generated 

as per the findings from the study. Since there is no set format for developing the emergent 

theory, it might be difficult to convey the findings of several case studies using data 

gathered from diverse situations at various times. However, Eisenhardt & Graebner 

(2007) assert that case study findings used to create a theory are either presented as unique 

propositions or in a framework that is based on data from the cases.   

DSC

Organisation 
Culture

Reluctance to 
change

Stakeholders 
motivation

Organisation 
resources

Technology 
awareness

Skilled 
employees

Technological 
Innovation 

Collaboration

DSC 
Evaluation

SC Process 
evaluation

Technology 
readiness 
evaluation

Technological Innovation 
Opportunity evaluation

Technology 
drivers

Financial 
Support for DSC

Financial 
Investment

External Financial 
Support
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3.12 Summary 

This chapter covered a research purposes and various research philosophies and further 

highlighted the philosophical position followed by the research design and process 

adopted in this study. Due to the exploratory and emerging nature of this research where 

the researcher aims to study the impact of technological innovation within SMMEs by 

real-world exploration, this study justified the purpose of research that resulted in 

selecting a qualitative methodology for data collection which is most suited for the 

research.  With an interpretivist view, the researcher decided to use to case study 

methodology in this study. This method will assist this study in interpreting the data by 

examining the real-world AS-IS situation and organisation perceptions. The ethical 

consideration within the research as well as the triangulation including the research 

reliability and validity is also discussed. The research procedure that was followed for the 

purpose of this study and the procedure for data collection is detailed in this chapter. The 

selected case profile for this research with justification of adopted sample selection 

strategy and sample selection criteria was also discussed briefly. The empirical data 

collected from multiple sources from the case study were triangulated and subsequently 

analysed to draw empirical conclusions. The concluding phase of this chapter presented 

with detailed description on the thematic data analysis method adapted in this study that 

assisted in generation of the themes from the empirical data. 
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4.0 WITHIN-CASE ANALYSIS 

4.1 Introduction 

 This chapter presents the within case analysis of the empirical data which is the fifth step 

of Eisenhardt (1989, p533) for theory building from case study research. The findings and 

analysis is done through step 3-5 while the chapter adhere to 6th step from Creswell (2016) 

framework which is representation and visualisation of findings as described in Chapter 

3. According to Braun and Clarke (2013) presentation of findings is the sixth step in a 

thematic data analysis. The chapter describes each case and its context, followed by a 

detailed review of the themes from data analysis and the key findings in each case.  

Four cases were chosen from the UK, India and the UAE. These SMEs undertake 

manufacturing processes as their only business. The researcher ensured that all four cases 

are SMMEs before recruiting the organisation to take part in the study. These four cases 

allowed for the study of potential technical adoption scenarios for a DSC transformation 

in relation to their level of supply chain engagement. As Yin (2014) states, case study 

permits the exploration of the topic being studied. This study concentrates on the AS-IS 

situation in order to give scope for promoting DSC transformation. The participants were 

free to speak, and the researcher encouraged them with further questions to elaborate and 

explain, to obtain a deeper understanding. The contribution from participants gave 

interesting and helpful responses on various SC practices inside their organisations. This 

information helped the researcher to assess the AS-IS conditions of SMMEs that further 

guided the development of a framework to promote DSC transformation.  

4.2 Data Analysis  

This section intends to present each case overview and case analysis with the findings. 

According to Eisenhardt (1989) a case analysis includes extensive write-ups for each and 

every organisation and its operations in relation to the topic of the study. As a result, an 

overview of the organisation and its existing operational model will be given, along with  

description of the SC process in each case. In addition, the findings from the analysis of 
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the interview transcripts from the specific cases concerning the research objective are 

presented. When doing multiple case study research, within-case analysis is crucial since 

each case is unique and needs individual data analysis. Eisenhardt (1989) claims that 

within-case analysis entails a comprehensive write-up of the case that helps the researcher 

manage a vast volume of data. These analyses are the primary focus for developing key 

knowledge. Therefore, within-case analysis is conducted in this research initially as it 

enables to familiarise each case as a stand-alone entity that will allow the unique patterns 

to emerge before the researcher seeks to find similar patterns across the cases (Eisenhardt 

1989; Dooley  2002). In the following section of this chapter, within-case analysis of each 

case is presented. 

4.2.1 Case A  

Organisation A is a privately owned and operated SME, manufacturer in the UK that has 

been established in 1920. The organisation categorises themselves as a metal engineering 

manufacturer. They specialise in bakery equipment's and have a wide business area which 

is spread worldwide. They have been manufacturing bakery equipment spanning over a 

century with 70% of their sales being bespoke and tooling to be used in conjunction with 

their machinery. They are able to manufacture a range of quality bakery machinery to 

assist in meeting the production requirements of food manufacturers. This case can be 

identified as a “non-adopter” since they employ relatively few novel technologies 

to advance their business. Researcher refers to “non-adopters” as those organisations that 

have not adopted any innovative technologies or related application that plays a key part 

in the digital supply chain. Case A continues to follow traditional company procedures 

and practices for managing payroll and human resources. It was evident from the 

conversation that the organisation is using an outdated version of SAGE software for 

payroll and accounting. 

This organisation employs 12 employees in the manufacturing unit with 6-8 engineers, 1 

personnel to deal with design and operations, 1 personnel handling account department 

and 2 directors. While the organisation consists of Top management, finance, design and 
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production departments, the production department comprises of three sub-departments 

namely the machine shop, fitting and packing area. The design department is assigned to 

product customisation as per the requirement of the customer even though the 

organisation has some general products in the market. As described previously in section 

3.8 of chapter 3, the researcher made sure to clearly explain the aim and objectives of this 

research with the help of the introduction letter to the respondents. A consent letter was 

also provided to them to read and sign with the introduction letter before the interview as 

discussed in section 3.5 of this thesis. Three participants from various organisational 

hierarchies participated in the interviews in order to increase the reliability and 

triangulation of the data, as the researcher had previously stated at the beginning of this 

chapter and in section 3.7 of chapter 3 of this thesis. They were responsible for the day-

to-day operations, production, and decision-making of the business. They were made up 

of senior management and middle management. The directors who have a significant role 

in corporate decision-making are the R1A and R2A responders. The responder R3A is in 

charge of operations and design for the organisation. The following section shed light on 

the research's most crucial objective - evaluating the elements impacting SMMEs 

for technological innovation for a DSC transformation.  

During the data analysis, various barriers affecting technological innovation and various 

drivers that affect the SMME sample for DSC transformation were identified. The main 

barriers identified from the responses of case A are described below. The internal barriers 

and external barriers that currently limit or act as a barrier for the organisation from DSC 

transformation were identified. An internal barrier is referred within this research as the 

barrier within the organisation, while an external barrier is referred to be the barriers 

externally or outside the organisation that are limiting the organisation from DSC 

transformation. 

4.2.1.1 Barriers for DSC 

A) Internal Barrier 
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Lack of technology awareness:  Innovative technologies play a major role in the 

digitalisation of the supply chain (Agrawal & Narain, 2018). Lack of technology 

awareness is identified as a theme within this research as there have been codes identified 

that correspond to the lack of awareness of technology that affects innovation and DSC 

transformation within organisations (Stentoft, et al., 2019). During the interview, 

respondents agreed that they are only aware of 50% of the innovative technologies 

identified by the researcher from the literature but respondents mentioned that non-

awareness of these innovative technologies within their organisation as a major barrier to 

implement and utilise the technologies that limit them from digital supply chain 

transformation. According to the responses it was evident that they are not aware of 

potential features these technologies could bring to their organisation. Respondents have 

mentioned that non-awareness of the features of implementing these technologies is a 

high barrier that limits the organisation from implementing the innovative technologies. 

According to the respondents “...I don’t know whether this is the technologies I need... I 

am yet to be convinced that it could be useful for us...” (R1A), “...I didn’t know that we 

could utilise these technologies within our supply chain...” (R2A), “...we don’t know 

which all of these technologies could help us to improve...” (R3A). It is evident from the 

responses that they are not aware, which of these innovative technologies can be utilised 

within their SC process and the features of these technologies. This non-awareness, limits 

them from implementing these innovative technologies within their organisation. Case A 

has mentioned that they are not aware of the major technologies like IoT, Big data, and 

the potential use of these technologies including the cloud that has a significant role in the 

DSC as these technologies help to connect with various other technologies and gather data 

for analysis and help the organisation for improvements of their supply chain (Alejandro, 

et al., 2019). According to respondents “I need to know more about it and I'm yet to be 

convinced” (R1A), “I don’t know what it is and how we can use it”, “We have to know 

what it is and how well we can use it...We just use apple clouds. But I think there is more 

cloud can do so will certainly have a look on it” (R2A) “I don't know what that is and 

therefore need to know about it and then consider the application of it within the 
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business... need to know about it as I am unaware of it and therefore its application within 

the business or potential application” (R3A). 

Lack of methodology: The lack of methodology theme is considered by the researcher as 

a lack of methodology to implement innovative technologies for digitalisation of the 

supply chain. Respondents from case A have agreed that the lack of a clear methodology 

to implement the innovative technologies is an important barrier to implement and utilise 

innovative technologies within their organisation. Respondents have also mentioned that 

“...we really need to know which all technologies we can utilise within our process and 

how and where we could implement it...” (R1A) “...as agreed before lack of methodology 

to implement the innovative technology is also a factor that limit us from adoption of 

technologies for digital supply chain...” (R2A) It is evident from the responses from case 

A that methodology to implement the innovative technologies plays a key role within the 

organisation for technological innovation. 

Reluctance to change:  Even though the organisation has installed some new machinery 

equipment in past years for improving the processes within the workshop area, the 

respondents highlighted resistance to change as a significant impediment to technological 

innovation. According to the responses, it is evident that workforce culture is a reason for 

reluctance. Respondent has mentioned about the aged stakeholders and older working 

practices during the study that acts as a reluctance to change. One of the respondents 

clearly expressed their reluctance to change during the study, where they mentioned “...I 

don't think we need any new technologies now, I personally am not interested…"(R1A), 

whereas other respondents has mentioned “...having old school person as one of the 

decision makers who is reluctant to changes or improvements like these...” (R2A) and 

“...old fashioned view…Stubbornness that’s it...non-willingness to try something new that 

may improve things and its people that are set in their ways it is nothing beyond 

stubbornness... They (management) obviously weren't going for it anyway... the lack 

interest for development, growth and change..." (R3A). It is clearly evident from the 
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respondents that reluctance to change is a barrier for technological innovation that limit 

case A from digital supply chain transformation.  

Financial Investment: Technological innovation is always affected by its cost (Anon, 

2017). Respondents from Case A have also mentioned that finance acts as a barrier for 

DSC transformation. R1A and R2A who are the decision makers of the organisation have 

mentioned that cost of technology and ROI as a high challenge for technology 

implementation which affects DSC transformation. During the interview, R1A mentioned 

that “...reasonable payback is a factor that affects us for implementation of technology 

for digitalising the supply chain... Also cost of these technologies is a factor that limits 

us…”. R2A has mentioned “if we go for SAP and all its too costly for us...so we need 

something not that costly but useful for us”. 

Time to adopt: Technology implementation and innovation is a time taking process and 

needs a dedicated team to spend time learning about technologies, knowing about the 

implementation process for DSC transformation (Menon & Shah, 2019). As R2A and 

R3A have mentioned, “Time…time to dedicate to know... to learn... and to implement 

it...” (R2A) and “...also we need to spend some time on it to know about the technologies 

its benefits... from where we can get it and all… for that management should find time for 

it otherwise we can't improve...” (R3A) these responses from the interview clearly 

identifies that time is a factor to be considered while considering DSC transformation.  

Skilled Employees: From the respondents in Case A researcher identified skilled 

employees as a barrier that restricts the organisation from technological innovation. When 

all respondents ranked poorly skilled employees as a high barrier to implement or utilise 

innovative technologies, R3A mentioned that “...Staff training in areas where it's 

required should be provided or supported so that we can improve and implement new 

technologies, these are the sort of key issues...” 
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Lack of supply chain process evaluation: It is evident as per the responses during the 

interview that case A has a lack of supply chain process evaluation which has significant 

role in improving the SC. Case A lacks various types of evaluation that can improve the 

SC. The respondents mentioned during the interview that, Case A do not have a supplier 

evaluation process and customer satisfaction report evaluation that can support improving 

the supply chain process between supplier and customer. Respondents also mentioned that 

within the organisation, they do not have any performance indicators to evaluate such as 

the department performance and order process performance. which can help an 

organisation to look for areas of improvement that can result in digitalising the supply 

chain with innovative technologies (Tjahjono, et al., 2017).  According to the responses 

to the question on delay in order processing, it was evident that Case A has faced delays 

in order processing due to machine downtime and there are no proper preventive 

maintenance plans or evaluation of the process within the organisation.  

B) External Barrier  

Technological innovation collaboration (TIC): The researcher defines technological 

innovation collaboration in this research as the support for the SMMEs from external 

sources for DSC transformation as identified during the study. These external sources are 

identified as technology providers, non-profit organisations, or institutions that are able 

to provide support to SMME for DSC transformation. The supports required from the 

external sources are, providing knowledge about the technology, supporting the 

organisation to explore the opportunities for DSC within the organisation, supporting the 

organisation to identify and implement technological innovation for DSC and supporting 

the organisation to sustain and improve their DSC. It was identified during the pilot study 

as described in chapter 3, that technological innovation collaboration plays a key role 

within SMME for digital supply chain transformation.  

Further, the researcher tried to identify the relevance of TIC in the main study. The 

respondent from case A has agreed that the non-existence of a clear 

methodology/framework to implement and utilise the innovative technology and lack of 
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awareness of the advantage of implementing the technologies can be rectified with TIC. 

According to respondents, there are only minimal technology providers who have 

approached the organisation which has limited the organisation from technology 

implementation and digital supply chain transformation. Respondents mentioned during 

the interview that, “we had emails where we would like to go to various talks and seminars 

where it is but we couldn't find the right product for us so we are still exploring about it 

and we need great support from institutions or technology provider for this...we really 

need to know which all technologies we can utilise within our process and how and where 

we could implement it you know we need someone to guide us and we need some providers 

for SMEs like us...” (R2A) “...we need support from institutions or these technology 

providers to guide us to know about it...” (R3A). It was also observed that, case A has 

already been in contact with a university for support within the 3D Printing/Additive 

manufacturing via email communication which is still of interest to the organisation.  

Summarising the barriers it is evident that there is a lack of awareness of innovative 

technologies and their potential benefits, lack of methodology to implement the 

innovative technologies, reluctance to change, financial investment, time to adapt, skilled 

employees, lack of supply chain process evaluation as the internal barriers and lack of 

TIC as the external barriers for DSC adoption within Case A which is a metal engineering 

manufacturer in the UK. 

4.2.1.2 Drivers for DSC 

While there are barriers that limit the organisation from DSC transformation, the 

researcher has identified some of the potential drivers that can influence the organisation 

for a digital supply chain transformation. In this section, the researcher has outlined in 

detail the major drivers identified from the data within case A that can drive the 

organisation for digital supply chain transformation. The researcher has identified internal 

drivers and external drivers that can potentially drive the organisation for DSC 

transformation. While Internal drivers can be referred to in this research as the potential 
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drivers in the organisation, external drivers can be referred to as the drivers outside the 

organisation that can influence or support the organisation for DSC transformation.  

A) Internal drivers  

Stakeholder Motivation: The researcher has identified certain motivational factors within 

the organisation that can affect technological innovation for digital supply chain 

transformation. The term stakeholder motivation in this research refers to the interest or 

enthusiasm found within the organisation for digital supply chain transformation with 

technological innovation. The researcher has identified two types of stakeholder 

motivation within the organisation that can affect digital supply chain transformation. 

They are motivation from decision-makers of the organisation and motivation from 

managers. Managers are also employees within the organisation who can influence both 

the decision-makers and bottom-level employees within the organisation. 

One of the respondents who is a decision-maker has agreed that innovative technologies 

have brought profits to their organisation and mentioned that implementation of the 

innovative technologies can improve the SC within their organisation even though this 

respondent has presented a reluctance to change. Hence it is evident that this reluctance 

to change is due to non-awareness of the benefits of the technological innovations that 

can improve their current supply chain process. The comments made by participant 

R1A was, “...We had the industrial robots about 30 years ago and it was very successful 

for a time... Eventually we came first to move the business forward... there were problems 

but for a first for about five or six years it was very successful really quite profitable... I 

would be foolish to say no, but I am yet to be convinced that it could be useful for us...”.  

R2A has mentioned that “...We have to know what it is and how well we can use it... I 

think this technology can help us in future when we develop to next level as it can help 

our customers... Now I understand that some of these technologies can be useful for 

us...Yes, Yeah, I think...well...Going over it today makes me realise where we could save 

us...You know…our system, our company will work better, save some money... Well, you 

know before I saw when all...I was thinking why I didn’t look into that before.” It is also 
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clear that the organisation has contacted a university at one stage for one of the innovative 

technologies which is still of interest to the organisation.  

While some of the decision-makers are motivated by technological innovation, it is really 

important that the managers have the motivation to accept the decisions from the decision-

makers for a successful digitalisation within the organisation. Even managers have a key 

role as they can influence and motivate the decision-makers and the employees of the 

organisation for technological innovation as evident in this case. The respondent from 

case A has mentioned that they have tried to motivate the decision-makers by preparing 

and evaluating their process with the help of the excel software which provides the 

statistics for actual lead time for the order, which also helps for order prioritisation, most 

sold product. Respondent R3A has shown the excel details which was observed by the 

researcher. The excel file was created and analysed by R3A to evaluate their processes 

which resulted in identified areas to decrease lead time of their order processing as 

explained by the R3A. While explaining the excel file R3A stated that “...It gave us some 

great stats every month...I tried to push the management for this technology to track the 

stock at our warehouse... need to know about it and then consider the application of it 

within the business... I know there are more possibilities for cloud technology... and I 

believe R2A was actually in contact with the University at one stage (for one of the 

technologies). I think there is still an interest there and I can see the application of it... I 

think this could improve our general order processing with regards to the supply chain 

side of things which will make us more efficient and save us a lot of time and money...”.  

The respondents have clearly expressed that they are motivated for digitalisation of their 

supply chain as they understood by the end of the interview that there are opportunities 

for technological innovations that can result in increased efficiency, save time, and cost, 

and improves the supply chain process.  

Technology readiness: The term technology readiness within this study is defined as 

technology practices which can be referred to as the level of technology adoption within 

the organisation or use of technologies from external sources, as these factors can 
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potentially drive the organisation for DSC transformation. As described in section 4.2.1, 

Case A is typically represented as a “non-adopter” of technology as they implement and 

utilise very minimal technological innovations that can digitalise their SC. At the time of 

the interview, the researcher observed that there were some upgrades in machinery as the 

organisation has installed CNC machines as described by respondents. According to 

respondent R1A, the machines are around 8 to 100 years old as mentioned “…We have 

machines which are around 8 to 100 years old…”. The use of the outdated SAGE software 

for financial activities was observed by the research which was mentioned by respondent 

R2A during factory tour. According to respondents R2A and R3A, the organisation uses 

third-party tracking services to track their orders from the suppliers “…we use tracking 

service provided by suppliers and I have seen that its all done by third party logistics…” 

(R2A), “…majority of our suppliers use third party services, and they provide us with the 

tracking details from the service they used…” (R3A). R3A mentioned that third-party 

logistics (3PL) with tracking services are used by the organisation to deliver the products 

that are sent as parcels to customers, but no tracking services are used for delivery to 

customers as pallets “…We also use third-party services to deliver to customers. If it is a 

parcel to customer there will be tracking details but if it is a pallet, then there won’t be 

any tracking details but we may have order number from logistic company and their 

contact details so we call them and ask updates if any customer asks for it and I think if 

we have our tracking devices it will be helpful for the customers to check it directly which 

saves our time …”. R2A has also added that they select the 3PL from a platform available 

online that provides a price comparison depending upon the delivery address and products 

for delivery of products to customers as R2A mentioned “…we use a third-party platform 

that uses quite a few different third-party logistics as it comes up with the best price 

according to area we need to deliver…”. During the factory tour researcher observed that 

case A uses design software as part of designing their products for the customers and 

provides the sketch to the customer to understand the customer requirements. With these 

technological application and computer systems in place within the case, the researcher 

identifies a readiness for technological innovation within case A. 
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Technological innovation opportunity: The researcher refers, to the technological 

innovation opportunity in this study as the opportunities for technological innovation that 

has been identified within the organisation as per the data from the interview including 

the technological innovation interest specified by the respondents. It is the technological 

innovation opportunities within the organisation that may improve the SC process in the 

future. It was evident by summarising the responses from the respondents when asked 

about the order processing steps and observation of the processes during the factory tour, 

that Case A still uses the conventional supply chain process. All the respondents explained 

their order processing procedure during the interview and research observed during the 

factory tour that they use minimal technology such as telephone and email systems to 

contact suppliers and customers with regard to orders, email or physical order approval 

process, physical order processing method within the organisation, physical 

documentation of materials incoming and outgoing. It is identified that there are 

opportunities within case A for various technological innovation processes with 

technologies such as RFID/Barcode sensors, AR/VR, and user interface. According to all 

respondents, and while observing the purchase process as shown during the factory tour 

it was clear that the organisation still uses the conventional process to purchase the 

materials from the suppliers such as telephone or email system as R1A mentioned “…If 

we wanted to buy some steel bars. How will we order?, we just get him on the phone, or 

we may email and the order through…”, R2A mentioned “…we order the metal or 

components from various companies that we use, so we just call them and order… Even 

if phone some of them, they still have an email…” and R3A mentioned, “…would place 

a manual handwritten paper order with a supplier which would either be faxed, scanned 

or emailed to, to the supplier…”. Researcher has observed that there is no material 

planning available within the organisation that if introduced can support the organisation 

to decrease the lead time. The organisation has mentioned that there is always a lead time 

of 10 weeks for their products. As observed by the researcher where R3 has already 

identified that proper recording of the order process has provided increased visibility 

about the orders and decreased the lead time from 10 weeks to 8 weeks. R3 has done the 

process manually which was time taking and later it was stopped due to increased busy 
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scheduled orders within the organisation. Hence, there is an opportunity for data analytics 

to improve the SC process within the organisation. 

Due to the lack of time for manual processing, automation for data analytics is highly 

recommended. There have been customer returns for alteration of the product due to the 

lack of customer integration within the product design process as R3A has mentioned that 

“...There definitely be returns, where alterations about to have been made or adaptations 

again... because what people will visualise in their head and is always going to be 

different then. Sometimes you can cover that with images, videos and everything else, but 

it is always something happens...”. According to R1A, the organisation is finding it 

difficult to attain the orders in the first instance and R1A has an interest in improving 

customer experience within the website by providing more virtual or real videos of their 

product to give customers a better idea about their product which is a part of user interface 

technology to influence the customer. During the observation of the website by the 

researcher R1A mentioned that “…look on our website...we need to pull in a lot and a lot 

of business. So we need, a few good videos of our equipment. You know if you talk to 

people until you blue in the face, but you show them what it can do. That's in like in my 

opinion is where? We need to concentrate and improve our…websites and Internet 

Business and make it as accessible as it can be, and the customer needs to say wow good. 

Yeah, I need something like that. My gosh, oh that's what, we want…”. Respondents R2A 

and R3A have mentioned that there are opportunities to improve the order processing 

within the organisation and to use RFID/Barcode scanning systems to track their material 

within the warehouse, and even employee management systems to improve their supply 

chain as they mentioned “…We will see how we could use it and then will plan for it. 

Maybe we can use it for material tracking which we buy…” (R2A) “…I think it can help 

to use track our incoming materials…” (R3A). Respondents R2A and R3A have agreed 

that they are exploring additive manufacturing technology that is suitable for the 

organisation “…Well we had emails were we would like to go to various talks and 

seminars where it is to know how well we can use it where all we can use it …” (R2A), 

“…it's something we did look into and we are looking into and I believe ‘R1A’ was 
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actually in contact with the University at one stage. I think there is still an interest 

there….”  (R3A). 

It is clearly understood that there are opportunities for improving the supply chain process 

within case A with technologies like RFID/Barcode sensor, 3D printing/Additive 

manufacturing, Cloud, AI and user interface technology. However, to fully utilise these 

technologies Case A would also require using IoT to connect the technologies and to gain 

insights into the operations with the technologies and further automate the data analytics 

using Big Data analytics applications to forecast better that can save time, increase the 

visibility, and improve the efficiency of their SC. Case A has the opportunity to upgrade 

the SAGE software or implement ERP (Enterprise Resource Planning) software as a first 

step for technological innovation. R3A mentioned during the interview that 

“…Technological innovation is highly required in order processing as we still uses a 

conventional order processing method where there is a high chance for human 

manipulation that can cause delays for order processing…”. The initial area of 

opportunity is identified as automatisation with ERP, supplier order process, inventory 

level, order processing, and process transparency internally and with customers. 

Researchers have also identified the opportunity for supply chain flexibility where case A 

has experienced poor manufacturing performance due to machine breakdowns that have 

also affected the delivery of the product to the customer. Summarising the opportunities, 

it is evident that initiating DSC transformation can improve the productivity, efficiency 

and continuous improvement that will support case A for increased flexibility within areas 

of manufacturing and purchase. 

B) External drivers  

Financial support: Financial support within this research is referred to as the financial 

support from the government or banks for the implementation of innovative technologies 

for technological innovation that paves way for a digital supply chain. Researchers have 

considered the financial support factor as there are various governments fundings 

available (Innovate UK, 2018) for Innovation and technology as per various UK SME and 
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manufacturer reports and it is evident from the respondents R1A and R2A that they are 

not much aware of these fundings “…if government and all  give us some funding , not 

finance but funding then we will definitely look into developing us…” (R1A), “…I don’t 

know if there are any funding  for  us from  the governments…” (R2A). The cost of 

technologies and return of investment is a major barrier to implement technologies that 

make the decision-makers reluctant to technological innovation even though respondents 

have agreed that securing financing from the government or banks as a low barrier to 

technological innovation which means they are able to gain the financing without any 

barriers but still while they are not aware of the availability of various funding for 

technological innovation.  According to respondents, securing financing from banks or 

the government is a very low challenge for SMMEs within the UK that can drive for 

technological innovation within the organisation if they understand the potential benefits 

of DSC as mentioned by case A and it was also mentioned within pilot study in section 

chapter 3 of this thesis. 

Table 4.1 Summary of identified factors within case A 

Summarising the findings from case A, it is evident that there are various factors that act 

as barriers and potential drivers for digital supply chain transformation. The barriers and 

potential drivers are interrelated as potential drivers that can support the organisation to 

overcome the barriers for DSC transformation. As an example, lack of knowledge about 

innovative technologies within an organisation is a barrier that affects digital supply chain 

transformation as identified in Case A. Motivation to know about the technological 

innovation that can result in improvement of supply chain process and TIC can guide the 

Internal factors External factors 

Stakeholder motivation  

Technological innovation collaboration 

• Technology providers 

• Institutions-universities 

• Non-profit organisation  

Employee skills 

Time to adopt 

Supply chain process evaluation 

Technology awareness 

Technology readiness 

Technological innovation opportunity 

Financial Investment Financial support - Government or banks 
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organisation for improving their SC to overcome the barrier of lack of 

awareness/knowledge of innovative technologies. During the analysis, areas for 

technological innovation opportunities, within case A was identified, that can improve 

their supply chain with technological innovation. The key factors identified from Case A 

can be described under internal and external factors affecting the technological innovation 

for DSC as shown in Table 4.1. 

4.2.2 Case B  

Case B is a privately owned and operated SME in India that has been established in 1997. 

The organisation categorises itself as manufacturing and assembly of electrical cables. 

