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Abstract This study examined the impact of smart manu-
facturing (SM) systems on small and medium enterprises
(SMEs) in the Indian context. For this, we used the theory
of change framework to investigate the intervention and
impact of SM implementation. Through a literature survey,
eight impact aspects were identified with two additional
moderators. In addition, 452 responses from 80 SMEs were
collected, and equation modelling was
employed. The collected data were used to test 22
hypotheses based on the association of the implementation
of the SM system and organisational resilience, industry
ecosystem, innovation, sustainability, supply chain and
urbanisation. It also evaluated the impact of these aspects
on the Growth of Indian economy (GIE), along with ana-
lysing the moderating roles of Government Support and
Enabling Technology. The novelty of this work lies in
providing a comprehensive assessment approach to the
impact of SM system implementation in Indian SMEs. The
study finds that technologies play a significant role in
advancing the Indian economy, with the impacts evaluated
mostly being positive. Negative implications are also dis-
cussed, making this study a valuable resource for govern-
ment officials and policymakers to make informed decisions
by  understanding the potential impacts  post-
implementation.
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Introduction

The term ‘fourth industrial revolution (I4.0)’ refers to the
technological advances that have transformed the manu-
facturing sector, exemplified by the smart manufacturing
(SM) system (Saha et al., 2022; Shukla & Shankar, 2023).
This revolution has enabled industries to predict needs
accurately and identify bottlenecks and errors swiftly,
enhancing innovation and productivity (Shukla & Shankar,
2022a). The SM system also supports industries in
embracing new challenges, adapting to market changes,
and ensuring survival (Hose et al., 2023). Its inherent
flexibility facilitates rapid adaptation to changes in the
industrial environment, particularly in product and process
consistency. Moreover, SM technology has merged the
physical and digital realms (Qi & Tao, 2018). In response,
large Indian manufacturing firms are integrating advanced
technologies to stay competitive, positioning themselves at
the forefront of this digital shift. However, small and
medium enterprises (SMEs) are trailing due to limited
resources and financial constraints, and they remain
uncertain about the potential outcomes of implementing the
SM system. Thus, there is a need to explore the impact of
SM systems from the perspective of SMEs. Impact analysis
in the literature is defined as a critical component of the
business and public management policy cycle (Burdge &
Vanclay, 1996). It includes two primary methods: ‘ex-ante’
and ‘ex-post’ impact assessment. The ‘ex-ante’ method
forecasts the potential effects of a policy or intervention,
aiding managers and policymakers in strategic planning

@ Springer


http://orcid.org/0000-0003-2247-2837
http://crossmark.crossref.org/dialog/?doi=10.1007/s40171-024-00400-4&amp;domain=pdf
https://doi.org/10.1007/s40171-024-00400-4

534 Global Journal of Flexible Systems Management (September 2024) 25(3):533-557

(Tscherning et al., 2008). By contrast, “ex-post” impact
assessment evaluates the actual effects after a policy or
intervention has been implemented (Oliveros-Romero &
Aibinu, 2019). This study employs the “ex-ante” approach
to assess the potential impacts of SM system implemen-
tation on Indian SMEs.

To further understand and measure the impact of SM
implementation in Indian SMEs, this study employs the
theory of change (ToC) framework. The ToC outlines the
organisation’s intended path to impact by detailing the
causal linkages within an initiative. As explained in UNI-
CEF’s methodological briefs (Impact Evaluation No. 2), a
ToC framework explains how activities are understood to
produce a series of results that contribute to achieving the
final intended impacts (Rogers, 2014). This framework
helps to clarify both the benefits and disadvantages of SM
integration. In this study, a general ToC framework is
presented to guide expectations through impact analysis
and outline the standard steps involved in impact assess-
ment (Fig. 1). This figure is divided into main stages of
evaluation: planning, implementation, assessment, and
dissemination. Each stage is further broken down into
assessment phases, which include understanding the cur-
rent status of the SM system, collecting data, and con-
cluding with suggestions and recommendations based on
the outcomes.

