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Abstract: Companies must constantly change in order to be relevant in the fiercely competitive busi-
ness world of today. There is no time for theoretical debate or pilot projects at this moment in In-
dustry 4.0 and digital transformation. The findings of this study on the impact of Industry 4.0 tech-
nology on Pakistani SMEs' output are discussed. Pakistan's major cities (Karachi, Lahore, Peshawar, 
Islamabad, Gujrat, and Sialkot) were randomly selected to participate in a survey that included a 
pertinent questionnaire. Big data, cyber-physical systems, and interoperability were found to sig-
nificantly improve business outcomes using SPSS multiple regression approaches. The internet of 
things, on the other hand, had a minimal impact. This study not only gives useful insights into the 
domains of digital transformation and Industry 4.0, but it also presents new directions and a frame-
work for future studies. Because there has been little research in this area, the findings will help 
managers justify expenditures in technology infrastructure within their firms. Furthermore, policy-
makers can utilize the current research to develop appropriate strategies for developing human cap-
ital and improving absorption capabilities in an ever-changing digital context. Overall, this study 
adds to our understanding of how firms might use Industry 4.0 technology to achieve long-term 
growth and competitiveness. Companies in Pakistan can stay ahead of the competition by embrac-
ing these innovations. 
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1. Introduction 

Businesses are being forced to reassess their management structures as a result of digital disruption. 
Traditional hierarchical and closed organizational structures, according to Imran, Hameed, and Haque 
(2018), are unable to keep up with the speed of digital disruption. Traditional companies need to think like 
digital disruptors, be adaptable to change, and rethink their organizational structures if they want to be 
competitive (Bharadwaj, Sawy, Pavlou, & Venkatraman, 2013). This transformation is a once-in-a-genera-
tion opportunity to address basic concerns in areas such as health care, education, and the environment 
(Chen, Preston, & Swink, 2015). 

The goals of Industry 4.0, according to Slusarczyk (2018) and Thames & Schaefer (2016), include in-
creased automation as well as increased operational effectiveness and productivity. Imran, Hameed, and 
Haque (2018) and Posada et al. (2015) report that integration with the web and advanced algorithms pro-
vide better information management and higher value production. However, more study is required to 
completely comprehend Industry 4.0's outcomes (Xu, Xu, & Li, 2018). As a result, this study presents a 
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paradigm and explores how the Industry 4.0 revolution has affected SMEs. The study's goal is to shed light 
on the variables that affect how well certain industries perform. 
 
2. Review of Literature & Theory 
2.1 Pakistani SMEs 

Pakistan's economy relies heavily on its small and medium-sized businesses (SMEs) (Qureshi & 
Herani, 2011) because SMEs account for roughly 90% of all businesses, employ 80% of the non-agricultural 
labor force, and produce over 40% of the country's annual GDP. Lack of strategic planning, insufficient 
business information systems, and a deficiency in the human capital required by modern businesses are 
just a few of the obstacles that make it difficult for small and medium-sized enterprises (SMEs) in Pakistan 
to run smoothly.  According to Zhang, Peng, and Li (2008), the current era, also known as Industry 4.0, is 
the fourth industrial revolution and is characterized by the convergence of data, knowledge, and Cyber-
Physical System (CPS) production. The idea of "Industry 4.0," which built on the successes of prior indus-
trial revolutions that used steam and water power in the 18th century and electrical energy for mass man-
ufacturing in the 20th century, was adopted by Germany's developing economic system in 2011 (Van Hol-
ten & Hess, 2016).  

Big data (BD), the Internet of Things (IoT), interoperability, and cyber-physical systems are the four 
essential facets of Industry 4.0 that are the focus of this study. The importance of these elements for better 
performance is evident, and their adoption can address technology concerns of SMEs and significantly 
impact both production and services (Imran, Hameed, & Haque, 2018; Nawanir, 2016; Shahbaz, Kazi, Oth-
man, Javaid, Hussain, & Rasi, 2019). Past studies have demonstrated the positive correlation between tech-
nology adoption and company success (Brynjolfsson & Hitt, 2000; Ghobakhloo & Hong, 2014), as well as 
how IT deployment affects an organization's structure and procedures (Heracleous & Barrett, 2001). For 
SMEs to achieve long-term financial success, the adoption and implementation of big data, IoT, and smart 
factory technology should be supported by appropriate organizational structures and procedures (Na-
wanir, 2016).Overall, understanding the impact of Industry 4.0 on SMEs is crucial for leveraging digital 
innovation to drive business success and foster economic growth in Pakistan and beyond. 
2.2 The Factors Affecting Digital Transformation 

