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Abstract. Every manufacturing revolution is focused around boosting
productivity. Impacted by the emerging area technologies, the manufacturing
sector, globally, is on the wheels of Fourth Industrial Revolution. The umbrella
keyword “Digitized Transforming Enablers (DTE)”, discussed in the study
encompasses the digital technologies of the Fourth Industrial Revolution “14.0”.
Literature has reported ample of opportunities, such as greater output capacity,
production line flexibility, reduction of monotonous work, improved customer
opinion of products as well as improved work-life balance for manufacturing
firms, advancing towards these technological transformations. The flipside is
challenges, related to lack of management commitment, employee involvement,
technology standardization and financial constraints are delaying these
transformations, especially in the case of small-medium enterprises (SMEs). The
objective of this study was to overcome this limit by presenting a moderated
mediation research model developed with the help of a theoretical background,
based on descriptive and content analyses, while also describing the constructs
selected and the hypotheses developed towards achieving DTE implementation.
The proposed model ideates, regulatory support as a facilitator and environmental
dynamism as a contextual factor, so as to explore as to how such contingency
elements affects the impact of challenges and opportunities on DTE
implementation.
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1. Introduction

The Fourth Industrial Revolution (FIR) has a remarkable technological potential
and can generate a new life-style for customers. Consumer behaviour is also changing
exponentially due to the influence of emerging technologies. Therefore, manufacturing
firms must rethink and reposition their strategic planning for the ever-changing
behaviour. According to [1], to be future competitive, it is paramount to transform from
a machine dominant approach to a digitized manufacturing one. A digital strategic
planning, mapping necessary functions with ease in operability at a low cost and
compatibility, is expected to help the enterprise implement appropriate technological
enablers [2].
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This study introduces an umbrella keyword “Digitized Transforming Enablers
(DTE)”, defined as the digital technologies of FIR for transforming reporting
processes, acquiring and analysing data in real time as well as applying insights to limit
risk and enhance efficiency. The results of [3] indicated that the large enterprises have
greater opportunities to use new technologies, as compared to small and medium
enterprises (SMEs). Also, the qualitative case study from [4] highlighted that the
multinational enterprises have higher driving forces and lower barriers to DTE
implementation. However, in future SMEs will have good opportunities, if new
technologies become more accessible and they start investing [3] [4].

The implementation of digital technologies brings opportunities, such as
improvements in quality, flexibility & productivity, cost reduction and competitive
advantage [5] [6], but the challenging phase is the transition from machine dominant to
digitized manufacturing [1]. The transition requires support from top management [7],
employee acceptance [8], investment in digital technologies [9], IT infrastructure [10],
which are among the prominent challenges reported in the literature. To mitigate these
challenges, regulatory support [11] [12] is a must. A contextual factor, Environmental
Dynamism [13], is proposed, so as to explore how contingency elements affect the
impact of challenges and opportunities on DTE. The research agenda conceptualised as
part of this study is:

1) To identify whether SMEs obtain greater opportunities than the larger enterprises
when implementing digital technologies of FIR.

2) To identify the challenges for DTE implementation from the extant literature.

3) To identify the opportunities for DTE implementation from the extant literature.

4) To develop a research model and research propositions for DTE implementation.

The paper is structured as follows: Section 1 covers the introduction and Section 2
offers the theoretical background along with a current review of the literature covering
Digitized Transforming Enablers (DTE) for SMEs. Section 3 presents the research
model, describing the constructs and hypotheses developed.

2. Theoretical Background

2.1 Why SMEs?

Flat organizational structures and short hierarchical line are favourable factors in
transiting to a digital work culture. Also, the appropriate technological enablers will
have competent job creation, reduce monotonous work, high product specialization,
along with increased flexibility, speed and efficiency [6]. SMEs are typically less
bureaucratic and have greater incentives to succeed than huge corporations [14]. The
FIR prospect for SMEs will lead to the advantages [15], such as increased productivity,
increased revenue, health and safety priority. Moreover, SMEs have the biggest
number of employees and hence represent a significant target market for digitalization
[16]. Based on the above insights, the first research agenda is addressed, that the SMEs
do obtain greater opportunities than larger enterprises for DTE implementation.

