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Abstract
Manufacturing flexibility (MF) has been acknowledged as tool to
help manufacturers adapting to uncertainty in the business
environment. Fluctuating market demand, rapid technological
changes, shorter product life cycles and increase level of
customization are among the caused that create uncertainties in
the market. However, manufacturers are facing great challenge to
reap the real benefit from implementing manufacturing flexibility.
Therefore, this study aimed to investigate the contributing factors
that can enhance manufacturing flexibility implementation in mass
customization production strategy among manufacturing firms in
Malaysia. An extensive review on manufacturing flexibility
literature and content validity assessment were conducted with
industry practitioners and academicians. Four MF constructs and
16 measurement items have been identified from the review. A
complete set of questionnaires have been developed by adopting,
adapting, or self-develop based on the extensive literature review.
This research study has recognized reliable MF constructs,
consisting of four MF constructs and 16 measurement items. Thus,
this study can be used to help identify provide method to enhance
MF implementation at the manufacturing firm’s level. This study
provided a useful tool for researchers to gain a greater knowledge
and understanding on MF implementation. It acts to bridge the
inadequacy of related studies on manufacturing flexibility by using
the T-O-E framework. For practitioners, it is useful to review back
the effectiveness of the usage of their internal resources in
overcoming uncertainties in the environmental factors. More
significantly, practitioners should be able to adopt the MF practices
in @ more holistic way. This study is among the first attempt to
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develop MF constructs for evaluating the enhancement of MF
implementation in Malaysia.

Keywords: Manufacturing Flexibility, Constructs, Uncertainty,
Globalization

Introduction

Numerous challenges are faced by the manufacturing firms that is due to
the globalization issues. Among the challenges includes fluctuating
market demand, rapid technological changes, shorter product life cycles
and increase level of customization. As a result, manufacturers are forced
to make the necessary improvement to their current business operations
(Abolghasemi et al., 2020; Harsch & Festing, 2020). Often innovation is
considered as one of the most important factors for an organization’s
success, growth, and survival. Despite that, manufacturers are facing
internal hinderance in executing innovation activities due to resource and
budget constraint (Dziallas, 2020). Furthermore, lack of market
knowledge and increase business complexity have impede innovation
work (Sadeh & Dvir, 2020). Such market environment are forcing
manufacturing firms to build some form of flexibility into their business
process (Buckley, Craig, Mudambi, 2019).

Even though manufacturing flexibility is often regarded as an adaptive
response to environmental uncertainty, many manufacturers firms are
still facing tremendous challenges to remain flexible (Fragapane et al.,
2020; Jain et al., 2013). Many manufacturing firms are finding the
difficulties to implement manufacturing flexibility and achieve it real
benefit (Frank et al., 2019; Harsch & Festing, 2020; Mishra et al., 2018).
Recognizing the contributing factors that contribute to manufacturing
flexibility implementation would be essential for managers to avoid futile
development efforts.

Lack of studies that empirically seek to identify what contribute to an
effective implementation of manufacturing flexibility have affecting
manufacturing flexibility development (Mishra, 2021; Mishra et al., 2018).
Even if there is, those research works are based on a single-item
measurement measure based on different flexibility dimensions (Jain et
al.,, 2013; Sushil, 2018; Vokurka & O’Leary-Kelly, 2000). In addition,
manufacturing firms are facing the difficulties to effectively integrate
their manufacturing technologies, leaving them with the failure to attain
the expected business performance (Aversa et al., 2021). These
shortcoming are causing the manufacturing firm to implement
manufacturing flexibility in an unsystematic way and produce very low
return towards the improvement result (Dalenogare et al., 2018; Marcon
et al., 2022). Importantly to note here is that implementing
manufacturing flexibility initiative is not as easy as plugged-in task since
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its effectiveness is also influences by a number of other multi-dimensional
factors.

There is an urgent need to develop and validate the integrated and
comprehensive MF constructs. Therefore, the main objective of this study
is to develop and validate measurement for MF implementation in mass
customization production strategy in Malaysia. This study is important as
practitioners can gain a more rigorous knowledge that can equip them
towards implementing manufacturing flexibility systematically. In
addition, it will enable manufacturers to execute their manufacturing
process effectively and efficiently. In addition, the measurement items
developed in this study can be used to assess and justified whether the
practices applied by the firms are effective or need further improvement.
The definition and basic concept of MF, as well as the development of MF
practices are discussed in this study. Subsequently, the contributing
factors and the development of the constructs will be discussed in the
study. Findings and implications of the study will be examined and
concluded with limitation and suggestion for future research.

Manufacturing Flexibility Concept

Manufacturing flexibility is a concept that emerged in the early 1980s
which allows a certain level of adaptability to be implemented to react to
changes. Often manufacturing flexibility concept involves firms’ endless
efforts to deal with slightly or greatly fluctuating in customer
requirements and market orientation (Mishra, 2020). Such fluctuation
could be triggered by many factors such as fierce competition, market
volatility, and change in customers preferences.

