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Abstract
Purpose – In recent times, digital transformation (DT) has witnessed a surge in popularity, not only
within large enterprises (LEs) but also among small and medium-sized enterprises (SMEs). Various
sectors, including manufacturing, have shown a keen interest in embracing DT for their operational and
supply chain needs. Beyond delivering benefits such as improved product quality, revenue growth,
enhanced customer service and heightened safety measures, DT offers a range of advantages, including
heightened productivity, risk mitigation and environmental protection. However, in developing countries
like India, manufacturing SMEs encounter significant challenges when attempting to embrace DT.
Therefore, this study aims to identify and model the obstacles that impede DT adoption within the context
of Indian manufacturing SMEs.
Design/methodology/approach – The literature review was used to pinpoint the barriers to adopting
DT. Subsequently, these identified barriers underwent validation within the specific context of Indian
manufacturing SMEs through the assessment of an expert team. The expert team proceeded to model these
barriers using the interpretive structural modeling approach.
Findings – This study shows that high investment, return on investment and multiskilled workforces are
the most crucial barriers to DT adoption. The proposed study aids policy and decision-makers in identifying
the connections and dependencies between the barriers.
Originality/value – It provides a guideline for practitioners to deal with DT adoption barriers in the
Indianmanufacturing SMEs.

Keywords Digital transformation, Manufacturing, SMEs, Barriers,
Interpretive structural modelling, Industry 4.0

Paper type Research paper

1. Introduction
Small and medium-sized enterprises (SMEs) are known as significant participants in
extensive supply chain networks of various sectors (Busto Parra et al., 2022). In the
manufacturing sector, SMEs are required to produce products with better quality, flexibility
and variation, as well as quicker deliveries and lesser costs due to increased competition and
narrow profit margins (Rad et al., 2022; Shukla and Shankar, 2022). Unfortunately,
manufacturing SMEs experience poor organizational performance because of low
productivity, poor quality, larger lead times for product development and high inventories
(Ali and Aboelmaged, 2022; Tripathi and Gupta, 2021a). The adoption of digital
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transformation (DT) could play a noteworthy role in solving the issues and gaining a
competitive advantage (Rocha et al., 2023; Tieng et al., 2022).

Manufacturing SMEs are keen on DT for their operations and supply chains (Austin,
1994; Kevin Tseng and Johnsen, 2011). Along with better products, revenue growth,
improved customer service and increased safety, DT has various benefits such as enhancing
output, lowering risks and safeguarding the environment (Khan et al., 2023a; Pfaff et al.,
2023; Wang and Shang, 2023). However, developed countries have adopted DT but
developing countries like India are still facing numerous hurdles to adopting DT. DT has
been applied sparingly too SMEs thus far (Kumar et al., 2023a). The suitability of DT for
Indian manufacturing SMEs is called into question given its limited application. This article
aims to respond to that query.

Indian manufacturing SMEs are making efforts to implement DT in their businesses,
but they are facing numerous hurdles while adopting DT (Kumar et al., 2022). With the
advancement of internet-based technologies, the risk of security breaches has become a
major issue (Culot et al., 2019; Hajda et al., 2021). In SMEs, the workforce does not have
sufficient knowledge about the DT which may lead to failure in the implementation of
DT (Demirkesen and Tezel, 2021; Jankowska et al., 2023). To overcome this barrier,
training and skill development programs for their untrained personnel are crucial and
required additional funding (Aranda Jim�enez et al., 2022; Chen and Su, 2023;
Dobrosotskiy et al., 2019; Kumar et al., 2022). Even after providing training to workers,
there could be possibility that workers could not adopt DT because of various reasons.
This situation can be called as resistance to change. (Demirkesen and Tezel, 2021;
Tripathi and Gupta, 2021a). Additional investment is also required if a company wants
to hire talented personnel. Another hindrance may be because of uncertainty about
return on investment (ROI) for DT (Bakhtari et al., 2021; Ronaghi, 2022; Sundarakani
et al., 2021). In addition, the heterogeneity of information makes DT implementation
difficult (Raj et al., 2020).