They specialise in cable manufacturing and manufacture around 17 different types of 

cables for the industry. Case B currently caters to several world-class organisation which 

is spread worldwide. They started with a small area in Mumbai known  as the financial 

centre of India which is considered as the eighth most populous city in the world as of 

2018 (Queiroz & Wamba, 2019). Since 1997, they have developed over the years with an 

expanded 1,00,000 sq. ft. area of warehouse to cater for customer needs in 2014 and 

expanded themselves with more than 7 branches across India by 2018. This case can be 

identified as an ‘initial adopter’ as they use minimal technological innovations to improve 

their supply chain process. In this research, the researcher refers to “initial adopters” as 

those who have implemented or are currently in a stage of implementing at least any one 

to three of the innovative technologies or any application with a focus on analysis or 

upgradation in future that can result in DSC transformation. Case B still have chances to 

get upgraded from conventional business practices including but not limited to financial 

and HR management procedures. The organisation has started introducing an ERP 

application known as SAP for organisational process integration and implemented initial 

cloud – network technology to share and access the data within the organisation. This 

organisation employs 248 employees in the manufacturing unit with 20 engineers, around 

10 managers, and 2 directors. The organisation consists of Top management, marketing, 

finance, IT, Dispatch, store, HR, quality, and the production department. The production 
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department comprises of two units where one is for manufacturing cables and the other is 

for the harness. As mentioned previously three participants were interviewed, each from 

a different level of the organisational structure. They included one director responsible 

for decision-making for the organisation and two managers with decision-making 

responsibilities, within the HR department and procurement department of the 

organisation. Respondent R1B is one of the directors and decision-makers of the 

organisation. Respondent R2B and R3B are the managers in charge of the HR department 

and procurement department, respectively. The main barriers and drivers identified within 

case B are described below. The findings that identified as the factors affecting DSC 

transformation as per the opportunities and requirement of case B is presented below. 

4.2.2.1 Barriers for DSC 

A) Internal Barrier 

Lack of technology awareness: The interview section followed up after gathering general 

information about the organisation to know the awareness of the respondents with regards 

to the technologies. Most of the respondents have agreed they are aware of most of the 

technologies mentioning that they have at least heard the name of the technology. While 

going ahead during the interview, the researcher further tries to understand the knowledge 

of respondents with regards to utilising the technologies and benefits of these technologies 

within their organisation. At this time, respondents have agreed they are not fully aware 

of these technologies and the benefits it can bring to improve the SC within their 

organisation. While the respondents from case B agreed that they are aware of 

technologies, they lack clear knowledge of technologies that are available and beneficial 

for manufacturers like case B. According to the respondents “...I am not fully aware of 

what all technologies are there in the platter of manufacturers... We need to know more 

about this technology and its uses for us...No idea what is it... We don’t know which 

technology to choose, what benefit each technology can bring...” (R1B), “....as said 

before we don’t know which technology we can use, is there a technology that can reduce 

our problems and all...Need to know about the technology...Need to know where we can 
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use it in our organisation..." (R2B), “...we don’t know which technology we need...” 

(R3B).  From these responses, it is clear that there is a lack of awareness of innovative 

technologies and their potential benefits for case B. According to case B, respondents 

have not identified the advantage of implementing the technologies which is a high barrier 

that can impact DSC transformation.  

Lack of methodology to implement the innovative technologies: Case B is using the SAP 

system for their process, but still respondents have agreed on the non-existence of a clear 

methodology to implement the technologies is a medium barrier that limits the 

organisation from supply chain improvements. Respondents R1B, R2B and R3B 

respectively mentioned that “...We don’t know how to implement, which technology to 

choose, what benefit each technology can bring, and there is no proper method or guide 

for manufacturers...”, “...As mentioned before need to learn how to use it for 

organisation...we don’t know how to implement so we need some plan to know from where 

to start and what all to consider to decide, to implement and all... ”, “...no idea and plans 

to guide us on where we need to start and how to decide and what to implement... ” 

According to the responses from case B, lack of proper methodology is a barrier for the 

organisation to identify and implement the technologies that limit them from DSC 

transformation.  

Reluctance to change: Case B is an organisation that has been developing since its 

beginning in 1997. Researcher has observed that they have been using modern machinery 

within their organisation to build quality products for their international customers which 

was explained by the R1B with the pre-recorded video about the organisation and R2B 

during the factory tour. Even though they have quality policies focussing on continuous 

improvements in quality and efficiency, upgrading their manufacturing technology to 

suite product requirements but still, the respondents have mentioned that they are facing 

reluctance to change within the organisation. According to the respondents, R1B “family 

businesses have faced an issue where in the parents are resisted towards the new 

technology…why do you want to have it when I am already running it. So that resistance 
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is there...also the family businesses are not made aware of these technology...Because 

they are already tired up with their daily hassle of looking after everything… others are 

resisted because they have to learn… they should be willing to learn and dedicate their 

time for us. that type of sacrifice that they do will be a giving a direct impact for our 

organisation and they improve their skills too”, R2B “…people are just refusing that 

system or technology…”, and R3B“…there are some people who don’t like to use 

technology…” 

Financial investment: For an organisation to develop themselves requires technological 

innovation which is a financial spending. Case B identified the ROI as a major barrier and 

the cost of technologies as a medium barrier when considering for implementation of 

technologies for supply chain improvements. Respondents have mentioned that the 

investment the organisation makes in technologies should be worth for organisation which 

is a major priority for the organisation while the cost of technology is only a medium 

barrier. The organisation considers the value of return for implementing the technologies 

for improvement, as a factor to think about when considering DSC transformation. 

According to R1B “…I have to actually understand how much value these technology 

will give me in return… if it will take around many years to give me the returns for 

investment. Then as a business, as an investor we need to think about that...” Cash flow 

is a factor to think about when an organisation decides for technological innovation as it 

caters to cost. As we have mentioned in pilot study section 3.8, the case PB has undergone 

administration due to a lack of financial planning even though they embraced themselves 

with the initial technological innovation process to improve their supply chain. 

Respondent has mentioned that supply chain disruption due to external factors can cause 

cash flow that has a major impact on the organisations that can delay technological 

innovation. According to respondents R2B and R3B, “low cash flows is affecting the 

decision for implementation of technologies by management…management is refusing 

some adoption or rethinking about adoption due to...cost of technologies..." (R2B), 

“…cost is also an issue…” (R3B). 
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Time to adopt: Technological innovation for improving the supply chain process is a time 

taking process. Organisations need to find time to learn, analyse, implement the 

technologies and learn to use them. According to respondent R1B “…factor that limiting 

us from adoption of technologies is the implementation process time….time taken to 

complete this implementation is a factor…time taken to learn will actually have less 

productivity in their work for that we need to find time for to teach them and they should 

be willing to learn and dedicate their time for us…”, and R2B “…Management need to 

find sufficient time to implement these technologies and get the employees trained I don’t 

think it can be done fast. It really takes time, and we need to dedicate the time for 

implementation and training during our work without affecting our operation…” 

Skilled Employees: Skilled employees play a major role in technology implementation 

decisions within an organisation (Savvy, 2019). Lack of skilled employees will create 

more reluctance within the organisation for technological innovation that can affect 

improvements in their supply chain process. According to respondents from case B R1B 

“…Also, the right person, finding the right person is again a big challenge in this 

particular point to use the technologies as the employees within our organisation lack the 

skills to use it (Technology)…There is a lack of skilled employees, and they are more 

reluctant to implement the technologies… They should be willing to learn and dedicate 

their time for us....and they improve their skills too”, R2B “…it is a big investment and... 

the skilled manpower should be there...management is ready to take that software, but the 

people...who will operate that machine, or a technology should be ready for it...we have 

lack of skilled people who need to get trained and improve their skills…people are not 

ready....because they lack the skills...so skilled manpower and readiness of that manpower 

is required…”, and R3B“…The main reason for people not liking to use the technology 

is due to lack of their skills. There are lot of people who need to improve their skills. They 

need to get trained to use the technologies…”. When asked to rank the major barrier for 

technological innovation within the organisation, respondents also ranked the lack of 

skilled employees as a major barrier for the organisation to implement the technologies 

for DSC transformation.  
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B) External Barrier 

Technological innovation collaboration: Respondents mentioned about TIC during the 

study. They have agreed that the lack of awareness of innovative technologies, their 

benefits, and the non-existence of a clear methodology for implementing innovative 

technologies is a medium barrier for technology implementation which can be improved 

with technological innovation collaboration. According to the respondents, technology 

providers who have approached the organisation is extremely low. Technology providers 

approached the organisation only for cloud, RFID/barcode, and geo-location. 

Respondents have mentioned about the support required from third-party providers during 

the study, where R1B mentioned“…the right person, finding the right person is again a 

big challenge in this particular point to use the technologies. We don’t know how to 

implement, which technology to choose, what benefit each technology can bring, and 

there is no proper method or guide for manufacturers. in case of SAP, we need to go 

through three or four consultancies. We had to have a third-party opinion like we had to 

filter them out to a next level. We don't have the confidence whether or not they can 

implement the SAP. They don't understand, our subject and area will, like, yeah, we are 

into cable manufacturing and don't understand are subject…”, R2B mentioned “…we 

need someone who can guide us which one to select and which one is good for us. Because 

we don’t know which technology we can use, is there a technology that can reduce our 

problems and all and we don’t know how to implement so we need some plan to know 

from where to start and what all to consider to decide, to implement and all…”, and R3B 

mentioned “…There are lot of people who need to improve their skills. They need to get 

trained to use the technologies…we don’t know which technology we need and how we 

can use it because there are no people to guide us and as said before nobody came to use 

to give us details or guide us to implement the technologies…no idea and plans to guide 

us on where we need to start and how to decide and what to implement…”. While 

technological innovation collaboration has been mentioned by the respondents to guide, 

and provide knowledge, likewise numerous factors for improving their supply chain, 

providing training to upskill the employees is also a sub-factor that comes with support 
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from a third party. The third party can provide more knowledge about innovative 

technologies and processes that can help the organisation to explore opportunities for SC 

improvements. It is evident from case B, that technological innovation collaboration has 

a crucial role within this organisation for technological innovation with DSC 

transformation. 

4.2.2.2 Drivers for DSC  

According to the respondents, there are potential drivers within case B that can lead the 

organisation for digital supply chain transformation. There are various internal and 

external drivers that can affect an SMME for DSC transformation that is discussed in 

detail below. 

A) Internal drivers 

Stakeholders Motivation: Motivation to adopt and change for improving the current 

supply chain within the organisation can result in DSC transformation. Motivation from 

the decision makers and managers can have an impact on the employees to adopt 

technological innovation for DSC. According to respondent R1B, it is evident that there 

is a reluctance to adopt technologies within the decision makers while R2B and R3B state 

that some employees are reluctant to technology adoption.  They have also mentioned that 

still there are some employees and decision-makers who are interested in technology 

adoption which has motivated the organisation for adopting SAP which can be considered 

as an initiation for technological innovation for supply chain process improvements as 

discussed previously. While R1B has mentioned that “...Right now we are in the 

implementation stage that is by March we will be stopping all the paperwork then they 

are supposed to get familiar with the term SAP... we need some technologies to grow...In 

my own organisation, it is me and a handful of people who think of getting new technology 

into place, others are resisted because they have to learn…”  

While there is motivation among the decision makers, the employees down the level of 

the organisation must accept the technological innovation. Down the level of the 



   

 

 158  

 

organisation is identified in this research as those employees who work at various levels 

anywhere in the warehouse, on the machine floor, or even as a gatekeeper who should 

accept and use the technological innovation practices within their responsibilities. The 

acceptance of employees for technological innovation can be influenced well by the 

decision makers or their respective managers who are more related and in contact with 

the employees. Considering case B, it is evident from the respondents that there is a 

handful of people including R2B and R3B and the decision makers such as R1B within 

the organisation who are ready to accept the technologies. According to R2B and R3B, 

“…I understand just from this interaction with you, I clearly think that…that technologies 

are required because at many stages we have the manual process or single data handling 

or physical paper handling process. so technology is now needed as an example it change 

this manual process that can decrease a lot of human errors…so yes of course we are in 

favour of technology…even though management is ready to take the software or 

technology, even though we some managers are welcoming it but there are some people 

are not willing to accept it…but we are trying to make them understand about the 

technologies and all and some people are slowly, slowly understanding and ready to 

accept it…”(R2B), “…Yes, we are interested to implement some of the technology in 

supply chain management…These technologies will save our time, manual error and I 

think management can analyse the data for improvements…” (R3B). It is evident from 

the responses that while there is a reluctance to adopt innovative technologies there is 

more motivation for implementing the technologies which is driving the organisation and 

as a result, they are adopting SAP software that can be considered as an initial 

technological innovation for DSC. 

Supply chain process evaluation: Supply chain evaluation can have a major impact for 

the implementation of technologies within an organisation. Evaluation of the processes 

helps to identify the need for supply chain improvements which may need technological 

innovation. According to Case B, there are defined key performance indicators (KPIs) for 

most of the departments except purchase. The evaluation process within the organisation 

is done manually using excel. The data for evaluation is available from the newly 
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implemented SAP which was observed by the researcher during the factory tour provided 

by the R2B. The frequency of evaluation is weekly and monthly depending on the 

departments. Respondent R2B has also shown an excel file which the organisation now 

uses for evaluation of employee. Respondent R3B has shown the detailed excel file of the 

KPIs for the warehouse and further the word documents which explains the organisation 

process for the procurement department. Respondents mentioned that “…We analyse…not 

through SAP but using excel sheets…couple of evaluation like we have evaluation which 

can be used for performance appraisals, yearly performance appraisal…” (R1B), 

“…there are KPIs for warehouse but other than that no KPI for purchase department. 

There are KPIs for other departments too which undergo evaluation…” (R2B), “…we 

are in the performance appraisal, but these are not an automated process, evaluation. It’s 

done by excel…” (R3B) 

Technology readiness: Case B is a cable manufacturer dealing with manufacturing of 

around 10 different types of cables serving world-class organisations in India and abroad. 

Case B has been upgrading their manufacturing technologies to meet the standards and 

product requirements of the clients. The researcher has identified technology readiness 

within Case B and considered case B as an ‘initial-adopter’ as they have focused on 

manufacturing technology upgradation which was observed during the factory tour within 

cable manufacturing and implementing SAP ERP application, with a focus on improving 

their SC process in the future. According to respondents and as per the observation, it is 

clear that case B is implementing the SAP business one application as discussed in 

previous sections. SAP business one is an ERP application that supports SMEs in 

managing their business but not to the extent of ERP that is used by a larger organisation. 

The core features of this ERP application are financial management, sales and customer 

management, purchasing and inventory control, business intelligence & analytics 

reporting (SAP Business report, 2020). 

According to respondent R1B, “…we are in the implementation stage…we will be 

stopping all the paperwork then they are supposed to get familiar with the term 
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SAP…once they get familiarised…will be making this as a whole new system…”, it is 

clear that case B is implementing the ERP application that will move the organisation 

from much physical documentation to soft documentation that can improve their supply 

chain in future. There is also another software application for HR that was explained by 

R2B during the factory tour. The application is outsourced and according to respondents 

R1B and R2B, HR has a separate system other than the SAP system where they are able 

to track their employees during working hours using a geolocation system which was 

shown and explained by R2B during the online tour. As mentioned by respondent R3B, 

Case B has vendors registered in their ERP system with various fixed prices for products 

that researcher has an opportunity to observe and noted. The researcher refers to vendors 

within this research as the supplier registered within an organisation to supply relevant 

materials required for the organisation. Vendors or suppliers are usually registered by an 

evaluation process considering several factors which differ between organisations.  

R2B has mentioned that “…we have store department where we store the…store all the 

material okay and we have defined some labels like MSL, material shortage level, reorder 

level, so when the quantities reaches up to msl material shortage level, store will inform 

the purchase Department….actually when the material reaches up to msl we are using 

SAP now...so as soon as the material reaches to MSL level the pop-up message will be 

shown to the store department using that pop up message store will inform the purchase 

department through mail… this material is below the msl level you can place the order 

for the same…”. So according to R2B as explained during the tour it was observed that an 

automatic notification is available to the store department within the ERP when the 

material reaches the re-order level. The purchase department has mentioned that they can 

use the ERP system to generate and send the purchase order (P.O) to their respective 

vendors from the ERP with the registered email details in the ERP itself or using email 

outside of the ERP. This process of generation of P.O and trial of sending the P.O was 

explained by R3B during the tour. Organisations also use the material tracking system 

from the 3PL during the delivery of the material by their suppliers and delivery of the 
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finished product to the customers which was shown to by R2B during the factory tour 

session.  

Respondent R1B mentioned “…We have our SAP system connecting sales, production, 

accounts, purchase that helps the management to know the status of orders and all…” 

and R2B mentioned “…like I said we are using SAP system now, so it is it is a centralised 

system…it binds all the departments like from store department, production department, 

dispatch department, all the departments are getting a centralise in that system so that it 

gives details of how much production is happening, how much finished good was 

manufactured yesterday or till time and how much we can dispatch. In that system we can 

easily find out how much production we are doing on daily basis. Store department only 

see the store…whatever the store which item they have in store and... like what is the stock 

of a particular item. production can see only the how much production is there yesterday, 

or production report is there for production Department. Sales Department is having a 

sales value they can access only sale value and they can put they can punch the P.O…but 

management…management has all the access to see what is going in store what is going 

on in marketing what is going on in production, so management has all the access…”  so, 

it is understood from the interview and from the observation that with the current 

implementation of the ERP application there is more visibility within each department on 

their process and higher management is able to access to data of all the departments within 

the ERP that provides increased visibility of SC process to the management within the 

organisation (Bartlett, 2007). 

Technological innovation opportunity: Case B has been identified as an initial adopter 

with the ERP application being in the implementation process. It is evident from the 

technology readiness explained in the previous section that Case B has a lot of technology 

readiness that is leading for more technological innovation opportunities within the 

organisation. There are opportunities identified within the integration of stakeholders 

along the supply chain, automation, inventory, and customer data analytics which are 

some of them. Considering the integration of stakeholders along the SC as an example, 
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one of the opportunities identified is to implement a confirmation option instead of 

sending orders and deadlines (Brun, et al., 2020). This will give the suppliers a chance to 

accept orders and guarantee a delivery date for the order. When asked about returns of 

materials and processes during the interview, as per all the respondents, there have been 

returns of materials to suppliers due to various reasons that have delayed material delivery 

to customers, even though the suppliers have been selected after a thorough supplier 

evaluation process. There are opportunities for improvements by implementing an online 

system where more suppliers are registered for the same product and providing them with 

an auction or confirmation option to submit their quote with their terms and conditions 

(Brun, et al., 2020). This can avoid a last-minute return of products that can lead to delays 

in customer order processing. All respondents have mentioned that there has been a 

rejection of materials and a lack of suppliers for some materials which has made the 

organisation purely dependent on a single supplier due to the lead time and demand 

planning forecast. The researcher identified that big data analytics can support the 

organisation to create analysis from customer demand data, production, and inventory 

control to forecast the demand for the product. Considering the demand forecast, an 

organisation will have more options to select suppliers from national or international 

markets as per the requirements (Gunasekaran, et al., 2017). While these were the 

opportunities identified by the researcher during the interview, respondents have 

mentioned various innovative technologies that they are interested in implementing which 

paves way for DSC transformation within the organisation when asked about the 

interested technologies. 

According to all respondents, they have commonly identified innovative technologies like 

AI, RFID/Barcode sensors and cloud technology as the main technologies that they are 

interested in exploring or implementing in the near future even though some respondents 

have mentioned various other technologies. As an example, according to R1B case B uses 

a bin card system which is a traditional physical system that provides the data of material 

in stock within the warehouse where R1B has identified that barcode/RFID sensor 

technology can be used to reduce the human error, as the technology can track the stock 
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within the warehouse, track the respective materials used within and customer order and 

even it can help to trace back the material details if there is any rejection or return of 

finished product from customer due to poor quality. As mentioned by respondents, “with 

the use of artificial intelligence, yes it will actually help my employees to get connected 

with the customer and all like getting all the feedback …It will actually give me a opinion 

of the customer, artificial intelligence can give me the trend chart analytics... there can 

be certain bar coding system that can be done to scan in each and every process like how, 

what is the time and all that stuff instead of having a process card that we have. so bar 

coding and scanning system can be there in the process…” (R1B), “…we are looking 

for...software for quality department where we can where we can get all the things on one 

click like and reduce quality issue and also human errors too…Then, barcode system so 

that it can help to track the materials in warehouse and reduce manual error...then cloud 

to have online so we can access it from outside…and every report we will get it on one 

place. And I think we need technology that can generate all type of analysis and 

report...”(R2B), “…you know system where all information check and all data related to 

the stock using barcode system and making it available to using cloud so if we are at home 

or other in location we can check…check that stock and release that something or…do 

our work if we are not in company…we can check that stock and all these things and do 

accordingly if material shortage we can release the purchase order from home…I think 

we are planning for barcode scanner technology…” (R3B).  

Respondents have also mentioned that there have been returns from customers, due to 

wrong specifications done by the employees, delivering wrong orders to customers as 

examples. This can be decreased by implementing a tracking process with sensor 

technology within the customer order process as identified by Badole, et al., (2013) in 

their study. All the respondents mentioned the financial flow issues as a barrier for the 

organisation that is limiting them from technology implementation while asked about 

limiting factors. This barrier can be overcome if they utilise the opportunity of blockchain 

technology that can make the contracts more transparent and work without flaws between 

the stakeholders of the contract (Bocek, et al., 2017). Thus, reducing the issue of financial 
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flow which is affected by conventional contract and payment methods. According to the 

researcher it is evident from the responses of R1B, R2B and R3B that there are various 

opportunities within the organisation to implement innovative technologies within the 

areas such as supplier order process, supplier evaluation, inventory level, customer order 

processing, and process transparency with customers. By the time the interview came to 

an end, it is clear that they have identified that there are opportunities for supply chain 

improvement with various technology like big data for data analytics, IoT, barcode/RFID 

sensor technology, and AI while improving User Interface experience as they responded 

positively while asked about their remarks on these technologies within the organisation. 

Out of these identified opportunities for technologies, the organisation needs more 

knowledge of big data and IoT as all respondents mentioned a lack of knowledge about 

it. Hence knowing more about these technologies and their utilisation benefits can lead to 

exploring the opportunities resulting in the digitalisation of the supply chain with an 

improved efficient, visible, transparent, and resilient supply chain in Case B. 

Summarising the analysis and findings from case B, there are various factors that affect 

an organisation for DSC transformation. According to the respondents, even though the 

cost of technologies and return on investment together make financial investment a factor. 

The organisation is capable and ready to invest to implement the technology if they find 

it beneficial for them. Hence the cost of technologies and financial support from the bank 

or government is not a major factor limiting technological innovation for case B. As an 

initial adopter, case B has identified the benefits of some of the innovative technologies 

like cloud, geo-location, and RFID/Barcode sensor technology out of which they are 

interested and planning to implement cloud and RFID/Barcode sensor technology in near 

future. An ERP application is being implemented within the organisation as it will support 

the organisation to improve the visibility of the SC within the organisation as mentioned 

by the respondents. While there are internal factors which act as barriers within the 

organisation there are potential drivers internally and externally that can support the 

organisation to overcome the barriers for DSC transformation. The key internal and 

external factors identified for DSC transformation from case B are shown in Table 4.2. 



   

 

 165  

 

Table 4.2 Summary of identified factors within case B 

4.2.3 Case C  

The organisation considered as case C is an SME in UAE that has been established in 

2006. Case C is into electromechanical fabrication and installation services. Fabrication 

is an industrial term that refers to the process of production or construction of a product. 

While manufacturing generally refers to the process of producing products on large scale 

using machinery, fabrication can be referred to as a process of making a single or very 

low number of products for a single customer by customising and assembling various 

standardised products (Hasa, 2017). As stated by Hasa (2017) fabrication is a process or 

manufacture of parts usually structural or electromechanical that involves the design of 

the product as per customer requirement. Case C is focussed on the electromechanical 

fabrication business where they fabricate and install electrical and mechanical products 

which are customised for their customers. They are able to execute any product from 

concept to reality including roll cages, harness bars and sheet metal products. They are 

also engaged in manufacturing industrial structural forms for small- and large-scale 

industries with their heavy industrial structural fabrication set up. This case has around 

40-50 employees at the manufacturing unit, 3 engineers and 3 managers within the 

organisation. They have 5 different departments under the control of a director that 

comprises of projects, electrical, mechanical, fabrication and accounts. Their current 

business focus area is only within the UAE market.  The researcher identifies case C as 

“initial adopters” as they use minimal technological innovation that can improve their 

transportation within the supply chain and that technological innovation is a part of digital 

supply chain transformation. This case is considered as “initial-adopters” as they are using 

Internal factors  External factors  

Stakeholders' motivation    

Technological innovation 

collaboration  

• Technology providers  

• Institutions-universities  

• Non-profit organisation   

Employee skills  

Time to adopt  

Supply chain process evaluation  

Technology awareness  

Technology readiness  

Technological innovation opportunity  
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geo-location technology within their vehicles to track them. This technology that locates 

their vehicles is used for on-time tracking and fully utilising their fleets by diverting them 

on time as per the requirement while they are on the road and avoiding misutilisation of 

their fleets that can delay the transportation and affect their supply chain. The interview 

was attended by three persons from the organisation. The respondents were Operation 

Manager (R1C), Engineering Manager (R2C) and the Director (R3C). The main barriers 

and potential drivers within case C is described below. Further a summary of the findings 

that identify the factors affecting DSC transformation as per the opportunities and 

requirements of case C is also described. 

4.2.3.1 Barriers for DSC  

A) Internal Barrier  

Lack of technology awareness: At the beginning of the study at Case C it was evident that 

respondents are aware of 75% of the innovative technologies and the respondents agreed 

that lack of awareness of innovative technologies as medium barrier while the lack of 

awareness of potential advantages of implementing these technologies as major barrier 

for implementing and utilising the technologies for improving supply chain within the 

organisation. It is evident from this response that awareness of technologies is just an 

understanding of technologies, but there is a clear lack of awareness of the potential 

features and benefits of these technologies within the organisational process. While 

enquiring about their interest in implementing the technologies within their organisation 

for improving their supply chain, the researcher identified that there is a lack of awareness 

of potential features of the technologies like Big Data, IoT, User Interface, Block chain, 

3D printing/Additive manufacturing, that can bring in, to improve the supply chain within 

an organisation as the respondents said that “…We don’t know its use within our 

organisation…we would like to know more about its benefits for our organisation…We 

don’t know its use within our organisation…I am not aware of it…I don’t think we can 

utilise it…”(R1C), “…We are not aware what is its use for us and how to use this 

technology within our organisation… I don’t know much about the technology so no idea 
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about it and how to use it for us…No idea what it is and how it can be used within our 

organisation…I don’t know what it is and how is it useful for our organisation…We 

haven’t really thought about its benefits for us…” (R2C), “…We have some concerns on 

how we can benefit from this…We are bit of interested to know how it can be useful for 

us…we need to know about it how we can benefit from AI… We are not familiar with that 

one…We are not aware of this block chain…we have to identify where we could use it...” 

(R3C).  Hence it is evident that a lack of awareness of the potential features is a factor 

that limits an organisation from technological innovation for DSC transformation.  

Lack of methodology: During the study within case C, respondents pointed out that the 

lack of methodology or framework to implement the innovative technologies is a barrier 

that limits the organisation from the implementation of innovative technologies for DSC 

transformation. According to respondents,  R1C mentioned, “…As said in the beginning 

we don’t have a clear methodology or plans on how to implement these technologies, 

where to start, how to identify and all…”, R2C mentioned “…we don’t have a clear idea, 

on how to identify which technology we need, where to identify the need, where to start 

because we lack a proper plan for technology innovation to improve our supply chain…”, 

and R3C mentioned, “…There is no proper structure on how to implement the 

technologies and where we could implement, how we could start…”. Thus, the non-

existence of a clear methodology to implement the technologies is a barrier for the 

organisation to implement the technologies for DSC transformation. 