Modernizing an organization and embracing digital transformation demand superior human capital. 
Every aspect of a business is anticipated to be impacted by such technological breakthroughs. According 
to Lasi et al., (2014), the phrase "Industry 4.0" refers to a wide range of innovative concepts and techniques 
that are being used to radically transform traditional business operations. Big Data, Cyber-Physical Sys-
tems, IoT, and Interoperability are all aspects of digital transformation that were considered in this analy-
sis. This phenomenon, which has the potential to alter how organizations conduct their operations, can be 
explained as a technical push (Lasi, Fettke, Kemper, Feld, & Hoffmann, 2014; Shahbaz, Sohu, Khaskhelly, 
Bano, & Soomro, 2019). 

 
 

 
Figure 1. Digital Transformation 
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3. Big Data 
Big data is a phrase that refers to a broad range of techniques used to analyse enormous amounts of 

data, knowledge, or information, including data that is both organised and unstructured, and that are used 
for collection, transmission, storage, analysis, search, and confidentiality (Xu, Xu, & Li, 2018). The handling 
of enormous volumes of data typically involves the usage of big data (Lasi, Fettke, Kemper, Feld, & Hoff-
mann, 2014). Big data's nature includes several methods for locating and interpreting the data to provide 
fresh concepts. Big data, as described by the author in (Manyika et al., 2011), is a systematic visualization 
where the volume of data is just too great for technology to effectively store, manage, and analysis. By 
volume, diversity, and velocity, authors in (Zikopoulos et al., 2011) have categorized big data. The expres-
sion and the uptake of technology are closely related (Gunasekaran et al., 2017). There are several techno-
logical obstacles that can be addressed by using big data. Better technology is made available by it, and this 
aids in the discovery of more effective data storage methods (Erevelles, Fukawa, & Swayne, 2016). The 
following is our hypothesis on how big data influences the success of businesses: 
Hypothesis 1: The use of big data improves company performance 
3.1 Cyber-Physical Systems (CPS) 

Cyber-physical systems (CPS) combine physical and computational capabilities to interact with hu-
mans in unique ways (Nawanir, 2016). The ability to use computation, communication, and control to 
interact with and enhance the capabilities of the physical world will significantly aid future technological 
advancement. 
Hypothesis 2: CPS improves company performance. 
3.2 Interoperability 

The aforementioned components come together to form interoperability. It is the two-way exchange 
of information among cyber-physical systems, people, and intelligent manufacturing. This makes it possi-
ble for manufacturing partners to exchange a variety of data in an efficient and accurate manner. Interop-
erability is defined as the ability of systems to translate and transmit data without error. In the modern era, 
this is an essential part of any cutting-edge technology setup (Homburg, Wielgos, & Kuhnl, 2019). There-
fore, more interoperability should lead to greater efficiency. 

Hypothesis 3: Interoperability improves corporate performance. 
3.3 IoT 

Interest in the IoT has grown in recent years across a wide range of businesses. The Internet of Things 
(IoT) is more than a trendy term; it is a burgeoning movement, a tried-and-true commercial strategy, and 
a game-changing technological innovation. The author (Ashton, 2009) established and defined IoT as only 
acknowledged, standardized devices with knowledge of RFID, which has the ability to change the course 
of history. IoT is defined by the authors of (Li, Chen, Tang, & Yan, 2018) as "network-connected tools." The 
commercialization of IoT applications has now moved to the consumer market and the autonomous busi-
ness sector, having begun in the healthcare and transportation industries (Thames & Schaefer, 2016). The 
foundations of Industry 4.0 are RFID, cloud computing, middleware, and numerous software applications 
(Belli, Davoli, Medioli, Marchini, and Ferrari, 2019). Organizations of various sizes make use of IoT tech-
nologies. The Internet of Things (IoT) could improve supply chain and logistics efficiency, for example, by 
giving more specific data (Gunasekaran et al., 2017). According to Chen, Preston, and Swink (2015), by 
2020, there will be 26 billion internet-connected gadgets in use, up from 0.9 billion in 2009. As a result, we 
can better understand the persuasive potential of IoT technology. Numerous studies have been undertaken 
on the advancement of IoT technology and its uses, but few have looked at how IoT adoption affects the 
success of Pakistan's small and medium-sized organizations (SMEs). 
Hypothesis 4: IoT has a favorable effect on corporate performance. 
3.4 Theoretical Foundations 