Several studies have provided various barriers to DT (Ajmera and Jain, 2019; Joseph
Jerome et al., 2022; Raj et al., 2020), but studies that have provided barriers to DT in Indian
manufacturing SMEs context are scant. Therefore, the current study aims to explore the
various barriers to adopting DT. Section 2 throws light on the existing literature on SMEs,
DT and the challenges to adopting DT. Section 3 shows research methodology, in Section 4,
results are provided, Section 5 comprises discussion with implications and Section 6 shows
conclusion, limitations and future research direction.

2. Theoretical background
SMEs play a paramount role, exclusively in the developing economy like India. It can also be
seen as a remarkably appealing and creative system that provides support to larger
companies in some areas of operations where they are better able to supply. The
contribution of SMEs to social stability, economic growth and job creation is also significant
(ALshubiri et al., 2023; Kumar et al., 2017; Kumar et al., 2023b; Raj et al., 2020). SMEs are
often more efficient at emerging tasks such as the supply of unprocessed materials and
delivering finished goods (Kumar et al., 2020).

The implementation of DT within SMEs holds significant importance in terms of
generating competitive advantages and bolstering national economies. Historically, a
nation’s economic progress has been closely linked to the development and expansion of its
manufacturing sectors (Ahmad and Schreyer, 2016). Specifically, within manufacturing, DT
has the potential to benefit SMEs by enhancing production efficiency, reducing operational
expenses, elevating product quality and fostering innovation in the creation of new products
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(Doh and Kim, 2014; Kusiak, 2018; Parida et al., 2021; Zhang et al., 2023). By reducing time-
consuming tasks through automation, IoTs offers a competitive advantage, enabling
businesses to use innovative technology and continuously improve their processes (Aamer
et al., 2023; De La Vega Hern�andez and Di�az Amorin, 2023; Müller et al., 2018). Industrial
businesses primarily use DT to self-monitor operations and production processes (Bag et al.,
2020). Although large corporations have implemented DT, SMEs are still facing difficulties
to adopt DT, particularly from the production, logistics, managerial and administrative
perspectives (Modrak et al., 2019; Sachdeva et al., 2021). DT adoption is problematic for
SMEs because their priorities may differ from those of large enterprises (Les), they are more
concerned with immediate benefits and costs and some of them lack prior knowledge or
experience (Masood and Sonntag, 2020).

Jung and Jin (2018) studied the adoption of DT, taking three SMEs in South Korea as a
case study. These three SMEs were not reluctant to adopt DT because of shortage of funds.
Even though they are very interested in creating low-level implementations, they face
significant challenges in scaling these implementations due to limited resources and
expertise. More research is being conducted on the technological implementation of DT, and
the majority of case studies show obstacles to SME acknowledgment due to a number of
technical issues (Contreras P�erez et al., 2018; Nimawat and Gidwani, 2021). Orzes et al. (2018)
attempted to empirically identify the most current hurdles in DT adoption with the help of a
group study of 37 SMEs in several countries. Six challenges were identified by the proposed
study. These barriers were technical, economic, cultural, financial, legal, implementation
processes and competence and resources. Masood and Sonntag (2020) mentioned that
limitation of financial resources, knowledge resources and technology awareness are key
barriers to DT adoption in SMEs context. Establishing clear and authoritative segments is
essential to achieve the seamless coordination needed for DT. This type of hurdle becomes
more pronounced when multiple organizations within the value chain seek to integrate.
Greater connectivity, including complex connections among various companies in the value
chain, raises concerns regarding the privacy implications of sharing data with partner
channels (Geissbauer et al., 2014). When several businesses along the value chain need
integration partners in addition, the difficulty in the adoption of DT is increased (Raj et al.,
2020).

The team needed to carry out DTmainly consists of data analysts, data scientists, skilled
coders familiar with data and experts in specific subjects. However, there’s a scarcity of
these talents in today’s job market and hiring them can be expensive. This puts businesses
in competition with major online companies for top-notch professionals (Melaka Malaysia
and Ahmed, 2020; Geissbauer et al., 2014). Buer et al. (2018), noted that high implementation
costs have been a significant barrier to adopting DT. Rajput and Singh (2019) emphasized
that addressing issues related to semantic interoperability and the digitization process is
crucial for effective implementation and should be carefully considered. Consistency,
culmination, exactness and excess are four perspectives on information (Chen et al., 2014;
Dutta et al., 2020). In the age of widely recognized big data, where businesses are heavily
interconnected, a massive amount of diverse and complex information is generated. This
makes it difficult to determine the accuracy and completeness of this information, raising
the risk of incorrect findings (Dutta et al., 2020). A hindrance to DT is a workforce that is
resistant to embracing new technologies and innovations. This workforce opposes the
introduction of new practices and procedures (Haddud et al., 2017).