Financial Investment: The cost of technologies plays a major role in limiting the 

organisation from technological innovation for improving their processes within the 

organisation even if it is a manufacturing or supply chain process (Bogers, et al., 2016). 

According to case C, respondents have ranked the cost of technologies and ROI as high 

barriers that limit their organisation from implementing innovative technologies. During 

the interview on factors limiting them from the adoption of technologies for DSC 

transformation, respondents stated that “…the initial cost…I think you know the 

cost…Also when you do an ROI, it's when it comes to the cost….” (R1C), “…one of the 
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reason is financial, I mean the thinking of returns compared to the investment and also 

the cost to implement the technologies…” (R2C), “…Main thing is cost…the investment 

to implement these technologies…” (R3C). 

Time to adopt: Respondents from case C have mentioned that time is a factor to consider 

while planning for technological innovation within the organisation. Technological 

innovation is a time taking process that comprises many steps that require time for a 

successful technological innovation for DSC. According to the respondents, “…we need 

time to identify the technology and implement it, so time is also a factor…”(R1C), “…then 

I think its lack of downtime, we have to utilize because we always functioning, we don’t 

have the, you know luxury of actually moving out of work and spending time to implement 

this…”(R2C), “…we need time to understand, learn about these and training our 

employees for it …so we have to plan and find time for it….”(R3C). 

Skilled employees: During the interview, respondents have indicated that skilled 

employees as a medium barrier that limits the organisation from technological innovation. 

Where R1C, R2C and R3C respectively said, “…we don't have that kind of skilled 

manpower to implement or to use the technologies…”, “…Lack of manpower, I mean we 

don’t have the guys to spare to implement these technologies…”, and “…we also don’t 

have skilled manpower to use these technologies so need to train them and all to fully use 

it…”. It is evident from these responses that the lack of skilled employees has been a 

barrier that limited the organisation from technological innovation for DSC 

transformation. While implementation of innovative technologies can be done by external 

parties, skilled employees within the organisation are required to effectively use the 

technologies to improve their supply chain process (Garzoni, et al., 2020). 

Lack of supply chain process evaluation: Evaluation of a process can help to assess the 

process and identify the areas for improvements within the process of operation in an 

organisation (Tjahjono, et al., 2017). Supply chain process evaluation can be done by 

identifying, measuring, and analysing various factors including but not limited to the 

defined KPIs within an organisation. During the study at case C, the researcher identified 
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that this organisation has a lack of SC process evaluation which has a significant role in 

improving the supply chain as all the respondents have mentioned that there are no defined 

KPIs within the organisation for evaluation. They all mentioned that there is no proper 

plan or process for customer satisfaction report generation and evaluation within the 

organisation when asked during the interview. According to two respondents they rely on 

their limited suppliers as they have a long-term relationship with them and there is no 

supplier evaluation process in place within the organisation. During the interview 

respondent, R1C mentioned “…We cannot compromise on quality by going to new 

suppliers and we have limited number of suppliers which we know over the years that they 

give us good products…” while R3C indicated that“…We are planning to registration of 

suppliers and improving suppliers list as we can improve negotiating and get best prices 

and improve our supply chain …”. It is evident that the organisation completely relies on 

the current suppliers which is also a limited number as mentioned and there are some 

reluctances to explore more suppliers and opportunities. As long as there is no proper 

supplier evaluation process and completely relying on the current supplier is a barrier for 

technological innovation as the organisation does not explore the opportunity for adding 

extra suppliers that can open the window for price analysis and improving the supply 

chain  (Kache & Seuring, 2017). Lack of evaluation processes, such as performance of 

the operations, evaluation of customer satisfaction, or supplier evaluation within the 

organisation acts as a barrier to identifying the need for improvements in the supply chain.  

B) External Barrier   

Technological innovation collaboration: Technological innovation collaboration has 

been identified as a major requirement for the organisation for DSC transformation. As 

mentioned in the pilot study section 3.8.2, technological innovation collaboration plays a 

key role within SMME like case C to implement technological innovation for DSC 

transformation. Respondents within case C have agreed that the lack of TIC is a major 

barrier for them in gaining more knowledge and exploring the opportunities of innovative 

technologies within their organisation for SC improvements. It was understood during the 
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study that only two technology providers have approached the organisation for technology 

implementation out of eleven technologies that play a key role in DSC. This limited 

approach by the technology providers has been a barrier for the organisation to explore 

the opportunities of DSC within their organisation. Respondent R1C has mentioned 

“…getting support from technology providers…”, as a major barrier in implementing and 

utilising the innovative technologies within their organisation.  

According to respondents, “…we need support from technology providers to let us know 

which technology which can use, where we can use it and how we can use it…” (R1C), 

“…we need some team to identify and implement it. We ourselves don’t know where our 

machines are and all… I think…no technology provider has approached us to make us 

aware about technologies, how and where we can use it etc. and we don’t have a clear 

idea…” (R2C), “…we need to have somebody to guide us and monitor for implementation 

of technologies…we need support from technology providers and all to guide us on 

this…we need a step by step guide to understand about technology, its benefit and how 

we can implement it…” (R3C). It is evident from the responses that technological 

innovation collaboration is a really important factor that could support an organisation 

like case C to gain knowledge and explore the opportunities of DSC with technological 

innovation. According to the respondents, there is a lack of support from third-party 

technology providers, other supporters like institutions or even non-profitable 

organisations.  

Financial support: During the study, securing finance from banks and the government 

has been identified as a high challenge for case C. Financial support has been considered 

within case C as respondents have mentioned the cost of technologies and ROI as a major 

barrier for the organisation to implement technologies. Hence financial support becomes 

a factor to drive the organisation for DSC transformation with technological innovation. 

All the respondents from case C have agreed that lack of financial support from the 

government is a high barrier. They have also agreed that securing financing from banks 

and the government funding is a challenge for them. Hence lack of financial support for 
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the organisations for technological innovation is considered as an external barrier for DSC 

transformation.  

Summarising the barriers identified from case C, it is clear that lack of knowledge of 

innovative technologies and their potential benefits for the organisation, cost, time to 

adopt, skilled employees, Lack of SC process evaluation, and lack of methodology to 

implement the technology as internal factors and lack of TIC and financial support as the 

external factors that limit the organisation from technological innovation and DSC 

transformation.  

4.2.3.2 Drivers for DSC  

A) Internal drivers   

Stakeholders Motivation: The motivational factor has great importance within an 

organisation as it can highly impact technological innovation within the organisation 

(Marvin & David, 1999).  While there have been some signs of reluctance to change in 

operation as one of the respondents mentioned that they are happy to continue with the 

current suppliers, other respondents have shown motivation for improvements within 

supplier registration and analysis. Even though the respondent R1C considered 

themselves as a smaller organisation and mentions their satisfactory negotiation skill with 

suppliers that points to reluctance to change, as they do not have more suppliers for 

analysis and there is a lack of evaluation process to confirm their negotiation skills. Still, 

there has been a motivation for implementing some of the technologies for improving 

their supply chain process. This motivation for implementation is due to the awareness of 

potential features the technology can bring in for improving its supply chain process.  

Respondents have shown their interest in implementing cloud technologies within their 

supply chain system where respondents indicated, “…we are interested (cloud 

technology) and looking into implementing it…as per this interview I think we need to 

look into more technologies that was mentioned as I think we can really utilise some of 

them to improve our supply chain process…”(R1C), “…We are looking into it for this 
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year itself…Yes, we will look into cloud network…”(R2C), “We are planning to 

implement it (cloud technology) and looking for someone who can guide us …Yes we 

have, main thing is like cloud technology we are planning and we are planning for some 

ISO certification and all…”(R3C).  While respondent has shown their interest to 

implement new technology that can lead to improving their supply chain, they have also 

shown interest in exploring more about the potential benefits of some of the technologies 

like IoT, Bigdata, AI, RFID/Barcode sensor, 3D printing/Additive Manufacturing 

technologies. According to respondents, for each of the technologies they said, “…we are 

interested to know more about it and also how we can use it within our organisation…, 

we would like to know more about its benefits for our organisation and how we can use 

this technology within our organisation… We don’t know its use within our 

organisation…We want to do it sometime in near future… I don’t think we can utilise it 

in our organisation but still we will look into it in future…” (R1C), “…we need to learn 

more about it and how we can use it… we need to explore more about the technology and 

its use for us…I think in future we will be able to utilise robotics within our manufacturing 

area and we will be looking into utilising AI in near future… We are interested and we 

are looking into it for this year's budget…” (R2C), “…we are bit interested. We have 

some concerns on how we can benefit from this…we are bit of interested to know how it 

can be useful for us how we can use it within our organisation…we are interested, and 

we need to know about it how we can benefit from AI, so we are bit interested…we are 

really interested. we are looking into the barcode…We are not familiar with that one. But 

may be in future but not now…” (R3C).  

Respondent R1C has also mentioned their interest to implement ERP application as they 

are planning to upgrade their process from Microsoft office as they found that 

implementation of these types of innovative technologies can improve their supply chain 

process. It is evident from these responses that, there is a motivation for the employees 

and director to know more about the technological innovation and potential features it can 

open up within the organisation. This motivation within the stakeholders, for improving 

awareness can be considered as the initial step for technological innovation as these steps 
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can guide the organisation to understand the potential benefits, they can have with DSC 

compared to the current conventional supply chain process. While they have shown 

motivation to gather awareness about IoT, Big data, user interface, Robotics/ AI, and 

Additive manufacturing technologies, they are planning to implement and utilise cloud 

technology while RFID/Barcode sensor technology is also lined up for the future as stated 

before. It is evident that the respondents are motivated to explore some of the 

technological innovations as they understood by the end of the interview that there are 

opportunities while transforming themselves from a conventional supply chain process to 

a DSC process.  

Technology readiness: Case C is considered as “initial adopter” as they have implemented 

one of the innovative technologies that can be a part of the DSC. They have been aware 

of the geo-location technology and implemented the technology within their fleets to track 

them. According to respondents, the organisation use a geolocation system to track their 

fleets and it helps the organisation to efficiently use their fleets by diverting as per project 

requirements while they are on the road. This tracking system also helps the organisation 

to keep track of fuel and driving dynamics of the driver and opportunities for improvement 

can be identified. The opportunities identified help the organisation for efficient use of 

fleets. According to the responses, it is clear that the organisation uses Microsoft office to 

keep track of their process and they are planning to implement an ERP application as they 

are aware that they can improve their supply chain if they could upgrade their current 

Microsoft office application to an ERP application. During the organisation tour, the 

researcher observed that the organisation has all the data related to their orders and order 

processes gathered within excel and other applications of Microsoft office to currently 

keep a track of. When asked about the whole process of customer order processing, in 

summary, all the respondents mentioned that they use to submit their quotations within 

the online portals of their clients, which is done only if the organisation is invited to submit 

the quote or if they are registered with the respective client. Also, as per the respondents 

R1C and R2C, their organisation has taken part in online auctions where they could 

provide prices and negotiate in real-time while competing with their competitors to attain 
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projects from their customers. Hence it is clear that customers of case C, are utilising 

various innovative technologies within their supply chain where Case C is capable to gain 

orders due to customer collaboration due to the technological process from the customer 

end. It is evident from various responses that case C is aware of these types of processes, 

and they are part of their customer supply chain network. Implementation and utilisation 

of geo-location technology, being part of a customer online auction all shows that case C 

has an initial technology readiness for further implementation of innovative technologies 

for the digital supply chain.  

Technological innovation opportunity: Technological innovation opportunity details the 

opportunities for technological innovation within the SC that are identified by the 

researcher or the respondents during the study. There are opportunities for DSC identified 

within Case C during the study. The plans for implementation of innovative technologies 

can be considered under the Technological innovation opportunity as the plans have been 

made as per the opportunities identified within the organisation for improving the 

conventional supply chain process. As discussed in previous sections and summarising 

the responses from case C respondents, opportunities for integration of stakeholders, 

improving process transparency, automatisation, creating inventory level, and stakeholder 

data analytics were identified. Integration of stakeholders can be initiated with regular 

supplier visits to develop the relationship to change from one-way order placement or 

orders to intense collaboration that will build trust and improve payment terms and 

methods which can further leads to a digital collaboration with the suppliers (Bartlett., 

2007; Brun, et al., 2020). Instead of negotiating and sending orders at the last minute of 

requirement, integrate suppliers into the organisation IT system and implement an option 

that will give suppliers a chance to either bid or accept orders with a term agreed price 

and guaranteed delivery date (Bocek, et al., 2017). According to R3C “…We are planning 

to registration of suppliers and improving suppliers list as we can improve negotiating 

and get best prices and improve our supply chain…”. A supplier registration system will 

help the organisation to integrate the suppliers into the bidding or order acceptance system 

as some of the customers of case C are currently doing. Provide transparency to the 
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customers by integrating them into the production process that will inform them of the 

updates of their order at each stage and confirm the delivery date. This transparency will 

help the organisation to reduce the rejection of products from the customer end due to 

mismatch of specification and quality as the respondent has mentioned it as a high reason 

for rejection from the customer end. Implement the system to track the orders and process 

steps to improve process visibility within the organisation. This can be done by 

RFID/Barcode sensor technology as mentioned by case PB from the pilot study as 

discussed previously in section 3.9.2 of this thesis. Improving the visibility within the 

order process will help the organisation to understand its supply chain process and act as 

per requirement for improving the supply chain. Implementing the ERP application as 

mentioned by the respondent R3C will initiate with automatization of processes within 

the organisation. Automatisation can be used to eliminate some of the manual work within 

routine tasks and recurring processes within the organisation. This will help the managers 

to utilise the employees in other jobs and improve efficiency within the supply chain 

process. For RFID/Barcode sensor technology respondents have said, “…We want to do 

it sometime in near future…” (R1C), “…We are interested, and we are looking into it for 

this year’s budget…” (R2C), “…We are really interested. we are looking into the 

barcode…” (R3C). It is evident from the responses that the organisation is planning to 

implement and use this technology in future as they have understood that it can give an 

overview of the inventory, and material tracking for each order and further to track and 

maintain the quality requirement as per customer order. Inventory control can be efficient 

with RFID/Barcode sensor technology and further, it will open the opportunity to create 

cloud-based data that can send automatic reminders or notifications for ordering material 

when the stock reaches the re-order level (Brun, et al., 2020; Bocek, et al., 2017). This 

can be further upgraded even with an automated ordering system if there is a trusted close 

integration with the supplier as identified within case PB of the pilot study (section 3.9.2). 

Respondent has also mentioned their plans to implement cloud technology to improve 

continuous access to their system which can reduce their order processing time as 

identified by respondents R2C. According to R2C, “… when we talk about cloud, Cloud 

networking because once we leave our offices, we don't have access to our server. So, if 
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we have access to our server when we are away from office, we can make orders from 

home or wherever we are because usually there is a delay in placing orders or giving 

quotation because we are out of office…I have faced this issue a lot…still facing so I think 

cloud networking could end that…”. While R2C has identified a reason for implementing 

cloud technology that has been also supported by other respondents, cloud technology 

supports and acts as an opportunity to initiate DSC as it will help for better data 

availability and visibility for the required stakeholders. Cloud technology also has an 

opportunity to get connected with ERP applications and provide real-time data analytics 

from the processes and also data analytics can be gathered if connected with technologies 

like RFID/Barcode sensory and geo-location technology through IoT. This connectivity 

will result in the transformation to a digital supply chain that is more efficient, visible, 

and transparent to the organisation like case C. 

Summarising the finding and analysis from case C, the researcher has identified that there 

are various internal and external factors that can lead the organisation for DSC 

transformation. As an initial adopter, case C has implemented an innovative technology 

and identified the potential features of some other technologies like cloud, 

RFID/Barcode/sensor technology and ERP application for implementation in the near 

future. Upgrading from Microsoft office to ERP will improve their supply chain process 

as the ERP application can initiate some data analytics that may help the organisation for 

improvements of their supply chain. The key internal and external factors for DSC 

transformation within case C are shown in Table 4.3. 

Table 4.3 Summary of identified factors within case C 

Internal factors  External factors  

Stakeholders motivation   

Technological innovation collaboration  

• Technology providers  

• Non-profit organisation   

• Institution 

Employee skills  

Time to adopt  

Supply chain process evaluation  

Technology awareness  

Technology readiness  

Technological innovation opportunity  

Financial Investment Financial support - Government or banks  
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4.2.4 Case D 

Case D is an organisation from the southern part of India that has been established in 

2011. They are a privately owned and operated SME. They are categorised into metal 

manufacturing and specialised in hospital furniture. According to the respondent, they 

have around 115 products within their organisation as they provide a complete solution to 

all aspects of patient management and healthcare. They manufacture a variety of products 

ranging from motorised ICU beds to scrubs and trolleys. They also focus on solutions for 

7 different areas of hospital patient care. This includes ICU, ward care, maternal, 

examination, transfer, closed sterile equipment, and operation theatre. They have been 

developing well since 2014, with 1 crore worth of sales in 2015, expanding into a 42000 

sq.ft factory area, and gathering government tenders since 2017 are some of them. While 

they have been working hard for improvements, by 2020 they have invested in cutting-

edge manufacturing technology as they believe upgrading themselves with improved 

machinery will improve their production line faster. Furthermore, as per their vision, they 

plan on adding more automation for ensuring a faster and better supply chain for various 

ranges of products to cater to healthcare needs. With a factory facility situated aware from 

head office, case D has around 80-100 employees at the factory and around 20-25 

employees at head office. The organisation has 9 engineers, 3 managers, 3 directors, 1 

CEO and a founder who is the chairman of the organisation. Higher management consists 

of 3 directors, a CEO and a founder where the founder is the ultimate decision maker 

while directors and the CEO also act as decision makers which is limited. According to 

the respondents, the organisation operated with 8 different departments that consist of HR, 

accounts, sales, planning, design, purchase, production, and quality. They currently serve 

in India, the Middle East, and Africa while there is expansion going on to more different 

parts of the world including the UK which has their first overseas address. While they 

serve 275 resellers, they have served more than 900 hospitals, within 87 cities in 9 

countries which is still counting. The researcher has identified Case D as an “initial 

adopter” considering the implementation process going on within the organisation during 

the study. This implementation process is considered as a minimal technological 
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innovation for improving their conventional supply chain process with digitalisation. This 

organisation is in the process of implementing an ERP application from Salesforce that 

makes them an initial adopter. The interview within Case D was attended by two directors 

and an Engineering Manager (R1D, R2D and R3D respectively). In the following section 

researcher described the barriers and potential drivers within case D. A summary of the 

findings that identified the factors affecting DSC transformation is also provided at the 

end of the section. 

4.2.4.1 Barriers for DSC  

A) Internal Barrier  

Lack of methodology to implement the innovative technologies: Respondents from Case 

D, mentioned the non-existence of a clear methodology or framework to implement 

innovative technologies as a medium barrier that limits an organisation from the 

implementation of innovative technologies while they identify it as a major barrier for 

them to initiate technological innovation. According to respondents, R1D “…there are 

no guidance, proper plans or strategy on how to plan for this implementation or how to 

implement, from where we could start, how we could decide…”, R2D “…we don’t have 

any strategy known for implementing these technologies or for digital supply chain 

transformation…”, R3D“…there is no plans or approach on how we can have digital 

supply chain so it’s really difficult to decide how we could plan what all we need, how we 

could decide for it…”. It is evident from these responses that a clear methodology or 

framework to adopt the technologies will guide the organisations for technological 

innovation that can lead to DSC transformation. 

Reluctance to change: Case D has been developing since their beginning in 2011 with 

increased product range, design, and even new machinery to increase the efficiency of the 

production process that can play a part in improving the supply chain of the organisation. 

While all these improvements are taking place organisation has faced reluctance to change 

within them. Respondents has clearly mentioned about the reluctance for technological 
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innovation within the organisation during the study. According to a respondent, 

R1D“…reluctance of employees for technology adoption…” is a major barrier that limits 

them form implementing and utilising technologies. Respondents R2D and R3D also 

indicated, “…So till date why we couldn’t do it because there are some people in our 

management and some people in shopfloor who doesn’t need technologies…” (R2D), 

“…some employees and management person are there who are against these adoptions, 

so they don't want to, like get into new thing. They want to go with the same pattern…” 

(R3D). The researcher has identified the reluctance for change within one of the 

respondents as the respondent mentioned that currently, they believe that they are not yet 

matured for technological innovation and hence they have other priorities even though 

they have technological innovations in plans. It was identified when respondent R2D said, 

“…we have to be priority for other things, even though this is in our plan you know, three-

year plan but it's not in upper category…”.  

Financial Investment: Financial investment is always a factor that affects technological 

innovation within an organisation. Respondents from case D has also mentioned that the 

cost of technologies as a major barrier that limits their organisation from technological 

innovation. Even though the cost is considered a major barrier, ROI is considered only as 

a medium barrier that limits them from the adoption of innovative technologies. 

According to R1D, “…SMEs like us need customized system which should be cheaper 

too...salesforce is costly…”, where R2D said“…First thing is cost of these 

technologies…”, and R3D said, “…Too much factors…obviously costing is there…”. 

Even though case D is moving forwards with plans for technological innovation they had 

to limit their plans due to the cost of technological innovation. One of the respondents 

(R2D) indicated that they have to prioritise other categories due to financial investment 

that makes technological innovation a lower priority for the organisation in the next three 

years by saying, “…considering the finance, we don't have that much finance to 

implement it…because we have to be priority for other things, even though this is in our 

plan you know, three-year plan but it's not in upper category, we put it in because it has 

to be tally with the finance condition…”. According to the responses from the respondent, 
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it is clear that even though they have pipelined their plans for technological innovation in 

future, but the need of financial investment is making the organisation deviate from 

considering  digitalisation of the SC as a priority. While the cost of technologies is a 

subfactor of financial investment, satisfying skilled employees financially is also a 

subfactor. Respondent R1D has said, “…skilled employee people are not ready to work 

in, you know how the salary here it is, it does not match. so, they rather prefer to be in 

say UAE or any other Gulf countries so where the pay is a bit better…that is one biggest 

difficulty…” that clearly shows the difficulty of the organisation in retaining skilled 

employees by meeting the financial requirement of skilled employees.  According to the 

respondent R3D, it is clear that their technological innovation is being done on an 

incremental pattern mainly due to the cost as R3D said “…there are plans to implement 

technologies which will be done one by one...”. 

Skilled employees:  Skilled employees are a factor that organisations consider while 

planning for technological innovation. Employee skills are identified as a factor that can 

be a barrier for the organisation to explore technological innovation (Koohang, et al., 

2022). During the study, respondents mentioned that lack of skilled employees as a 

medium barrier that limits them from implementing and utilising technologies. They have 

agreed with the reports from the UK SME Report, and OECD that skilled employees are 

a challenge for SMMEs (OECD, 2021; Savvy, 2019). Even though the respondents 

identified skilled employees as a barrier at the beginning of the interview they never 

mentioned about lack of skilled employees as a barrier for the organisation that limited 

them from DSC transformation. According to responses, the researcher understands that 

there are skilled employees available within the organisation and the organisation believes 

that the skills of the employees can be upgraded as per requirement while the organisation 

move forward for DSC transformation. Case D has faced issues with a lack of skilled 

employee as they have recently upgraded their production department with a new laser 

machine that requires skilled employees to operate as indicated by R2D “…As said, 

skilled employees is really important. We had bought a laser machine and it was very 

difficult to get skilled people to work on it…” and R3D “…One of our laser machine and 
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shearing machine… it needed skilled employees to operate which we struggled a lot to 

get…”. The lack of skilled employees to operate the machine has affected their production 

and motivation of the organisation for technological innovation. According to the 

responses, the researcher concludes that skilled employees are a factor that affects the 

SMMEs from DSC transformation. 

Lack of supply chain process evaluation: Lack of evaluation of the SC process will limit 

the opportunity of the organisation to improve their SC process. The supply chain 

evaluation process will help the organisation to identify the flaws within its supply chain. 

Thus, an organisation will start thinking of the method to be adopted to overcome these 

flaws. This can lead the organisation for technological innovation. Defining the KPI and 

evaluating those KPIs regularly is required for the organisation to improve their SC. It 

was noted during the study that the organisation has defined KPIs but lacks the evaluation 

process, thus limiting the organisation from identifying opportunities for supply chain 

improvements. Respondents have mentioned that they may even need to redefine their 

KPIs as it was defined early years when the organisation was started and was only in 

documents. As stated by respondents, “…We do have KPIs for Sales, production and 

accounts but there is no evaluation it is just only in documents. Even we may need to 

redefine it now as it was defined at the early time when we started.…” (R1D), “…Yes, we 

have KPIs but only for some departments. There is no evaluation or anything. We are 

planning to rework on it…” (R2D), “…We have KPIs but no evaluation of it…” (R3D). 

Supply chain evaluation does not limit to KPIs. Evaluation of suppliers and customer 

satisfaction can be a part of KPI but as there was no evaluation of KPI, the researcher 

enquired about supplier evaluation and customer satisfaction evaluation as they are the 

stakeholders of the SC process. Respondents mentioned that they use a conventional 

supplier evaluation process where they physically check a sample of material from the 

supplier, then negotiate with selected suppliers and select those that meet the requirements 

criteria such as product quality, payment terms, and lead time. According to the 

respondents, the researcher understood that other than this onetime process of supplier 

selection, there is no supplier evaluation process. As indicated by, R1D “…we do not have 
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a format of such, but yes, we assess them, we take a sample, we look at the pricing, that 

is what we have three vendors for each of the items…we do not have a system as such, but 

we do assess them, and we think we definitely need to improve on it…”, R2D“…No, we 

don't have any automated or technology used procedures other than manual comparison 

on price, quality, and sample testing…we do have vendors list…”, and R3D“…so, 

purchase department search for the suppliers. Once they select five to ten suppliers, they 

will ask them to send samples for the items to factory once it comes the store will enter 

that this comes as samples then I will check with the quality, the proper size and all, if it's 

Okay, for me, then I will tell them from two or three items are good for me. Then they will 

discuss further regarding the price variant, that's depends on the accountant, purchase 

department. Then they will select the supplier which is genuine and can supply in. They 

will check the company history and all… other than that we don’t have any evaluation 

process…”. Similarly, with regard to customer evaluation, respondents have mentioned 

that there is no evaluation process with the data even though there is some customer 

satisfaction report. When enquired about the current process of customer report and 

evaluation, respondents said, “…No, nothing. As such, we just take the customer feedback 

and try to improve on that no assessment is done…we have a report Google form in we 

ask our customer to fill .which directly gets into the Google review so that we know each 

of the order, how it has been taken up but none of the sales representatives were very keen 

on calling up the customers again for feedback…hmm...once the sale is done their targets 

are achieved…”,(R1D) “…We use the google review. Mainly google review and no 

evaluation... just, in case they are happy, they just send the review, and we are happy with 

it…” (R2D), “…Once the order is delivered our sales team who did the sales for a 

particular customer, they will contact them. And they will take a customer feedback using 

google review, but other than that there is no evaluation of it…” (R3D). According to the 

respondent R1D, “…Sales have monthly target which we analyse every month that’s it 

and nothing else…”. The sales department is given monthly targets which are analysed 

every month that will have a significant impact on improving the sales within the 

organisation and other than that there is no evaluation process within the organisation. 