2.2 Digitized Transforming Enablers

The study introduces an umbrella keyword “Digitized Transforming Enablers” (DTE),
which encompasses the digital technologies of FIR. Internet of Things, Big Data, Cloud
Computing, Additive Manufacturing, Tracking Tracing Technologies, Cyber-Physical
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Production Systems and user friendly devices, like smart phones, watches, tablets are
among the few DTE involved in this global trend of FIR. Big Data Analytics in SMEs
can boost competition in markets by allowing for better decision-making, improved
operational and business performance [17]. Cloud Computing has the potential to
improve productivity and can give SMEs a competitive advantage in the market, by
enabling SMEs to securely store, access, use and calculate data in real time [18].

3. Research Model and Hypotheses

3.1 Research Model Development

After a thorough descriptive and content analyses of the theoretical background, the
study developed a moderated mediation model as shown in figure 1, proposing the
relationship between the challenges and opportunities towards DTE implementation.
Based on the developed conceptual framework, the study further proposes research
hypotheses in the following section, covering the crux of the research agenda.

ENVIRONMENTAL
DYNAMISM

REGULATORY
SUPPORT

CHALLENGES

DTE
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OPPORTUNITIES

DYNAMISM

[ ENVIRONMENTAL ]

Figure 1. Research Model

3.2 Challenges, Opportunities and DTE implementation

The following section identifies key challenges, opportunities for DTE implementation
from the extant literature and the conceptualization of the research propositions.

Top Management Commitment or Support is considered as an instrumental
component for DTE implementation, as major decision making is done at the top. [7]
analysed the challenges of SMEs in DTE application and reported that the sub-criteria,
Top Management Support has the highest weightage. By DEMATEL approach, for
SMEs [9], lack of top management support is among the most important challenges for
DTE implementation. Top Management Support matters for SMEs in the long-term
[19]. This has led to hypothesise the following: Hla: Lack of Management
Championship has a direct impact on DTE implementation.

[4] [20] agreed that one of the biggest obstacles to DTE implementation is the lack
of competent workers and the need to retrain employees to meet new circumstances.
The study [21] revealed that the major implementation barriers of DTE in Indian SMEs
are fear of unemployment and lack of IT training. Resistance [11] may come from
employees, who are satisfied with the existing systems [19] and are fearful of their jobs
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[4]. This has led to hypothesise the following: H1b: Internal Social Capital has a
direct impact on DTE implementation.

Wide-ranging broadband infrastructure is a must for DTE realization. From the
findings [22], the most serious obstacle that could derail DTE implementation is the
lack of technology infrastructure. [23] revealed that the lack of IT infrastructure is
preventing the DTE implementation. An ISM approach [24] confirmed that the lack of
infrastructure is at the root level and a significant barrier. This leads to hypothesise the
following: Hlc: Lack of IT infrastructure has a direct impact on DTE implementation.

DTE requires standardization of processes within and among companies [25]. Low
degrees of standardization and lack of integration knowledge are major concerns for
SMEs [20] and delays DTE implementation [16]. [11] suggested that the upgradation in
standards could facilitate the adoption of digital technologies. This leads to hypothesise
the following: H1d: Standardization has a direct impact on DTE implementation.

Based on the above insights, the second research agenda is addressed, identifying
the prominent challenges for DTE implementation.

Greater output capacity [26], lower setup and operational costs [27], improved
customer opinion of products [8], improved human resources productivity [28],
competitive advantage [15], fewer errors & reduced machine downtimes [8], fewer
rejected products [8], increased revenue [27], improved production customization [26],
opportunity for business model innovation [16] and improved work-life balance [29]
are among the opportunities highlighted in literature. This has led to hypothesise the
following: H2: Opportunities have a direct impact on DTE implementation.

The third research agenda of the study is hence addressed, identifying the
opportunities for DTE implementation.

3.3 The mediating role of Regulatory Support

Lack of national policies on digital technologies in developing countries prevent firms
from fully experiencing the FIR [11]. Government regulations make it easier to
overcome obstacles, such as data security, implementation costs, human skill
capabilities, organisational opposition and lack of technology standards [12].
According to the findings of [8], governments should continue to develop programmes
and incentive mechanisms that support the shift to a digital work culture in overcoming
obstacles, such as legal uncertainty and a lack of clear standards. This has led to
hypothesise the following: H3a: Regulatory support acts as a mediator to dilute the
challenges for DTE implementation. H3b: Regulatory support acts as a mediator to
strengthen the opportunities for DTE implementation.