Breunig et al. (2016) talked about businesses being concerned about digital security and
the risk of their data being compromised by external software and service providers.
According to Raj et al. (2020), highly interconnected systems offer hackers greater
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opportunities for attacks, making companies more worried about exchanging information with
service providers and external software. In a study by Buntz (2016), it was found that 33% of
respondents in Penton’s survey identified the absence of a framework as a challenge when
dealing with IoT. The survey also revealed that numerous companies are currently collaborating
instead of competing when it comes to the essential framework development needed for DT.
Maintaining consistent and accurate information can be a significant challenge when data
constantly changes among different colleagues, especially in the context of increased business
connectivity brought about by DT (Khan et al., 2014). According to Geissbauer et al. (2014), one of
the foremost hindrances to DT adoption is the presence of underqualified employees because
organizations are becoming more reliant on data and need a skilled workforce. Xia et al. (2023)
revealed that labour cost is acting as a barrier in cotton industries of China. Arroyabe et al. (2024)
mentioned that European small and medium-sized manufacturing businesses encounter
challenges when trying to embrace DT. These challenges can arise from within the organization,
like a shortage of funds, knowledge or internal resistance. External factors, such as uncertainties
in the environment and regulatory gaps, can also contribute to these difficulties. Lack of
familiarity with technology, high costs, absence of regulations, technological challenges and
scalability issues are significant barriers that have a strong impact (Vern et al., 2023).

Most of the studies were focused on barriers to adoption of DT in developing and
developed countries and fewer studies were focused on SMEs. The proposed study aims to
fill this research gap and provide contextual relationship among the DT adoption barriers to
Indian manufacturing SMEs.

3. Research methodology
Current study aims to identify DT adoption barriers in the Indian manufacturing SMEs and
create a model for these barriers. This modelling process elucidates the connections among
these barriers. The methodology used for proposed study is depicted in Figure 1. First,
existing literature was reviewed to find the barriers. Several databases for instance
ScienceDirect, Emerald, Wiley, Taylor & Francis and Springer were used to identify
relevant literature sources. A barrier list was prepared with the help of existing literature.
To validate these barriers within the specific context of Indian manufacturing SMEs, an
expert team comprising five members was formed (see Table 1). Here it was assumed in this
study that the expert team has sufficient experience and could have significant insights on
adoption of DT. Expert’s opinions are generalized, and insights of the study could be applied
to whole Indian manufacturing SMEs.

Figure 1.
Research
methodology

Set up contextual rela�onship (Xij)
between barriers (i and j)

Prepare Structural Self-
Interac�ve Matrix (SSIM)

Develop reachability
matrix (RM).

Level par��on of the reachability
matrix

Develop ISM model of the 
barriers in adop�on of DT.

MICMAC analysis

Review the literature to iden�fy DT
barriers. List the DT Barriers. Interview with expert team.

Source: Authors own work

JSTPM



The identified barriers were discussed with experts in the form of an interview for
validation purposes. The expert team was interviewed through MS Teams. The length of
the interview was around 2 h. In the discussion, it was found that the barriers are
interrelated to each other and therefore interpretive structural modeling (ISM) was used to
deal with interdependent factors. ISM stands as a proven method for advancing theories,
aiding researchers in recognizing and confirming connections among distinct elements that
jointly characterize a system. This system could pertain to a specific problem, issue or
phenomenon. ISM stands out in crafting visual depictions of intricate systems and
transforming ambiguous and loosely expressed mental concepts into organized and
significant hierarchical models (Ching et al., 2022). Dealing with complex systems can be
difficult because they involve numerous interrelated aspects. We require a system that can
recognize and rank these elements to simplify the process. This issue can be resolved using
the ISM approach. It is a method of decision-making that builds a model of all the variables
that affect a system. This model explains the relationships between the most significant
components and their relative complexity.