The level of digital integration in SMEs is significantly
lower in India than in developed countries. This gap has
been exacerbated by the economic setbacks faced during

the COVID-19 pandemic, emphasising the need for these
businesses to embrace digital transformation. Regarded as
the backbone of the Indian economy, SMEs are seen as a
crucial sector for introducing 14.0 technologies (Sohal
et al.,, 2022). According to the Confederation of Indian
Industry (CII), there are approximately 63.4 million SME
units across the country. These SMEs contribute about
6.11% to the manufacturing GDP and 24.63% to the ser-
vice sector’s GDP for the fiscal year 2020-21 (MYCII,
2023). In addition, these enterprises generate 33.4% of
India’s manufacturing output and maintain a high level of
service provision (MYCII, 2023). They also provide
employment to 120 million people and account for
approximately 45% of India’s total exports (MYCII, 2023).

It is crucial to analyse the impact of new systems and
technologies introduced into SMEs to enhance their pro-
duction capabilities. Implementing systems such as SM is
complex and financially demanding, and SMEs often
cannot afford the risk of failure due to financial constraints.
This study aims to provide SMEs with a comprehensive
understanding of the impact of SM systems by conducting
an ex-ante impact assessment on their implementation in
Indian SMEs. A literature review was conducted to identify
the key areas for impact assessment. The assessment
explores eight potential aspects of SM system implemen-
tation that could affect industries: the implementation
process itself, sustainability, innovation, industry ecosys-
tem, supply chain, organisational resilience, urbanisation,
and the growth of the Indian economy. Moreover, this
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study examines two moderator variables—’enabling tech-
nology (ET)’ and ‘government support (GS)’—to under-
stand their roles in facilitating the implementation of SM
systems, affecting the assessment aspects, and contributing
to economic growth. In this context, the study addresses the
following research questions (RQ):

RQI1: What is the impact of SM system implementation
in Indian SMEs?

Does ‘ET’ play a moderating role in assessing the
impact of SM implementation in Indian SMEs?
Does ‘GS’ play a moderating role in assessing the
impact of SM implementation aspects on the
growth of the Indian economy?

RQ2:

RQ3:

To address the research questions, this study employs
structural equation modelling (SEM) to analyse and vali-
date the impact of SM systems in Indian SMEs across the
identified aspects. This impact assessment approach is
nascent and relies on the expertise of professionals and the
integration of several theoretical frameworks. The model
measures the relationships between independent variables,
dependent variables, and moderator variables both directly
and indirectly.

The remainder of the paper is organised as follows:
Sect. “Background of the Study” provides the background
of the study, detailing the context and significance of the
research. Section “Theoretical base and development of
hypothesis” discusses the development of hypotheses that
guide the analysis. Section “Research Methodology”
describes the research methodology used to gather and
analyse data. Sections “Results” and “Discussion” present
the results and discuss their implications, respectively.
Finally, Sects. “Implications of the Study” and “Conclu-
sion” highlight the broader implications of the findings and
conclude the study.

Background of the Study

The impact of disruptive technologies on manufacturing
systems is significant, marking a shift towards what is now
known as the digitalisation era. This new phase is
enhancing industries’ ability to improve quality, produc-
tivity, flexibility, and mass customisation, all while main-
taining cost-effectiveness and production lead times
(Friederich et al., 2022). SM harnesses 14.0 technologies,
including cyber-physical systems (CPS), big data analytics
(BDA), cloud computing, the Internet of Things (IoT), and
artificial intelligence equipped with real-time operating
systems capable of intuitive self-diagnosis and problem
resolution (Kamble et al., 2020a). These advancements are
crucial for SMEs to remain competitive in the market.
SMEs play a vital role in India’s socio-economic
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development, being the second largest employment-gen-
erating sector after agriculture (Sharma et al.,, 2021).
Similar to their larger counterparts, SMEs are increasingly
adapting to and embracing digitalisation. However, adop-
tion is limited because many SMEs are still unfamiliar with
what SM entails and the potential benefits it offers (Kim,
2022). The COVID-19 pandemic has presented both chal-
lenges and opportunities, redefining the path of digital
transformation across industries. The Indian government’s
‘Udhyam’ initiative, an MSME registration portal, indi-
cates the sector’s significance with registrations of
92,71,743 micro-enterprises, 3,93,165 small enterprises,
and 38,191 medium enterprises (Ministry of MSME,
Government of India, 2023). These data highlight the
extensive role of these enterprises in India’s industrial
production, affirming their status as key drivers of the
nation’s economic growth (Dutta et al., 2020).