3.4 The moderating role of Environmental Dynamism

Environmental Dynamism (ED) for an enterprise refers to the environment’s instability
or volatility [30] [31]. [6] suggested to have future research projects, considering
Environmental Uncertainty as one of the variables. A study by [13] investigated and
revealed that, ED positively moderates the indirect effect of digital technologies of FIR
on economic and environmental performance. Literature related to ED is seen to be
fragmented and limited. Hence, further exploration is required on this moderating
variable. This has led to hypothesise the following: H4a: Environmental Dynamism
moderates the impact of challenges on DTE implementation through Regulatory
support. H4b: Environmental Dynamism moderates the impact of opportunities on
DTE implementation through Regulatory support.
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The fourth research agenda of the study is proposed to be addressed, by developing
a research model for DTE implementation as shown in figure 1 and by constructing the
research propositions posited above.

Conclusion

The umbrella keyword DTE, discussed in the study encompasses the digital
technologies of the FIR. After descriptive and content analyses, based on theoretical
background, this study has aimed at exploring four research agendas, mentioned in
section 1. For the first agenda, study concludes that, SMEs with digital transformation
do obtain greater opportunities than larger enterprises, but the research reported in case
of SMEs is limited. For the second and third agenda, study identified the challenges
and opportunities from the extant literature, to enhance the understanding required for
technological transformation. Challenges related to lack of management commitment,
employee involvement, technology standardization and financial constraints are seen
delaying the transformations. Opportunities, such as greater output capacity, reduction
of monotonous work, improved customer opinion of products as well as improved
work-life balance are highlighted for firms advancing towards technological
transformation. In the fourth agenda, a moderated mediation model is presented, while
also describing the constructs and hypotheses developed. Further, the proposed model
ideates regulatory support as a mediator and ED as a contextual factor, so as to explore
the impact of challenges and opportunities on DTE implementation. In all, the study
presents nine propositions to the research world, guiding towards DTE implementation.

Future research work can be aimed at testing of the proposed hypotheses, which
would add statistical significance. Further, due to limited work in the extant literature
and demand from researchers [32] [33] [34], subsequent research investigation could
be directed to find the influence of DTE implementation on sustainability dimensions
and its impact on the manufacturing performance of the SMEs.

References

[1] Jimeno-Morenilla A, Azariadis P, Molina-Carmona R, Kyratzi S, Moulianitis V. Technology
enablers for the implementation of Industry 4.0 to traditional manufacturing sectors: A review.
Comput Ind. 2021;125:103390.

2] Jung WK, Kim DR, Lee H, Lee TH, Yang I, Youn BD, et al. Appropriate Smart Factory for SMEs:
Concept, Application and Perspective. Int J Precis Eng Manuf. 2021;22(1):201-15.

[3] Pech M. applied sciences Classification of Small- and Medium-Sized Enterprises Based on the
Level of Industry. 2020;

[4] Horvéath D, Szabd RZ. Driving forces and barriers of Industry 4.0: Do multinational and small and
medium-sized companies have equal opportunities? Technol Forecast Soc Change.
2019;146(March):119-32.

[5] Masood T, Sonntag P. Industry 4.0: Adoption challenges and benefits for SMEs. Comput Ind.
2020;121:103261.

[6] Miiller JM, Kiel D, Voigt KI. What drives the implementation of Industry 4.0? The role of
opportunities and challenges in the context of sustainability. Sustain. 2018;10(1).

[7] Seving A, Giir §, Eren T. Analysis of the difficulties of SMEs in industry 4.0 applications by
analytical hierarchy process and analytical network process. Processes. 2018;6(12).

[8] Cugno M, Castagnoli R, Biichi G. Openness to Industry 4.0 and performance: The impact of barriers
and incentives. Technol Forecast Soc Change. 2021 Jul 1;168:120756.

[9] Kumar R, Singh RK, Dwivedi YK. Application of industry 4.0 technologies in SMEs for ethical and
sustainable operations: Analysis of challenges. J Clean Prod. 2020 Dec 1;275:124063.



[10]
[11]
[12]
[13]
[14]
[15]
[16]

[17]

[18]

[19]
[20]
[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]

D. Ranka and H. Vasudevan / Challenges and Opportunities in the Implementation of DTE 519

Ghobakhloo M, Ching NT. Adoption of digital technologies of smart manufacturing in SMEs. J Ind
Inf Integr. 2019;16:100107.

Raj A, Dwivedi G, Sharma A, Lopes de Sousa Jabbour AB, Rajak S. Barriers to the adoption of
industry 4.0 technologies in the manufacturing sector: An inter-country comparative perspective. Int
J Prod Econ. 2020;224(August 2019):107546.