Flexibility is a complex term which can give different meaning depending
on the contexts and adaptation needs based on what happened in the
environment (Jain et al., 2013; Ojstersek & Buchmeister, 2020). Various
researchers in the past have attempted to define the term manufacturing
flexibility. For example, manufacturing flexibility is defined as the system
ability to react to the environmental uncertainties (internal and external)
effectively and efficiently to produce high quality products at a
competitive price (A. Jain et al., 2013). Based on this definition,
manufacturing flexibility requires a manufacturing strategy that emphasis
on maintaining a lean and dynamic operation to align the internal
manufacturing flexibility with the constraints posted by the external
environment.

Manufacturing flexibility is often regarded as situation specific which
requires different level of manufacturing flexibility for different kind of
uncertainties (Ojstersek & Buchmeister, 2020). This could means which
manufacturing flexibility dimension a company will adopt is very much
depending on the source of environmental instability it faces or expects
to face. Such multi-dimensional nature of manufacturing flexibility was
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agreed by past researchers who have classified manufacturing flexibility
into various sub-dimensions such as labor flexibility, machine flexibility,
routing flexibility, material-handling flexibility, and volume flexibility
(D’Souza & Williams, 2000; Gerwin, 1987; Slack, 1983; Upton, 1994).

Developing the Constructs

In a quantitative research, constructs are the abstract idea, complex and
not directly observable that the researcher can define in conceptual terms
but cannot be directly measured (Hair et al.,, 2014). Construct are
considered latent variable since they cannot be directly measured but
must be approximately measured using multiple indicators. Constructs
can be classified into two types: higher-order construct and lower-order
construct. The higher-order construct provides a framework for
researchers to model a construct to confirm that the theorized construct
in a study loads into a certain number of underlying lower-order
constructs. Indicators (also known as measurement items or manifest
variables) are the observed value of a variable that measure a construct
that is typically used in quantitative research.

For MF implementation is to perform well, some contributing factors or
elements must take place. In this research, the author has applied the
Technology-Organization-Environmental (T-O-E) framework to come out
with the contributing factors. The T-O-E framework outline three
elements that can influence readiness factors towards adoption of new
innovation at the organizational level: Technological context, the
organizational context, and the environmental context (Al-Hujran et al.,
2018; Chatterjee et al., 2021; Mabad et al., 2021). In this research the
technological context is represented by smart manufacturing technology.
The organizational factors by top management commitment and team-
based work culture. The environmental context is represented by the
competitive intensity and market turbulence.

Smart manufacturing technology

The smart manufacturing technology were regrouped based on past
studies that discussed on how smart technology improve manufacturing
flexibility implementation. The result is as exhibited in Table 1.

Table 1: Smart Manufacturing Technology

Types/ dimensions Literature support
Big Data Analytics 1,2,3,8,9, 10, 18, 19
Augmented Reality (AR) 4,5,6,7,8,9,11,19
Internet Of Things (loT) 8,9,10,12, 13, 14,19, 20
Cloud Computing 8, 10, 14, 15, 16, 17, 18, 19, 20
Vertical and Horizontal System Integration 14,19
Additive Manufacturing 19
Autonomous Robots 7,8,9,19
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Note: [1] Cronin et al. (2019), [2] Peruzzini et al. (2017), [3] Hernandez-
de-Menendez et al. (2020), [4] Martinez et al. (2014), [5] Fruend &
Matysczok (2002), [6] Damiani et al. (2018), [7] Moreno et al. (2017), [8]
Simons et al. (2017), [9] Schuh et al. (2014), [10] Wei et al. (2017a) [11]
Shao et al. (2015), [12] Zhong et al. (2017), [13] Jeschke et al. ( 2017), [14]
Thoben et al. (2017), [15] Yu et al. ( 2015), [16] Kagermann (2015), [17]
Zhang et al. (2010), [18] Gao et al. (2015), [19] Narula et al. (2020), [20].

Organizational factors

Organisational context is related to the resources and the characteristics
of the firm such as organization size, managerial structure operational
attributes or conditions within an organization (Alshamaila et al., 2013).
It could also mean the ability of the organization to adapt and adjust to
the changing demand needs exerted by the market environment. Table 2
shows the organizational factors and its indicators that influence
manufacturing flexibility implementation based on the past literature
report.

Table 2: Organizational factors

Types/ dimensions Literature support
Top Management Commitment 1,2,3,45,6,7,8,9, 10
Team-based work culture 3,7,10

Note: [1] Fisel et al. (2019), [2] Llopis-Albert et al. (2019), [3] Small & Yasin
(1997) [4] Altay et al. (2018), [5] Forés & Camisén (2016), [6] Eckstein et
al. (2014), [7] Battisti et al. (2019), [8] Ponomarov & Holcomb (2009), [9]
Tang (2006), [10] Meyer et al. (2002).

Environmental factors

Over the years, many manufacturing companies are facing increasing
challenges as the market environment are becoming more competitive
due to the changes in the customer’s requirement and demand. These
changes can sometime create additional complexity and uncertainty in
the market environment. Table 3 display the environmental factors that
can influence the implementation of manufacturing flexibility in an
organization.