The significant impact of 14.0 on manufacturing indus-
tries worldwide is well-documented in the existing litera-
ture. Within this global context, the implementation of SM
systems is increasingly viewed as a pivotal future devel-
opment for Indian SMEs. Recently, there has been a rising
demand for low-cost products of acceptable quality in the
global market (Mittal et al., 2012). In response, the Indian
government and industry professionals are making con-
certed efforts to promote the adoption of SM technologies
in economically disadvantaged manufacturing enterprises,
particularly SMEs. This makes it particularly relevant and
interesting to analyse the impact of SM implementation on
Indian SMEs, exploring how it could transform their
operational capabilities and competitive standing.

Impact of 14.0 and SM on the Growth of the Indian
Economy

Currently, the rapid advancements of the 14.0 are being felt
across nearly all sectors, with significant benefits observed
worldwide. In India, smart factories are poised to enhance
resource efficiency and significantly boost the national
economy (Mishra & Maheshwari, 2020). Additionally,
initiatives such as ‘Make in India’ are expected to create
new job opportunities and develop a skilled labour force,
potentially leading to substantial economic growth (Gos-
wami & Daultani, 2022). SM has demonstrated its potential
to positively impact sustainable performance in SMEs and
contribute to the Indian economy (Kamble et al., 2020b).
By contrast, Nara et al. (2021) highlight potential draw-
backs, such as job losses due to automation and the high
costs associated with implementing these technologies,
which could negatively affect economies. Urbanisation and
sustainability are increasingly interconnected because
urban growth significantly influences the three pillars of
sustainability: economic, social, and environmental.
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Current disruptive technologies promise sustainability fol-
lowing their transformative integration (Kumar et al.,
2022b). Thus, this study aims to explore the effects of
smart systems on Indian SMEs, assessing both their
potential benefits and challenges.

Companies undergoing technological transformations
are witnessing significant effects on their supply chain
processes, attracting considerable research interest. The
potential impact of SM systems on the future of supply
chains is considered substantial because SM integration
enables data-centric supply chain management (Zeiringer
& Thalmann, 2022). Moreover, digital transformation is
expected to revamp India’s financial status, which has been
impacted by the post-COVID-19 situation. The growth of
the Indian economy heavily relies on its manufacturing
sector, which is the second largest contributor to GDP after
agriculture. Thus, the implementation of SM systems has
garnered considerable attention among manufacturers, and
the Indian government is keen to understand its impact on
SMEs. Currently, Indian SMEs are transitioning from tra-
ditional manufacturing systems to smart and digital ones,
which is anticipated to drive the country’s economic
growth. The presence of SM systems in Indian SMEs is
viewed as a potential game-changer, affecting areas such as
innovation, supply chain, sustainability, and the industry
ecosystem. Positive impacts in these areas could signifi-
cantly contribute to the growth of the Indian economy.
Table 1 presents a critical analysis of the literature, out-
lining various aspects and sub-aspects related to SMEs and
their potential impact on economic growth.