The evaluation process can help the organisation to decrease the rejection of material to 
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the suppliers as there have been rejections due to quality, damage and wrong specification 

and it can also decrease the rejection of the finished product from the customer due to 

damage and wrong specification. Respondents have also agreed that attracting/meeting 

customer demands, increasing revenue and profitability, innovation, and technology, and 

finding the right supplier with cheaper price and quality are some of the challenges within 

SMMEs that can be improved with the evaluation process as evaluation can give a view 

on the current scenario and it can help to create plans for future improvement. According 

to the responses, it is evident that there is no proper supply chain evaluation process within 

the organisation. It is also evident from the responses that respondents are understanding 

the need for KPIs and evaluation that can improve their supply chain process. As 

mentioned above, innovation and technology, and lack of methodology for implementing 

technologies are some of the reasons limiting the organisation from DSC. This limitation 

can be overcome with technological innovation collaboration which is identified as an 

external barrier for case D. The following section discusses the external barrier identfieid 

within the case. 

B) External Barrier   

Technological innovation collaboration: During the study, a lack of TIC that has limited 

the organisation from DSC transformation due to limitations in technological innovation 

was identified within case D. According to respondents, technological innovation 

collaboration is a major factor that can drive SMMEs for DSC transformation. According 

to the respondents, the organisation needs technological innovation collaboration to guide 

them, to explore the opportunities and to implement the technological innovations for 

DSC transformation. Even though the organisation has decided and is in the process to 

implement the Sales Force ERP application, still they need support from third parties on 

other technological innovations. It is clear from the responses that the lack of TIC is a 

major limitation for the organisation to gain in-depth knowledge on technological 

innovation for improving their supply chain. It was understood during the interview that 

only one technology provider has approached the organisation for technological 
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innovation which has limited Case D to explore other relevant innovative technologies for 

DSC transformation and benefit from it. Respondents mentioned during the interview 

that, “…we didn’t had anyone to guide us…on how to plan for this implementation us on 

how to implement, from where we could start, how we could decide… we need some 

guidance on how a technology can be used as per our use and what’s the best we need to 

do...also nobody useful approached us with their technologies… some of the technology 

providers they tried to dump their system on us…now as I said we are planning to hire 

someone, a consultant like a third party person or even as an employee who can create a 

system for us… salesforce…they were ready to customize a little bit so we are planning 

to use it for some applications…like CRM and all…”(R1D), “…we will be going for the 

innovation mainly but we need support from people like technology providers or someone 

to guide us to understand which technology we can use and how we can use and all…” 

(R2D), “…there is not much companies were approaching us to develop or showing us 

that, this can improve our like supply chain logistics, or whatever…it is so no one 

approached us still… we are not deeply into newly invented technologies and we're not 

updated about that…I mean some of the potential benefits we can have with it… think 

about that how much it will be… how much effective it will be if someone comes to us as 

a company…comes to us and give introduction like, it's Okay we can do like this for your 

company…then we would think of it…”(R3D). It is evident from the responses that a TIC 

can influence SMMEs like case D to explore the potential features of the DSC. 

Financial support: According to the responses from case D, the researcher considers lack 

of financial support as a major barrier for the organisation like case D for DSC 

transformation. Respondents from case D have indicated the cost as a factor that limits 

the organisation from technological innovation resulting in limiting the organisation for 

DSC transformation. As mentioned in the financial investment section, rather than ROI, 

the cost is the main factor limiting case D from DSC transformation. Organisations can 

overcome the cost factor by securing financial support from governments or banks. As 

per the responses from case D, lack of financial support from the government is a major 

limitation. During the interview, respondents agreed that securing funding or financial 
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support from the government or banks is a strong challenge as there is a lack of financial 

support from the government or banks. The cost factor is limiting the organisation from 

technological innovation and there is a lack of financial support from financial institutions 

or the government which makes it more challenging for the organisation for technological 

innovation that limits them from improving their supply chain process.  

Concluding the barriers identified within case D, it is understood that the non-existence 

of clear methodology for implementing technologies, financial investment, reluctance to 

change, skilled employees and Lack of supply chain process evaluation as internal factors 

and lack of TIC and financial support as the external factors that act as a barrier for an 

organisation like case D from DSC transformation.  

4.2.4.2 Drivers for DSC  

A) Internal drivers   

Technology awareness:  Awareness about the technologies and their potential features has 

a potential drive for the organisation for DSC transformation. During the study, the 

researcher found that awareness of innovative technologies is high. In the beginning, 

respondents mentioned that they are aware of the majority of the technologies. Two of the 

respondents had a lack of awareness only of 4 technologies IoT, Big data, User interface, 

Block chain. Respondents have mentioned that non-identification of advantages of 

implementing the technologies act only as a medium barrier for case D which implies that 

they are aware of at least some of the potential features of some of the technologies they 

know but still they feel they need to explore it more. Respondents have mentioned that 

lack of awareness of innovative technologies as a low barrier for their organisation as they 

are aware of the majority of technologies. They also mentioned about the implementation 

of customer relationship management (CRM) within the organisation. According to 

respondents, they are aware of most of the innovative technologies even though they lack 

updated information and knowledge on the potential benefits of the technologies. 

According to respondents R1D and R3D, “....as there are some of us who know about 
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some technologies we done this much like decided to implement the CRM and all…” 

(R1D), “… Basically, me and management guys are like we technical guys, we are into 

productions and planning and R&D…we are aware of some things, but we are not deeply 

into newly invented technologies, and we're not updated about that…I mean some of the 

potential benefits, we can have with it…”(R3D). This lack of information has limited the 

organisation from exploring more opportunities with DSC. Still, they are trying to 

overcome the limitation. As they mentioned, they are aware of technologies, they need to 

explore more on the potential features of these technologies. Increased awareness of 

technologies has made case D to plan for more technological innovation as they are 

planning for implementing more technologies like RFID/barcode sensors, artificial 

intelligence/robotics, augmented reality, and geolocation. Due to increased awareness of 

innovative technologies, the researcher classified technology awareness theme within 

potential drivers of DSC for case D. During the study, the researcher found that 

respondents are aware of the majority of technologies that made to decide for 

technological innovation like CRM application, ERP, RFID/Barcode, Robotics. AR/VR. 

While enquiring about the interest in implementing technologies for DSC transformation 

it was evident from the responses that respondents are aware of the technologies and 

potential benefits (except for the IoT, Big Data, User interface and Block chain) it can 

give as they mentioned either they are using it currently, or planning to implement it, or 

even identified that a particular technology is not required for them. Some of the responses 

where “…We would like to have analytics for whole organisation, I mean for all 

departments so that it can help us to improve our whole supply chain process and make 

us more efficient…We are now using google sheets but on process to implement salesforce 

CRM system and use cloud for more accessibility… We are trying to improve our user 

interface for our customer experience and will see how it can help us within our 

organisation…We don’t need it…” (R1D), “…Actually, we are looking for a robotic 

welding machines…we have not reached that position that we need the robotics at 

present…No use for us…We will be needing it. Because we want to simulate hospital 

system. we want to make a demo of our products by making the hospital ward and you 

know operation, the ICU wards everything, so we will be needing these  technologies, this 
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VR…” (R2D), “…We have been using google sheets and discussion going on for ERP 

implementation which  will be using cloud technology…We are planning for some process 

like robotic welding…We need it (RFID/Barcode)to track the materials and stocks at 

warehouse… I think we can use it in future for the customers…We don’t need it at present 

but may be in future…Its good if we can have it in our trucks and all to track 

them…”(R3D). It is the awareness of technological innovation that made the organisation 

invest in advanced manufacturing technologies to improve its production process. From 

the above findings, it is clear that awareness of technologies and their potential features 

have played a key role within case D for technological innovation.  

Stakeholders Motivation: As discussed in the findings of the previous cases, motivation 

is a factor that can push an organisation for technological innovation that is highly 

required for the digitalisation of the supply chain. Even though there have been 

reluctances for technological innovations within the organisation as discussed previously, 

there is much motivation that push the organisation to overcome the reluctance. As per 

the responses, there is reluctance from some of the management personnel to the 

employees down the line, but still, the organisation is moving forward for technological 

innovation by implementing a CRM application and other planned implementations. This 

decision for initiating the technological innovation was capable with the motivation of 

some of the employees and management due to their knowledge and awareness about the 

innovative technologies and potential features of it. R1D have mentioned that they have 

been using Microsoft Excel for creating some sheets to analyse which were manual 

entries. During the 6 months manual process, they understood the requirement and the 

advantages of creating reports that have motivated them for implementing the CRM 

application. R1D mentioned that “…we took the Salesforce CRM module after having six 

months of manual entry in the Excel sheet. so we understood like so and so dashboards 

need to be created, so and so reports need to be created so that it could give us revenue 

business…”. Like CRM application, they have understood the requirement for improving 

other areas of their supply chain and as initiation, they have been in discussion for 

implementing the ERP system that will again motivate the organisation to explore the 
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opportunities for improvements with DSC. As per the respondents, while they are aware 

of some of the technologies and their potential features, they have also shown interest to 

know more about those technologies they are not aware of. They have mentioned their 

interest in many of the technologies that they have planned to implement which is a 

motivation for the organisation for DSC transformation. During the study, respondents 

said, “…We would like to have analytics for whole organisation, I mean for all 

departments so that it can help us to improve our whole supply chain process and make 

us more efficient… will always keep an eye in the market if we can get any technology 

that can improve us… We are trying to improve our user interface for our customer 

experience… I think we can use it in future to help customers to visualize their 

products…it will definitely be great way of ensuring that there is maximum usage of all 

that available…” (R1D), “…artificial intelligence, sure yes, it will increase the 

productivity and we can reduce the labor issues, it can monitor the works of others…to 

track the stock and materials. So, as I said, it can increase the efficiency of supply chain 

by reducing the manual error and saving a lot of time…it will increase the, you know 

reachability and we can increase the sales along with it. So, anything increase in sales 

means productivity, we can increase the production as well. So everything is 

relative…”(R2D), “…intelligence robotics okay if we implement it, I can deviate my 

human resource to some other jobs, I can get more productions and it will improve whole 

supply chain process and production will be faster and more sales will come in and 

parallelly stocks will be moving faster so it will generally give an efficient, productive and 

transparent supply chain…”(R3D) which shows their interest to implement some of the 

technologies as they have identified the benefit they can gain while they move forward 

with the digitalisation of the supply chain.  From the responses mentioned above, it is 

clear that the organisation has understood the need for improvements and opportunities 

they have within the sales, purchase, production, warehouse, and delivery areas of their 

supply chain.  While two of the respondents mentioned about lack of awareness of IoT, 

Big data and User interface technologies that play a key role in DSC, they have mentioned 

their interest to explore those technologies and their opportunities within the organisation 

which is a motivation. R1D, R2D and R3D respectively mentioned that “…We need to 
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know more about it and its uses for us…”, “…I am not much aware. I am interested to 

know it first… No idea, but as I said before, really interested to explore it… I am not much 

aware of it. But interested to know what it is…”, “…I think we will be using it to give 

access to all of us within the systems internet…”. From the findings mentioned, it is clear 

that case D is highly motivated and initiated its plans for technology innovation to 

improve its SC by transforming from a conventional supply chain process to a digital 

supply chain process.  

Technology readiness: Case D has been classified as an “initial adopter” as they have 

initiated the process for implementing an ERP application – CRM which is a customer 

relationship management application. According to respondents, they are implementing 

this application to organise and access customer data where they are planning to connect 

from marketing to sales to customer service to keep track of data and analyse the revenues 

properly. CRM can organise notes, activities and metrics into one system and shift their 

focus from transactions to interaction.  As mentioned by the respondents, they have been 

using Microsoft Excel application to store the data that helped them to generate some 

analysis. This analysis using excel has motivated them to adopt CRM application. Even 

though skilled employees act as a barrier, case D has upgraded their manufacturing unit 

with a new laser machine that is connected online to the service team from the machine 

provider. This helps the machine provider to track, provide notifications and maintain the 

system via this online connection system that utilises sensors, data analytics and IoT. Case 

D is able to get their machines connected online due to the availability of a proper network 

within their organisation and it helps them to reduce the machine downtimes. Case D is 

also planning for other ERP applications and sensor technologies for inventory control, 

and improving productivity which can be achieved with the proper network within the 

organisation. According to respondents, the researcher identified case D has been utilising 

a cloud platform to share the data within google sheets that reduces the lead time for 

communication within the organisation down the line. This utilisation of google sheets 

and the motivation of the stakeholders make the organisation technology ready for 

exploring the opportunities of DSC. Using google sheets makes the process visible to the 
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management and related departments. Case D has mentioned that they are already using 

a geolocation tracking system provided by the 3PL logistics for real-time tracking of the 

products incoming or outgoing. Respondents have also mentioned about the collection of 

customer reviews within the google review system. This collection of reviews will support 

the organisation to improve market connectivity and attract customers. From these 

findings of case D, it is evident that the organisation has an initial technology readiness 

that can transform its conventional supply chain into DSC.  

Technological innovation opportunity: Technological innovation opportunity details the 

opportunities identified for technological innovation by the researcher or the respondents 

during the study. Case D has been identified with various opportunities for technological 

innovation that can transform and improve their conventional supply chain. While the 

process for implementation is considered as technology readiness as explained in the 

previous section, plans for technological innovations are considered as the Technological 

Innovation Opportunity (TIO), as the plans are the result of opportunities identified for 

DSC. Respondents have identified a lot of opportunities with technological innovation 

where they mentioned the opportunities identified for their organisation with technologies 

like big data, Cloud, AI/Robotics, RFID/Barcode sensor, User interface, AR/VR, and geo 

location. They mentioned that “…We would like to have analytics for whole organisation, 

I mean for all departments so that it can help us to improve our whole supply chain 

process and make us more efficient…on process to implement…CRM system and use 

cloud for more accessibility…currently looking for robotic welding… need barcode to 

track the materials… We are trying to improve our user interface for our customer 

experience… I think we can use it in future to help customers to visualize their 

products…”(R1D), “…we are looking for a robotic welding machines…we want to 

simulate hospital system. we want to make a demo of our products by making the hospital 

Ward and you know operation, the ICU wards everything, so we will be needing these 

technologies, this VR… artificial intelligence, sure yes, it will increase the productivity 

and we can reduce the labour issues, it can monitor the works of others… Barcode yes, 

to track the stock and materials. So, as I said, it can increase the efficiency of supply chain 
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by reducing the manual error and saving a lot of time…Augmented reality now our 

customers are far away, and they want to see the simulation of our items in case, how it 

will be in case they put it in their hospitals, how it will be in their rooms. All our trolleys 

and everything, so we can show them that in virtual reality VR and AR…”(R2D), “…I 

think we will be using it to give access to all of us within the systems internet… going on 

for ERP implementation which will be using cloud technology… We need it to track the 

materials and stocks at warehouse… Its good if we can have it in our trucks and all to 

track them…intelligence robotics okay if we implement it, I can deviate my human 

resource to some other jobs, I can get more productions and it will improve whole supply 

chain process and production will be faster and more sales will come in and parallelly 

stocks will be moving faster so it will generally give an efficient, productive and 

transparent supply chain…”(R3D). As per these responses, it is clear that respondents 

themselves have identified various opportunities for improvements. It has been evident 

that case D is implementing the CRM application as they have found it beneficial for 

customer relationship management. The researcher has identified that there is TIO that 

takes the CRM to next level, where using AI, will anticipate and take or suggest the next 

action (Lopez, 2015). It will translate all available collection of data into intuitive, 

automated employee experiences that can result in improved customer experience. Big 

data will play a major part as it will analyse and provide forecasts from the overwhelming 

amount of data that has been aggregated and organised within the cloud platform 

(Salesforce, 2018). 

Apart from these R1D has identified the opportunities of DSC within inventory and 

production with technological innovation where the respondent said, “we're planning 

to…create a system for the inventory and production and whatever and then work on the 

ERP… we do not have a system at all when order is coming, we take the 

production…products and produce it…we buy because we have the experience of doing 

it for the past six or seven years, but it is not a system. I know when the order comes, that 

this item won't be in stock. Only because I have been here for so long. There is no system 

so once the system is in place only will be able to automate it, will definitely be 
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automated…”. Here the respondent mentioned the opportunity of inventory level where 

they could create an inventory overview, connect it to the cloud and enable it to send 

automatic reminder emails if materials need to be ordered when they reached the re-order 

level. Implementing and utilising an RFID/barcode sensor system can help to track the 

material in stock and connecting it to ERP for data analytics and enabling it to the cloud 

using IoT will reduce manual error and lead time compared to a conventional process 

(EY, 2016; Abdel-Basset, et al., 2018; Leise, 2019).  

In a further advanced stage, once there is a successful integration of supplier stakeholders, 

this inventory level and order process can be automated as mentioned by the respondent 

during the pilot study at PB. While respondents identified the Technological innovation 

opportunity as mentioned above, the researcher has identified the opportunities for 

integration of stakeholders, manufacturing flexibility, improving process transparency, 

and independency of the customer. These opportunities can only be explored by utilising 

a mix of various technologies. Integration of supplier stakeholders using various 

technologies has also been identified and mentioned by R1D, as “…we are losing lots of 

money through these unwanted purchases. we buy from the same vendor so for four or 

five times a month. if we have a definite plan like how much we should stock, Iam sure 

prices would decrease also the freight costs would be very low…this planning can be done 

with technologies as they can analyse our operation and help us to forecast…”. As said 

by the respondent, integration of supplier stakeholders and improving transparency can 

improve vendor supply and negotiate and reduce product cost and freight costs. Regular 

visits to the suppliers and building trust with the supplier is the initiation required for 

integration and improving transparency. While implementing technological innovation 

with suppliers, an opportunity can be provided to the suppliers with a confirmation option 

rather than sending orders and deadlines or as there are multiple suppliers, create a bidding 

system or else create a smart contract using blockchain technology (Fayezi, & Zomorrodi, 

2016; Lopez, 2015). 
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Block chain technology has an opportunity while considering integration of stakeholders 

as it can have a smart contract which is transparent and visible to all participants, and it 

enables tracking of all processes (Biswas, et al., 2017). Process transparency will support 

the organisation to be more transparent with the stakeholders and it can improve efficiency 

as all processes are transparent and it needs to meet the deadlines. It can help to track all 

orders and process steps. Manufacturing flexibility with transparency will give options 

for the customers to demand change within less time. Customer order transparency will 

help the customer to re-verify the order before final production and this can reduce the 

rejection of material due to specification as it has been mentioned as the high reason for 

rejection from the customer end. Integration of suppliers and transparency will help to 

reduce the rejection of materials due to quality, specification, and damage as these three 

have been identified as major reasons for the rejection of materials to the suppliers. 

Currently, the packaging is a time taking manual process with verification needed for 

numerous materials within each product that creates more errors as there can be many 

products within each order that may also contain customised products. Implementing and 

utilisation of RFID/Barcode sensor technology within the packaging of materials can 

reduce human error, lead-time for packaging and improve efficiency (Badole, et al., 2013; 

Delen, et al., 2009).  

According to R1D, there are opportunities with improving transparency with customers, 

where R1D mentioned, “…Yes definitely automation…we need something that…for 

example that generates a mail to the customer that so and so item has been dispatched…”. 

Where respondents also mentioned the need for RFID/Barcode sensor to track, R1D 

explained the need as “…to track the material incoming and outgoing to track it and his 

history if something comes up from customer late with regard to customer, this tracking 

will help us to know where it went wrong and if it is due to any manual error we could 

know who’s mistake it was…”. Overall, the study within case D has identified TIO as 

there are many areas for improvements within the purchase, production, warehouse, and 

delivery. As mentioned by respondents, a transformation from their conventional supply 
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chain to DSC with technological innovation will make the supply chain more transparent 

and visible resulting in an efficient and productive supply chain for case D.  

Concluding and summarising the findings and analysis of case D, the researcher has 

identified the internal and external factors that can promote and organisation for DSC 

transformation. As an initial adopted, case D is in the process of implementing an ERP 

technology that is identified as an initial step for automatisation. Case D is aware of most 

of the technologies and potential features, but still, they require support from third parties 

to gain more knowledge and understanding about some of the technologies and guidance 

for technological innovation within the organisation. Various TIO that can be 

implemented step by step has been identified during the study. As identified during the 

study, the stakeholder's motivation and awareness of technological innovation have 

played a key part in initiating the organisation for DSC transformation even though there 

are various barriers. These barriers can be overcome with various potential drivers that 

will push the organisation to explore and utilise more technological innovations. The key 

internal and external factors identified within case D are provided in Table 4.4. 

Table 4.4 Summary of identified factors within case D  

4.3 Summary 

As per the findings, the researcher has identified that the existing literature discussed only 

limited factors for DSC transformation. This chapter presented the findings from the 

within case analysis based on the initial themes and subthemes identified from the data 

analysis. A comprehensive picture of supply chain within the SMMEs and the elements 

influencing technological innovation and DSC transformation within them was 

Internal factors  External factors  

Stakeholder motivation  

 Technological innovation collaboration   

• Technology providers   

• Non-profit organisation    

• Person to guide  

Employee skills  

Supply chain process evaluation  

Technology awareness  

Technology readiness  

Technological innovation opportunities  

Financial Investment   Financial support - Government or banks  
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established. The analysis and findings have been presented based on each case with a 

detailed description of each case is presented initially before presenting the findings and 

analysis. Further the subthemes were presented in this chapter collectively under the initial 

themes – Drivers and Barriers for DSC which are classified into internal and external 

drivers and barriers and how they emerged from the empirical data. Additionally, major 

identified external and internal factors that impacts DSC transformation within the cases 

that has been identified during the within-case analysis is presented at summary of 

analysis within each case. Further to this within-case analysis, the researcher conducted a 

cross-case analysis, which is 5th step of Eisenhardt theory building framework 

(Eisenhardt, 1989) and findings are presented in the following chapter of this thesis. 
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5.0 CROSS-CASE ANALYSIS 

5.1 Introduction 

In this chapter, analysis across the cases is presented is based on the major themes 

identified in terms of the similarities and differences of the cases. The within-case analysis 

presented in Chapter 4 was based on the barriers and drivers for DSC transformation 

within each case. According to Eisenhardt (1989), a cross-case analysis is coupled with a 

within-case analysis to search for patterns. Eisenhardt (1989) states that a cross-case 

analysis will force the researcher to go beyond the initial impressions, through diverse 

lenses on the data. While there are different methods for cross-case analysis, the 

researcher has conducted the analysis by identifying the similarities and differences as 

proposed by Eisenhardt (1989). These similarities and differences are based on the factors 

that have been found in the data during the data analysis.  

The cross-cases analysis is based on major themes identified depending on the similar and 

different factors (sub-themes) across the cases that can promote DSC transformation 

within the SMMEs. The factors identified during within-case analysis are considered as 

sub-theme in cross-case analysis (Ayres, et al., 2003). Thus the cross-case analysis is 

presented with the major similar factors identified across the cases with the significant 

statements from each case and compared across the cases, paying particular attention to 

commonalities across respondents. These categories help to reveal relationships among 

multiple cases and establish the basis used to develop the framework detailed in the 

following chapter of this thesis. An overview of the cases used in this study is given in 

Table 4.1. This cross-case analysis guided in the identification of the major factors in 

developing the framework to promote DSC transformation within SMMEs which is one 

of the main objectives of this research. The themes identified by the researcher across the 

cases are listed below and discussed in detail in the following sections: 
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• Organisation Culture      

• Organisation Resources 

• Technological innovation collaborator (TIC) 

• DSC Evaluation (DSCE) 

• Financial Support for DSC(FSDSC) 

5.2 Organisation Culture 

Organisation culture is a major theme that comprises of two factors identified during the 

data analysis. It was found as a barrier and driver for DSC transformation within SMMEs. 

During the analysis, it was found that reluctance to change is a barrier and stakeholders' 

motivations is a driver for DSC transformation. This section addresses the factors related 

to organisational culture and its impacts on DSC transformation in detail across the cases. 

5.2.1 Reluctance to change 

Reluctance to change is considered as a barrier for SMME for DSC transformation as 

identified from the empirical data. Some of the respondents have directly shown 

reluctance during the study while some of them mentioned the reluctance from the 

stakeholders within the organisation for technological innovation. 3 out of 4 cases have 

mentioned reluctance as a barrier during the study. According to the responses, the 

researcher has identified the major reason for reluctance within the organisation for DSC, 

are: 

• Lack of technology awareness  

• Reluctance to learn and use technology  

• Lack of skilled employees  

Out of the major themes identified above, lack of technology awareness about DSC and 

its opportunities is referred to in this study as a lack of awareness of innovative 

technologies for DSC and potential features of DSC as described in the previous chapter 

during the within-case analysis. 
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Category 

Cases 

A B C D 

 

 

 

 

Firm Size 

 

1-50 employees 
 
✓ 

   

51-100 employees 
   

✓ 
 

101-250 employees 
    

✓ 

More than 250 employees 
  

✓ 
  

 

 

Years in 

business 

 

5-10 years 
    

✓ 

10-20 years 
   

✓ 
 

More than 20 years 
 
✓ 

 
✓ 

  

 

 

Market 

Area 

Local Only 
    

Within country 
  ✓  

International 
✓ ✓  ✓ 

 

 

Technology 

Adoption 

Level 

Non-Adopter 
✓    

Initial 

Adopter 

Implemented at least one 

technology 

  
✓ 

 
✓ 

 

Implementing/ Implemented 

ERP 

  
✓ 

  
✓ 

 

Technology 

Adoption 

Plan 

No plans  
 
✓ 

   

Plans to adopt in less than 3 years 
   

✓ 
 
✓ 

Planned but will take more than 3 years 
 ✓   

 

 

Table 5.1 Case Overview 
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As an example, respondents from the cases have mentioned “...I don't think we need any 

new technologies now, I personally am not interested……but I am yet to be convinced 

that it could be useful for us…” (A), “…businesses are not made aware of these 

technology... others are resisted because they have to learn… they should be willing to 

learn and dedicate their time for us. that type of sacrifice that they do will be a giving a 

direct impact for our organisation and they improve their skills too” (B),“…So till date 

why we couldn’t do it because there are some people in our management and some people 

in shopfloor who doesn’t need technologies…”, “…some employees and management 

person are there who are against these adoptions, so they don't want to, like get into new 

thing. They want to go with the same pattern…” (D). 

According to study by Yeo and Marquardt (2015), reluctance is the key element that 

determines the failure of innovation in an organisation. While Pourrajab, et al., (2015) 

and Thordardottir et. al. (2019) have identified in their study that limited knowledge of 

innovative technologies, innovations, lack of communication, awareness, skills, training, 

inability to change, lack of skills and fear of being replaced by technology as the reasons 

for reluctance to change. The findings confirm to the literature that reluctance to change 

is a barrier faced by an organisation for technological innovations which in result affects 

the DSC transformation (Melissa, et al., 2010; Marvin & David, 1999; Scherer, 1999; 

Fawcett, et al., 2018). It is visible from empirical evidence that, even though there is 

reluctance within an SMME, it can be overcome by addressing the factors identified for 

reluctance out of which motivation is a factor that can overcome reluctance within an 

organisation. In the following section, the researcher discusses the findings on 

stakeholders’ motivation that act as a factor for DSC transformation within an SMME. 

5.2.2 Stakeholders Motivation 

The study undertaken allowed the researcher to understand and captured, the motivation 

within SMME that can drive the organisation for DSC transformation. While the cases 

selected are either non-adopter or initial adopters, the participants were questioned to 

understand different factors that drive them for DSC transformation. Most of the 
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respondents within the cases have expressed their motivations for technological 

innovation by mentioning the benefits they could gain with digitalisation of the supply 

chain. The stakeholder motivation is referred in this research as the motivation within the 

organisation. Motivation within an organisation is a factor that can promote organisation 

for technological innovation within them. According to Muller (2018); Montalvo (2006) 

and Boyatzis (1982) motivation of the decision makers, managers and employees will 

affect the support and innovation probability of an organisation for innovation and then 

affect the growth performance. The researcher has identified from the empirical data that 

the major reasons for stakeholders’ motivation are the awareness of cost benefits, 

awareness of innovative technologies and potential features of DSC, effective 

communication, and interest to gain knowledge. 