Ravi and Shankar (2005) used ISM approach to find interaction among 11 identified
reverse logistics barriers. Yadav et al. (2019) used ISM tool to model the interrelationship
among lean barriers in SMEs context. The ISM approach is not thoroughly explained in this
work because such information is already available in the literature (Agrawal et al., 2019;
Ravi and Shankar, 2005; Yadav et al., 2019).

ISM proves to be a valuable tool for comprehending the interconnections among the
identified barriers to DT in SMEs. The ISM model is constructed through a series of steps,
as outlined below:

� Step 1 – It involves identifying the variables that exert an influence on the system
under study.

� Step 2 – Next, structural self-interactive matrix (SSIM) is formed by selecting
contextual relationships that illustrate the interdependence between all potential
pairs of elements.

� Step 3- The reachability matrix (RM) is then generated using the SSIM and is put
through transitivity testing. The essential tenet of ISM is that contextual interactions
are transitive. This indicates that Xmust be related to Z if variable X is related to Y and
Y is related to Z.

� Step 4 – MICMAC analysis is applied to categorize variables according to their
dependent and driving power.

� Step 5 – Levels are assigned to RM obtained in Step 4.

Table 1.
Details of the expert

team

S.N. Designation Experience (in years) Field

1 Professor 15 Production and operations management
2 Professor 20 Product development and small business

management
3 Supply chain manager 12 FMCG
4 Production manager 13 Automobile
5 Product development

managers
15 Manufacturing

Source:Authors’ own work
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� Step 6 – The connections found in RM are used to construct a directed graph or ISM
model, and transitive links are removed.

� Step 7 – For any conceptual consistency gaps, the ISM model developed in Step 6 is
carefully examined and any necessary corrections are performed.

The results stemming from the ISM analysis are presented and discussed in the subsequent
section.

4. Results
Through literature review, eight barriers to adopting DT were identified and then validated
by the expert team. ISM tool was used to model the barriers by the opinion of the expert
team. The results of ISM are presented step by step below:

4.1 Identification of barriers
Eight barriers to DT adoption were identified by the literature review. These barriers were
validated by the expert team in Indian manufacturing SMEs (see Table 2).

4.2 Contextual relationship
Based on expert interviews the contextual relationship (Xij) between barriers (i and j) are
created (Barve et al., 2007).

4.3 SSIM for barriers
SSIM is prepared by contextual relationships as shown in Table 3. In this, the relation (Xij)
between barriers (i and j) is denoted by four symbols “V,” “A,” “X” and “O” and these
symbols are used when “i” leads to “j,” “j” leads to “i,” “i” and “j” leads each other and “i” and
“j” are not related to each other, respectively. For example, there is no interrelationship
between B1 (High investment) and B8 (Resistance to change), therefore in first cell of first
row and column, “O” is filled in the SSIM.

4.4 RM
RM is created by replacing “V,” “A,” “X” and “O” by “1” and “0” as per following
substitution rule as shown in Table 4:

For input “V,” (i, j) and (j, i) become 1 and 0, respectively.
Similarly, for input “A,” (i, j) and (j, i) become 0 and 1, respectively.
For input “X,” both (i, j) and (j, i) become 1.
And for input “O,” both (i, j) and (j, i) become 0.

The final RM is then created from the initial RM using the transitivity principle, as shown in
Table 5. According to this principle if A leads to B and B leads to C then Awill lead to C.

4.5 Level partitioning
The structure of RM consists of tiers each containing a reachability set and an antecedent
set, for every barrier. The reachability set for each barrier includes not the barrier itself but
any additional barriers that contribute to its achievement. Similarly, the antecedent set
includes the barriers in question and any others that help in their completion. The
intersection set for each barrier is determined by identifying the barriers between the
reachability and antecedent sets. At the level the barrier is positioned with the collection of
reachability and intersection elements. Consequently, when a barrier reaches an intersection
set first it moves to the level of hierarchy called Level 1. Once a barrier reaches this level it is
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Table 2.
Identified barriers

S. no. Barriers Brief explanation References

1 High investment
(B1)

Significant funds are required for DT
adoption. Funds may be for
infrastructure, providing training and
awareness programs, hiring
multiskilled employees, etc