The Resource-Based View (RBV)'s theoretical foundations are sufficiently covered in this work. In 
parallel, the RBV of IT suggests that the firm's IT resources might serve as a competitive advantage  
(Nwankpa & Roumani, 2016) and (Shahbaz, Chandio, Oad, Ahmed, & Ullah, 2018). Further emphasis is 
placed on the firm's unique resources, which include its IT infrastructure, IT configurability, and human 
IT capabilities (Nwankpa & Roumani, 2016). Each IT resource is unique and tough to obtain. The integra-
tion of a company's technical resources results in higher organizational competency (Nwankpa & Rou-
mani, 2016) and (Mubarik, Govindaraju, & Devadason, 2016). The impact of big data, IoT, interoperability, 
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and CPS, among other industry 4.0 technologies, on the financial success of small and medium-sized en-
terprises (SMEs) is the primary focus of this research (see Figure 2). 

 

 

Figure 2. Theoretical framework 

4. Methodology 
The Big data, IoT, interoperability, and CPS were the four main digitalization elements that were 

taken into account in order to determine how industry 4.0-related corporate digitalization affected en-
hanced business performance in Pakistani SMEs. The questionnaire was physically and electronically 
distributed to a number of SMEs in Gujarat, Lahore, Islamabad, Peshawar, and Karachi. In the order 
listed in the sample table of (Kenpro, 1970), 390 surveys were distributed. All managers and professionals 
with knowledge of industry 4.0 and the digital revolution participated in this poll. A random selection 
procedure was used to choose the participants. The information was compiled using a 5-point Likert 
scale that ranged from "strongly disagree" to "strongly agree." The questionnaire has two significant sec-
tions. In the first half of the study, variables like age, gender, marital status, and income were covered; in 
the second, the main research determinants of big data, interoperability, CPS, and the Internet of Things 
were the focus. Modifications were made to the survey based on (Nawanir, 2016) and (Imran, Hameed, & 
Haque, 2018). In this study, data were analyzed using multiple regression methods using SPSS. 
 
5. Outcomes & Data Analysis 

239 of the 400 questionnaires that were distributed were chosen because they included honest re-
sponses. 38 responses were ruled invalid as a result of not answering more than 61% of the survey's ques-
tions. Out of the questionnaires chosen, 45 come from the manufacturing of pharmaceuticals, 80 from the 
textile sector, 23 from the cutlery business, 65 from beverages, 35 from fans, and 24 from the manufactur-
ing of surgical equipment. Table I includes the respondents' demographic information. Figure 3 displays 
the intended SMEs' demographic information. 
 

Table 1. Participants Demographic 
Designation Number of respondents (%) 
 
Entrepreneurs 

 
35 

 
14 

Managers 129 55 
Administrators 75 31 
Total 239 100 
Experience (years)   
1-5 77 32 
6-10 46 19 
11-15 82 36 
16-20 18   7 
21 and more 16   6 
Total 239 100 
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Figure 3. Targeted SMEs 

There were two phases of data analysis. In the first round, 280 responses were kept after those with 
a higher absence value or that were otherwise outliers were removed. Cronbach's alpha was used to deter-
mine the data's consistency. Table II displays the mean, standard deviation, and Cronbach's alpha for the 
sample sizes used. Cronbach's alpha for each item is greater than or equal to 0.80, putting them in the 
suitable range (Sarstedt, Ringle, & Hair, 2017; Creswell). Independent mean values for big data (3.37), CPS 
(3.35), Internet of Things (2.97), and interoperability (3.28). 

Table 2. Cronbach’s Alpha, Mean, & Standard Deviation 

Variable 
Number of 

items 
Cronbach’s 

alpha Mean S.D. 
 