Decision makers and employees have been mentioning the technologies they are 

interested in during the study. Some of the respondents have also mentioned their interest 

in technological innovation highlighting the potential features it could bring to their 

supply chain. According to respondents,  

“…had the industrial robots about 30 years ago and it was very successful for a time... 

for a first for about five or six years it was very successful really quite profitable…”, “...I 

tried to push the management for this technology to track the stock at our warehouse... 

need to know about it and then consider the application of it within the business... I think 

this could improve our general order processing with regards to the supply chain side of 

things which will make us more efficient and save us a lot of time and money...” (A),  

Further to responses from Case A, there has been similar responses from all other cases 

where they have mentioned about the need for technology and as they understand the 

improvements it can bring into their processes. It was evident from their responses that 

there is interest for technological innovation as it can change the manual processes which 

will result in reduction of human errors, reduce the time for various processes and even 

management are able to analyse the data generated from various technologies for 

improvements within the supply chain processes in the organisation. Majority of 
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respondents from all the cases have mentioned about their interest in some specific 

technological innovation by identifying the benefits it could bring as per the results from 

previous technological innovations. It has been agreed by the all the cases that each 

technological innovation have its own benefits which was mentioned with examples 

considering their current process within the purchases, supplier quote comparison and 

selection which can be improved with proper data analysis and forecast with technological 

innovation within their supply chain. 

While respondents have mentioned interest in some of the technological innovations, they 

have also expressed their interest to know more about the technologies that they are not 

aware of. It was found during this study that there is a lack of awareness of technologies 

like Big Data, IoT, Blockchain, and User interface. Out of these, respondents have 

mentioned their interest to know more about the technologies like Big Data, IoT and user 

interface that plays a key role in DSC. This interest in gaining knowledge is considered 

as a motivation factor for DSC. Additionally, it was also identified that effective 

communication or knowledge sharing on awareness of technological innovation and its 

potential features can motivate the stakeholders for DSC transformation. As the 

respondent from case B has mentioned that there has been motivation within the 

stakeholders to accept technological innovation when they get to know more about its 

opportunities, where case B mentioned,“…there are some people are not willing to accept 

it…but we are trying to make them understand about the technologies and all and some 

people are slowly, slowly understanding and ready to accept it…”.  

Thus, awareness of the technologies and its opportunity is a factor that can motivate the 

stakeholder to explore technological innovation within the organisation.  While Muller 

(2018) and Shoraj & Llaci (2015), states that motivation is an inherent force that drives 

individuals within an organisation to achieve organisational goals. Cresswell & Sheikh 

(2013) argues that interest among the stakeholders can be created by an organisation by 

providing the required knowledge, skills, and awareness of the proposed change initiative. 

Thus stakeholder motivation is a factor that can drive the organisation for technological 
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innovation. This finding adds to our knowledge as, based on the literature review, the 

researcher was unable to find any studies that addressed stakeholder motivation as a 

driving force towards DSC transformation in SMEs. The following section discuss in 

detail the organisation resources considering awareness of technologies and skilled 

employees across the cases.  

5.3 Organisation Resources 

Organisation resource is a major theme identified during the study that comprises 

knowledge and skills that affects DSC transformation within SMMEs. These organisation 

resources may act as a driver or barrier depending on each organisation. Two factors were 

classified within organisation resources, Technology awareness and Skilled employees as 

identified during the within-case analysis. In the following section, these factors and its 

impacts on technological innovation for DSC transformation are discussed in detail.  

5.3.1 Technology awareness 

Technology awareness is referred in this study as the awareness of innovative 

technologies and its potential features for DSC. The conventional supply chain system 

can be automated with a wide range of digital technologies resulting in eliminating 

manual data handling and decreasing human error (Fawcett, et al., 2018). Innovative 

technologies are considered as enablers for digitalisation of SC (Menon, & Shah, 2020; 

Kearney 2015; Alicke, et al., 2016; Pettey 2019). These innovative technologies were 

discussed in detail previously in chapter 2 of this thesis. While DSC is highly dependent 

on innovative technologies, awareness of these innovative technologies and potential 

features of the DSC is a major factor that affects an organisation for technological 

innovation. As mentioned in the previous section, awareness of innovative technologies 

and potential features motivates the organisation for DSC transformation.  

Respondents within some cases have mentioned about lack of awareness of technology 

and potential features that have limited them from technological innovation. According 

to the study, 67% of respondents mentioned lack of awareness of innovative technologies 
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as a medium barrier, while 17% agreed it as a high barrier that limited the organisation 

from technological innovation. During the study, respondents mentioned,  

“...I don’t know whether this is the technologies I need...”, “...I didn’t know that we could 

utilise these technologies within our supply chain...” (A),  

“...I am not fully aware of what all technologies are there in the platter of manufacturers... 

We need to know more about this technology and its uses for us...” (B), 

 “…We don’t know its use within our organisation…we would like to know more about 

its benefits for our organisation…”, “…I don’t know much about the technology so no 

idea about it and how to use it for us… “(C) 

While a majority of respondents mentioned the lack of awareness of potential features of 

technologies as a barrier that limited their organisation from technological innovation, 

from the responses of two of the cases it was found that awareness of the technologies has 

driven their organisation for initiating technological innovation. According to the 

responses from case B it is evident that  only a handful of employees think about getting 

into technological innovation with an interest to implement relevant technologies within 

their supply chain as they identify the benefits such a fast processing resulting in reduced 

time, reduced manual error. On contrary, it is found that the challenge the organisation 

faces is the lack of knowledge about the technology and its features that can improve their 

supply chain is a barrier that limits them considering for technological innovation and 

improving their supply chain.  In conclusion it evident from the responses, that awareness 

of technologies and the potential features of DSC are factors that drive an organisation for 

DSC transformation.  

According to the responses during the study, it was also identified that awareness of 

innovative technologies and potential features can be improved if there is proper support 

from some external sources. The respondents have mentioned that they need to improve 

their knowledge about the technologies and understand its benefits for their organisation, 

they need guidance on selecting and implementing the technologies, and they need 
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training their employees to upgrade their skills as skilled employees is a major factor 

within the organisation for DSC transformation. Thus, as discussed in the previous chapter 

(within-case analysis), technological innovation support is required for the organisation 

to improve knowledge and guide the organisation for DSC transformation. As mentioned 

by respondents, technological innovation support can be from a technology provider, 

institution, or even a non-profit organisation to bridge the gap between technological 

innovation and the SMME for DSC. The researcher has discussed these factors in the 

following sections of this chapter. 

The findings from this section add new knowledge as literature on DSC has not considered 

technology awareness within the organisation as a factor during their study for DSC 

transformation within SMEs. Even if technology awareness is available, an organisation 

then need skilled employees to successfully utilise the technological innovation. Hence 

skilled employee is a factor that affects technological innovation and drives the 

organisation for DSC transformation Researcher has discussed further in the following 

section on the skilled employee factor that has been mentioned across the cases.  

5.3.2 Skilled employees 

During the study, it was identified that skilled employee is a factor that limits SMMEs 

from DSC transformation. According to Schumacher, et al., (2016), the digitalisation of 

the SC within an organisation requires technology adoption that will break the boundaries 

of different conventional functions and open the requirement for skilled employees. As 

per the responses, skilled employees have been identified and mentioned as a driver for 

DSC transformation. While the lack of skilled employees acts as a barrier, the availability 

of skilled employees within an organisation may drive the organisation for technological 

innovation (Leiponen, 2005; Schummacher, et al., 2016; Mittal, et al., 2020). Thus skilled 

employees are crucial for the digitalisation of the SC.  

Digitalisation includes digital equipments that are considered as innovative technologies 

and digital skills which is considered as skilled employees for using digital equipments 
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(Bianchini & Kwon, 2021). The study by Kamble, et al., (2018) and Kamble, et al., (2020) 

mentioned that the lack of skilled workforce is a critical barrier for the digitalisation of 

the supply chain within SMEs. Only 8% of respondent during the study has mentioned 

that lack of skilled employees as a low barrier that limits their organisation from 

technological innovation. Hence it is clear that skilled employees are a highly influential 

factor to be considered as it affects the decision of an organisation when considering for 

digitalisation of supply chain. According to Jones, (2017) and Naranjo-Valencia, et al., 

(2018) adequate training, employee education, and effective communication lead to 

improvement in employee skills. It is perceived from the responses that an organisation 

requires support from the technological innovation collaborators to guide them and 

provide technological knowledge and skills to consider DSC transformation.  

As an example,  

“...Staff training in areas where it's required should be provided or supported so that we 

can improve and implement new technologies, these are the sort of key issues...”(A),  

“…the right person, finding the right person is again a big challenge in this particular 

point to use the technologies…Management need to find...to…get the employees 

trained…” (B), 

 “…we need…to understand, learn about these and training our employees for it…” (C). 

The finding from the case study supports the study by Chesbrough & Spohrer (2006) and 

Nurmilaakso (2009), who mentioned that organisations have to either consider skilled 

employees or upgrade the skills of their employees for successful technological 

innovation. There is a great necessity of training for the employees to upskill them to 

consider technological innovation within the SMME for transforming their conventional 

SC (Soto-Acosta, et al., 2010). According to Scuotto, et al., (2017), collaboration can help 

the organisation to achieve skilled employees or even outsource required skills or training 

for the stakeholders. In the following section, the researcher discusses in detail the 
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technological innovation collaboration that has been identified as a driver for DSC 

transformation in the organisation. 

5.4 Technological Innovation Collaboration (TIC) 

Technological Innovation Collaboration (TIC) has been mentioned in previous chapter 4 

during the within-case analysis as the support for technological innovation from external 

parties such as technology providers, institutions or non-profit organisations outside the 

SMME organisation for DSC transformation. During the study, all the respondents 

mentioned the requirement of support from external sources for technological innovation 

to achieve DSC transformation. They have mentioned it in various areas such as to guide 

them for transformation, to provide knowledge about the technologies, to identify and 

implement technological innovation, and to communicate and provide required training 

to the stakeholders for a successful DSC transformation. As per respondents, the 

researcher identifies the external sources such as technology providers, institutions, non-

profit organisations or a consultant. The support from external sources is considered, as 

Technological Innovation Collaboration (TIC) as it focuses to support an organisation for 

technological innovation, to successfully digitalise the supply chain.  The respondents 

have mentioned the lack of TIC as a barrier that limits the organisation from technological 

innovation. The interpretation of responses from the all the cases highlights the relevance 

of collaboration with technology providers or institutions or consultants for the 

digitalisation of the supply chain. The respondents from all the cases emphasise the 

importance of technological innovation collaboration as they believe that they need 

guidance and support to understand the available technologies, its benefits within their 

supply chain and thus to plan and implement them effectively. It was clearly evident from 

the respondents of case A as they mentioned,  

“...we couldn't find the right product for us, so we are still exploring about it, and we need 

great support from institutions or technology provider for this...we really need to know 

which all technologies we can utilise within our process and how and where we could 

implement it you know we need someone to guide us, and we need some providers for 
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SMEs like us...” “...we need support from institutions or these technology providers to 

guide us to know about it...” (A),  

Similarly, the respondents from case B mentioned that they are struggling to choose the 

right technological innovation for their business and how to implement it effectively. 

Further they also mentioned about their concerns about the lack of understanding of 

technology providers about their business area that has affected in implementing the 

relevant technological innovation within their business as majority of the technology 

providers tried to sell the technology without clear knowledge about their supply chain 

process. In addition, case C has mentioned “no technology providers came to provide 

majority of technologies you mentioned” which identifies that only limited number of 

technology providers approaching them to provide enough knowledge about the available 

technologies. All the cases have also mentioned about the need of step-by-step guide to 

understand the technologies and technological innovation that can assist them to plan and 

implement digitalisation within their supply chain. It is evident the from the responses of 

Case D as they emphasised the need for guidance and support for technological innovation 

for DSC as they mentioned about very limited guide they had received while planning for 

SAP technological application within their supply chain which has even led to delay the 

decision and implementation of the technology. Case D has also mentioned about their 

plan to hire a consultant to create a system for them as they identify the need for 

improvement while there is lack of technological providers approaching them with the 

technology which is suitable for the organisation. According to responses it is evident that 

they believe that if the technology providers approach them with organisation relevant 

customisable technological innovation and share clear knowledge with the features and 

benefits the organisation could achieve the innovation, organisation will consider for 

adopting it to improve their supply chain. All the cases have mentioned about lack of 

awareness about the day to day emerging technological innovations and its features which 

clearly identify the needs for technological innovation collaboration for the organisation 

to improve their supply chain with digitalisation.  
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As per the response from case A, it is evident that, the organisation has tried to collaborate 

with an institution for support on 3D printing/Additive manufacturing technology but 

there has been a lack of collaboration and the organisation is still looking forward to 

collaborating with institutions to explore the opportunities of 3D printing/Additive 

manufacturing technology within their product manufacturing. 

Case D has mentioned that technology providers were not able to fulfil the requirements 

of the organisation and have tried to sell the technology to the organisation that is not 

relevant. It is evident from the response that, this approach of technology providers has 

limited technological innovation within the organisation. According to the respondent, “... 

nobody useful approached us with their technologies… some of the technology providers 

they tried to dump their system on us…” 

The response during the study highlights the need for TIC as the organisation lacks 

awareness and needs support in every aspect of technological innovation for a successful 

DSC transformation. Thus, the need for TIC is relevant since the initial stage for DSC 

transformation.  

Yan (2019) has discussed on government institutions as a factor for technological 

innovation and further mentioned the concept of the national innovation system that was 

introduced in the 1980s. The national innovation system is a network of corporate and 

governmental entities whose activities and interactions encourage the creation, 

introduction, improvement, and dissemination of innovative technologies (Yan, 2019). 

The research that concentrated specifically on DSC and those studies on DSC within 

SMEs did not draw attention to this issue. Various literature on DSC have considered 

collaboration to improve the supply chain, but they have not considered TIC as a factor 

during their study (Fawcett, et al., 2018; Buyukozkan & Gocer, 2018; Ehie & Ferreira, 

2019; Calatayud, et al., 2019; Ageron, et al., 2020). Hence for DSC transformation within 

SMMEs, TIC may be viewed as a distinctive component found in this study. As per the 

findings, TIC supports the organisation by training the stakeholders to upgrade their skills 

for technological innovation and can provide other support for a successful DSC 
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transformation. Further for an SMME to initiate the technological innovation for DSC, 

they need to explore the DSC opportunities within their organisation that can be done by 

TIC. The following section, discusses in detail the DSC evaluation (DSCE)  

5.5 DSC Evaluation (DSCE) 

Digital supply chain evaluation (DSCE) is referred to within this research as evaluating 

the opportunities for DSC within an organisation. The researcher has considered three 

factors identified during the within-case analysis for DSCE and based on the three factors 

researcher has identified the 4th factor that has relevance in the DSC evaluation stage, 

technology drivers. The factors considered within DSCE are: 

• Supply chain process evaluation 

• Technology readiness evaluation 

• Technological Innovation Opportunity evaluation (TIO) 

• Technology Drivers 

5.5.1 SC Process Evaluation  

Supply chain process evaluation within this study refers to the evaluation of SC process 

within an organisation. This evaluation process supports an organisation to identify the 

requirements for technological innovation. Various ways can be considered within an 

organisation for supply chain process evaluation while a majority of organisations 

evaluate their process by defining KPIs. Key performance indicators are influencing 

variables that are used to evaluate processes within an organisation (Jonathan., 2018). 

Successful technological innovations within an organisation are a result of a conscious 

evaluation of the ongoing process within them. According to the study by (Alicke, et al., 

2016), while 77% of organisations see technological innovation as a priority, only a mere 

22% of them have defined KPIs and metrics to measure their process. KPIs are identified 

as the critical (key) indicators of progress toward an intended result (Aleksey, 2016). 

Various literature has identified numerous numbers of KPIs to evaluate SC processes such 

as procurement, warehouse, logistics, and production, are some of them (Dev, et al., 2019; 
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Robinson 2014; Cai, et al., 2009). KPI offers a focal point for strategic and operational 

improvements and a rationale for organisational decision-making (Ganguly & Rai, 2018). 

According to Selene (2019), managing KPIs often means working to improve leading 

indicators that will later make the organisation explore the opportunities for technological 

innovation to improve the process to achieve specific targets within the organisation. 

Tjahjono et al. (2017) utilised KPIs to analyse the implications of various innovative 

technologies. They then investigated the effects of technological changes on each KPI and 

concluded that innovative technologies provide greater possibilities in the SC.  

During the study, the level of use of KPIs within the cases was explored to understand the 

process evaluation within them. It was found that all 4 cases do not have any evaluation 

process to date. Out of the 4 cases, only 1 case has defined KPIs, and 3 other cases do not 

have any defined KPIs. Even though there was 1 case with defined KPIs, they mentioned 

that they did not use it to date, but they are planning to redefine the KPIs to start evaluating 

their process.  

Further, the evaluation process of suppliers and customer satisfaction within the cases 

were explored. It was identified that all 4 cases have a conventional method for supplier 

selection but there is no continuous supplier evaluation process. Additionally, it was also 

found that there is no customer satisfaction evaluation within the organisations.   Thus the 

findings from the cases, concludes that the lack of supply chain process evaluation has 

limited the organisation from identifying the opportunity for improvements and the 

requirements for technological innovation that can lead to DSC transformation. In the 

following section technology readiness and DSC opportunities are discussed as it was 

identified as two factors influencing for DSC transformation within the cases. These 

factors play a vital role, while an organisation plans for a step-by-step process of DSC 

transformation. 
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5.5.2 Technology readiness evaluation 

The researcher has identified technology readiness as a factor to be considered when an 

organisation explores the opportunity for DSC transformation. Technology readiness is 

referred to within this study as the current level of technology adoption or technological 

innovation practice within the organisation. Considering the technology readiness factor, 

the 4 cases were identified as non-adopters or initial adopters. During the study, 3 out of 

4 cases were classed as initial adopters as they have either an innovative technology for 

DSC implemented, or they have implemented or are in process of implementing 

technology that may drive them to initiate DSC transformation in future. Out of 3 cases 

only case C has implemented an innovative technology, case B has implemented an 

innovative technology and is implementing an ERP application, and finally, case D is 

utilising an innovative technology and is in process of implementing an ERP application. 

ERP application is considered as a first step towards the automatisation process that can 

lead for DSC (Bar, et al., 2018; Gilchrist, 2016; Neugebauer, 2016; Stefan, 2016). 

Automatisation is considered as a benefit of DSC as the routine tasks are automated and 

stakeholders within the organisation can focus on communicative and creative, value-

adding tasks that will result in an improved efficient SC (Lasi, 2014; Kersten, 2015; 

Sokolov & Vanov,  2015).  

It was identified from the data that all the cases utilise the technological innovation 

provided by external sources, such as tracking service provided by the 3PL while 

receiving and sending products within the organisation. It is evident that they use this 

service as they have identified it as beneficial to track the product. One of the cases (Case 

D) has mentioned that whenever they use logistics service without any tracking details it 

makes them difficult to track their products and even delays the product delivery as there 

is no tracking and deadlines for product delivery from 3PL. Hence it is evident that the 

organisation is trying to use the 3PL services with tracking as they found it highly 

beneficial for them.   
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The respondents from Case A claim that the decision-maker believes that the current 

technology used within, processes, and machinery are performing their intended functions 

perfectly well and that an upgrade is not urgently required. They ignore the fact that this 

perspective tends to ignore the reality that the existing system is labour-intensive, slow, 

and typically inefficient which is evident from their lead times of at least 10 days for each 

of their orders as mentioned by R3A. The researcher observed that even though the 

organisation has implemented some new machinery in the past years but interestingly, the 

majority of machinery they still use is over 25 years old and has not upgraded with any 

other technological innovation overall to improve their supply chain. 

Case C who are considered as an initial adopter is using geolocation service to track their 

fleets. They are able to fully utilise their fleets while on the road such as by deviating as 

per requirement using the geolocation tracking service that helps them to avoid multiple 

journeys. This makes efficient use of fleets that play a key role within the logistics area 

of SC within their organisation. This implementation of technology also represents the 

readiness within them for technological innovation.  

Case B has mentioned that they are implementing an ERP application and they also use 

tracking technology to track their employees. Even though the organisation has not fully 

utilised the features of the ERP application, there are various fundamental features  as 

discussed previously such as Financial management, sales and customer management, 

buying and inventory control, for the application being implemented (SAP Business 

Report, 2020). Hence case B will have a potential drive for technological innovation with 

more technologies in future as the current ERP application they are implementing has 

more options to explore and utilise for improving their supply chain with digital 

transformation. As per the response, it is evident that decision-makers with skilled 

stakeholders have chosen to implement the application and force the other stakeholders 

to start utilising the application which can be considered as a disruptive technological 

innovation. The researcher has discussed in detail about disruptive technological 

innovation in section 2.3 within chapter 2 of this thesis. 



   

 

 213  

 

Case B has mentioned that the ERP application has started to provide on-time information 

when the material stock level is low which makes the store department to inform the 

respective department to reorder the materials on time avoiding the delay of the material 

delivery.  According to the respondent,  

“...it binds all the departments like from store department, production department, 

dispatch department, all the departments are getting a centralise in that system so that it 

gives details of how much production is happening, how much finished good was 

manufactured yesterday or till time and how much we can dispatch. In that system we can 

easily find out how much production we are doing on daily basis. Store department only 

see the store…whatever the store which item they have in store and... like what is the stock 

of a particular item. production can see only the how much production is there yesterday, 

or production report is there for production Department. Sales Department is having a 

sales value they can access only sale value and they can put they can punch the P.O…but 

management…management has all the access to see what is going in store what is going 

on in marketing what is going on in production, so management has all the access…”.  

According to the respondent, the current implementation of the ERP application is 

providing more visibility of the supply chain process within the organisation to the 

management. This supports the literature, as ERP application is considered as an initial 

drive for DSC transformation within an organisation (Stefan, 2016). This readiness level 

ultimately supports and drives the organisation for the next stage of technological 

innovation.  

Respondents from Case D have mentioned that they are in a process of implementing an 

ERP application. According to the respondents, they are utilising google sheets which are 

shared in a cloud platform thus utilising the cloud technology. They mentioned during the 

study that 6 months of production and sales process evaluation was done manually using 

Microsoft excel which was time-consuming, but it made them aware of the benefits of 

analysis that has potentially driven the organisation to implement ERP application, to 

provide more visibility of their process. As per the responses, the researcher found that 
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the identification of technology and its benefits has made the organisation to implement 

ERP application and it has the potential to drive the organisation for further technological 

innovation that transforms the conventional supply chain in future.  

From the above findings, it is evident that technology readiness is a factor that may affect 

as a potential driver for the organisation for further technological innovation to improve 

the supply chain by digitalisation. While few studies have considered technology 

readiness, they have described it as the degree to which an organisation is able to exploit 

and derive the benefits of technologies (Garay-Rondero, et al., 2019; Ageron, et al., 2020; 

Bhattacharya, 2021). Here the researcher considers technology readiness as a factor to 

understand the level of adoption and utilisation of innovative technologies that potentially 

drive the organisation or have an impact within the organisation while considering 

technological innovation in future.  This technology readiness will support the 

organisation for incremental technological innovation while considering DSC 

transformation as previously discussed in section 2.3 in Chapter 2.  Hence the findings on 

technology readiness add new knowledge as the literature on DSC has not considered this 

technology readiness as a factor for DSC transformation during their study. Furthermore, 

understanding technology readiness will guide the organisation to explore the 

technological innovation opportunities within their organisation. These technological 

innovation opportunities is discussed in detail in the following section. 

5.5.3 Technological Innovation Opportunity Evaluation (TIOE) 

As mentioned, previously in chapter 4, technological innovation opportunity evaluation 

(TIOE) in this study is considered as the opportunities for technological innovation that 

have been identified from the case study. It was also found that identifying a technological 

innovation opportunity drives an organisation for DSC transformation. As an example, 

the respondent from case A has mentioned that they have identified the opportunity to use 

data analysis technology. The respondent has mentioned that they have tried preparing 

and analysing the production data for orders which resulted in providing more 

transparency of production that led to identifying areas to decrease the lead time of the 
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production and thus improving their supply chain planning and process. Similarly, case D 

has mentioned that they have identified the opportunity for an ERP application after 6 

months of process evaluation using Microsoft Excel application. According to the 

responses, there have been wide opportunities for technological innovation for DSC 

identified within the cases. As discussed previously respondents have mentioned their 

interest for some of the innovative technologies as they have identified the opportunities 

for those technologies within their organisation. Additionally they have shown their 

interest to know more about certain disruptive technologies while mentioning the some 

of the technologies they are not interested in.  

As an example, respondents mentioned, “with the use of artificial intelligence, yes it will 

actually help my employees to get connected with the customer and all like getting all the 

feedback …It will actually give me a opinion of the customer, artificial intelligence can 

give me the trend chart analytics... there can be certain bar coding system that can be 

done to scan in each and every process like how, what is the time and all that stuff instead 

of having a process card that we have. so, bar coding and scanning system can be there 

in the process…”, “... barcode system so that it can help to track the materials in 

warehouse and reduce manual error...” (B),  

While the respondents from case B mentioned about use of AI to get connected to their 

customers for feedback to gather trend analytics. They also identified the use of barcode 

technology to track their material stock rather than their current process card system which 

they found as more efficient to reduce manual error they currently face with process card 

system. Similarly, case C have mentioned “we are looking into the barcode”  which 

shows their interest in bar code system in addition to cloud networking system. Case C 

identify the need for cloud system as it will enables their relevant staff to work from home 

or out of office by accessing the cloud system which will improve fast processing of orders 

including submission of quotes to customers or even order placements for material 

requirements. They mentioned the need of cloud system as they have faced the issues 

within their organisation with delay in placing orders or submission of quotes to customers 
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as the relevant staff were out of office as they mentioned “I have faced this issue a 

lot…still facing so I think cloud networking could end that…”.   

According to Case D, they would like to utilise analytics for the whole organisation as 

they identify the opportunity to improve their supply chain process making it more 

efficient. They mentioned about their interest in robotic welding technology as it could 

improve the order processing time compared to the current time taken for welding 

processes. Similar to case B and C, case D has plans for considering barcode technology 

to track the materials. In addition, they would like to improve their user interface for better 

customer experience where they intend to have simulation technology with VR 

technology. They mentioned that providing a demo with VR technology could provide 

their customer with better experience and clear idea for the customer about their products 

which will also help to decrease the order errors. They intend to use the AI technologies 

it can increase the productivity while reducing labor issues with monitoring system. 

A respondent from case D has also mentioned, “...we're planning to…create a system for 

the inventory and production and whatever and then work on the ERP… we do not have 

a system at all when order is coming, we take the production…products and produce 

it…we buy because we have the experience of doing it for the past six or seven years, but 

it is not a system. I know when the order comes, that this item won't be in stock. Only 

because I have been here for so long. There is no system so once the system is in place 

only will be able to automate it, will definitely be automated…”.  

It is evident from these responses that identifying the opportunities drives the organisation 

for DSC transformation. RFID/Barcode sensor technology for inventory and material 

tracking is the major technological opportunity identified in all cases as they are dealing 

with a high number of materials within their organisation. As per the responses identified 

during the within-case analysis, there is no technological innovation process to track the 

whole supply chain process with the organisation. According to the responses, the 

researcher has further identified that they could use some of the innovative technologies 

such as VR/AR, Blockchain, IoT, and Bigdata that could improve their supply chain 
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process. As an example, respondent mentioned, “...There definitely be returns, where 

alterations about to have been made or adaptations again... because what people will 

visualise in their head and is always going to be different then. Sometimes you can cover 

that with images, videos and everything else, but it is always something happens...”. As 

per the responses, they could utilise VR/AR technology and even consider improving their 

user interface in organisation website.  