(Breunig et al., 2016; Buer et al.,
2018; Geissbauer et al., 2014; Kache
and Seuring, 2017; Kamble et al.,
2018; Oesterreich and Teuteberg,
2016; Raj et al., 2020; Xia et al.,
2023)

2 Return on
investment (B2)

Usefulness gains and financial
advantages of mechanical execution are
muddled because of divided execution
across the worth chain

(Alraja et al., 2023; Kamble et al.,
2018; Oesterreich and Teuteberg,
2016; Raj et al., 2020)

3 Risk of security
breaches (B3)

Information exchange among value
chain partners may lead to the loss of
private data

(Breunig et al., 2016; Buer et al.,
2018; Geissbauer et al., 2014;
Kamble et al., 2018; Lee and Lee,
2015; Oesterreich and Teuteberg,
2016; Petrillo et al., 2018; Raj et al.,
2020; Xu et al., 2018)

4 Standard
infrastructure
(B4)

A wide-ranging broadband digital
infrastructure is required

(Buntz, 2016; Kamble et al., 2018;
Raj et al., 2020; Xu et al., 2018)

5 Value-chain
integration (B5)

When several value stream components
require integration, the difficulty is
increased

(Breunig et al., 2016; Buer et al.,
2018; Geissbauer et al., 2014;
Kamble et al., 2018; Petrillo et al.,
2018; Raj et al., 2020; Surucu-Balci
et al., 2024; Xu et al., 2018)

6 Data
management (B6)

The complex nature of heterogeneous
data is responsible for data accuracy

(Buer et al., 2018; Z. K. Chen et al.,
2014; Haddud et al., 2017; N. Khan
et al., 2014; Raj et al., 2020; Xu et al.,
2018)

7 Multiskilled
workforce (B7)

Multiskilled employees are required in
DT adoption as they can change overall
system performance

(Breunig et al., 2016; Falco and
Kleinhans, 2018; Geissbauer et al.,
2014; Kamble et al., 2018)

8 Resistance to
change (B8)

Employees that are using traditional
ways/ processes or technology may not
accept DT

(Haddud et al., 2017; Raj et al.,
2020)

Source:Authors’ own work

Table 3.
Structural self-

interactive matrix

Barriers B8 B7 B6 B5 B4 B3 B2 B1

High investment (B1) O V V V V V O
Return on investment (B2) O V V V V V
Risk of security breaches (B3) O A A A A
Standard infrastructure (B4) A A V V
Value-chain integration (B5) A A V
Data management (B6) O A
Multiskilled workforce (B7) V
Resistance to change (B8)

Source:Authors’ own work
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removed from levels after partitioning. Subsequently, a similar process is followed to
determine the level of each barrier as described in Kannan and Haq (2007). The partitioning
of levels for a total of eight barriers, with seven levels can be found in Table 6.

4.6 Digraph (interpretive structural modeling model)
The hierarchical model is generated based on the ultimate partition level (Table 6), and its
representation is depicted in Figure 2. This model takes the form of a hierarchical structure,

Table 4.
Reachability matrix

Barriers B1 B2 B3 B4 B5 B6 B7 B8 Driving power

B1 1 0 1 1 1 1 1 0 6
B2 0 1 1 1 1 1 1 0 6
B3 0 0 1 0 0 0 0 0 1
B4 0 0 1 1 1 1 0 0 4
B5 0 0 1 0 1 1 0 0 3
B6 0 0 1 0 0 1 0 0 2
B7 0 0 1 1 1 1 1 1 6
B8 0 0 0 1 1 0 0 1 3
Dependence power 1 1 7 5 6 6 3 2

Source:Authors’ own work

Table 5.
Final reachability
matrix

Barriers B1 B2 B3 B4 B5 B6 B7 B8 Driving power

B1 1 0 1 1 1 1 1 1* 7
B2 0 1 1 1 1 1 1 1* 7
B3 0 0 1 0 0 0 0 0 1
B4 0 0 1 1 1 1 0 0 4
B5 0 0 1 0 1 1 0 0 3
B6 0 0 1 0 0 1 0 0 2
B7 0 0 1 1 1 1 1 1 6
B8 0 0 1* 1 1 1* 0 1 5
Dependence power 1 1 8 5 6 7 3 4