Table 3: Environmental factors

Types/ dimensions Literature Support
Market Turbulence 1,2,3,4,5,6,7
Competitive Intensity 8,9,10

Note: [1] (Seebacher & Winkler (2014), [2] Taques e,t al. (2020), [3] Zhao
et al. (2018), [4] Enkel et al. (2005), [5] Mishra & Shah (2009, [6] Singh &
Power (2009), [7] Feng et al. (2012), [8] Carlos Hernandez-Carrion et al.
(2016), [9] Ndubisi et al. (2020), [10] Chesbrough (2003).
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Manufacturing flexibility

Which dimension of manufacturing flexibility that a company will adopt is
very much depends on the source of environmental instability it faces or
expects to face. The works of past researchers during the period of 1984
to 2020 regarding manufacturing flexibility dimensions has been
summarized in Table 4.

Table 4: Manufacturing flexibility

Types/ dimensions Literature Support
Machine Flexibility 1,3,4,5,6,9
Routing Flexibility 1,2,3,4,5,6,9, 10
Volume Flexibility 1,2,3,4,5,6,7,8,9
Material Handling 3,4,5,8,9,10
Labor Flexibility 5,9,10

Note: [1] Browne et al. (1984), [2] Gerwin (1987), [3] Sethi and Sethi
(1990), [4] Gupta and Somers (1996), [5] Koste & Malhotra (1999), [6]
Chen and Adam (1991), [7] Slack (1987), [8] D’Souza and Williams (2000),
[9] Tan and Lim (2019), [10] Sawhney (2006).

Methodology

A survey approach using a set of a close-ended questionnaire with
ordered choice questions was used to gather the data. Each measurement
item was adopted, adapted, or self-developed from several sources from
the past research studies. A multiple endpoints Likert scale was used to
measure the construct consists of smart manufacturing technological
factors, organizational factors, environmental factors, and manufacturing
flexibility. The Likert scale endpoints ranging between five, six, and seven-
point and were chosen since it can give a more valid and reliable result
(Krosnick & Fabrigar, 1997). Likert scale descriptors used in this study
stretching from strongly disagree until strongly agree.

The unit of analysis for this study is organization. The sampling frame
comprises of manufacturing firms who are members of the Federation of
Malaysian Manufacturers (FMM). A cluster random sampling method
were employed in subsectors involving electrical and electronics, textile
and apparel, transport equipment & technology, wood-based Industry,
and machinery and metal Industry A total of 1185 companies have been
identified as using the discrete manufacturing process within those
clusters. 1000 sets of questionnaires were sent to the respondent email
address as mentioned in the FMM directory. Demographic results are
shown in Table 5.
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Table 5: Demographic of the Respondent Companies

Demographic Count | Percent
Nature of Business
Electrical and Electronic 54 37.2
Machinery and Metal Industry 33 22.8
Textiles and Apparels 2 1.4
Transport Equipment 37 25.5
Wood-based Industry 19 13.1

Company Ownership

Foreign invested enterprise 64 44.1
Government linked company 11 7.6
Local and foreign joint venture 19 13.1
Local private enterprise 41 28.3
State owned company 10 6.9

Position in the Company

President/ CEO/ MD 3 2.1
Operation General Manager 22 15.2
Engineering General Manager 7 4.8
Operation Manager 45 31

Engineering Manager 12 8.3
Operation Executive 37 25.5
Engineering Engineer 19 13.1

A total of 155 questionnaires were received out of the 1000
guestionnaires, leaving a response rate of 15.5%. However, 10 responses
were dropped as the respondent firms since they did not answer discrete
manufacturing as their manufacturing process. Therefore, only 145
guestionnaires were used in this study.

Result and Discussion
Content Validity

Content validity was done through face validity to assess the degree of
accuracy and appropriateness of the construct. The face validity was done
by asking people to review the measurements techniques known as the
preliminary test. It involved 3 academicians, and 3 practitioners who were
the specialists in the operation or supply chain management. By this way,
the author will be alerted should there be any potential problems that
may be caused by the questionnaire design. The feedback received from
the participants were used to improve the content of the instrument.
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Empirical Assessment of the Construct

Since this study employed the explanatory nature of the research, PLS-
SEM was used in the study (Hair et al.,, 2017). To validate the
measurement instrument empirically, the measurement model was
examined to test the validity and reliability of the instruments. The data
were analyzed by using structural equation modelling (SEM) with
SmartPLS4.

Figure 1: Factor loading for each measurement.
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All the factor loadings were greater than the threshold value of 0.5 (actual
values range from 0.669 to 0.963). Therefore, it can be concluded that all
the indicators’ reliability test has been satisfied and none of the indicator
need to be removed from the model. Equally important is the Cronbach’s
Alpha values for all the constructs range between 0.867 to 0.979 which
above the 0.60 acceptable value (Hair et al., 2011). Similarly, the actual
AVE values after using the SmartPLS4 software for all the constructs
ranging between 0.619 and 0.907 which satisfied the threshold value of
0.50 (Hair et al., 2011). In conclusion factor loadings, CRs and AVEs
indicated that the convergent validity has been met.

Apart from convergent validity, discriminant validity is another criterion
needed for construct validity. Henseler et al. (2015) and Voorhees et al.
(2016) have suggested to evaluate the discriminant validity using the
Heterotrait-Monotrait ratio of correlations (HTMT) test. According to
Henseler et al. (2015) and Voorhees et al. (2016), to evaluate the
discriminant validity is by using the Heterotrait-Monotrait ratio of
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correlations (HTMT) test. Kline (2011) has suggested 0.85 as the cut-off
value for the HTMT test. Based on the result, none of the value is above
0.85. Therefore, the convergent validity has been established based on
the HTMT test.