Leon-Garcia OA, Bermudez-Segura MY. Barriers and driving forces for the implementation of
Industry 4.0 in organizations: a state of the art. Rev Investig Desarro e Innovacion. 2021;11(3):451—
66.

Li Y, Dai J, Cui L. The impact of digital technologies on economic and environmental performance
in the context of industry 4.0: A moderated mediation model. Int J Prod Econ. 2020 Nov
1;229:107777.

Nooteboom B. Innovation and Diffusion in Small Firms : Theory and Evidence. 2014;6(5):327—47.
Onu P, Mbohwa C. Industry 4.0 opportunities in manufacturing SMEs: Sustainability outlook. Mater
Today Proc. 2021;44:1925-30.

Miiller JM, Buliga O, Voigt KI. Fortune favors the prepared: How SMEs approach business model
innovations in Industry 4.0. Technol Forecast Soc Change. 2018;132(January):2—17.

Maroufkhani P, Wan Ismail WK, Ghobakhloo M. Big data analytics adoption model for small and
medium enterprises. J Sci Technol Policy Manag. 2020;11(2):171-201.

Raut R, Priyadarshinee P, Jha M, Gardas BB, Kamble S. Modeling the implementation barriers of
cloud computing adoption: An interpretive structural modeling. Benchmarking. 2018;25(8):2760—
82.

Prause M. Challenges of Industry 4.0 technology adoption for SMEs: The case of Japan. Sustain.
2019;11(20).

Miiller JM, Voigt KI. INDUSTRY 4.0 - INTEGRATION STRATEGIES FOR SMALL AND
MEDIUM-SIZED ENTERPRISES. 2017;(May):1-18.

Kumar G, Bakshi A, Khandelwal A, Panchal A, Soni U. Analyzing Industry4.0 Implementation
Barriers in Indian SMEs. J Ind Integr Manag. 2021;6(2):1-17.

Moktadir MA, Ali SM, Kusi-Sarpong S, Shaikh MAA. Assessing challenges for implementing
Industry 4.0: Implications for process safety and environmental protection. Process Saf Environ
Prot. 2018;117:730-41.

Wankhede VA, Vinodh S. Analysis of Industry 4.0 challenges using best worst method: A case
study. Comput Ind Eng. 2021;159(October 2020):107487.

Kumar P, Bhamu J, Sangwan KS. Analysis of Barriers to Industry 4.0 adoption in Manufacturing
Organizations: An ISM Approach. Procedia CIRP. 2021;98:85-90.

Weyer S, Schmitt M, Ohmer M, Gorecky D. Towards industry 4.0 - Standardization as the crucial
challenge for highly modular, multi-vendor production systems. IFAC-PapersOnLine.
2015;28(3):579-84.

Dalenogare LS, Benitez GB, Ayala NF, Frank AG. The expected contribution of Industry 4.0
technologies for industrial performance. Int J Prod Econ. 2018;204(December 2017):383-94.
Calabrese A, Levialdi Ghiron N, Tiburzi L. ‘Evolutions’ and ‘revolutions’ in manufacturers’
implementation of industry 4.0: a literature review, a multiple case study, and a conceptual
framework. Prod Plan Control. 2021;32(3):213-27.

Agostini L, Filippini R. Organizational and managerial challenges in the path toward Industry 4.0.
Eur J Innov Manag. 2019;22(3):406-21.

Kiel D, Arnold C, Voigt KI. The influence of the Industrial Internet of Things on business models of
established manufacturing companies — A business level perspective. Technovation.
2017;68(September):4-19.

Azadegan A, Patel PC, Zangoueinezhad A, Linderman K. The effect of environmental complexity
and environmental dynamism on lean practices. ] Oper Manag. 2013;31(4):193-212.

Chan HK, Yee RWY, Dai J, Lim MK. The moderating effect of environmental dynamism on green
product innovation and performance. Int J Prod Econ. 2016;181:384-91.

Khan IS, Ahmad MO, Majava J. Industry 4.0 and sustainable development: A systematic mapping
of triple bottom line, Circular Economy and Sustainable Business Models perspectives. J Clean
Prod. 2021;297:126655.

Esses D, Csete MS, Németh B. Sustainability and digital transformation in the visegrad group of
central european countries. Sustain. 2021;13(11).

Yadav G, Kumar A, Luthra S, Garza-Reyes JA, Kumar V, Batista L. A framework to achieve
sustainability in manufacturing organisations of developing economies using industry 4.0
technologies’ enablers. Comput Ind. 2020 Nov 1;122:103280.