Big data 

 
4 

 
0.816 

 
3.37 

 
0.673 

 
CPS 

4 0.834 3.35 0.570 

 
IoT 

5 0.851 3.39 0.569 

 
Interoperability 

3 0.880 2.97 0.681 

Business perfor-
mance 10 0.827 3.36 0.522 

In the second stage, multiple regression was used to determine the strength and direction of the linear 
relationship between the study's variables (Shukla, 2016). Table III shows the correlations between the in-
dependent and dependent variables found in the regression analysis. Small and medium-sized enterprises 
(SMEs) in Pakistan can benefit from investing 36.6% in big data, 34.6% in CPS, 32.2% in IoT, and 33.8% in 
interoperability, according to a regression analysis of these factors against business performance and vari-
ation. Table III demonstrates the positive effect of large data on performance at the 0.05 level of significance. 
At the same P-value threshold, CPS and interoperability are found to have a substantial effect on business 
results. At a significance level of 0.634, it is determined that the impact of IoT on corporate performance is 
marginal at best. Big data has a beta of 0.307, CPS of 0.314, IoT of 0.170, and interoperability of 0.227. These 
results suggest that a 1% boost in big data can boost company performance by 30.7%. Furthermore, perfor-
mance increased by 31.4% for every 1% increase in CPS. When 1% extra money is spent on the Internet of 
Things (IoT) and interoperability, SMB performance increases by 17% and 28.3%, respectively. The evi-
dence suggests that hypotheses H1–H4 are true, but H3 is false. 

Table 3. Regression Analysis Coefficients 

 Model Unstandardized 

Coefficients 

Standardized  

Coefficients 

t  Sign. 

  B Std Error Beta    

 

 
(Con-

stant) 

0.884 0.124  4.6

83 

0.000 
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6. Discussion 
Strategic leadership's top priority right now is the advancement of firms using industry 4.0 meth-

ods. In fact, most policymakers in affluent nations believe that ecosystems will have a large strategic im-
pact [2, 7]. These results are consistent with those in (Waschneck, Altenmuller, Bauernhansl, & Kyek, 
2016), (Nawanir, 2016) and (Imran, Hameed, & Haque, 2018), where it was noted that these parameters 
had favourable effects on the performance of SMEs in Thailand and Indonesia. In contrast to the findings 
of (Imran, Hameed, & Haque, 2018) on the SMEs of Thailand, the current study found that the effect of 
IoT on performance was negligible. The contrasting technology and commercial environments in Paki-
stan and Thailand might be the possible causes of these conflicting outcomes. Reports state that Thailand, 
a popular tourist destination, adopted cutting-edge technology before Pakistan, which has marginally 
boosted the capacity of that country's SME sector to absorb new technology. The rate of growth and de-
velopment of small and medium-sized firms in Pakistan is moderate, notwithstanding their creation and 
expansion. Now is the time to implement them in order to obtain a competitive advantage and survive in 
a highly competitive market, as opposed to reading innovation discourses in the past to confirm the exist-
ence of such technologies (Keawphang, 2014; Shahbaz, Kazi, Bhatti, Abbasi, and Rasi, 2019). To attain 
agility, a prerequisite for modernizing corporate environments, managers must strike a balance between 
exploring and exploiting their organizations (Kane, Palmer, Phillips, Kiron, & Buckley, 2015). Therefore, 
to address this issue, improve performance and efficiency, and gain a competitive edge, Industry 4.0 tech-
nologies like big data, CPS, and interoperability are needed. 
 
7. Conclusion  

Small and medium-sized enterprises (SMEs) in Pakistan were analyzed to see how they were utiliz-
ing industry 4.0 technologies including big data, CPS, IoT, and interoperability. It was found that small 
and medium-sized enterprises (SMEs) might benefit greatly from adopting big data, CPS, and interopera-
bility. Companies feel the effects of innovation and work hard to adopt and use new technologies. As a 
result of technological advancements, traditional corporate structures are becoming obsolete. The govern-
ment of Pakistan should aid and encourage SMEs to fully use these technologies into their processes. They 
will be able to accomplish goals that are currently out of reach for Pakistani SMEs, such as lowering costs, 
increasing output, and increasing product value. Industry 4.0 places rigorous demands on businesses, and 
these can only be met with the proper kind of human capital equipped with cutting-edge skills.  