Conclusion and recommendation

The objective of this paper is to develop and validate the measurement
instrument for the contributing factors that can enhance manufacturing
flexibility implementation in mass customization production system in
Malaysia. This was accomplished through review on literature that study
about manufacturing flexibility. Subsequently, a systematic validation
process involving the content validity and construct validity of the
measurement have been done. Result of the study shows that the model
has met the requirements for the content validity as well as construct
validity. The respondents were among the middle to top management
staffs who are very familiar with the production process. The assessment
indicates that all the activities measure their underlying construct (first-
order construct) which signified its contribution. Similarly, all the smart
manufacturing technology and manufacturing flexibility measure their
second-order construct. The result is comparable with the past study by
Tsai & Yeh (2019) and Amoako-Gyampah et al. (2018) that found similar
result in their studies.

Studies among 145 discrete manufacturing process companies in
Malaysia also found the importance of smart manufacturing technology,
organization, and environmental factors towards manufacturing flexibility
implementation.

The extensive review on the literature and comprehensive assessment by
the academic and practitioners’ experts established content validity for
the measurement constructs. Similarly, the use of large number of
samples would empirically validate the measurement constructs. Based
on this study there were empirical evidence that content validity,
construct validity and criterion related validity of the measurement have
been established. Therefore, this study could provide a valuable tool for
researchers to gain deeper understanding about how to implement
manufacturing flexibility effectively. Future researchers could use the
measurement construct in this research to examine the causal model of
manufacturing flexibility implementation.

This research study was conducted during the Covid-19 pandemic, as
businesses were struggling to recover from the movement control order
(MCO). Many manufacturing firms were asked to shut down their
operations several times in a year due to the MCO. As a result, the
response rate for this study was only 15.5%.

600



Journal of Namibian Studies, 34 S2(2023): 592-607  ISSN: 2197-5523 (online)

Bibliography

1.

10.

11.

12.

Abolghasemi, M., Beh, E., Tarr, G., & Gerlach, R. (2020). Demand forecasting
in supply chain: The impact of demand volatility in the presence of
promotion. Computers and Industrial Engineering, 142(July 2019), 106380.
https://doi.org/10.1016/j.cie.2020.106380

Agus, A. (2011). Supply chain management, supply chain flexibility and
business performance. Journal of Global Strategic Management, 9, 134—
145.

Al-Hujran, O., Al-Lozi, E. M., Al-Debei, M. M., & Maqgableh, M. (2018).
Challenges of cloud computing adoption from the TOE framework
perspective. International Journal of E-Business Research, 14(3), 77-94.
https://doi.org/10.4018/I1JEBR.2018070105

Alshamaila, Y., Papagiannidis, S., & Li, F. (2013). Cloud computing adoption
by SMEs in the north east of England: A multi-perspective framework.
Journal of Enterprise Information Management, 26(3), 250-275.
https://doi.org/10.1108/17410391311325225

Altay, N., Gunasekaran, A., Dubey, R., & Childe, S. J. (2018). Agility and
resilience as antecedents of supply chain performance under moderating
effects of organizational culture within the humanitarian setting: a dynamic
capability view. Production Planning and Control, 29(14), 1158-1174.
https://doi.org/10.1080/09537287.2018.1542174

Amoako-Gyampah, K., Meredith, J., & Loyd, K. W. (2018). Using a social
capital lens to identify the mechanisms of top management commitment: A
case study of a technology project. Project Management Journal, 49(1), 79—
95. https://doi.org/10.1177/875697281804900106

Aversa, P., Formentini, M., lubatti, D., & Lorenzoni, G. (2021). Digital
machines, space, and time: Towards a behavioral perspective of flexible
manufacturing. Journal of Product Innovation Management, 38(1), 114—
141. https://doi.org/10.1111/jpim.12542

Barutcuoglu, S., & Azizoglu, M. (2011). Flexible assembly line design
problem with fixed number of workstations. International Journal of
Production Research, 49(12), 3691-3714.
https://doi.org/10.1080/00207543.2010.492410

Battisti, M., Beynon, M., Pickernell, D., & Deakins, D. (2019). Surviving or
thriving: The role of learning for the resilient performance of small firms.
Journal of Business Research, 100(February), 38-50.
https://doi.org/10.1016/j.jbusres.2019.03.006

Browne, J., Dubois, D., Rathmill, K., Sethi, S. P., & Stecke, K. E. (1984).
Classification of flexible manufacturing systems. The FMS Magazine, 2(2),
114-117.
http://www.researchgate.net/publication/242625866_Classification_of Fl
exible_Manufacturing_Systems

Buckley, Peter J. Craig, Thomas D. Mudambi, R. (2019). Time to learn?
Assignment duration in global value chain organization. Journal of Business
Research, 103, 508-518. https://doi.org/10.1016/j.jbusres.2018.01.011
Chatterjee, S., Rana, N. P., Dwivedi, Y. K., & Baabdullah, A. M. (2021).
Understanding Al adoption in manufacturing and production firms using an