Theoretical Base and Development of Hypothesis

In India, the manufacturing sector is rapidly emerging as a
high-growth area with significant potential for large-scale
employment (Sharma et al., 2021). For the economic
development of the country, a dramatic transformation of
the manufacturing sector is essential. Emerging technolo-
gies are greatly enhancing the value chain and work cul-
ture, evolving the processes involved in producing goods
and services (Santos & Martinho, 2020). However, the
implications of these technologies need further investiga-
tion, particularly within the context of Indian SMEs. This
study employs the ToC model to explore the relationship
between inputs and outputs in the implementation of SM
systems. SM implementation affects various areas,
including innovation (Chen et al., 2021; Hopkins, 2021),
organisational resilience (Fettig et al., 2018; Hose et al.,
2023), supply chain (Fatorachian & Kazemi, 2021;

@ Springer

Sawangwong et al., 2023), sustainability (Gupta et al.,
2018), the industrial ecosystem (Korhonen, 2001; Sagar &
Frosch, 1997), and urbanisation (Banyai et al., 2019; Jiang
et al., 2022). These factors collectively influence economic
growth (Khanzode et al., 2021; Shukla & Shankar,
2022a, 2022b; Wuest et al., 2022). However, reporting on
these impacts specifically within the Indian SME context
remains limited. Moreover, as governments worldwide are
promoting Industry 4.0 through various projects and grants
(Shukla & Shankar, 2023), the role of government support
in facilitating this transition should also be examined.
Enabling technologies related to 14.0 are critical for
pushing SM implementation in SMEs towards achieving
the desired transformation. These constructs, along with
their sub-constructs, are detailed and defined in Table 1 of
the study, providing a comprehensive overview of the
factors at play.

ToC

In every era, as disruptive technologies emerge with
increasing complexity, the need for rigorous and thorough
impact evaluation becomes crucial. A theory-based
approach is an important preliminary step for such evalu-
ations, offering a structured framework to understand the
effects of these technologies (White, 2009). The ToC
model enhances this process by providing conceptual
clarity and transparency in the collection of data, the
methodologies used, related outcomes, and expected
impacts, articulated through qualitative statements (Befani
& Stedman-Bryce, 2017). By contrast, Jackson (2013)
argues that non-theory-based approaches to impact evalu-
ation tend to deliver incomplete narratives by merely
quantifying inputs and outputs, often overlooking the
deeper story. He emphasises the importance of employing
the ToC and suggests integrating it with other methods to
enhance its effectiveness and accuracy. In this study, the
ToC model is used to explore how and what impacts are
expected from the implementation of SM systems in Indian
SMEs. The causal chain linking inputs to outcomes is
carefully elaborated, providing a detailed pathway of
anticipated effects and interactions within this context.

Hypothesis Development and Conceptual Model
Development

The ToC model offers a detailed explanation of how and
why a desired change is expected to occur within a specific
context. As previously discussed, the model incorporates
eight key aspects and two moderating variables, which are

L 4
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Table 1 Impact assessment aspects and their description

Aspects Sub-aspects Description References
Implementation Technological SM system is a data-centric manufacturing system that Aggarwal et al., (2021), Mittal et al.,
of SM (ISM) Organisational enables industries to perform processes more effectively (2018)
. and efficiently. This disruptive technology is expected to
Environmental

have a high impact on the socio-economic aspects of the
country by bringing significant changes in the
manufacturing sectors

Innovation (IV) Green innovation New inventions and technologies are an integral part of the Chen et al., (2021), Hopkins, (2021)

Process 14.0. Innovation is expected with transformation, this will
Innovation change the way things are powered, manufactured,
communicated, and distributed
Product
innovation
Service
innovation
Organisational ~ Operational SM system can give the ability to an organisation to Fettig et al., (2018), Hose et al., (2023)
resilience resilience anticipate and prepare for reacting and developing
(OR) Business resilience towards incremental change or disruptions to
resilience survive and grow
Strategic
resilience

Culture resilience

Supply chain SC process Disruptive technologies have shown the potential to Fatorachian and Kazemi, (2021),
(SC) SC Network transform the end-to-end process of production and supply =~ Sawangwong et al., (2023)
chain. SM system uses minimum human interventions,