 
 

 

 

 

 

 

 

1 

Big 

data 

0.307 0.513 0.309 5.4

06 

0.000 

CPS 0.314 4.972 0.314 4.6

29 

0.001 

IoT 0.170 0.806 0.190 -

0.4

77 

0.634 

Interoper-
ability 

0.283 4.904 0.280 4.7
22 

0.000 

Dependent variable: Business performance 



Journal of Computing & Biomedical Informatics                                           Volume 05  Issue 01                                                                                         

ID : 206-0501/2023    

References 
1. M. Imran, W. Hameed, A. U. Haque, “Influence of industry 4.0 on the production and service sectors in Pakistan: Evidence from 

textile and logistics industries”, Social Sciences, Vol. 7, No. 12, pp. 246, 2018 
2. A. Bharadwaj, O. A. E. Sawy, P. A. Pavlou, N. Venkatraman, “Digital business strategy: Toward a next generation of insights”, 

MIS Quarterly, Vol. 37, No. 2, pp. 471–482, 2013 
3. D. Q. Chen, D. S. Preston, M. Swink, “How the use of big data analytics affects value creation in supply chain management”, 

Journal of Management Information Systems, Vol. 32, No. 4, pp. 4–39, 2015 
4. S. Faraj, S. Pachidi, K. Sayegh, “Working and organizing in the age of the learning algorithm”, Information and Organization, 

Vol. 28, No. 1, pp. 62–70, 2018  
5. A. Toffler, The third wave, Bantam Books, 1980  
6. German Federal Ministry for Economic Affairs and Energy, Industry 4.0, 2018.  
7. M. S. Mubarik, C. Govindaraju, E. S. Devadason, “Human capital development for SMEs in Pakistan: is the one-size-fits-all 

policy adequate?”, International Journal of Social Economics, Vol. 43, No. 8, pp. 804-822, 2016 
8. G. Wang, A. Gunasekaran, E. W. T. Ngai, T. Papadopoulos, “Big data analytics in logistics and supply chain management: Cer-

tain investigations for research and applications”, International Journal of Production Economics, Vol. 176, pp. 98–110, 2016 
9. M. S. Shahbaz, R. Z. R. Rasi, M. F. B. Ahmad, “A novel classification of supply chain risks: Scale development and validation”, 

Journal of Industrial Engineering and Management, Vol. 12, No. 1, pp. 201–218, 2019 
10. S. Mubarik, N. Naghavi, M. F. Mubarik, “Governance-led intellectual capital disclosure: Empirical evidence from Pakistan”, 

Humanities and Social Sciences Letters, Vol. 7, No. 3, pp. 141–155, 2019 
11. J. Bughin, T. Kretschmer, N. V. Zeebroeck, “Experimentation, learning and stress: The role of digital technologies in strategy 

change”, iCite Working Paper 2019 - 31, 2019 
12. M. S. Shahbaz, M. A. Soomro, N. U. K. Bhatti, Z. Soomro, M. Z. Jamali, “The impact of supply chain capabilities on logistic 

efficiency for the construction projects”, Civil Engineering Journal, Vol. 5, No. 6, pp. 1249–1256, 2019 
13. B. Slusarczyk, “Industry 4.0: Are we ready?”, Polish Journal of Management Studies, Vol. 17, No. 1, pp. 232-248, 2018 
14. L. Thames, D. Schaefer, “Software-defined cloud manufacturing for industry 4.0”, Procedia CIRP, Vol. 52, pp. 12–17, 2016 
15. J. Posada, C. Toros, I. Barandiaran, D. Oyarzun, D. Stricker, R. D. Amicis, E. B. Pinto, P. Eisert, J. Dollner, I. Vallarino, “Visual 

computing as a key enabling technology for industrie 4.0 and industrial internet”, IEEE Computer Graphics and Applications, 
Vol. 35, No. 2, pp. 26–40, 2015. 

16. L. D. Xu, E. L. Xu, L. Li., “Industry 4.0: State of the art and future trends”, International Journal of Production Research, Vol. 56, 
No. 8, pp. 2941–2962, 2018. 