601



Journal of Namibian Studies, 34 S2(2023): 592-607  ISSN: 2197-5523 (online)

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

integrated TAM-TOE model. Technological Forecasting and Social Change,
170. https://doi.org/10.1016/j.techfore.2021.120880

Chen, F. F., & Adam, E. E. (1991). The impact of flexible manufacturing
systems on productivity and quality. IEEE Transactions on Engineering
Management, 38(1), 33-45. https://doi.org/10.1109/17.65758

Cronin, C., Conway, A., & Walsh, J. (2019). Flexible manufacturing systems
using IloT in the automotive sector. Procedia Manufacturing, 38(2019),
1652-1659. https://doi.org/10.1016/j.promfg.2020.01.119

D’Souza, D. E., & Williams, F. P. (2000). Toward a taxonomy of
manufacturing flexibility dimensions. Journal of Operations Management,
18(5), 577-593. https://doi.org/10.1016/50272-6963(00)00036-X
Dalenogare, L. S., Benitez, G. B., Ayala, N. F., & Frank, A. G. (2018). The
expected contribution of Industry 4.0 technologies for industrial
performance. International Journal of Production Economics, 204(August),
383-394. https://doi.org/10.1016/].ijpe.2018.08.019

Damiani, L., Demartini, M., Guizzi, G., Revetria, R., & Tonelli, F. (2018).
Augmented and virtual reality applications in industrial systems: A
qualitative review towards the industry 4.0 era. IFAC-PapersOnLine, 51(11),
624-630. https://doi.org/10.1016/j.ifacol.2018.08.388

Davis, J., Edgar, T., Porter, J., Bernaden, J., & Sarli, M. (2012). Smart
manufacturing, manufacturing intelligence and demand-dynamic
performance. Computers and Chemical Engineering, 47, 145-156.
https://doi.org/10.1016/j.compchemeng.2012.06.037

Dziallas, M. (2020). How to evaluate innovative ideas and concepts at the
front-end?: A front-end perspective of the automotive innovation process.
Journal of Business Research, 110, 502-518.
https://doi.org/10.1016/j.jbusres.2018.05.008

Eckstein, D., Goellner, M., Blome, C., & Henke, M. (2015). The performance
impact of supply chain agility and supply chain adaptability: The
moderating effect of product complexity. International Journal of
Production Research, 53(10), 3028-3046.
https://doi.org/10.1080/00207543.2014.970707

Enkel, E., Perez-Freije, J., & Gassmann, O. (2005). Minimizing market risks
through customer integration in new product development: Learning from
bad practice. Creativity and Innovation Management, 14(4), 425-437.
https://doi.org/10.1111/j.1467-8691.2005.00362.x

Feng, T., Sun, L., Zhu, C., & Sohal, A. S. (2012). Customer orientation for
decreasing time-to-market of new products: IT implementation as a
complementary asset. Industrial Marketing Management, 41(6), 929-939.
https://doi.org/10.1016/j.indmarman.2011.11.027

Fisel, J., Exner, Y., Stricker, N., & Lanza, G. (2019). Changeability and
flexibility of assembly line balancing as a multi-objective optimization
problem. Journal of Manufacturing Systems, 53, 150-158.
https://doi.org/10.1016/j.jmsy.2019.09.012

Forés, B., & Camisén, C. (2016). Does incremental and radical innovation
performance depend on different types of knowledge accumulation
capabilities and organizational size? Journal of Business Research, 69(2),
831-848. https://doi.org/10.1016/].jbusres.2015.07.006

602



Journal of Namibian Studies, 34 S2(2023): 592-607  ISSN: 2197-5523 (online)

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Fragapane, G., lvanov, D., Peron, M., Sgarbossa, F., & Strandhagen, J. O.
(2020). Increasing flexibility and productivity in Industry 4.0 production
networks with autonomous mobile robots and smart intralogistics. Annals
of Operations Research. https://doi.org/10.1007/s10479-020-03526-7
Frank, A. G., Dalenogare, L. S., & Ayala, N. F. (2019). Industry 4.0
technologies: Implementation patterns in manufacturing companies.
International Journal of Production Economics, 210(September 2018), 15—
26. https://doi.org/10.1016/j.ijpe.2019.01.004

Fruend, J., & Matysczok, C. (2002). Designing flexible manufacturing
systems with augmented reality. ART 2002 - 1st IEEE International
Augmented Reality Toolkit Workshop, Proceedings, 3-5.
https://doi.org/10.1109/ART.2002.1106962

Gao, R., Wang, L., Teti, R., Dornfeld, D., Kumara, S., Mori, M., & Helu, M.
(2015). Cloud-enabled prognosis for manufacturing. CIRP Annals -
Manufacturing Technology, 64(2), 749-772.
https://doi.org/10.1016/j.cirp.2015.05.011

Gerwin, D. (1987). An agenda for research on the flexibility of
manufacturing processes. International Journal of Operations & Production
Management, 7(1), 38-49. https://doi.org/10.1108/eb054784