SC partners less workload, and high transparency in planning and

SC finance supplying products

Inventory

management
SC visibility
Sustainability Social A sustainable industry provides employment opportunities, Gupta et al., (2018)
(ST) Economic well-improved working conditions, societal benefits, and
. better quality of life. 14.0 offers huge potential to realign
Environment

and transform our economies and societies
Circular economy

Industry Resource sharing  Industry ecosystems are dynamic entities that can change ~ Korhonen, 2001, Sagar and Frosch, (1997)
ecosystem Knowledge according to customer demands, and market competition,
(IE) exchange and can evolve to be resilient, and innovative. The future
. of the industry ecosystem in Indian SMEs may include
Reshoring . . . .
sharing of resources and industrial collaborations to
Industrial survive disruption, change, or competition
collaboration
Resource
optimisation
Urbanisation Employment The industrialisation has potential to transform an agriculture Banyai et al., (2019), Jiang et al., (2022)
(UB) generation economy into a manufacturing one however, this can only

be witnessed by the growth of cities. Urbanisation leads to
an improved standard of living for the workforce and
rural-to-urban migration can be seen through this new
Urban production industrial transformation
Demographic

change

Improved lifestyle
Energy efficiency

‘@, @ Springer
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Table 1 continued

Aspects Sub-aspects Description References
Enabling Efficient ETs are technologies that along with or combination of the Longo et al., (2019), Pasi, et al., (2022),
technology production different advanced systems enables rapid development in ~ Raut et al., (2020)
(ET) Increased business  industrial applications. Technology is an “enabler” that
transparency prings transformation to the existing system and ultimately
Standardisation impacts the progress and economy of a country
Increase
competitive
advantages
International trade
Industrial
expansion
Government Policy making The government of India has introduced several development Grabar et al., (2019), Khin and Kee,

support (GS)  [pyestment
support
Rules and
regulation
Providing
platforms
Public projects
Extent of the
market

Growth of
Indian
economy

Employment
(GIE) poy

generation

Rate of

productivity drastically

Digitisation
Technological
advancement

Natural resources
and its
utilisation

Capital formation

and capital
accumulation

centres in different cities for technological transformation
along with this the government has also established good
finance schemes and various centres of excellence. Seeing
the SM system’s high impact, its implementation has
always been an important agenda for the Indian
government as it creates high-paying jobs and increases
exports thus affecting the Indian economy

(2022), Tripathi and Gupta, (2021)

Industry and business are running at an unprecedented pace Khanzode et al., (2021), Shukla and
and India needs to catch up soon. Indian economy is
dependent on the manufacturing sector after agriculture,
hence understanding the impact of implementing the SM
system can help to transform the ways things are
manufactured and may boost the Indian economy

Shankar, (2022a), Shukla and Shankar,
(2022b), Wuest et al., (2022)

illustrated in Fig. 2. Detailed descriptions of each aspect
and moderator and how they interact to facilitate the
expected change are provided in the following section.

Relationship Between SM Implementation, Innovation,
and Growth of the Economy

Innovation is a key driver of 14.0, and its scope is expected
to broaden as smart technologies become more prevalent in
manufacturing firms. Sarbu (2021) introduced an econo-
metric model illustrating the relationship between product
innovation and Industry 4.0, with results indicating a pos-
itive correlation. The study suggests that product innova-
tion benefits significantly from smart technologies, offering

@ Springer

greater opportunities in the service industry compared with
manufacturing firms.

Conversely, Hickie and Hickie (2021) describe Industry
4.0 as a disruptive and costly technology that nonetheless
opens up extensive innovative opportunities for manufac-
turing firms. The dimension of innovation is crucial to
examine, especially given the observed improvements in
the global innovation index (GII) following initiatives by
the Indian government such as SAMARTH, Digital India,
and Make in India (Global Innovation Index, 2023).
However, when assessing innovation performance specifi-
cally within Indian SMEs, the discussions often yield
conflicting and inconclusive results (Batra et al., 2017).
Therefore, it is essential to consider the innovation aspect

L 4
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of organisations in impact assessments, which serves as the
foundation for the hypothesis developed in this study.

H1 SM implementation in Indian SMEs has a positive
impact on innovation.

H7 Innovation exerts a positive impact on the growth of
the Indian economy.

this study.