Even though only 1 respondent has expressed their interest in user interface technology, 

while all others mentioned a lack of awareness, the researcher has identified that most of 

the cases need technological innovation with user interface technology as it can improve 

customer experience with the organisation and even as a next level innovation with 

AI/Robotics or upgraded machinery where employees can be introduced with wearable 

technologies, where user interface play a vital role within technological innovation 

(Bogue, 2014; Linh, et al.,, 2019). 

Respondents from cases B and C mentioned about the difficulty in cash flow, where 

introducing smart contracts with blockchain technology could improve customer 

integration and provide more transparency on the supply chain process which could result 

in improved cash flows (Collomb & Sok, 2016). While cases B and D have mentioned 

about the rejection of materials to the supplier due to quality, all cases mentioned about 

the return of materials from the customer due to wrong specifications. The researcher has 

identified the need for integration with external stakeholders (suppliers and customers), 

increasing manufacturing flexibility with a degree of customisation and process 

transparency that could support the organisation to decrease the returns (Bogers, et al., 

2016; Ivanov, et al., 2019; Brun, et al., 2020). These findings on technological innovation 

opportunities summarise that exploring the opportunities has made the organisation to 

plan for technological innovation in future as Case D has identified the opportunity after 

using Excel Application. While technology awareness can help to identify the opportunity 

the identified opportunity should be further evaluated before a decision is made 

(Alejandro, et al., 2019).  
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In the study conducted by, Alhammadi (2016) and Raco, et al., (2021), they employed the 

Analytical Hierarchy Process (AHP) technique to discover the factors that influence SME 

for development where they identified technology as a factor. According to the responses, 

technological innovation collaboration can guide the organisation to identify the 

opportunity or verify the compatibility for technological innovation. In accordance with 

the responses by the end of the interview study, it is clear that most of the organisations 

are planning for technological innovations as they have identified opportunities with 

innovative technologies. The lack of awareness of innovative technologies such as big 

data, IoT, and Blockchain may limit the organisation from DSC transformation and fully 

utilising its features (Agarwal, et al., 2019). Still, the interest of respondents to improve 

their knowledge on technologies such as big data and IoT will pave the way for DSC 

transformation within the near future. Thus, as per the findings, it is evident that 

technological innovation opportunity evaluation (TIOE) can have an impact and drives an 

organisation for digitalisation if they focus on an efficient, transparent, visible and flexible 

supply chain. 

5.5.4 Technology Drivers (TD) 

Further to the technology readiness and technological innovation opportunities, 

innovative technologies are identified as technology drivers for DSC. From the empirical 

data various technologies that are most relevant for DSC within SMMEs have been 

identified as technology drivers. Table 5.2 provides the list of technologies classified as 

per the technology readiness and technological innovation opportunity. The table is 

presented with technology drivers required based on readiness and opportunity based on 

the empirical data. 

ERP application has been included within this list as it has been found as a technological 

innovation application that is considered as a first step for automatisation for the DSC 

transformation (Bar, et al., 2018). Figure 5.1 shows a graphical representation of 

technology implemented or as per the implementation plans according to the responses 

by the majority of the cases. According to Figure 5.1, it is evident that ERP, Cloud, User 
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interface, and RFID/Barcode sensor technologies are most relevant within the 

organisations followed up by AM/3D printing and AI & Robotics.  The researcher has 

identified that AM/3D printing and AR/VR technologies may not be suitable for every 

industry. The researcher further classified these technological drivers into two categories 

based on implementing steps, stage 1 and stage 2. 

Stage 1 is considered as the initial stage for DSC transformation, and it consists of the 

majority of individual technologies such as ERP, cloud, geolocation, RFID/Barcode 

sensor, user interface, 3D printings/AM, AI/Robotics and AR/VR. These technologies are 

considered at stage 1 as they are individual technologies that may be implemented within 

the required process. 

Stage 2 is the final stage for DSC transformation it consists of the technologies such as 

IoT, Big data/data analytics and Blockchain as these technologies have a major role in 

completely digitalising the supply chain further to stage 1 initial technological innovation. 

Stage 2 makes the organisation to develop their supply chain through continuous analysis, 

tracked and analysed process with connectivity using IoT that results in a more efficient, 

visible, transparent and flexible supply chain. 

 
Figure 5.1 Technology implementation plan across the cases 
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Technology\Cases Case A Case B Case C Case D 

ERP 2 1 2 1 

Cloud 2 2 2 2 

Geo-Location 3 2 2 3 

RFID/Barcode sensor 2 3 3 2 

User Interface 3 2 2 2 

3D printing/Additive Manufacturing 2 0 3 3 

AI/Robotics 3 3 4 2 

AR/VR 3 0 0 2 

IoT 4 4 4 4 

Big Data/Big Data Analytics 4 4 4 4 

Blockchain 
5 

5 5 5 

Not required for the organisation - 0 

Implemented/implementing - 1 

0-3 years - 2 

After 3 years - 3 

Interested to gain knowledge - 4 

Not interested but will be useful in future as per previous research - 5 

 

Table 5.2 Technology drivers required based on readiness and opportunity (Based on the 

empirical data) 
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5.6 Financial Support  

According to the respondent, financial investment is a factor that has limited the 

organisation from technological innovation. This section discusses in detail on financial 

investment and related factors identified across the cases under the theme of Financial 

support for DSC. Financial support for DSC was found to be a major factor within the 

cases for DSC transformation. The researcher refers to financial support within this 

research, to the monetary resources within an organisation and monetary support to an 

organisation from external sources for the digitalisation of their supply chain. From the 

case findings, two factors that affect the DSC transformation within an organisation were 

identified. They are: 

• Financial Investment 

• External Financial support  

5.6.1 Financial Investment 

Financial investment within this research consists of the investment concerns for DSC 

transformation within the organisation. During the study, respondents mentioned the cost 

of technologies and ROI as two reasons that affect DSC transformation within their 

organisation. 

Figure 5.2 Percentage - cost of technology as a barrier 
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Figure 5.2 represents the percentage of respondents who have mentioned the cost of 

technologies as a high (H), medium (M) or low (L) barrier that has limited their 

organisation from considering the implementation of innovative technologies. It is evident 

from the figure that the cost of technologies is an important barrier, as the majority of 

respondents have mentioned it as either a high or medium barrier. Out of the 4 cases, case 

A has mentioned that cost of technologies as a barrier that limits them from implementing 

the technology for DSC transformation. According to respondents,  

“if we go for SAP and all its too costly for us...so we need something not that costly but 

useful for us” (A). “management is refusing some adoption or rethinking about adoption 

due to...the cost of technologies...", “…cost is also an issue…” (B). “…You know the 

initial cost…I think you know the cost…”, “…one of the reason is financial...the cost to 

implement the technologies…”, “…Main thing is cost…the investment to implement these 

technologies…” (C). “...SMEs like us need customized system which should be cheaper 

too...salesforce is costly…”, “…First thing is cost of these technologies…”, “…Too much 

factors…obviously costing is there…” (D) 

Considering the ROI as a reason, as per above Figure 5.3, 50% of the respondent 

mentioned that considering the longer period for ROI for the investment on technologies 

Figure 5.3 Percentage - ROI as a considerable factor limiting technological innovation. 
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as a high barrier, while 33% considered it as a medium barrier that limits them from 

considering the implementation of innovative technologies within their organisation. 

Respondent from case A has mentioned,  

“...reasonable payback is a factor that affects us for implementation of technology for 

digitalising the supply chain... Also cost of these technologies is a factor that limits us...” 

(A) 

According to responses from case A, while the cost of technology is not a high barrier, 

ROI is an important factor that they consider while deciding upon technology 

implementation and it is clear that ROI supports for reluctance to change within case A 

as mentioned in section 4.2.1 in chapter 4. Another respondent mentioned,  

“…I have to actually understand how much value these technology will give me in 

return… if it will take around many years to give me the returns for investment. Then as 

a business, as an investor we need to think about that...”, (B). “when you do an ROI, it's 

when it comes to the cost….”, “…one of the reasons is financial, I mean the thinking of 

returns compared to the investment...” (C) 

While the cost of technology and ROI has been mentioned in most cases, Case D has 

mentioned about financial investment to retain skilled employees is a reason that limits 

them from technological innovation. Summarising these findings, it is evident that 

financial investment is a factor that organisation considers while planning for DSC 

transformation. Thus, as per responses, financial investment limits the organisation from 

DSC transformation. Hence, it is identified that the financial support factor can support 

the organisation for DSC transformation . In the following section, the researcher 

discusses in detail on the findings of financial support required by the organisations from 

external sources. 
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5.6.2 External Financial Support 

The external financial support within this study is the financial support provided by 

external sources such as banks or government funding. Yan (2019) has discussed on 

government institutions that can play the role to provide financial support to organisations 

for technological innovation. In accordance with the responses from the cases, 3 out of 4 

cases have mentioned financial support is really needed to drive the organisation for DSC 

transformation.  During the study, 2 cases mentioned that lack of financial support from 

the government is a high barrier that limits them from considering technological 

innovation. While case B identify it as a medium barrier as they are financially stable for 

investment, case A identifies it as a low barrier as they mention that they are able to source 

external funding but when considering the, it limits them from technological innovation. 

The majority of respondents from Case C and D strongly agreed that securing finance 

from banks or government funding as a barrier. While case B has mentioned it as a neutral 

challenge, case A has mentioned that securing finance from a bank or government is not 

at all a challenge for them. While the findings from this section conform to the study by 

Chang (2016) which has mentioned financial support as a factor for technological 

innovation, it is evident that there is a lack of studies on the relevance of financial support 

for DSC within SMMEs. 

5.7 Summary 

This chapter is presented with the cross-case analysis by identifying the similar patterns 

across the cases based on the internal and external factors for DSC within SMMEs 

emerged from the within-case analysis. The subthemes and data which shared similar 

meaning across the cases were analysed and categorised during the cross-case analysis 

which eventually led to identification of the major themes influencing DSC 

transformation across the cases. During the analysis 5 major themes were identified 

similar in all the cases. The 5 major themes and supporting factors within each theme 

identified across the cases were presented with the key points raised by the respondents.
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6.0 FRAMEWORK DEVELOPMENT & DISCUSSION 

6.1 Introduction 

This chapter discusses the framework developed to foster and promote DSC within 

SMME and thus attain the final objective of this research. The researcher was able to 

comprehend the amount of technological innovation and DSC transformation among 

SMMEs based on the empirical data. The findings of this study revealed some new data 

that illustrate the degree of DSC transformation among SMMEs. 

A framework has been developed based on themes generated within the cross-case 

analysis (Chapter 5), which extracted themes by looking at the patterns, similarities and 

differences identified from within-case analysis. Therefore, the framework developed will 

be based on reality rather than theoretical ideas. This chapter also discusses the major 

findings and their links within the framework. In the following section, the researcher 

discusses in detail the framework developed. 

6.2. Integrative Framework for Digital Supply Chain Transformation (IDSCT) 

According to Eisenhardt (1989), further to the within-case and cross-case analysis, the 

next step is the generation of theory. In this research, a framework is developed based on 

the major themes generated from the empirical findings discussed in previous chapter. As 

an exploratory study, the framework developed based on the real-world study will be more 

realistic and applicable for the future (Dooley, 2002; Eisenhardt, 1989). Figure 6.2 

represents the framework developed based on this study that could foster and promote 

DSC transformation within SMMEs. 

The framework is designed for technological innovation and digitalisation of the supply 

chain within SMME. As discussed previously, the digitalisation of supply chain consists 

of the supply chain process within the organisation. As shown in Figure. 6.1, it was 

evident during the study that the cases considered had a conventional supply chain as 

described previously in chapter 2. The SC process within Figure 6.1, shows the supply 
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chain flow within the cases as per the empirical data. As per the empirical data, the 

majority of the cases have Sales as a beginning stage and as per the sales, the cases start 

with the manufacturing of their products and go through various steps of the supply chain 

as shown in Figure 6.1 before the final delivery of the product to the customer which is 

the endpoint of the process. The framework developed is based on the empirical data that 

are transferable for SMMEs as the data was collected from four different cases that are 

into four different product manufacturing, from three countries, with different 

organisation size (SMEs), and different levels of technology adoption to date.  

During the analysis of the empirical data, researcher have identified the main themes 

which are dependent each other and required for the small and medium size manufacturing 

enterprises to gain knowledge and initiate for digital supply chain transformation within 

their organisation. The main themes identified and considered within the framework as 

shown in Figure 6.2 below for digitalisation of supply chain within SMME organisation 

are: 

• Organisation Context 

• DSC Evaluation  

• Technological Innovation Collaboration (TIC) 

• Financial support 

In the following section, researcher provides a detailed description about each theme 

including its relevance in the framework. 

Figure 6.1 Supply Chain process flow within the cases 

 

Sales Procurement Warehouse Production Warehouse Delivery
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Figure 6.2 Framework to promote DSC transformation within SMMEs. 
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6.2.1 Organisation Context 

Considering organisation context, this is the area within the organisation where an 

initiation for DSC should begin with. Organisation context comprises of two themes 

identified from the empirical data and discussed in chapter 5 of cross-case analysis. They 

are: 

• Organisation culture 

• Organisation resources 

In terms of organisation context, the empirical evidences revealed various challenges and 

drivers within the cases that have limited DSC transformation. The following findings 

were determined to be the major and prevalent drivers and barriers for the cases within 

this study: 

➢ A huge reluctance to change was mentioned as a barrier within all the cases for 

the digitalisation of supply chain. Some of the reasons are older working patterns 

and aged stakeholders. 

➢ Resources of an organisation like shortage of technically competent labour, 

insufficient funding, and insufficient knowledge of cutting-edge technology and 

its features were cited as barriers in the cases.  

➢ Stakeholder communication may motivate the reluctant group within the 

organisation to understand and accept the change for improving their supply chain 

within the organisation. 

➢ Lack of technology awareness act as a barrier within the organisation to initiate 

technological innovation for DSC transformation. 

➢ Lack of identification of opportunities within the organisation for DSC 

transformation. 

➢ Stakeholder motivation within the organisation drives the organisation for 

technological innovation. 
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Considering these barriers and drivers, the researcher has found that the organisation 

needs to have a process to explore the opportunities for DSC and support the organisation 

to explore the opportunities and further implement the identified opportunities within 

them. Thus, organisations need to have DSC evaluation process to identify the 

opportunities within them. In the following section, the researcher details DSC evaluation. 

6.2.2 DSC evaluation 

DSC evaluation is a process required within the organisation to identify and explore the 

opportunities of technological innovation for DSC transformation. Further to the 

empirical evidence, the researcher identifies various factors for DSC evaluation. They are: 

• Supply chain process evaluation  

• Technology readiness evaluation (TRE) 

• Technological Innovation Opportunity evaluation (TIO)  

• Technology Drivers (TD) 

Supply chain process evaluation is identified as the process that identifies the requirement 

for improvement within the SC in an organisation (Tjahjono, et al., 2017). The 

organisation is able to identify the need for technological innovation by evaluating the 

current supply chain process or supply chain practices within them. During the study, it 

was evident that some of the cases does not have a supply chain process evaluation within 

them that limits them from identifying the need for technological innovation, whereas 

some of the organisations have identified the need for technological innovation by 

comparing the current practices with the innovative technology features. Nevertheless, 

still, they have not evaluated the current process to make sure the technological innovation 

will be beneficial for them. Also, the comparison process was able due to the awareness 

of innovative technology within the organisation. Hence, even if an organisation lacks 

technological innovation awareness, an organisation may find the requirement for 

improvement during supply chain process evaluation. Identifying these requirements 

leads the organisation to gain more knowledge on technological innovation to improve 

the supply chain process. Further TRE, TIOE and TD together provide the organisation 
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to identify the relative advantage, compatibility, integrability and complexity for 

technological innovation within their organisation. According to Rogers (1995) DIO 

theory, the innovation-decision process in stage 2 is  persuasion stage where a person 

seeks information regarding innovation assessment in order to limit the uncertainty of 

expected impacts in an innovation. Similarly, within the proposed framework, DSC 

evaluation process comprises of various evaluation processes to reduce uncertainty about 

a technological innovation within an organisation.  

While organisation context can initiate the organisation for technological innovation, 

DSC evaluation process helps the organisation to identify the required technological 

innovation. As per empirical evidence, it was found that, there is a reluctance to change 

that can be overcome with technological innovation awareness. While there is stakeholder 

motivation, still organisation requires support to improve technology awareness as there 

is a lack of awareness on potential features of innovative technologies which is evident to 

identify the DSC opportunities within the current SC process. It was evident from the 

empirical study that TIC can support the organisation to overcome this barrier and drive 

the organisation for technological innovation for DSC within them.  

6.2.3 Technological Innovation Collaboration (TIC) 

The empirical study, has clearly shows that TIC can play a major role in technological 

innovation within SMME for DSC transformation. All the cases have referred that the 

lack of TIC as a major barrier that limits the organisation to explore the DSC 

opportunities. It was also found that there is no proper support from the technology 

providers due to which organisations lack the knowledge on innovative technologies and 

their features that limits them from considering technological innovation as a priority 

within their process. As mentioned during the study, TIC helps the organisation to 

overcome the barriers within the organisation context and supports them for DSC 

evaluation. TIC comprises of actors such as institutions, technology providers or non-

profit organisation that drives an organisation for DSC transformation. 
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One of the cases has also mentioned their interest in collaboration with the institution to 

gain more knowledge and explore the opportunity to utilise one of the DSC technology 

drivers. Further, the researcher has identified that there are government initiatives within 

various countries to promote technological innovation within SMMEs.  

 

According to Maier (2017), the Government of UK has initiated a non-profit organisation 

that bridges the gap between UK manufacturing industries and technology providers. This 

non-profit organisation supports the SMME for adoption, innovation and upskilling of the 

workforces for digitalisation. Hence it is evident that TIC has a significant role in 

technological innovation within SMMEs that can promote DSC transformation. 

While TIC supports the organisation for DSC transformation, organisations mentioned 

about the financial investment as a major factor that limits them from considering 

technological innovation. Three of the four cases have mentioned financial investment as 

a factor and consider it as a requirement for an organisation to consider for technological 

innovation. Hence the researcher integrates financial support as a factor for DSC 

transformation.  

6.2.4 Financial Support for DSC (FSDSC) 

As the name describes financial support considers various factors to provide financial 

assistance for technological innovation within SMMEs. FSDSC within this framework is 

referred to the financial status and requirements of SMME for DSC transformation. As 

per the empirical study, it was found that the cost of technologies and considering ROI 

are major factors that limit the organisation from considering the implementation of 

technologies. Implementation of technological drivers is a major part of technological 

innovation for DSC transformation (Kearney 2015; Buyukozkan & Gocer, 2018; Pettey 

2019). While implementing innovative technologies paves way for the digitalisation of 

supply chain, empirical evidence has shown that organisation requires skilled employees 

to use innovative technologies. Empirical study has mentioned about the requirement of 
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financial investment to retain skilled employees during the study as discussed previously 

in section 5.6 of chapter 5 of this thesis. Hence financial support plays a key role for DSC 

within SMMEs. As wages and cost of technologies are major factors that limit an 

organisation from DSC transformation. 

It was identified that there are various financial fundings available for SMMEs to support 

them for technological innovation for digitalisation. As identified and discussed by the 

researcher in chapter 2 of this thesis, SME reports from OECD, UK, UAE, and India, all 

point that innovation and technology as a major focus within the next 5 years (OECD, 

2021; Innovate, 2020; Government of India, 2019; UAE Ministry of Economy, 2018). 

According to these reports, there are two ways the government have initiated to provide 

funding for technological innovation, they are either as a project with TIC, or fund 

provided to technological innovation collaborator which further requires an organisation 

to collaborate and work together for DSC transformation. It was found from the literature 

that various government including the UK has initiated technology and innovation. As an 

example, reports from (Maier, 2017; DMIW, 2021) state that there are various UK 

innovation fundings open such as UK Research and Innovation funding (UKRI), Innovate 

UK: open funding programme, European Commission Funding & Tender opportunities. 

All these funding have been introduced recently to support technological innovation and 

exploitation of industrial digital technologies within SMMEs.  

The integrative framework implies that SMMEs need to be prepared for technological 

innovation within the organisation context. As identified during this study, from cross-

case analysis, an organisation requires financial and TIC support for DSC evaluation that 

drives them for DSC transformation. This implies that, if there is no TIC, the organisation 

is limited from DSC evaluation and further technological innovation for the digitalisation 

of SC. Therefore, TIC is identified as a major requirement for SMME for DSC. DSC 

evaluation is considered as an initial stage for technological innovation to promote DSC. 

Further to the identification of technological innovation opportunities, the organisation 
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should have a step-by-step process for the successful implementation of technological 

innovation that leads to DSC in the future. 

It is crucial to note that the framework has been developed in accordance with the themes 

found from the empirical data collected during this research, from various cases working 

in different countries that are categorised as developed and developing nations. As the 

framework developed is based on data from SMMEs, other SMME industries could use 

this framework for initiating DSC transformation within themselves. The researcher 

discusses in the following section of this chapter, the current status of DSC in the light of 

the developed framework. 

6.3 Discussion 

The researcher has utilised this section with an objective to explore, evaluate, and draw 

comparisons on each of the themes that the data analysis has revealed. By linking the 

results from actual data to the previous literature, it brings novel insights. To further 

support the validity of the framework, the themes that were discovered from the case 

study in the previous chapter of this thesis that covered the cross-case analysis will be 

evaluated by comparing them to the body of literature. This will allow us to look at how 

the themes, empirical research, and theory are related to one another.  The themes from 

the framework developed in the previous section will be compared with the framework 

described in the literature and theories to explore the relevance of the themes. The link 

of analytical resonance drawn from the cross-case analysis, existing literature, and various 

technological adoption theories are examined and compared in the following section to 

determine whether or not significant findings are consistent with previous studies or 

otherwise.    

6.3.1 Current status of DSC within SMMEs 

A study by Airaksinen, et al., (2015) and Garzoni A, et al., (2020) mentioned that SMEs 

require research that helps them to sustain in the future competitive market of 

digitalisation. Ivnov, et al., (2019) recommends a detailed qualitative study on the issues 
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related to the digitalisation of SME’s supply chain. As mentioned previously in chapter 2 

it is evident that there is lack of studies on digitalisation of SC in SMME context. From 

the empirical study, it was found that a methodology is required for SMME to implement 

innovative technologies for DSC transformation which shows the relevance of this 

research study. 

As previously discussed, this study reviewed the existing literature on the digital supply 

chain in chapter 2 of this thesis, and the results showed that different academics had 

identified distinct features, challenges, and drivers of DSC. Chapter 2 also highlights the 

impacts of various innovative technologies that are identified as the drivers for DSC.  The 

study by Dubey, et al., (2020) and Liotine (2020) mentioned that digitalisation of supply 

chain processes is becoming more significant as it can increases the visibility of entire 

supply chain operations in an organisation, which in turn helps to minimise the complexity 

of the processes. The majority of cases, according to empirical data from the study, do 

not, however, use these innovative technologies. The only exception was cases B and C, 

which had geolocation to track vehicles and employees. However, still, they lack full 

utilisation of data.  

Ageron, et al., (2020) conducted a study on DSC and identified the managerial and 

technical barriers to implement DSC within an organisation. In this study, all the cases 

have mentioned various barriers that limit them from implementing innovative 

technologies. There have been drivers identified during the empirical study that 

potentially drives organisation for DSC. These barriers and drivers identified from the 

empirical data corroborate with extant literature. The barriers identified during the 

empirical study, such as lack of knowledge, wrong demand forecast and planning and 

overconfidence in suppliers that makes the organisation rely on certain suppliers, 

corroborate with the literature (Buyukozkan, & Gocer, 2018; Xu, 2014).  

This study tried to explore the SC process to understand the technological innovation 

practices and opportunities for technological innovation within SMMEs. While exploring 

and evaluating the impact of technological innovation for DSC was the objective of this 
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study, it was found that all cases involved were either early adopters or non-adopters of 

the technologies. According to the Greenhalgh, et al., (2004), while a large, mature 

organisation with the semi-autonomous department will assimilate innovation more 

readily, SMEs are reluctant to change as they have been working in the same pattern and 

are hesitant to change. SMEs that fail to incorporate technological innovation into their 

fundamental business strategies face the threat of becoming unprofitable and 

unsustainable due to obsolete processes. (Gunasekaran, et al., 2017). The next section will 

compare the empirical evidence of major findings that resulted in the development of a 

framework within this research, with the secondary data to examine the relationship. 

6.3.2 Organisation context 

Organisation context comprises of the organisational culture and organisational resources 

identified within the empirical data. According to the literature, organisation context has 

a key role in technological innovation for DSC transformation within the SMMEs.  

Organisation culture: Organisation culture was found as a barrier that can be overcome 

by the potential driver within the organisation. Organisation culture is identified as an 

initial driver for technological innovation within the organisation context. In organisation 

culture, one barrier was found that act as a limitation for organisations is reluctance to 

change, while another factor was found that act as a potential driver that even support the 

organisation to overcome the organisation's cultural barrier identified from the empirical 

data is motivation.  

In corporate management, organisational culture is a well-established and highly debated 

topic. According to Kraude, et al., (2018), the concept of organisational culture is not 

novel in supply chain management. Besides, various kinds of literature have highlighted 

the relevance of organisation culture within SMME and DSC. According to the study 

conducted by Tokatli, et al., (2008), organisation struggles in changing their supply chain 

culture and ways of working. While the study by Martínez-Caro, et al., (2020) and 

Alamsjah & Yunus (2022) discovered that organisational culture is a critical competence 

that influences the supply chain, that competency might also operate as a barrier, such as 
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resistance to change, or lack of motivation for the introduction of new processes or supply 

chain framework. A study conducted by Madrid-Guijarro, et al., (2009), among 294 SMEs 

in Spain and a study by Dahbi & Benmoussa (2019) on factors influencing SMEs for 

technological innovation found that the reluctance to change as a barrier within SMEs for 

technological innovation. Thus the conclusions drawn from the actual data are in line with 

those who have emphasised resistance to change in particular.  

According to Hughes (2011), change management refers to the practise of continuously 

revamping an organization's goals, organisational structure, and operational skills to 

efficiently serve the evolving requirements of its clients. Whereas Burnes (2004) noted 

that change is an integral part of every aspect of an organization existence, from the 

operational to the strategic. A study conducted by (Hughes 2011; Burnes 2004; Lawal, et 

al., 2014) concluded that reluctance to change has a significant relationship with change 

management and change is constantly resisted if there is no clear direction and guidelines 

provided. Change is the process of making modifications to something that is already in 

existence, whereas transformation is the process of creating something that does not 

currently exist (Lawal, et al., 2014). Although there are studies as discussed previously in 

chapter 2, that shed light on the barriers for DSC transformation; existing studies, 

unfortunately, did not consider organisational culture even though some studies focussed 

on technology adoption context identified it as a barrier. The study conducted by Gupta, 

et al., (2020) with 256 respondents from Indian SMMEs found that the old firm that is 

family driven are habitual to labour-intensive work environments that act as a barrier for 

technological innovation. These results corroborate with the empirical evidence from this 

research as the empirical data shows there has been a reluctance to change from the 

decision makers within those cases that were family driven. As a result, this research 

offered insightful information on how organisational culture may both hinder and 

facilitate SMME for DSC transformation. As this study revealed organisational culture 

and its effects on technological innovation practises within SMME for DSC, the 

significance of this research is further strengthened. 
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DSC researchers have been identifying various barriers and drivers for DSC 

transformation within the organisation. While reluctance to change has been identified as 

a barrier, the motivation of internal stakeholders where unexplored within the literature 

while considering the drivers for DSC. The study by Korpela, et al., (2017); Linh, et al., 

(2019) and Manavalan & Jayakrishna (2019) were focussing various drives such as DSC 

design principle, DSC integration strategies, technology drivers, and collaboration for 

DSC. Various literature considered external stakeholder and competitive pressure as a 

motivation for technological innovation (Merlino & Sproge 2017; Blandine, et al., 2020). 