Source:Authors’ own work

Table 6.
Level partition of the
final reachability
matrix

Barriers Reachability Antecedent Intersection Level

B1 1, 3, 4, 5, 6, 7, 8 1 1 7
B2 2, 3, 4, 5, 6, 7, 8 2 2 7
B3 3 1, 2, 3, 4, 5, 6, 7, 8 3 1
B4 3, 4, 5, 6 1, 2, 4, 7, 8 4 4
B5 3, 5, 6 1, 2, 4, 5, 7, 8 5 3
B6 3, 6 1, 2, 4, 5, 6, 7, 8 6 2
B7 3, 4, 5, 6, 7, 8 1, 2, 7 7 6
B8 3, 4, 5, 6, 8 1, 2, 7, 8 8 5

Source:Authors own work
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illustrating the interrelationships among various factors at different levels of
interdependence. At the highest tier of the ISM-based model, we find Level I barriers,
followed by Level II factors in the next tier and so forth, ultimately culminating with Level
VI barriers at the lowest level. Each level of barriers serves to facilitate the completion of the
barriers situated above them. The arrangement of these barriers in the ISM-based model
offers valuable insights into their impact on the adoption of DT.

The MICMAC principle relies on the matrix multiplication properties. In this context,
MICMAC analysis was applied to delve deeper into identifying the primary barriers that
must be addressed initially when embracing DT. This study identified four distinct
categories of barriers: autonomous, dominated/dependent, relay/linkage and independent
barriers (see Figure 3) (Shukla and Shankar, 2022; Yadav et al., 2019). Table 5 contains the
estimated dependent and driving powers for each barrier:

(1) Autonomous (Zone I) – Barriers situated within this zone exhibit minimal interdependence
and influence. They do not exert a substantial effect on the overall system. According to
Figure 3, there are no barriers categorized within the autonomous zone. This signifies that
every barrier exerts some level of influence on the adoption of DT.

(2) Dependent (Zone II) – The dependent zone encompasses barriers characterized by
low driving force and high dependence on other independent barriers. Within this
category, we find barriers such as security risk (B3), data management (B6) and
value chain integration (B5). These barriers are influenced by the actions or
conditions of other independent barriers. These results are align with results of
several studies (Ajmera and Jain, 2019; Joseph Jerome et al., 2022)

(3) Linkage (Zone III) – The linkage zone encompasses barriers with significant
driving power and dependence. Within this category, we find resistance to change
(B8) and standard infrastructure (B4). These barriers are both influential in driving
the system and are influenced by other factors, placing them in the linkage zone.
These results are align with the study of (Joseph Jerome et al., 2022) which was
focused on challenges to DT in procurement process.

(4) Driver/independent (Zone IV) – This zone has high driving and low dependency
power barriers. High investment (B1), return on investment (B2) and multiskilled

Figure 2.
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workforce (B7) are included in this zone. The study of (Majumdar et al., 2021)
contradicts our results. His study concluded that both barriers (B2) and (B1) lies in
dependent zone. The reason could be that our study has focused on Indian
manufacturing SMEs, but his study was focused on textile and clothing industries.

5. Discussion and implications
The several obstacles to adoption of DT in Indian manufacturing SMEs have been explored in
this article. In addition, using ISM tool, the interdependence of these barriers is examined
and the hierarchical model for barriers is developed. The barriers, “High Investment” (B1) and
“Return on Investment” (B2), which have lowest dependence and the highest driving power and
are evidently the major barriers to the adoption of DT (see Figure 2). According to Sharma et al.
(2023), high investment and return on investment are crucial barriers to DT adoption. A study
of Joseph Jerome et al. (2022) also mentioned that these barriers have high impact on supply
chain in manufacturing firms. In addition, this study also categorized these barriers (B1 and
B2) into independent zone. Goswami and Daultani (2022) also revealed in his study that ROI is
common issue in adoption of DT. According to experts’ opinions, Indian SMEs fear of ROI as
the initial investment is high. Investing in new technologies, systems, infrastructure and
training can be challenging for many Indian SMEs due to high initial costs. This is particularly
difficult for them because they have smaller IT teams that handle multiple responsibilities,
making it hard to find time for researching, implementing and supporting DT projects.
Ultimately, the limited access to capital hinders the advancement of digital initiatives. These
barriers primarily affect the “Multiskilled Workforce” (B7). Khan et al. (2023b) highlighted that
lack of technically skilled workforce is influencing and key barrier to DT. In the study of
Ajmera and Jain (2019), barrier “Multiskilled Workforce” (B7) also lied in independent zone.
This study was focused on adoption of DT in health-care industries. In our study, “B7” also lies
in independent zone. That mean, this barrier is crucial in several sectors. Therefore, it could be
taken on priority while solving various challenges. A workforce with a variety of skills (B7) has
a strong driving force and a moderate dependence power. Figure 3 further supports the idea