17. J. Qureshi, G. M. Herani, “The role of small and medium-size enterprises (SMEs) in the socio-economic stability of Karachi”, 
Indus Journal of Management & Social Sciences, Vol. 4, No. 2, pp. 30–44, 2011. 

18. SMEDA, “State of SMEs in Pakistan”, available at https://smeda.org/index.php?option=com_content&view=article&id=7:st ate-
of-smes-in-pakistan&catid=15, 2019 

19. M. S. Dar, S. Ahmed, A. Raziq, “Small and medium-size enterprises in Pakistan: Definition and critical issues”, Pakistan Business 
Review, Vol. 19, No. 1, pp. 46–70, 2017 

20. C. Homburg, D. Wielgos, C. Kuhnl, “Digital business capability and its effect on firm performance”, AMA Winter Academic 
Conference: Understanding Complexity, Transforming the Marketplace, Chicago, USA, February 22-24 ,2019 

21. M. S. Shahbaz, R. Z. R. M. Rasi, M. F. B. Ahmad, S. Sohu, “The impact of supply chain collaboration on operational performance: 
Empirical evidence from manufacturing of Malaysia”, International Journal of Advanced and Applied Sciences, Vol. 5, No. 8, 
pp. 64–71, 2018. 

22. G. Zhang, X. Peng, J. Li, “Technological entrepreneurship and policy environment: A case of China”, Journal of Small Business 
and Enterprise Development, Vol. 15, No. 4, pp. 733–751, 2008. 

23. V. H. Birgit, D. Hess, “Guest editorial industry 4.0–prerequisites and visions”, IEEE Transactions on Automation Science and 
Engineering, Vol. 13, No. 2, pp. 411–413, 2016. 

24. D. Lukac, “The fourth ICT-based industrial revolution “industry 4.0”— HMI and the case of CAE/CAD innovation with EPLAN 
P8”, 23rd Telecommunications Forum Telfor, Belgrade, Serbia, November 24-26, 2015. 

25. Industrial Internet Consortium, A global industry first: Industrial Internet Consortium and Plattform Industrie 4.0 to Host Joint 
IIoT Security Demonstration at Hannover Messe, Press Release, IIC, 2017. 

26. H. Kagermann, W. Wahlster, J. Helbig, Recommendations for implementing the strategic initiative INDUSTRIE 4.0: Final report 
of the Industrie 4.0 Working Group, Forschungsunion, 2013. 

27. J. K. Gerrikagoitia, G. Unamuno, E. Urkia, A. Serna, “Digital manufacturing platforms in the industry 4.0 from private and public 
perspectives”, Applied Sciences, Vol. 9, No. 14, Article ID 2934, 2019. 

28. G. Nawanir, The effect of lean manufacturing on operations performance and business performance in manufacturing compa-
nies in Indonesia, PhD Thesis, Universiti Utara Malaysia, 2016. 

29. M. S. Shahbaz, A. G. Kazi, B. Othman, M. Javaid, K. Hussain, R. Z. R. M. Rasi, “Identification, assessment and mitigation of 
environment side risks for Malaysian manufacturing”, Engineering, Technology & Applied Science Research, Vol. 9, No. 1, pp. 
3851–3857, 2019 



Journal of Computing & Biomedical Informatics                                           Volume 05  Issue 01                                                                                         

ID : 206-0501/2023    

30. E. Brynjolfsson, L. M. Hitt, “Beyond computation: Information technology, organizational transformation and business perfor-
mance”, Journal Of Economic Perspectives, Vol. 14, No. 4, pp. 23–48, 2000 

31. M. Ghobakhloo, T. S. Hong, “It investments and business performance improvement: The mediating role of lean manufacturing 
implementation”, International Journal of Production Research, Vol. 52, No. 18, pp. 5367–5384, 2014 

32. L. Heracleous, M. Barrett, “Organizational change as discourse: Communicative actions and deep structures in the context of 
information technology implementation”, Academy of Management Journal, Vol. 44, No. 4, pp. 755–778, 2001 

33. H. Lasi, P. Fettke, H. G. Kemper, T. Feld, M. Hoffmann, “Industry 4.0”, Business & Information Systems Engineering, Vol. 6, No. 
4, pp. 239– 242, 2014 