Relationship Between SM Implementation, Organisational
Resilience, and Growth of the Economy

effect on organisational resilience (Marcucci et al., 2022).
However, there is a noticeable gap in the literature
regarding evidence of these impacts within the context of
SMEs. This gap indicates the need for further investigation,
which lays the groundwork for the following hypothesis in

H2 SM implementation in Indian SMEs has a positive
impact on organisational resilience.

H8 Organisational resilience shows a positive impact on

the growth of the Indian economy.

SM technologies have revolutionised more than just tech-
nological processes and smart factories; they have also
significantly impacted organisational culture, personnel,
planning, and functionality. According to Jung et al.
(2017), SM systems have notably enhanced production
processes and increased organisational resilience (Nayernia
et al., 2022). Marcucci et al. (2022) further explored
organisational resilience, treating it as a multi-disciplinary
concept that varies across companies and distinguishing
between internal and external resilience. The drive behind
adopting technological transformations, such as SM, is to
achieve operational excellence. However, understanding
the full advantages and utilisation of SM technologies
requires acknowledging their impact on operational per-
formance (Dev et al., 2020). The integration of SM tech-
nologies into operational activities leads to more efficient
production systems, often resulting in a lean system. Lean
practices are crucial for operational excellence and Indus-
try 4.0, enhancing the impact of these practices in manu-
facturing industries (Tortorella et al., 2019). The literature
indicates a pronounced impact of SM on various aspects of
organisational performance, such as order fulfilment, cus-
tomisation, and on-time delivery, with a particularly strong

challenging

(2020) recognised the

L 4

Relationship Among SM Implementation, Supply Chain,
and Growth of the Economy

The impact of 14.0 on supply chains has been a significant
topic of debate among researchers in recent years. An
effective supply chain is critical for operational excellence;
however, improving supply chain performance remains a
endeavour
2021; Varma et al., 2024). In this context, Ghadge et al.

(Fatorachian &  Kazemi,

necessity for a digitised supply chain

and encouraged companies to enhance their supply chains
by making them more transparent, flexible, and resilient.
They highlighted that 14.0 significantly affects the supply
chain because technologies, such as CPS and the IoT,
enable remote sensing, real-time monitoring, and efficient
information sharing. These capabilities have been particu-
larly beneficial for industries such as ‘engineer-to-order,’
thereby greatly enhancing supply chain efficiencies (Miiller
& Voigt, 2018). Further emphasising the role of informa-
tion sharing, Preindl et al. (2020) noted that disruptions in
transformation have shifted the dynamics towards more
effective decision-making. Managing the supply chain of

@ Springer
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perishable items becomes considerably more complex
because it is essential to monitor and minimise wastage,
leading to the growing adoption of smart transportation
systems as a vital solution for these companies. Addition-
ally, I4.0 technologies have improved connectivity
between customers and suppliers through intelligent
warehousing and sophisticated data management, enabling
minimal wastage and reduced risks (Ivanov et al., 2019).
To fully understand the significance of SM in the supply
chains of industries and its effect on economic growth, it is
crucial to analyse the impact of these technological trans-
formations. Thus, this discussion forms the basis for the
following hypotheses, which aim to investigate these
impacts further.

H3 SM implementation in Indian SMEs has a positive
impact on the supply chain.

H9 The supply chain exerts a positive impact on the
growth of the Indian economy.