Figure 3.
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that a multiskilled workforce is a significant obstacle to the adoption of DT (Zone IV). Experts
told that in Indian manufacturing SMEs, investing in new technologies, systems, infrastructure
and Trai Industries frequently face challenges in recruiting and retaining employees with
digital skills. In addition, there are limited chances to train existing staff in new technologies.
This skills gap can make it difficult for SMEs to adopt DT strategies and fully benefit from
emerging technologies. “Standard Infrastructure” (B4) and “Resistance to Change” (B8) are also
crucial obstacles to the adoption of DT, and according to Figure 3, both have significant
dependence and driving power. It is evident from the blank autonomous zone (blank) and ISM
analysis that each acknowledged barrier has a significant impact on the adoption process. Few
studies also stated that limited infrastructure facilities are hindering the adoption of DT in
SMEs (Goel et al., 2022; Jain and Ajmera, 2022). The expert team mentioned that Indian
manufacturing SMEs usually lack access to the advanced digital tools that big companies use
to streamline processes. Their restricted budgets make it challenging to acquire, integrate and
oversee new software, hardware and technologies. Competing with limited funds can be
perplexing. Without the appropriate tools, these businesses face obstacles in digitizing
workflows, gathering and analyzing customer data and automating repetitive tasks. This
struggle hampers their ability to stay current with the rapid digital changes and innovations in
their industries, consuming valuable time, energy and resources. Top management could
provide technical sessions to boost their digital skill to reduce the risk of resistance to change.
“Data Management” (B6), “Value Chain Integration” (B5) and “Risk of Security Breaches” (B3)
are examples of barriers with low driving and high dependence power that may be driven by
any decision made on barriers falling under the independent and linkage zone. According to
experts, to overcome barrier B3 and B5, Indian manufacturing SMEs could provide training
program to employees to enhance their digital data management skills and could use cloud-
based solutions for accessible data management and value chain integration. Furthermore,
expert team provided their opinion on barrier B3 that in the digital realm, cybersecurity risks
are an unavoidable challenge for Indian manufacturing SMEs. As these businesses embrace
more technology and shift operations online, their exposure to cyber threats increases. Due to
limited resources, SMEs often struggle to invest in strong security systems and protocols. A
cyberattack has the potential to severely impact their operations, finances and reputation. It is
correct to note that small businesses typically lack the resources available to larger companies.
The dependence and driving powers of the key barriers provide a number of insightful
conclusions about their relative importance according to the MICMAC analysis, which
emphasizes the connections between these barriers. As the current study was focused on
Indian manufacturing SMEs, the identified barriers could be common in other developing
countries.

SMEs may face economic challenges to high investment in DT. Inadequate funds for DT,
e.g. “Multiskilled Workforce,” “Standard Infrastructure” and “Data Management,” affect the
implementation in the SME context (Kamble et al., 2018). Awareness programs and training
workshops should be provided to the current workforce so that they can understand the
benefits of DT and adopt it in an effective manner. This may eliminate the “Resistance to
Change” and “Multiskilled Workforce” barriers to the adoption of DT. But training and
awareness program requires significant funds. By providing facilities to the current
workforce like “Standard Infrastructure,” industries can expect a good ROI.