However, there was a lack of literature that considered internal stakeholder motivation as 

a driver. A study conducted by Gupta, et al., (2020) used institutional theory to explain 

the theoretical framework and further tested it with data collected from 256 respondents 

within Indian SMMEs and found that firms invest in technologies under a coercive 

environment which contradicts the empirical evidence within this study as the empirical 

evidence lean more into normative pressure for technological innovation.  

The empirical evidence within this research discovers the factor of internal stakeholder 

motivation to be considered for DSC transformation within the organisation. Internal 

stakeholder motivation is identified as a factor that could be utilised by the organisation 

to overcome the reluctance to change with information sharing and communication. As 

evident from case B, they were able to overcome the reluctance to change barrier by 

information sharing and communication with the motivated internal stakeholders within 

the organisation for technological innovation. The literature generally shows a tendency 

toward the increasing exchange of information and collaboration in the supply chain 

(Brun, et al., 2020; Flynn, & Zhao 2010; Swink, et al., 2007). The internal environment 

of a business, including its linkages to communication and information-sharing 

perspectives and organisational culture, which promotes technological innovation and 

leads to DSC transformation inside SMMEs, was neglected by supply chain academics. 

The studies that claim resistance to change is a barrier to technological innovation and 

DSC therefore supports empirical data described by this study in chapter 5 of this thesis, 



   

 

 238  

 

which also introduced a novel factor of stakeholder motivation to be taken into account 

within the SMMEs organisation culture for a successful DSC transformation. 

Organisation resources: Two types of organisation resources were found as factors that 

affect DSC transformation during the study: technology awareness and skilled employees. 

Organisation resources are an important factor for technological innovations within the 

organisation since limited resources might result in a disparity in the selection of suppliers 

by corporate buyers or retail (Ageron, et al., 2020; Spence & Bourlakis, 2009). The 

researcher compares these organisational resources to the body of current studies in the 

following section. 

The researcher begins by describing the technological perspectives in DSC literature from 

two aspects. First, ongoing technological innovations within the organisations in different 

operational areas such as ERP, data analytics, IoT, additive manufacturing, RFID sensors, 

and blockchain (Ulas 2019; Bar, et al., 2018). Second is pressure from supply chain 

partners to upgrade the technology such as be responsive and agile, ready to shop floor. 

Due to the lack of technology and a shortage of skilled workers, these factors have a 

significant influence on SMMEs' efficiency. The digitalisation of the supply chain will 

have far-reaching impacts on responsibilities and roles, as well as on the workplace 

organisation (Istomina, et al., 2020). In addition, employees will be required to adapt to 

newly redesigned processes at work, which will call for a broader range of new 

technological skills as well as a foundation in fundamental technological abilities as the 

work being more automated, interdisciplinary, and connected (Blandine, et al., 2020; 

Ilomaki, et al., 2011). 

Literature has acknowledged that technological advancements, with knowledgeable and 

skilled personnel, are enablers for achieving orders, improving customer service, 

fostering responsiveness, productive and efficient information exchange, and 

communication, decreasing lead times and enhancing transparency and visibility 

(Istomina, et al., 2020; Ageron, et al., 2020; Shou, et al., 2017). Additionally, 

Buyukozkan & Grocer (2018); Mohsen (2020) and Istomina, et al., (2020), state 
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that organisations, particularly large businesses, are focussing on technological 

advancements, and multiskilling their employees to survive with improved overall 

organisational processes, and quality. The importance of digital skill is highlighted by 

Foroughi (2021) during their study which attempted to address the crucial need for supply 

chain worker training to enable the adoption of new digital technologies. In the current 

era of digital transformation corporations around the world are demanding employees 

with digital skills, where employees are lacking their skills and employees and even 

corporations are trying to enable them with required digital skills. 

Technology awareness is the knowledge about the technologies and technological 

innovation for DSC within SMME.  The resource-based perspective and, more recently, 

the dynamic capability view, both trace their roots to knowledge as an organisational 

capability while there is an increased view on knowledge in technology adoption 

literature. For example, Sonar, et al., (2020) identified the need for awareness, education, 

and training, particularly in technology and technological innovation that act as a critical 

factors for DSC. The literature highlighted poor knowledge of technologies and 

technological innovation as a barrier within the organisation for DSC. Knowledge is an 

established and acknowledged resource, according to Carter and Rogers (2008), who 

offered insight into knowledge management. They said that organisations should be able 

to successfully learn and embrace changes depending on their existing knowledge and 

what they have learnt. Madrid-Guijarro, et al., (2009) studied 294 SMEs in Spain and 

found that one of the major barriers for technological innovation within SMEs is cost. The 

cost identified as a barrier for DSC is generally referred to as the cost of implementation 

of innovative technologies and technological innovations (Mentzer, et al., 2001; 

Hjalmarsson, et al., 2014; Pflaum, et al., 2018). Some literature identified the financial 

category relates to the return on investment where the researchers found that cost-benefit 

analyses are difficult to formulate because of the lack of demonstrated business cases 

justifying the investment (Hjalmarsson, et al., 2014; Molinillo & Japutra, 2017).   
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While technology awareness and skills drive the organisation for DSC, the cost is a factor 

identified from the empirical data within this research that limit the SMME from 

considering implementing technologies for DSC. Studies by various researchers found 

that high initial cost is a barrier for implementing technologies for DSC transformation 

that are considered as a major driver for DSC (Sheel & Nath 2019; Cabrera & Gonzalez 

2019; Kumar, et al.,2019).  

Even though these researchers evidenced their findings by focussing on various industries 

and particular technology adoptions, the empirical evidence from this research study 

corroborates with the literature and provides an insight that the cost of the technologies is 

a factor that acts as a barrier for technological innovation for DSC transformation within 

SMMEs.  

The organisation within the case study has still not fully embraced knowledge 

management, and as a result, they are unable to implement and achieve the features 

discussed in the literature. This is discovered by analysing the degree to which the 

empirical data and the existing studies are consistent with one another as mentioned by 

Carter & Rogers during their study in 2008 (Carters & Rogers, 2008). The findings from 

the study indicated that the majority of them were limited from technological innovation 

for DSC due to the lack of organisational resources as identified in Chapters 4 and 5 of 

this research thesis. Whereas the case also demonstrated that those with organisational 

resources have more affinity to drive for digitalisation of their supply chain. The results 

of this study, substantially corroborate prior studies that claimed organisational resources 

act as a barrier and with effective training and dissemination of knowledge on 

technological innovation and DSC the barriers get converted to drivers for DSC. As a 

result, the empirical data gives a new perspective by studying how knowledge may be a 

dynamic capability (Eisenhardt, & Martin, 2000) or a barrier due to limitation. The study 

also makes the point that acquiring knowledge and dispersing it among various functional 

areas within the organisation may aid them in successfully and efficiently digitalising 

their supply chain. 
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6.3.3 Technological Innovation Collaboration 

Collaboration has been defined by various literature in different forms (Mlaker Kac, et 

al., 2015). Major literature that studied collaboration for SC focussed on collaboration 

with consumers, suppliers, competitors, or even consumer-to-supplier (Christopher, 

2013). Supply chain experts and organisations are becoming more interested in 

collaboration because it helps businesses to produce better products that cater to their 

consumers and improve their business in the competitive market (Ploetner & Ehret, 2006; 

Ramanathan & Gunasekaran, 2014). Various studies has outlined that the extent to which 

manufacturers strategically collaborate within their supply chain and cooperatively 

manage internal and external organisational operations leads to an efficient decision 

making with flow of information that results in achieving an effective flow of products,  

and funds that maximises consumer value.(Flynn, & Zhao 2010; Merlino & Sproge 2017). 

Buyukozkan, & Gocer (2018) asserts that project management for DSC transformation 

where it is identified within the organisation is assigned for DSC transformation. 

Antonello, et al., (2019) mentioned the requirements for digitalisation and digital 

collaboration as two steps for digital transformation where the former entails holding 

workshops, and software demos and the latter involves organisations subscribing to 

collaboration platforms and collaborating with both internal and external resources using 

innovative technologies. 

Although literature shed light on collaboration for DSC transformation (Flynn, & Zhao 

2010; Merlino & Sproge 2017; Antonello, et al., 2019) that focussed on collaboration of 

supply chain partners, internal and external collaboration, however existing researchers 

overlooked technological innovation collaboration and its link to the organisation 

resources and culture and left if unexplored. Empirical evidence within this research 

identified collaboration with those partners, who can support the organisation to overcome 

the lack of technology awareness, provide and improve employee skills, conduct DSC 

evaluation and implement technological innovation for DSC transformation. These 

partners are identified as the technology providers, institutions, and non-profit 
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organisations that can bridge the gap for technological innovation within organisations. 

These partners are referred to as technological innovation collaborators/partners within 

this research. Collaboration with these technological innovation collaborators referred to 

as technological innovation collaboration is discussed in chapters 4 and 5 of this research.  

As discussed in the previous section, organisation resources such as technology awareness 

and employee skills are required for an organisation to consider DSC transformation. 

From the empirical data and the secondary data from various sources, a collaboration with 

technological innovation partners is identified as the drive for DSC transformation within 

the cases.  Thus, technological innovation collaboration is identified as a new parameter 

that acts as a potential driver to overcome various organisational resource barriers for 

technological innovation for DSC within the organisation. It is also identified as a 

parameter that can drive organisations for DSC transformation by DSC 

evaluation/strategy identified within this research. Even though technological innovation 

collaboration is identified as a driver for DSC transformation within an organisation, the 

organisation's resources and the cost are the factors that limit the organisation from the 

digitalisation of SC. In the following section, the researcher discusses the economical 

parameter for DSC within SMMEs. 

6.3.4 Financial Support 

The digitalisation of the conventional supply chain is considered to bring better 

opportunities within SMEs as technological innovation for DSC will result in an 

efficiently improved, visible, transparent, resilient and flexible supply chain (Menon & 

Shah, 2019). Thus DSC is achievable only with technological innovation within the 

organisation. As defined by the researcher previously in chapter 1 of this thesis, 

technological innovation is considered as a process of implementation of innovative 

technologies to optimise the performance and results of the organisation. Empirical data 

from the study and literature has highlighted cost as a major factor that limits the 

organisation from digital supply chain adoption. As evidenced in above section 6.3.2, 

factors such as the cost of implementing technologies, skills upgradation, and retaining 
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skilled employees are limiting the organisation from considering DSC transformation 

(Sheel & Nath 2019; Cabrera & González 2019; Kumar, et al.,2019). Various studies has 

identified financial resource and skills as a precondition while considering entering stage 

towards technological innovation (Lassnig, et al., 2022; Colli, et al., 2018; Mittal, et al., 

2018). While the majority of literature focused on various drivers for DSC within the 

organisation, the financial support factors for DSC were left unexplored. The recent study 

by Gupta, et al.,(2021) and Soni, et al.,(2022) highlighted the need for more studies on 

financial support for SMMEs.  As identified from empirical data, the cost of technological 

innovation is a barrier for DSC. 

Dolfsma & Seo, (2013) mentioned that for a considerable amount of time governments 

have been active in fostering technological innovation, during which a variety of policies 

have been adopted. There are a variety of government policies designed to encourage the 

growth of technology innovation; however, these policies are distinct from policies that 

may have to encourage specific sorts of businesses, such as SMEs (Innovate, 2020). 

According to the literature, various countries have started prioritising funding 

opportunities to support the organisations for digitalisation of supply chain as identified 

in this study (OECD, 2021; Savvy, 2019). For example, the government of UK has 

announced £8 million in funding for SMEs to support them in modernising and going 

digital (Innovate, 2020). Most of the funding is introduced as part of the Made Smarter 

Adoption programme by the government of the UK to support up to 1000 SMMEs for the 

adoption of innovative technologies (Maier, 2017).  

Further, the government has introduced another funding opportunity in 2020 for 

technology and manufacturing businesses for technological innovation that have the 

potential to transform supply chain (Innovate, 2020). There are various non-profit 

organisations (NPO) like Made smarter UK that bridges the gap between technology 

providers, institutions, and Manufacturers for technological innovation (Innovate UK, 

2018; Maier, 2017). While these NPO bridge the gap for identifying and implementing 

innovative technologies they also bridge the gap of cost barrier for the organisation for 
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technological innovation as they are supported financially by the government funding 

policies such as Innovate UK, made Smarter adoption program. According to these reports 

from Innovate (2020); Maier (2017); Ulas (2019), it is evident that SMEs require financial 

support for DSC which corroborates the empirical evidence on the need for financial 

support for the SMMEs for technological innovation for DSC as identified within the case 

in this research study.  

6.3.5 DSC Evaluation 

DSC evaluation is identified within this research as a strategy that is required to initiate 

and implement technological innovation within the cases. DSC evaluation process is 

comprised of 4 factors: Supply chain process evaluation, Technology readiness 

evaluation, Technological Innovation Opportunity evaluation (TIOE), and Technology 

Drivers.  

A study by Ghobakhloo (2018) and Pirola, et al., (2019) on DSC discussed various 

dimensions of digitalisation including, drivers, barriers, and strategies. However, past 

studies have shown that organisations are still in the early stages of determining the most 

suitable DSC approach (Pirola, et al., 2019), and SMEs in particular have challenges in 

creating their DSC strategies due to a lack of time, resources, and flexibility (Lofving, et 

al., 2014; Schroder, 2016). DSC evaluation is considered as a step to address SMEs 

readiness to technological innovation for DSC.  

Supply chain evaluation and technology readiness is a reasonably considered topic of 

discussion. A Study conducted by Fabiana, et al., 2019 recommended the necessity of 

models to address the limitation of existing models as they are not tailored to fit SMEs 

and limit them from addressing the readiness for DSC. The fact that the majority of the 

models are not tailored to the needs of SMEs is the most significant constraint. The most 

relevant dimension addressed in most of the studies are technology, operations, 

organisation, culture, strategy, and products. According to Brewer & Speh (2000) and 

Aboe Eleaz, et al., (2015) a successful supply chain will effectively coordinate its process, 
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create performance measurement systems to monitor the achievement of strategic goals, 

focus on delivering customer value and minimise key functional costs. Supply chain 

evaluation is identified as primary within the organisation's supply chain as it enables the 

organisations to monitor and control the way business activities pointing out the 

requirement of improvement initiatives (Aboe Eleaz, et al., 2015; Yu & Hu, 2010; Tuncel 

& Alpan,2010).  

A Studies by Sílvio (2001); Degroote & Marx (2013) and Lee, et al., (2022), states that 

supply chain positively affects organisational performance and hence a performance 

evaluation of supply chain within an organisation is highly relevant, as it allows the 

organisations to make comparison and judgements on patterns, goals, past and future 

decisions and other processes for the future. Even though there are various models for 

supply chain performance evaluation, organisations generally use KPI metrics to evaluate 

the performance within their organisation. Tjahjono, et al., (2017) considered the KPI to 

evaluate the impact of innovative technologies within SC mentioning that KPIs are known 

as the influencing variables that are used to evaluate and understand the SCM. Their study 

also identified the impact of innovative technologies within DSC and concluded by 

explaining the opportunities and threats of innovative technologies within areas of supply 

chain such as procurement, warehouse, transport logistics and fulfilment (Tjahjono, et al., 

2017). Most supply chain evaluation models are created at strategic, tactical or operational 

decision levels where the level of supply chain evaluation is done at inter or intra, inter- 

organisation level, multi-chain or even societal level, while only one model has focussed 

on SME context while other focussed on industry, retailer or in general all sectors. Pirola, 

et al., (2019); Ganzarain & Errasti (2016) and Mankins (1995) has proposed that the 

technology readiness level model will support the assessment of particular technology 

maturity within an organisation which will be relevant for SMEs as the empirical evidence 

show the need for them to help in identifying the technologies and to transform their 

conventional supply chain to digital supply chain.  
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Technological innovation opportunity evaluation (TIOE) in this research is considered as 

a process within the DSC evaluation strategy to identify the opportunities for 

technological innovation considering the supply chain evaluation, technology readiness 

and technology driver. Some literature studied various design principles and drivers for 

DSC (Brun, et al., 2020; Abdel-Basset, et al., 2018). Whereas Bar, et al., (2018); Scuotto, 

et al., (2017); and Biswas, et al., (2017) have identified the opportunities for DSC within 

various industries using various research methods. As discussed in chapter 2, studies by 

Tiwari, et al., (2018); Wang, et al., (2016); Nada (2018); Gunasekaran, et al., (2107); Wu, 

et al., (2017), identified the opportunity for DSC within organisation focussing on 

particular innovative technologies. Fawcett, et al., (2018) conducted the study over 10 

years by collecting data from 100 hundred interviews and concluded that innovative 

technologies are required to transform the SC and discussed the influence of various 

technologies within SC design. While in this research 10 innovative technologies are 

identified and discussed in chapter 2, that are considered as relevant for DSC, the 

empirical data provided new insight to consider ERP applications as technology drivers 

for DSC. Further, a review of the literature corroborates with the empirical evidence and 

identifies ERP application as the first step to the automatisation of the processes that is a 

part of DSC (Bar, et al., 2018; Gilchrist, 2016; Neugebauer, 2016; Stefan, 2016).  

TIOE is considered as a step within DSC evaluation that helps the organisation to identify, 

evaluate and decide on the technological innovation required to improve their supply 

chain as per the supply chain evaluation and technology readiness evaluation. During the 

empirical study, all the cases identified the opportunity for innovative technologies to to 

improve their SC with digitalisation. As evidenced in the literature innovative 

technologies have significant role in DSC and are considered as technology drivers that 

influence the supply chain for DSC where-as, linking the supply chain evaluation, 

technology readiness, technological innovation opportunity evaluation with technology 

drivers with the support of the technological innovation collaboration are not explored 

sufficiently (Manavalan & Jayakrishna, 2019; Ben-Daya, et al., 2019; Bar, et al., 2018). 

Thus, it is imperative to mention that empirical evidence from this study provides new 
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insight to promote DSC transformation within SMMEs integrating various DSC 

evaluation process strategies with the help of TIC and Financial support. 

6.4 Summary 

In this chapter the researcher has developed a framework for promoting DSC within 

SMME by integrating a DSC evaluation process with TIC and financial support that is 

highly required for SMMEs to initiate DSC transformation within them. The chapter 

discussed the major themes in the framework as per the findings from the empirical 

evidence. It is crucial to note that the framework is developed in accordance with the 

themes found in the empirical data gathered out of four cases that manufacture different 

products, operating in different surrounding environments in various countries that are 

categorised as developed and developing nations. Thus, it provides more transferability 

for the developed framework to be considered within SMMEs to promote DSC 

transformation as data from the empirical study has clearly mentioned that lack of 

methodology has been a barrier which limited the cases from exploring technology 

implementation for DSC transformation. The framework was developed based on the 

empirical evidence from the case study and compared to the literature and reports which 

was discussed in section 6.3 of this chapter. The discussion of the themes with the existing 

literature helped to identify the relevance of themes within DSC transformation within 

SMMEs as the majority of the findings, corroborate with the existing literature while some 

added new insights. Finally, this chapter achieves the final objective of this research by  

developing a framework to promote the SMMEs to gain knowledge and skills for 

technological innovations and support them to initiate digitalisation of supply chain and 

transform their organisation, which results in a more visible, transparent, flexible, and 

resilient supply chain. In the following chapter, the researcher concludes this thesis by 

providing an overview of the research aim, objectives, results, contribution to knowledge 

and gaps for future research.  
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7.0 CONCLUSION 

This chapter concludes this thesis by providing a summary of this research study. It 

discusses the accomplishments, the key findings of the study and the significant research 

contribution made by this research. The chapter is concluded by outlining the limitations 

faced during this study and recommendations that guide future research. 

7.1 Synopsis of this research 

This study concentrated on investigating different DSC parameters in SMMEs and 

developing a framework enabling technological innovation within SMME for DSC 

transformation which was the final objective of this study. A total of 4 case studies were 

conducted across UK, UAE and India. As detailed in Chapter 3 of this thesis, the main 

data collection approach was a qualitative with case study methodology that allowed for 

a comprehensive process for collection and analysis of the data. The ability to conduct a 

thorough and in-depth study of the findings was the major advantage that the qualitative 

methodology provided to this study. The empirical data gathered was analysed line by 

line and word-by-word, which resulted in an extensive understanding of the situation 

under research. An extensive analysis was done manually by the researcher that developed 

the links between each of the factors and revealed themes. Furthermore, the concepts that 

emerged from the empirical findings aided in comprehending the real-world situation 

within SMME in terms of technological innovation and digitalisation of supply 

chain.  The researcher summarises this research in the following section by highlighting 

the identified gap that led to this research and further describing the findings of the 

research. 

The broader research question discussed in chapter 1 is answered by achieving the 

objectives of this research.  

Objective 1 : To explore the innovative technologies in the supply chain within 

manufacturing area. 
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The innovative technologies in the supply chain within manufacturing area that are 

relevant for the DSC transformation were explored by conducting review of literatures. 

From the analysis of the literature in chapter 2, it was clear that various emerging 

technologies are able to transform the manufacturing supply chain. According to 

literature, this study identified 10 innovative technologies such as Big data, IoT, Cloud, 

RFID/Barcode/sensor, AI/Robotics, User interface, Blockchain, Augmented 

reality/Virtual reality, Automated guided vehicles, 3D printing/Additive manufacturing 

to transform the conventional supply chain into a digital supply chain within 

manufacturers. Studies by Ehie & Ferreira (2019); Menon, & Shah, (2019); Buyukozkan 

& Gocer (2018); Bar, et al., (2019) mentioned that these technologies are helping various 

large organisations to streamline their supply chain operations resulting in enhanced 

visibility, optimised inventory management, reduced lead times and improved customer 

services. Additionally, the study explored the key features of the digital supply chain that 

can be achieved by the organisation with these innovative technologies which include 

speed, transparency, traceability, predictivity, flexibility thus unlocking new opportunities 

for cost saving, efficiency improvements and revenue growth. Furthermore it was evident 

that as the manufacturing industry continues to face rapid change and uncertainty, 

adopting innovative technologies and transforming to digital supply chain is becoming 

critically important for organisations to remain competitive in future (Menon, & Shah, 

2019). Thus by exploring the innovative technologies in the supply chain within 

manufacturing area researcher has answered the driving research question Which are the 

innovative technologies for DSC in SMMEs? 

Objective 2 - To critically analyse the impacts of technological innovations for 

promoting digital supply chain in SMMEs within UK, UAE, and India. 

The impacts of technological innovation were critically analysed in within case analysis 

and cross case analysis chapters with the empirical data analysis that has resulted in the 

identifying the barriers and driver within each case and later during cross case analysis 

patterns has been identified across the cases which resulted relevant factors and 
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technologies for promoting digital supply chain in SMMEs within UK, UAE and India. 

A qualitative analysis of empirical data which comprises of interview and observation 

data were used in this study for critical analysis which is presented in chapter 4 and 5. The 

analysis demonstrates that technological innovations play a significant role in promoting 

digital supply chain in SMMEs, particularly in the context of UK, UAE, and India. This 

analysis was conducted focussing on three steps. First step was to identify the 

technological innovation opportunity within SMME was to identify the technological 

innovation opportunity within SMME that can impact the supply chain of SMME based 

on their readiness, current supply chain processes and opportunity. As part of analysis, 

this study analysed the current supply chain processes within the SMME based on the 

empirical data that helped the researcher to identify the current level of technological 

innovation within SMME and which lead the researcher to identify the opportunities for 

technological innovation which can impact their current supply chain and may result in 

improved efficiency, cost saving and revenue growth.  Thus by achieving this research 

objective researcher has answered the driving research question how technological 

innovation can impact the supply chain of SMMEs in UK, UAE and India. 

Objective 3 – To develop a framework to promote digital supply chain transformation 

within SMMEs.  

As mentioned previously, the data analysis of empirical data was focussed on three steps 

while the initial step was analysing the technological innovation opportunity, the second 

step aimed to identify the factors that act as barriers and drivers of DSC transformation 

within the cases across the selected geographic location as part of the within-case analysis. 

The second step was to identify the similarities and differences across the cases to identify 

the relation between the barriers and drivers and thus identify the major factors that affect 

an SMME to adopt DSC transformation. The findings suggest that SMMEs in UK, India 

and UAE face significant barriers in implementing digital supply chain, such as lack of 

technological innovation knowledge, skilled workers, process evaluation, technology 

providers and financial constraints. However, the analysis also shows that there is 



   

 

 251  

 

technological innovation opportunity within the SMMEs where stakeholder motivation, 

collaboration with technology providers, institutions, non-profit organisation, financial 

support from government or private financial institution, innovative technologies which 

is considered as technology drivers that can act as drivers for the adoption of digital supply 

tchain systems within SMMEs. Further the relation between the major factors where 

identified which led to identifying the major themes that were used to develop the 

integrative framework for digital supply chain transformation which is discussed in 

chapter 6. The major themes identified and were part of the framework are Organisation 

with the factors organisation culture and organisation resources, Technological 

Innovation Collaboration which comprises the factors such as technology provides, 

institutions and non-profit organisations, Financial support for DSC comprising of 

financial institutions and Government funding and the final theme digital supply chain 

evaluation which comprises of Supply chain process evaluation, technology readiness 

evaluation, technological innovation opportunity evaluation and technology drivers. Thus 

the third driving research question was answered by identifying the factors affecting 

SMMEs to adopt technological innovation for DSC. Finally by developing the integrative 

framework for DSC transformation, the final objective of this research was achieved and 

the broad contextual research question How SMMEs can adopt digital supply chain? was 

answered in this study. 

7.2 Thesis summary 

Due to the benefits of DSC such as improved visibility, flexibility, transparency and 

agility, digitalisation can improve the supply chain among SMMEs in developing and 

developed nations. Compared to major organisations and other SME industries, the 

amount of DSC adoption is at an early stage within SMMEs regardless of the potential 

technological and financial benefits. The industrial sector including manufacturing 

industries is heavily dependent on SMMEs, while SMEs play a major role in every 

country’s economy. For example, the manufacturing sector in the United Kingdom 

employs 2.7 million people, and 99.9% of businesses in the United Kingdom are SMEs 
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(Saavy, 2019). When compared to similar industries, the SMME industries have 

historically had extremely low levels of technological innovation. Lack of resources, 

knowledge and trained personnel are among the biggest barriers stated to the low degree 

of adoption of innovative technologies for the digitalisation of supply chain (Gang, et al., 

2016). Large organisations and some other SMEs have demonstrated how technological 

innovation for DSC may enhance their supply chain processes and efficiency, allowing 

them to remain competitive in the marketplace (Menon, & Shah, 2020). This makes the 

digitalisation of supply chain a requirement for SMME to sustain itself in the current and 

future competitive market. Investigating the problems, barriers, and other elements that 

influence the DSC transformation is crucial for leveraging its initiation and full 

transformation of SC and it is the primary driving force for this investigation.  

The chapter 2 of this thesis has presented a critical review of the literature that revealed 

studies in DSC and its adoption within various sectors. As identified during the review, 

these previous studies examined different perspectives such as innovative technology, 

industrial revolution, and actors within supply chain in DSC context for various industries 

in different regions. There are frameworks proposed to support DSC adoption in general, 

considering various technology drivers while there was only a few research that has 

proposed a framework for DSC adoption for SMEs. The development of a framework to 

support DSC transformation has only been attempted a few times within larger 

organisation context as described in chapter 2. The researcher also identified that there is 

a lack of empirical studies on technological innovation to promote DSC for SMME 

industries.  