Relationship Among SM Implementation, Sustainability,
and Growth of the Economy

The existing literature indicates the importance of impact
assessment for evaluating effective organisational activities
and understanding the effects of technological implemen-
tation on sustainable development. Oldh et al. (2020)
explored the environmental impact of Industry 4.0, draw-
ing from studies focused on environmental sustainability.
Impact assessments that apply sustainability criteria, par-
ticularly those using the triple bottom-line framework that
encompasses economic, social, and environmental aspects,
are increasingly popular among researchers. Nara et al.
(2021) developed a sustainability-oriented model to assess
the impact of Industry 4.0 technologies on the sustain-
ability goals of the plastic industry in Brazil. Their findings
indicated varying impacts of technologies, with CPS, BDA,
and sensors identified as key drivers of sustainability.
These findings contradict those of Olah et al. (2020),
suggesting that the impact of technological interventions
can vary, being either positive or negative depending on
the specific scenario. Similarly, Bai et al. (2022) expressed
concerns about social sustainability in the wake of
emerging and disruptive technologies. They advocated for
integrating sustainable development goals (SDGs) through
a circular economy approach to facilitate a transition
towards sustainability. Given these discussions, there is a
clear need to further investigate how SM implementation
influences sustainability and contributes to economic
growth. This necessity provides the foundation for the
following hypothesis:

@ Springer

H4 SM implementation in Indian SMEs has a positive
impact on sustainability.

H10 Sustainability exerts a positive impact on the growth
of the Indian economy.

Relationship Among SM Implementation, Industrial
Ecosystem, and Growth of the Economy

The industry ecosystem, also known as a business
ecosystem, involves a strategic collaboration among two or
more entities aimed at working towards a mutual goal more
efficiently and creating collective value for a shared cus-
tomer base. In the post-pandemic landscape, the trend of
collaborative operations has become more prevalent as
industries, each impacted in unique ways by the pandemic,
find such partnerships increasingly suitable. The challenges
of rapid changes in customer demand, high customisation
requirements, and complexity in supply chain management
make it difficult for any single organisation to handle these
aspects alone. Therefore, the future of industry ecosystems
not only involves increased collaboration with other com-
panies and organisations but also emphasises leveraging
shared resources such as data, operations, applications, and
expertise. However, the move towards digital transforma-
tion and the sudden disruptions caused by COVID-19 have
severely impacted these value chains. Thus, industries—
especially SMEs—require a new business model that
includes creating a flexible industry ecosystem. Nonethe-
less, establishing a robust ecosystem presents challenges,
including risks to company security and the complexities of
legal collaboration. Therefore, it is crucial to explore the
impact of SM implementation on the industry ecosystem of
Indian SMEs. The introduction of SM in Indian industries
has already significantly altered the working culture and
environment within organisations. Thus, investigating how
SM implementation affects the industrial ecosystem and
contributes to economic growth is essential. This inquiry
forms the basis of the following hypothesis.

H5 SM implementation in Indian SMEs has a positive
impact on the industry ecosystem.

H11 The industry ecosystem exerts a positive impact on

the growth of the Indian economy.

Relationship Among SM Implementation, Urbanisation,
and Growth of the Economy

The technological surge brought about by 14.0 has signif-

icantly accelerated the process of urbanisation, a phe-
nomenon that has been widely debated among researchers
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since the first industrial revolution. The establishment of
new factories tends to attract a large workforce, offering
employment opportunities and potentially leading to sig-
nificant demographic shifts. Although 14.0 may result in
the loss of traditional jobs, it also creates new opportuni-
ties, helping the workforce to adapt and thrive amidst these
transformations (Sumer, 2018). The implementation of
smart systems in emerging industries can attract business
activities, which may catalyse infrastructure development,
population shifts, and the concentration of urban centres
(Pradhan et al., 2021). Conversely, Jaysawal et al. (2014)
argued that sudden industrialisation negatively affects
urbanisation, leading to overpopulation in cities, a hap-
hazard lifestyle, and unplanned infrastructure development.
Therefore, the effect of industrialisation on urbanisation
can be both positive and negative and warrants thorough
examination. In the context of Indian SMEs, the intro-
duction of SM is likely to have substantial implications for
working conditions, whether positive or negative. This
impact needs to be meticulously analysed to understand
how SM interventions can shape the urban landscape and
influence the quality of life within urban settings. This
critical analysis forms the basis for the following
hypothesis.

H6 SM implementation in Indian SMEs has a positive
impact on urbanisation.

H12 Urbanisation exerts a positive impact on the growth
of the Indian economy.