5.1 Implications
The study’s findings have unveiled eight crucial obstacles to the adoption of DT within the
context of Indian manufacturing SMEs. The used framework proves to be valuable as it
elucidates the intricate relationships among these barriers. This, in turn, empowers
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practitioners to formulate effective frameworks and strategies for embracing DT based on
the novel insights derived from the study. These barriers can be categorized into two
distinct groups through empirical analysis: the influential group and the dependent group. It
is imperative for policymakers to accord immediate attention to the obstacles categorized as
influential because they possess the potential to exert a substantial impact on the successful
implementation of DT. Notably, according to the MICMAC analysis, “’High Investment,”
“Multiskilled Workforce” and “Return on Investment” all fall under the influential factors,
thus serving as primary contributors to the dependent barriers. To mitigate the impact of
the dependent barriers, practitioners should ensure that they have control over the
mechanisms for addressing the influential barriers. This proactive approach will enable
practitioners to curtail systemic inconsistencies effectively. Collaboration among
stakeholders is pivotal in establishing a robust framework and devising concerted strategies
to address the challenges associated with DT adoption. Furthermore, the insights gleaned
from this research model’s findings can assist practitioners in crafting adaptable decision-
making plans for the implementation of DT.

The current study also provides social implications. The adoption of DT depends
critically on the focus on creating a highly skilled labor force. This strategy promotes social
empowerment by increasing economic competitiveness and opening doors for professional
and personal development. The development of SMEs in the digital economy is vital, as they
are acknowledged as the foundation of economies. SMEs can serve as channels for the
transfer of technology and the development of skills, which can greatly boost the economy
and create jobs.

6. Conclusion and limitations
SMEs in manufacturing sectors face competition and the need to enhance their quality, flexibility
and cost efficiency. They encounter challenges such as productivity and subpar quality. To
tackle these issues and gain, DT offers a solution. While DT brings benefits like productivity,
reduced risks and environmental sustainability, it is mainly implemented by developed countries.
In India, LEs have adopted DT but the adoption of DT is limited to manufacturing SMEs. The
current study delves into the applicability of DT for Indianmanufacturing SMEs

With the help of literature review, eight barriers to DT were identified, which are “High
investment,” “Return on investment,” “Risk of security breaches,” “Standard infrastructure,”
“Value-chain integration,” “Data management,” “MultiskilledWorkforce” and “Resistance to
change.” These barriers were validated by an expert team of Indian manufacturing SMEs.
Because the identified barriers were interrelated, this study used the ISM method to assess
these barriers and formulate adaptable, long-term decision-making strategies. The ISM
methodology plays a pivotal role in uncovering the internal dependencies among these
barriers and transforming vague and poorly articulated system models into structured ones.
Given these reasons, the study places a strong emphasis on bridging these gaps. The
barriers to DT implementation exhibit a hierarchical and intricate structure. According to
the research findings, three primary influential barriers emerge: “High Investment,” “Return
on Investment” and “Multiskilled Workforce.” These barriers are of paramount importance,
as they often exert a significant impact on the entire system. In contrast, independent
barriers tend to have a limited ability to influence dependent ones. To grasp the structure
and impact of these barriers, the current ISM-based model, derived from an iterative
approach, proves indispensable. Furthermore, it offers a more coherent representation of the
problem and suggests logical interactions among the barriers, thereby providing valuable
insights for stakeholders and policymakers.
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6.1 Limitations and future direction
Moreover, the implications of this research are beneficial for the Indian manufacturing
SMEs. However, it is important to acknowledge that there are some limitations in the
present work. With only eight barriers related to DT implementation in Indian
manufacturing SMEs, the ISM methodology used here serves as an interrelationship model.
This methodology does have its own constraints, and the model’s effectiveness relies
heavily on the decisions made by the expert panel. Put differently, the fundamental
constraint of this paper is expert opinion, which could be addressed through the Delphi
method, which involves participants reaching a consensus after two or more rounds of idea
exchange. The authors have outlined eight obstacles to DT adoption in manufacturing
SMEs from an Indian perspective. These insights might be faced by other sectors and
nations. As a result, the findings cannot be generalized. The study can be further validated
by empirical evidence and numerous case studies in various circumstances. The results may
also be assessed using additional multi-criteria decision making methodologies, such as
TOPSIS, ANP, DEMATEL, TISM, ELECTRE and VIKOR, among others. DEMATEL
methodology could be used to identify priority ranking of barriers and for categorization
into cause-and-effect groups. To find the studies and compile a list of the main DT adoption
hurdles, the current study searched Emerald, ScienceDirect, Wiley, Taylor & Francis and
Springer. To find more relevant studies to support the current study, more databases could
be included by the researchers. This is because it is likely that certain studies that have an
impact on DT adoption have not been found or considered.
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