This chapter assisted the researcher in developing the framework by achieving the first 

objective of this research which was to explore the innovative technologies in the supply 

chain within manufacturing area. While conducting the literature review this chapter 

investigated on various innovative technologies within the SC which plays key roles in 

DSC within manufacturing area. The impact of technological innovations for digital 

supply chain in SMMEs were critically analysed during the literature review. Further the 
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second objective of this research was completely achieved by conducting the case study 

and critically analysing the technological innovation for DSC within SMMEs in UK, UAE 

and India which finally enabled to the achieve the final objective of this research which 

was to develop a framework to promote digital supply chain transformation within 

SMMEs. Consequently by achieving the objectives of this research, the broader context 

researcher question discussed in chapter 2, How SMMEs can adopt digital supply chain? 

is answered. 

DSC is a developing paradigm in the field of SCM. Various attempts by academics to 

define DSC were mentioned by the researcher in chapter 2 of this thesis. Additionally, to 

study, conceptualise, and operationalise the notion of DSC within SMMEs, it was 

discovered that there is yet a lack of solid definition for DSC in literature. Even though 

the literature review compiles various definitions for DSC, none of them was provided 

with a detailed strategy for adopting DSC within SMME sectors. Hence, to fill this gap, 

this research investigated the factors to promote DSC adoption. The empirical study 

revealed that respondents perceive manufacturing as a key process and do not place much 

emphasis on improving the performance of their supply chains through digitalisation and 

technological innovation. 

Despite the existence of various DSC models, there is a lack of a strategic framework 

designed and explored in the context of the adoption of DSC for SMMEs. The findings in 

this study revealed that the SMMEs do not adhere to a systematic technological 

innovation process and that the strategies they have employed are mostly focused on 

enhancing production procedures. Even though the findings indicate that the majority of 

SMMEs in this study have various strategies, they all were interested to gain more 

knowledge, even though most of them were found to rely on the conventional process as 

their decision makers or stakeholders are reluctant to change and have the feeling that 

their organisation is able to survive with the current conventional method as they are 

unaware of the features, they could explore by digitalising their supply chain. 

Additionally, the findings from the study revealed that there are SMMEs deploying ERP 
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applications that can lead technological innovations for digitalisation of the supply chain 

as, ERP is considered as an initial step for automatization as stated by Iddris (2018). Still, 

the choices are considerably more abstract, depending on opinions, instincts, or driven by 

a desire to boost the efficiency of their SC. According to Menon, & Shah (2020), 

the findings are significantly supported by current literature that emphasises traditional 

supply chains that is disruptive and requires alterations, adaptations, and optimisations 

based on the industry, region, or organisational culture. 

The main discussion within academic literature on digital supply chains was found to be 

factors that limit or serve as a driving factor for digitalisation. In this context, the literature 

highlighted numerous elements as DSC success factors and limitations. However, it was 

noted from the existing literature has not yet addressed these parameters in reference to 

SMMEs. Understanding the nature of such difficulties was crucial for the development of 

specific and particular approaches for the organisations within the sector. 

The empirical data showed that there are several factors that affect SMME businesses that 

are dispersed over various geographical areas. The study also revealed that organisation 

resources, organisation culture, lack of financial support and lack of technological 

innovation collaboration, act as barriers, whereas processes such as SCPE, TIOE and TD 

act as drivers for the adoption of DSC within the cases. 

The empirical data demonstrated the lack of knowledge of innovative technology and its 

features within the cases that affects the successful transformation of conventional supply 

chain to a DSC. It was also revealed during the study that, the firms in this context lack a 

specific approach and evaluation tools to evaluate their supply chain. Thus, the researcher 

gained only limited insightful information on how DSC affects the efficiency of 

the supply chains within the cases. Similarly, the researcher discovered from the study 

that the case organisations are unaware of transforming barriers into drivers for the 

digitalisation of SC. Understanding the necessity of digitising the supply chain so that 

decision-makers can assess and monitor its effectiveness is thus one of the most 



   

 

 255  

 

significant barriers. Additionally, it was discovered that the cases within this study use 

only profit measurement as a conventional measuring aspect, for performance evaluation. 

In order to fill the gap in the existing body of knowledge this study relied on a qualitative 

case study methodology. The researcher has discussed in detail the research methodology 

adopted within this study previously in chapter 3 of this thesis. The case study 

methodology was used due to the exploratory nature of this research to explore the real-

life exploration through detailed, in-depth data collection from multiple cases by 

employing semi-structured interviews.  The researcher further analysed the empirical data 

collected from the case study manually. Prior to the main case study, the researcher 

conducted pilot study that enabled the researcher to understand that SMMEs can be 

considered generally as non-adopters of technological innovation for DSC compared to 

the large organisation, thus researcher revised the interview questions to explore the 

barriers and drivers of technological innovation and DSC within SMMEs. The study also 

explored the opportunities for technological innovation and DSC where some of the cases 

provided information on the impacts based on their technological innovation initiation 

while all the cases provided information on the impacts they will have when they go for 

digitalisation of their supply chain compared to their current conventional supply chain 

process. A detailed discussion of the pilot study and further the themes focussed during 

the main study were provided in chapter 3. 

It was found during the study from the empirical data that lack of awareness of innovative 

technologies is a key barrier for SMMEs for DSC adoption within their organisations. 

There is also reluctance within SMMEs for technological innovation for DSC. Their lack 

of awareness of technological innovation is a factor that causes the reluctant approach to 

advancements within the organisation. SMMEs need to utilise the employee motivation 

and knowledge contribution from internal stakeholders to understand that benefit of DSC 

is far beyond their current level of conventional supply chain process. They need to know 

that DSC transformation directly impacts the businesses with an efficient supply chain in 

long term, which will even reduce operational costs, by streamlining the whole SC process 
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and improving visibility, transparency, and flexibility. However, in order to successfully 

implement DSC into business operations, it is crucial to first thoroughly assess their 

present supply chain and have a strong knowledge of innovative technology. This will 

assist to launch DSC transformation by minimising the barriers faced by SMMEs. As a 

result, addressing the reluctance and barrier within SMMEs could motivate DSC 

transformation within them. 

The data collected from the main study has undergone two steps of analysis. Within-case 

analysis and cross-case analysis are the two processes of analysis that are covered in depth 

in Chapters 4 and 5, respectively in this thesis. The first step was within case findings and 

analysis that highlighted the factors that affect the cases as barriers and drivers for 

technological innovation. Further to which cross-case analysis found out the major themes 

that were similar across the cases. The factors identified from within case analysis were 

categorised under major themes as per the similarities across the cases and the relevance 

to achieve the aim of this research. Following the findings and analysis, the subsequent 

phase involved incorporating the themes identified and developing a framework based on 

the factual methodology that can encourage and promote DSC transformation. 

Speaking of the research gap described by the researcher previously in chapter 1 of this 

thesis, it was noted that there had been relatively limited research within SMMEs that 

studied technological innovations, barriers, and drivers for DSC transformation. This 

research study can now claim that the findings generated have addressed the research aim 

generated from the research gaps by highlighting various dimensions for technological 

innovation for DSC in SMMEs. The findings from the qualitative case study technique 

are in line with previous studies, indicating the validation of results. Further, the thesis is 

concluded based on the knowledge achieved through the study. This research provides 

some novel findings that add to the existing body of literature in the SMME context. In 

the following section, the researcher discusses on contributions of this research. 
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7.3 Contribution of this research 

Further to previous studies described in chapter 2 of this thesis, the researcher believes 

that this research study is the first effort that investigated and studied DSC adoption 

among SMMEs using qualitative case study methodology. The important findings drawn 

from this study add towards the pool of knowledge on DSC transformation. These are 

discussed in this section. 

7.3.1 Contributions to the literature  

• The current DSC literature concentrated mostly on quantitative methods without 

any supporting theory, and some of it concentrated on testing hypotheses rather 

than on creating a framework for DSC adoption (Iddris, 2018; Buyukozkan, & 

Gocer, 2018; Ageron, et al., 2020; Kamar, et al., 2021). This study was conducted 

using a qualitative methodology and developed the framework for SMMEs by 

understanding the real-world scenario. The framework developed in this study is 

to initiate technological innovation in order to successfully digitalise their supply 

chain, in accordance with the empirical evidences. It also helps the organisation 

to assess the current status of technological innovation for DSC transformation 

within them. Therefore, by developing a DSC transformation framework this 

research may be considered to provide a unique addition to the methodical study 

of a portion of the material world (Ageron, et al., 2020). Based on the empirical 

results, this study introduced the framework that can be considered for planning 

the steps to adopt when an organisation initiates technological innovation for DSC 

transformation. 

• The framework developed as per the findings in this research is expected to be 

advantageous for the industries that aim to perceive knowledge and plan for DSC 

with technological innovation. The framework can be used as an initial point for 

planning to minimise negative technological innovation impacts caused within the 

organisation that has limited or no knowledge about technological innovation and 

DSC, as found in the pilot study.  
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• The research gap in the domain of DSC identified by Buyukozkan, & Gocer 

(2018) was also addressed by this study. They advised doing a thorough analysis 

of a specific industry in a variety of contexts to comprehend and adopt DSC for 

organisation at various geographical locations, and different sizes in detail as they 

focussed on DSC transformation in general. Since many scholars in the area of 

DSC have not yet given SMMEs their full attention, this research filled this gap 

by performing in-depth study to find out more about the extent of DSC acceptance 

among SMMEs. 

• Due to the fact that technological innovation and DSC transformation are still in 

their early stages among SMMEs, this research sought to advance the literature by 

providing comprehension of the existing knowledge of these topics within 

SMMEs. This research has developed new empirical foundations by studying the 

AS-IS (Real-world) situation with perspectives of SMMEs, rather than providing 

grounds based on established reasoning within prior literature. Therefore, the 

research study's conclusions are appropriate for use as a foundation by other 

academics doing further research in various industrial sectors. 

• Most researches on DSC were a review of literature, while some of the research 

focussed on survey methods where, Iddris (2018) and Ageron, et al., (2020) asked 

for a thorough investigation of DSC issues and the development of a framework 

for implementation of DSC. This research study fills the gap mentioned by these 

academics and created a theoretical framework to support DSC transformation.  

• There was a lack of studies on DSC context that failed to focus on collaboration 

for technological innovation. However, this study identified requirement of 

collaboration with technology providers, institutions, or non-profit organisations 

to gain knowledge, assess their supply chain, initiate, and continue the 

technological innovation process for successful digitalisation of their supply 

chain. According to empirical data, SMMEs acknowledged the necessity for 

collaboration with technology providers, institutions, or non-profit organisations 

to strengthen their supply chain is a contribution made by this research. 
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7.3.2 Contributions to Practice 

This research study has important practical implications for DSC transformation within 

SMMEs as discussed below: 

• The framework developed within this research study will help SMMEs to explore 

the current level of technological innovation for DSC transformation within them. 

This may be used to assess the effectiveness of the company's present supply chain 

procedures and encourage them to initiate technological innovation techniques 

that result in DSC transformation. 

• The framework includes a comprehensive list of the process to initiate DSC 

transformation. This process is a guide to the organisation to explore in detail and 

assess their technology readiness level, and opportunity for technological 

innovation, identify the required innovative technologies and further take action 

for digitalisation of the supply chain by technological innovation that includes 

implementation of innovative technology within the organisation. 

• The study highlights the need for policymakers, industry associations, and other 

stakeholders to address the barriers faced by SMMEs in adopting digital supply 

chain. This includes providing financial support and creating a supportive 

regulatory environment. Furthermore, the study identifies the importance of 

technology innovation collaboration comprising of technology providers, 

institutions and non-profit organisation in assisting, designing and delivering 

digital supply chain solutions that are affordable, accessible, and user-friendly for 

SMMEs. 

• The framework developed should help to gain an understanding of current supply 

chain practices by the individual, followed by the development of their knowledge 

and skills that should motivate and drive the SMMEs for DSC transformation 

resulting in improved performance of the organisation. 
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7.4 Research Challenge and Limitations 

Challenges during the research and limitation of the research is a part of every research 

study. As DSC is in its early stages and has seen an increase in recent years in the number 

of research focus areas, the most significant problem faced by the researcher in the initial 

stage of this research was to limit the scope of study and to focus on defined aims and 

objectives. The aim of this research as described in previous sections of this thesis was to 

investigate the impacts of technological innovation to promote DSC within SMME by 

developing a framework. During the literature review, it became clear that literature 

focussing on DSC transformation for SMEs were very less as the majority of literature 

were focussing on drivers and barriers of DSC in general, design principles, and 

technology-based research within the supply chain. Due to the exploratory nature of the 

research, lack of a theoretical framework and research focus on DSC transformation 

within SMMEs, selecting a theoretical foundation was challenging, which led the 

researcher to focus on theory generation from a case study through real-world 

exploration (Eisenhardt, 1989). Further, the researcher conducted a pilot study with the 

objective of critically analysing the impacts of technological innovation and DSC within 

SMMEs, and it became apparent that SMMEs are in the early stages of DSC 

transformation. DSC enables organisational advancements with technological 

transformations within SMMEs. The research also revealed organisational, economic, and 

strategic concerns associated with SMMEs along with technical difficulties like 

technological readiness. As an example, reluctance due to lack of knowledge, finance, 

and awareness of technology and its features were identified as some factors that impact 

DSC transformation. Collaboration aspects between organisations and technological 

innovators were discovered to be extremely impactful and must be incorporated within 

any framework for DSC transformation. The exploratory nature of DSC required the 

researcher to continually review the new literature to reflect current research and industry 

trends. The researcher realised some research limitations during the research, which are 

detailed below: 



   

 

 261  

 

7.4.1 Acquiring Cases 

The research focussed on SMMEs with defined boundary conditions as discussed in 

chapter 3. Due to a variety of factors, including the pandemic situation and the difficulty 

to go to India for data collection, locating relevant cases and obtaining access to them was 

challenging. The researcher faced much ignorance by the SMMEs even after several 

follow-ups and due to lack of time as mentioned by some SMMEs. After intensive follow-

up via calls and emails, the SMMEs were eventually convinced to take part in this study. 

7.4.2 Qualitative research 

This study made use of the case study method, with qualitative research methodology, 

and it collected data using semi-structured interviews and observation. Despite these 

benefits, the case study method does have certain limitations of its own. The gathering 

and processing of the data took much time for the researcher. This has even made it 

challenging for the researcher to stick to the planned schedule.  Data transcribing of all 

the interviews was also time-consuming in addition to the interview, observation and 

analysis. 

 7.4.3 Financial difficulty 

Managing finance was a limitation faced by the researcher in addition to time. Due to the 

fact that this study is self-funded, the researcher had difficulty paying for travelling to 

India to conduct in-person interviews further to the situation mentioned in previous 

section 7.4.1. As a result, the researcher chose the option of using an online platform such 

as zoom to conduct the interviews. Participants were given the option to choose the time 

to schedule the interview. Even though the interview was online, the participants have 

been co-operated well with the time taken to conduct the interview during their business 

hours and even they provided an online video tour of some of the areas within their factory 

during the interview.  
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7.4.4 Barriers in conducting face-to-face interview.  

Even though the researcher managed to conduct face-to-face interviews at UK, & UAE 

time pressure, pandemic, and financial difficulties prevented the researcher from 

conducting the face-to-face interviews from India. Due to pandemic situation around the 

world, many organisations have declined to allow to take part in study and even face-to-

face interview within the UK, and UAE in addition to the travel restrictions to India.   

7.4.5 Sample Location  

Sample location is another key limitation of this research study. The researcher focused 

to collect the majority of data from the UK, UAE and India. These regions were chosen 

based on the development of the countries, with the UK being considered a developed 

nation, India a developing nation, and the UAE a developing nation leading the way in 

technological innovation across the board. These details are also discussed in detail within 

chapter 3 of this thesis. This boundary condition has restricted the researcher to allow 

considering other countries from the OECD list of countries that have considered 

digitalisation as a priority within SMEs as per OECD (2021) and Bianchini & Kwon, 

2021. 

7.4.6 Limitation of evaluation of framework 

The lack of time and limitation of the sample has limited evaluation of developed 

framework. Lack of time has limited the researcher on revisiting the cases, some of the 

subject experts in supply chain, institutions, and technology providers to evaluate the 

framework. 

Even though the researcher faced limitation and challenges during the research study as 

described above, the literature review, and empirical data has contributed to the successful 

development of the framework as per the aim of this research. Five conference 

publications, in which three conference publications, were presented and published by the 

researcher in IEEE as a result of an effective review of the literature. This gave the 

researcher more confidence and helped to concentrate on the latter phases of this research. 



   

 

 263  

 

The supervisory team highly supported the researcher to facilitate the research plan 

including preparing and attending conferences that proved to be highly useful strategies 

as presenting at 5 conferences during the research influenced the researcher's focus, 

choice of methodology and further writing of this thesis in a major way. In the following 

section, the researcher discusses future research.  

7.5 Future Research 

According to the researcher, quite new insights are presented in this research study with 

real-world conditions and practices perceived from SMMEs, which has potential for 

further study. While the majority of research on DSC was based on large organisations, 

collecting and evaluating the data using the quantitative method as identified and 

presented in chapter 2 of this thesis, this research identified few distinct findings with 

qualitative method within the SMMEs context. Therefore, this research opened new 

exposure to study within the DSC domain. Following are the recommendations by the 

researcher for future research: 

➢ As mentioned in the previous section and literature review chapter, most of the 

research studies on DSC used quantitative methods to assess the data that focused 

on examining the reliability of innovative technologies for DSC. The results were 

limited to numeric data while this research conducted only using qualitative 

method. Therefore, future studies may adopt pragmatic philosophical approach to 

produce cohesive and comprehensive findings.  

➢ Future studies need to concentrate on a variety of theoretical frameworks, such as 

the technology acceptance model (TAM), diffusion of innovation theory (DIO), 

dynamic capability theory, institutional theory, stakeholders’ theory, Technology, 

Organisational and environment theory (TOE) combining various research 

methods and lenses.  

➢ Future research might utilise the framework developed in this research to examine 

its applicability in various contexts or geographical locations. Future research 
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could also help in evaluating the applicability of this framework in various 

contexts including in other developing countries and industries. 

➢ Future studies can be done on DSC transformation in various other industry 

sectors from various other perspectives due to the fact that DSC can help overcome 

the disrupting conventional supply chain in the emerging competitive market that 

could attract more industries. 

➢ Furthermore, the researcher proposes future research considering the impacts of 

DSC on sustainability in various contexts. 

➢ The framework developed in this research study serves the aim of this research as 

it could promote DSC transformation and future research may focus on further 

expansion of the framework considering various theories such as TAM, DIO, 

TOE.  

Thus, this thesis is concluded here by mentioning the limitation faced by the researcher 

during the research and thus providing a recommendation for further research in the 

future. In the following section, the researcher provided the list of references used for this 

research study and appendices as mentioned in various chapters of this thesis. 
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Theories considered for technology adoption  
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Sources: Davis, et al., (1992); Dedrick & West (2003); Oshlyansky, et al., (2007); Autry, et al., 

(2010); Wu, (2011); Low, et al., (2011); Sharma & Mishra, (2014) and Dube, et al., (2020) 
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Appendix 2 

Information sheet  

 

 

Research Ethics: Information Sheet 

Full title of Project: 

TECHNOLOGICAL INNOVATION FOR DIGITAL SUPPLY CHAIN WITHIN SMALL & MEDIUM SIZE 

MANUFACTURING ENTERPRISES                                       

Name, position and contact address of Researcher: SARATH MENON 
                                                                                         PhD Researcher,  
                                                                                         University of Bolton,  
                                                                                         United Kingdom 
                                                                                         ms1res@bolton.ac.uk 

As per the literature reviews, we understand that there is an increase in acceptance of innovative technologies in the 

current industrial revolution. This research aims “To investigate the impact of technological innovation to foster and 

promote digital supply chain within small and medium size manufacturing enterprises”. This research is focused on SME 

manufacturers to understand the current stage of integration of innovative technologies within their supply chain and its 

impacts. It will help to understand the current trends of adaption of innovative technologies & their knowledge and certainly 

it would be beneficial for SME manufacturers as it can results in an efficiently improved supply chain by integration of 

innovative technologies in future if they require.  

This research has been ethically approved by the University Research Ethics committee. As a part of the research the 

case study will be conducted as an interview with semi-structured questions with representatives from the organisations 

and will be audio/video recorded for further processing and analysis of data. The involvement in this research study is 

voluntary and participants are free to withdraw consent at any time, and to withdraw any unprocessed data previously 

supplied. If the participants have any concerns about the conduct of this research project, they can contact the Chair of 

the University Research Ethics Committee at the University of Bolton.  

As a part of confidentiality of data, including that confidentiality of information provided is subject to legal limitation and the 

data generated in the course of the research will be retained in accordance with the University’s policy on Data Protection 

and will be kept securely in paper or electronic form for a period of five years after the completion of this research project. 

 

mailto:ms1res@bolton.ac.uk
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Appendix 3 

Sample of Questions 
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Appendix 4 

Invitation for Research Interview 

 

 

Dear ………..., 

Greetings for the day! 

Myself, Sarath Menon a PhD Researcher at University of Bolton. 

I am currently working on my research topic “To investigate the impact of 
technological innovation to foster and promote digital supply chain within small 
and medium size manufacturing enterprises”. This research aims to develop a 
framework that will support continuous improvement to promote digital supply 
chain transformation within SME manufacturers. It has been ethically approved 
by the University Research Ethics committee. I am interested to conduct 
research study within this respect at ………………………. as your organisation is 
into manufacturing of …………………  

The method of study will be an interview and discussion with the respective 
personals based on current supply chain process within your organisation to 
understand the current use and understand of technologies. Please kindly let me 
know if this is something which could be accommodated within your organisation 
and certainly it would be beneficial for …………………. that results in an efficiently 
improved supply chain operation. 

Hope to receive a favorable reply. 

  
Thank you, 
Kind Regards 

  

Sarath Menon 
PhD Researcher 
University of Bolton, 
Deane Road, Bolton BL3 5AB 
E-mail: MS1RES@bolton.ac.uk   

 

mailto:MS1RES@bolton.ac.uk
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Appendix 5 

Post-Interview Sheet 
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Appendix 6 

Transcript Acceptance e-mail confirmation 
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Appendix 7  

Relationship of Interview questions to literature, objectives and research questions 

Interview questions Literature Sources Comments 

• Are you aware of any of the 

technologies? 

• It has been mentioning in 

literatures that SMEs are finding 

it difficult to implement/utilise 

the above-mentioned 

technologies due to the below 

mentioned reason. How would 

you rank it on behalf of your 

organisation? 

• According to the survey reports 

by Plusnet, startup.co.uk, OECD 

they have identified different 

challenges faced by SME’s. How 

do you rank these challenges? 

• Are you interested and have you 

been approached by various 

service providers to implement 

any of these technologies within 

your organisation? Could you 

please provide your opinion on 

implementing these technologies 

within your organisation? 

According to the literature 

various authors has 

identified different 

innovation technologies 

during their studies within 

DSC. Additionally, there 

are literature which has 

conducted study based on 

the single technology such 

as block chain, RFID 

sensors, IoT, AR/VR, 

Additive manufacturing 

within supply chain.  

Ben-Daya, et al., (2019); 

Bar, et al., (2019); 

Buyukozkan & Gocer 

(2018); OECD (2019); 

Mouef, et al., (2017); 

Tiwari, et al., (2018); 

Gunasekaran, et al., (2017); 

Wu, et al., (2017); Savvy, 

(2019) 

The way in which 

Technological innovations, 

knowledge of technological 

innovation, DSC enacted by 

the organisational actors has 

impacts in implementation of 

technological innovations and 

DSC. It will also assist to 

identify technological 

innovations identified by the 

organisation in their supply 

chain that has not been 

identified during the literature 

review which is the first 

objective of the research and 

answer the research questions 

which are the innovative 

technologies for DSC in 

SMMEs.  

• Describe the raw material and 

finished product ordering process 

including the technology and 

mode of communication used in 

between and level of automation? 

• Who handles the delivery 

process, is it an external logistic 

company? 

• Describe the tracking process 

used for, if any? 

• Explain the technologies used 

within your organisation to track 

the stock at warehouse? 

• Explain the technologies/ 

applications in your organisation 

that makes the supply chain 

transparent within your 

organisation internally and 

Based on the literature, it was 

identified that there is a need 

to understand the real world 

working of the SCs within the 

SMME to gain in-depth 

information to understand the 

impact of technological 

innovation. According to 

literature SMME has limited 

resources compared to larger 

manufactures for technological 

innovation. Hence it was 

mentioned in the literature to 

learn the current SCs process. 

Arthur (2009), Orlikowski 

(2000); Bar, et al., (2019); 

Tornatzky, et al., (1990); 

Hofmann & Rusch (2017); 

Hines (2014); Ehie & 

Ferreira (2019); Nguyen, et 

To identify the 

technological innovation in 

supply chain within 

manufacturing area and to 

critically analyse the impact 

of technological innovation 

for DSC within SMME. 

The questions will assist the 

researcher to identify the 

current level of 

technological innovation 

and impacts of 

technological innovation in 

supply chain within the 

organisation which will 

give insights on the 

identifying the 

technological innovation to 

promote DSC within 
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externally -with suppliers or 

customers such as live raw 

material/warehouse stock details 

to internal departments or 

suppliers externally? 

• Have you faced delays in 

fulfilling the customer order due 

to machine downtime in last 

three years and how it was dealt 

with? 

al., (2018); Bocek, et al., 

(2017); Choi, et al., (2015); 
Lambert (2014); Garay-

Rondero (2019); Seuring & 

Gold (2012); Schwieterman 

(2012) 

SMME. These questions 

assist in understanding how 

technological innovation 

can impact the supply chain 

of SMMEs in UK, UAE 

and India which is the 

second research question. 

This will also assist in 

examining long-term 

processes of technological 

innovation with 

technological change in 

evolutionary perspective. 

• Describe about your supplier 

evaluation process? 

• How many different types of raw 

materials are used within the 

organisation? 

• How many suppliers are dealing 

with your organisation? 

• Is there return/rejection of 

material from your end to your 

suppliers in past 3 years:  If yes, 

why? 

• How the return/rejection is 

handled, including the logistics? 

• Explain about your KPI’s and 

method/process of evaluation of 

KPI’s in each department? 

According to the literature, 

evaluation of SC can have 

high impact to improve SC 

within organisation which 

can promote technological 

innovation. Hence it was 

evident to know the 

evaluation processes within 

the organisation. 

Tjahjono, et al., (2018); 

Haddud, et al., (2017); 

Harshak, et al., (2013); 

Ehie & Ferreira (2019); 

Menon, & Shah, (2019); 

Kache & Seuring (2017); 

Lambert (2014); Garay-

Rondero (2019);  

To identify various 

evaluation processes within 

supply chain. As evaluation 

is necessary to identify the 

challenges and barriers 

within the supply chain and 

improve the supply chain 

with technological 

innovation. Understanding 

the evaluation processes 

within the organisation 

provides details of 

evaluation factor affecting 

the SMMEs to adopt 

technological innovation for 

DSC transformation.   

• Can implementing any of these 

cutting-edge technologies help 

your organisation’s supply chain, 

How and why? 

• What are your plans for 

implementing any new 

technologies within your supply 

chain system in the next three 

years, and which all 

technologies? 

• What are the factors, limiting 

your organisation from adoption 

of innovative technologies which 

paves way for a successful digital 

supply chain transformation? 

Various literatures have 

identified various drivers 

and barriers for DSC while 

majority of them discussed 

about technology as drivers. 

These questions try to 

identify the organisational 

drivers and barriers which 

were very limited within the 

literature. 

Orlikowski (2000); 

Tornatzky, et al., (1990); 

Ageron, et al., (2020); 

Agarwal & Narain (2018); 

Lambert (2014); Garay-

Rondero (2019); 

These questions reflect the 

challenges faced within the 

organisation and to 

understand the motivations 

that can impact the DSC 

transformation within the 

SMME. Technological 

innovation factors, 

organisational factors 

within the SMME and 

environmental factors 

identified can have an 

indirect impact on DSC 

transformation. 
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Appendix 8 

List of non-interviewed observed data and insights generated. 

 