Gupta, D., & Buzacott, J. A. (1996). A “goodness test” for operational
measures of manufacturing flexibility. International Journal of Flexible
Manufacturing Systemes, 8(3), 233-245.
https://doi.org/10.1007/BF00403126

Gupta, Y. P.,, & Somers, T. M. (1996). Business Strategy, Manufacturing
Flexibility, and Organizational Performance Relationships: a Path Analysis
Approach. Production and Operations Management, 5(3), 204-233.
https://doi.org/10.1111/j.1937-5956.1996.tb00395.x

Hair, J. F., Black, W. C., Babin, B. J., & Anderson, R. E. (2014). Multivariate
data analysis (7th ed.). Pearson Education Limited.
https://doi.org/10.4324/9781351269360

Hair, Joe F., Sarstedt, M., Ringle, C. M., & Mena, J. A. (2011). An assessment
of the use of partial least squares structural equation modeling in marketing
research. Journal of the Academy of Marketing Science, 40(3), 414-433.
https://doi.org/10.1007/s11747-011-0261-6

Hair, Joseph F., Hult, G. T. M., Ringle, C. M., & Sarstedt, M. (2017). A primer
on partial least squares structural equation modeling (PLS-SEM). In
International Journal of Research & Method in Education (2nd. Editi, Vol.
38, Issue 2). SAGE Publications, Inc.
https://doi.org/10.1080/1743727x.2015.1005806

Harsch, K., & Festing, M. (2020). Dynamic talent management capabilities
and organizational agility—A qualitative exploration. Human Resource
Management, 59(1), 43-61. https://doi.org/10.1002/hrm.21972

Henry W. Chesbrough. (2003). Open innovation: The new imperative for
creating and profiting from technology. Harvard Business School Press.
Henseler, J., Hubona, G., & Ray, P. A. (2015). Using PLS path modeling in new
technology research: Updated guidelines. Industrial Management and Data
Systems, 116(1), 2—20. https://doi.org/10.1108/IMDS-09-2015-0382

603



Journal of Namibian Studies, 34 S2(2023): 592-607  ISSN: 2197-5523 (online)

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Hernandez-Carrion, C., Camarero-lzquierdo, C., & Gutierrez-Cillan, J. (2017).
Entrepreneurs’ social capital and economic performance of small
businesses: The moderating role of competitive intensity and
entrepreneurs’ experience. Strategic Entrepreneurship Journal, 11(1), 61—
89. https://doi.org/10.1002/sej.1228

Hernandez-de-Menendez, M., Morales-Menendez, R., Escobar, C. A., &
McGovern, M. (2020). Competencies for Industry 4.0. International Journal
on Interactive Design and Manufacturing, 14(4), 1511-1524.
https://doi.org/10.1007/s12008-020-00716-2

Jain, A., Jain, P. K, Chan, F. T. S., & Singh, S. (2013). A review on
manufacturing flexibility. International Journal of Production Research,
51(19), 5946-5970. https://doi.org/10.1080/00207543.2013.824627

Jain, S., Sigurardéttir, S., Lindskog, E., Andersson, J., Skoogh, A., &
Johansson, B. (2013). Multi-resolution modeling for supply chain
sustainability analysis. Proceedings of the 2013 Winter Simulation
Conference - Simulation: Making Decisions in a Complex World, WSC 2013,
1996-2007. https://doi.org/10.1109/WSC.2013.6721578

Jeschke, S., Brecher, C., Meisen, T., Ozdemir, D., & Eschert, T. (2017).
Industrial Internet of Things and Cybermanufacturing Systems. In Jeschke
S., Brecher C., Song H., Rawat D. (eds) Industrial Internet of Things. Springer
Series in Wireless Technology. Springer, Cham.
https://doi.org/10.1007/978-3-319-42559-7

Kagermann, H. (2015). Change through digitization—Value creation in the
age of industry 4.0. Management of Permanent Change, 23-45.
https://doi.org/10.1007/978-3-658-05014-6

Kline, R. B. (2011). Principles and practice of structural equation modeling
(3rd ed.). the Guilford Press.

Koste, L. L., & Malhotra, M. K. (1999). A theoretical framework for analyzing
the dimensions of manufacturing flexibility. Journal of Operations
Management, 18, 75-93.

Krosnick, J. A., & Fabrigar, L. R. (1997). Designing rating scales for effective
measurement in surveys. In L. Lyberg, P. Biemer, M. Collins, E. De Leeuw, C.
Dippo, N. Schwarz, & D. Trewin (Eds.), Survey Measurement and Process
Quality (Issue 1, pp. 141-164). A Wiley-Interscience Publication.
https://doi.org/10.2307/1271416

Llopis-Albert, C., Rubio, F., & Valero, F. (2019). Fuzzy-set qualitative
comparative analysis applied to the design of a network flow of automated
guided vehicles for improving business productivity. Journal of Business
Research, 101, 737-742. https://doi.org/10.1016/j.jbusres.2018.12.076
Mabad, T., Ali, O., Ally, M., Wamba, S. F., & Chan, K. C. (2021). Making
Investment Decisions on RFID Technology: An Evaluation of Key Adoption
Factors in Construction Firms. |EEE Access, 9, 36937-36954.
https://doi.org/10.1109/ACCESS.2021.3063301