34. M. S. Shahbaz, S. Sohu, F. Z. Khaskhelly, A. Bano, M. A. Soomro, “A novel classification of supply chain risks: A review”, Engi-
neering, Technology & Applied Science Research, Vol. 9, No. 3, pp. 4301–4305, 2019 

35. S. Erevelles, N. Fukawa, L. Swayne, “Big data consumer analytics and the transformation of marketing”, Journal of Business 
Research, Vol. 69, No. 2, pp. 897–904, 2016 

36. J. Manyika, M. Chui, B. Brown, J. Bughin, R. Dobbs, C. Roxburgh, A. H. Byers, Big Data: The next frontier for innovation, com-
petition, and productivity, McKinsey & Company, 2011 

37. P. Zikopoulos, C. Eaton, D. Deroos, T. Deutsch, G. Lapis, Understanding big data: Analytics for enterprise class hadoop and 
streaming data, McGraw-Hill Osborne Media, 2011 

38. A. Gunasekaran, T. Papadopoulos, R. Dubey, S. F. Wamba, S. J. Childe, B. Hazen, S. Akter, “Big data and predictive analytics 
for supply chain and organizational performance”, Journal of Business Research, Vol. 70, pp. 308–317, 2017 

39. K. Ashton, “That 'internet of things' thing: In the real world, things matter more than ideas”, RFID Journal, Vol. 22, No. 7, pp. 
97–114, 2009 

40. T. Li, W. Chen, Y. Tang, H. Yan, “A homomorphic network coding signature scheme for multiple sources and its application in 
IoT”, Vol. 2018, Article ID 9641273,2018 

41. L. Belli, L. Davoli, A. Medioli, P. L. Marchini, G. Ferrari, “Towards industry 4.0 with IoT: Optimizing business processes in an 
evolving manufacturing factory”, Frontiers in ICT, Vol. 6, Article ID 17, 2019 

42. J. K. Nwankpa, Y. Roumani, “It capability and digital transformation: A firm performance perspective”, Thirty Seventh Interna-
tional Conference on Information Systems, Dublin, Ireland, December 11-14, 2016 

43. M. S. Shahbaz, A. F. Chandio, M. Oad, A. Ahmed, R. Ullah, “Stakeholders’ management approaches in construction supply 
chain: A new perspective of Stakeholder’s theory”, International Journal of Sustainable Construction Engineering and Technol-
ogy, Vol. 9, No. 2, pp. 16–26, 2018 

44. Kenpro, “Sample size determination using Krejcie and Morgan table”, available at: http://www.kenpro.org/sample-size-deter-
mination-using- krejcie-and-morgan-table, 1970. 

45. M. Sarstedt, C. M. Ringle, J. F. Hair, “Treating unobserved heterogeneity in PLS-SEM: A multi-method approach”, in: Partial 
least squares path modeling, pp. 197–217, Springer, 2017.  

46. J. W. Creswell, Research design: Qualitative, quantitative, and mixed methods approaches, Sage, 2017. 
47. R. K. Shukla, “Coordination practices in supply chain management: An empirical study of Indian manufacturing firms”, Journal 

of Management Research, Vol. 16, No. 1, pp. 44–54, 2016. 
48. B. Waschneck, T. Altenmuller, T. Bauernhansl, A. Kyek, “Production scheduling in complex job shops from an industrie 4.0 

perspective: A review and challenges in the semiconductor industry”, International Conference on Knowledge Technologies 
and Data-Driven Business, Graz, Austria, October 18-19, 2016. 

49. S. Keawphang, “Corporate governance and corporate disclosure and transparency lessons from the thai financial crisis of 1997”, 
International Journal of Business, Economics and Law, Vol. 5, No. 4, pp. 115–118, 2014. 

50. M. S. Shahbaz, S. Kazi, N. U. K. Bhatti, S. A. Abbasi, R. Z. R. Rasi, “The impact of supply chain risks on supply chain performance: 
Empirical evidence from the manufacturing of Malaysia”, International Journal of Advanced And Applied Sciences, Vol. 6, No. 
9, pp. 1–12, 2019. 

51. G. C. Kane, D. Palmer, A. N. Phillips, D. Kiron, N. Buckley, “Strategy, not technology, drives digital transformation”, MIT Sloan 
Management Review and Deloitte University Press, Vol. 14, pp. 1–25, 2015. 
 