Marcon, E., Soliman, M., Gerstlberger, W., & Frank, A. G. (2022).
Sociotechnical factors and Industry 4.0: an integrative perspective for the
adoption of smart manufacturing technologies. Journal of Manufacturing
Technology Management, 33(2), 259-286. https://doi.org/10.1108/IMTM-
01-2021-0017

604



Journal of Namibian Studies, 34 S2(2023): 592-607  ISSN: 2197-5523 (online)

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Martinez-Sanchez, Angel Vicente-Oliva, Silvia Pérez-Pérez, M. (2020). The
relationship between R&D, the absorptive capacity of knowledge, human
resource flexibility and innovation: Mediator effects on industrial firms.
Journal of Business Research, 118(December 2019), 431-440.
https://doi.org/10.1016/j.jbusres.2020.07.014

Martinez, H., Laukkanen, S., & Mattila, J. (2014). A new flexible augmented
reality platform for development of maintenance and educational
applications. International Journal of Virtual Worlds and Human Computer
Interaction, 2, 18-27. https://doi.org/10.11159/vwhci.2014.003

Meyer, J. P., Stanley, D. J., Herscovitch, L., & Topolnytsky, L. (2002).
Affective, continuance, and normative commitment to the organization: A
meta-analysis of antecedents, correlates, and consequences. Journal of
Vocational Behavior, 61(1), 20-52. https://doi.org/10.1006/jvbe.2001.1842
Mishra, A. A., & Shah, R. (2009). In union lies strength: Collaborative
competence in new product development and its performance effects.
Journal of Operations Management, 27(4), 324-338.
https://doi.org/10.1016/j.jom.2008.10.001

Mishra, R. (2020). Empirical analysis of enablers and performance outcome
of manufacturing flexibility in an emerging economy. Journal of
Manufacturing Technology Management. https://doi.org/10.1108/IMTM-
06-2019-0220

Mishra, R. (2021). Confirmation of a measurement model for manufacturing
flexibility development practices. International Journal of Quality and
Reliability Management, 38(1), 317-338. https://doi.org/10.1108/1JQRM-
01-2019-0027

Mishra, R., Pundir, A. K., & Ganapathy, L. (2018). Empirical assessment of
factors influencing potential of manufacturing flexibility in organization.
Business Process Management Journal, 24(1), 158-182.
https://doi.org/10.1108/BPMJ-07-2016-0157

Moreno, A., Velez, G., Ardanza, A., Barandiaran, I., de Infante, A. R., &
Chopitea, R. (2017). Virtualisation process of a sheet metal punching
machine within the Industry 4.0 vision. International Journal on Interactive
Design and Manufacturing, 11(2), 365-373.
https://doi.org/10.1007/s12008-016-0319-2

Narula, S., Prakash, S., Dwivedy, M., Talwar, V., & Tiwari, S. P. (2020).
Industry 4.0 adoption key factors: An empirical study on manufacturing
industry. Journal of Advances in Management Research, 17(5), 697-725.
https://doi.org/10.1108/JAMR-03-2020-0039

Ndubisi, N. O., Dayan, M., Yeniaras, V., & Al-hawari, M. (2020). The effects
of complementarity of knowledge and capabilities on joint innovation
capabilities and service innovation: The role of competitive intensity and
demand uncertainty. Industrial Marketing Management, 89, 196-208.
https://doi.org/10.1016/j.indmarman.2019.05.011

Ojstersek, R., & Buchmeister, B. (2020). The impact of manufacturing
flexibility and multi-criteria optimization on the sustainability of
manufacturing systems. Symmetry, 12(1), 157.
https://doi.org/10.3390/sym12010157

605



Journal of Namibian Studies, 34 S2(2023): 592-607  ISSN: 2197-5523 (online)

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Peruzzini, M., Grandi, F., & Pellicciari, M. (2017). Benchmarking of tools for
user experience analysis in Industry 4.0. Procedia Manufacturing, 11, 806—
813. https://doi.org/10.1016/j.promfg.2017.07.182

Ponomaroy, S. Y., & Holcomb, M. C. (2009). Understanding the concept of
supply chain resilience. In The International Journal of Logistics
Management (Vol. 20, Issue 1).
https://doi.org/10.1108/09574090910954873

Sadeh, A., & Dvir, D. 0. V. (2020). The effect of technological risk, market
uncertainty and the level of complexity on new technology ventures’
success. International Journal of Innovation Management, 24(5), 1-25.
https://doi.org/10.1142/51363919620500474

Sawhney, R. (2006). Interplay between uncertainty and flexibility across the
value-chain: Towards a transformation model of manufacturing flexibility.
Journal of Operations Management, 24(5), 476-493.
https://doi.org/10.1016/j.jom.2005.11.008

Schuh, G., Potente, T., Wesch-Potente, C., Weber, A. R., & Prote, J. P. (2014).
Collaboration mechanisms to increase productivity in the context of
industrie 4.0. Procedia CIRP, 19(C), 51-56.
https://doi.org/10.1016/j.procir.2014.05.016

Seebacher, G., & Winkler, H. (2014). Evaluating flexibility in discrete
manufacturing based on performance and efficiency. International Journal
of Production Economics, 153, 340-351.
https://doi.org/10.1016/].ijpe.2014.03.018

Sethi, A. K., & Sethi, S. P. (1990). Flexibility in manufacturing: A survey.
International Journal of Flexible Manufacturing Systems, 2(4), 289-328.
https://doi.org/10.1007/BF00186471

Shao, G., Shin, S. J., & Jain, S. (2015). Data analytics using simulation for
smart manufacturing. Proceedings of the 2014 Winter Simulation
Conference, 2015, 2192-2203.
https://doi.org/10.1109/WSC.2014.7020063

Simons, S., Abé, P., & Neser, S. (2017). Learning in the AutFab — The fully
automated industrie 4.0 learning factory of the University of Applied
Sciences Darmstadt. Procedia Manufacturing 7th Conference on Learning
Factories, CLF 2017 Learning, 9, 81-88.
https://doi.org/10.1016/j.promfg.2017.04.023

Singh, P. J., & Power, D. (2009). The nature and effectiveness of
collaboration between firms, their customers and suppliers: A supply chain
perspective. Supply Chain Management, 14(3), 189-200.
https://doi.org/10.1108/13598540910954539

Slack, N. (1983). Flexibility as a manufacturing objective. International
Journal of Operations & Production Management, 3(3), 4-13.

Slack, N. (1987). The flexibility of manufacturing systems. International
Journal of Operations and Production Management, 7(4), 35-45.
https://doi.org/10.1108/01443570510633594

Small, M. H., & Yasin, M. M. (1997). Advanced manufacturing technology:
Implementation policy and performance. Journal of Operations
Management, 15(4), 349-370. https://doi.org/10.1016/50272-
6963(97)00013-2

606



Journal of Namibian Studies, 34 S2(2023): 592-607  ISSN: 2197-5523 (online)

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Sushil. (2018). Interpretive multi-criteria valuation of flexibility initiatives on
direct value chain. Benchmarking, 25(9), 3720-3742.
https://doi.org/10.1108/BIJ-03-2018-0057

Tan, K. W., & Lim, K. T. (2019). Impact of manufacturing flexibility on
business performance: Malaysian’s perspective. Gadjah Mada International
Journal of Business, 21(3), 308-329.
https://doi.org/10.22146/gamaijb.27402

Tang, C. S. (2006). Robust strategies for mitigating supply chain disruptions.
International Journal of Logistics Research and Applications, 9(1), 33-45.
https://doi.org/10.1080/13675560500405584

Taques, F. H., Lopez, M. G., Basso, L. F., & Areal, N. (2021). Indicators used
to measure service innovation and manufacturing innovation. Journal of
Innovation and Knowledge, 6(1), 11-26.
https://doi.org/10.1016/].jik.2019.12.001

Thoben, K. D., Wiesner, S. A., & Wuest, T. (2017). “Industrie 4.0” and smart
manufacturing- A review of research issues and application examples.
International Journal of Automation Technology, 11(1), 4-16.
https://doi.org/10.20965/ijat.2017.p0004

Tsai, C. A., & Yeh, C. C. (2019). Understanding the decision rules for 3D
printing adoption. Technology Analysis and Strategic Management, 31(9),
1104-1117. https://doi.org/10.1080/09537325.2019.1584287

Upton, D. M. (1994). The management of manufacturing flexibility.
California Management Review, 36(2), 72-89.
https://doi.org/10.2307/41165745

Vokurka, R. J., & O’Leary-Kelly, S. W. (2000). Review of empirical research
on manufacturing flexibility. Journal of Operations Management, 18(4),
485-501. https://doi.org/10.1016/50272-6963(00)00031-0

Voorhees, C. M., Brady, M. K., Calantone, R., & Ramirez, E. (2016).
Discriminant validity testing in marketing: an analysis, causes for concern,
and proposed remedies. Journal of the Academy of Marketing Science,
44(1), 119-134. https://doi.org/10.1007/s11747-015-0455-4

Wei, Z., Song, X., & Wang, D. (2017). Manufacturing flexibility, business
model design, and firm performance. International Journal of Production
Economics, 193, 87-97. https://doi.org/10.1016/j.ijpe.2017.07.004

Yu, C., Xu, X., & Lu, Y. (2015). Computer-Integrated Manufacturing, Cyber-
Physical Systems and Cloud Manufacturing - Concepts and relationships.
Manufacturing Letters, 6, 5-9.
https://doi.org/10.1016/j.mfglet.2015.11.005

Zhang, Q., Cheng, L., & Boutaba, R. (2010). Cloud computing: State-of-the-
art and research challenges. Journal of Internet Services and Applications,
1(1), 7-18. https://doi.org/10.1007/s13174-010-0007-6

Zhao, Y., Feng, T., & Shi, H. (2018). External involvement and green product
innovation: The moderating role of environmental uncertainty. Business
Strategy and the Environment, 27(8), 1167-1180.
https://doi.org/10.1002/bse.2060

Zhong, R. Y., Xu, X, Klotz, E., & Newman, S. T. (2017). Intelligent
Manufacturing in the context of Industry 4.0: A Review. Engineering, 3(5),
616—630. https://doi.org/10.1016/J.ENG.2017.05.015

607