ET as a Moderator

ETs are crucial components of the SM system, enhancing
conventional systems significantly. According to a
McKinsey report, successful implementation of SM tech-
nologies can lead to a 30 to 50% reduction in machine
downtime, a 10% to 30% increase in production output,
and a 15 to 30% improvement in labour productivity
(Gregolinska et al., 2022). These ETs are powerful, data-
driven tools that offer a range of benefits, such as
improving decision-making capabilities through advanced
analytics, which in turn fosters innovation, organisational
resilience, and sustainability (Shukla & Shankar, 2022a).
Adopting these new technologies allows SMEs to focus on
their core competencies rather than being constrained by
operational limitations. Automated technologies can elim-
inate the need for manually performing repetitive tasks
within these enterprises. However, adopting new technol-
ogy comes at a cost, and it is crucial to understand the
extent and nature of ETs’ moderating effects, particularly

L 4

on the six aspects discussed from Sects. ”Relationship
between SM implementation, innovation, and growth of
the economy” to “Relationship among SM implementa-
tion, urbanisation, and growth of the economy” in Indian
SMEs. Given this, the following hypothesis regarding the
impact of ETs in this context needs to be thoroughly
investigated.

H13 ET moderates the relationship between SM imple-
mentation and innovation.

H14 ET moderates the relationship between SM imple-
mentation and organisational resilience.

H15 ET moderates the relationship between SM imple-
mentation and the supply chain.

H16 ET moderates the relationship between SM imple-
mentation and sustainability.

H17 ET moderates the relationship between SM imple-
mentation and the industry ecosystem.

H18 ET moderates the relationship between SM imple-
mentation and urbanisation.

Government Support as a Moderator

SM is a technology-driven system that utilises Internet-
connected machinery to monitor production processes (Tao
et al., 2018). Its primary aim is to capitalise on opportu-
nities for process automation and enhance manufacturing
performance through data analytics. Indian SMEs face
challenges, such as inadequate technological infrastructure,
bureaucratic licensing procedures, disrupted supply chains,
and a lack of skilled labour (Shukla & Shankar, 2023). SM
systems address these challenges by employing a data-
driven approach that facilitates improved decision-making.
The Indian government has been instrumental in support-
ing this transition through various initiatives such as
SAMARTH Udyog, Make in India, Atmanirbhar Bharat,
and numerous public—private partnerships. These initia-
tives have enabled SMEs to cultivate new business ideas
and strategies (Srivastava et al., 2022). The Make in India
initiative, launched in 2014, promotes local manufacturing
and encourages investment to develop world-class manu-
facturing infrastructure. The Atmanirbhar Bharat Abhiyan,
aimed at fostering self-reliance, has introduced various
schemes to support Indian SMEs. Following the launch of
this campaign, the need to accurately quantify the number
of SMEs led to the creation of the Udhyam registration—a
free, paperless platform based on self-declaration. This
platform not only gathers precise data but also helps the
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government to effectively plan and strategise for SME
development. Furthermore, the SAMARTH Udyog initia-
tive by the Ministry of Heavy Industry & Public Enter-
prises, Government of India, focuses on delivering
technical solutions to Indian industries. Additionally,
public—private partnerships, such as those involving the
CIl, analyse the potential of SMEs and work towards
making India Industry 4.0-ready. Given these efforts, it is
crucial to assess how government interventions moderate
the impact on various aspects of the Indian economy,
enabling SMEs to make informed decisions about SM
implementation. The hypothesis to be explored, based on
this context, is formulated as follows:

H19 GS moderates the relationship between the supply
chain and the growth of the Indian economy.

H20 GS moderates the relationship between sustainabil-
ity and the growth of the Indian economy.

H21 GS moderates the relationship between the industrial
ecosystem and the growth of the Indian economy.

H22 GS moderates the relationship between urbanisation
and the growth of the Indian economy.

Research Methodology

The testing of the conceptual model depicted in Fig. 2
follows a three-step process as outlined by Kumar et al.
(2022a). The first step involves conducting an exploratory
factor analysis (EFA). EFA is used to identify the under-
lying factor structure of a measure and to assess the internal
reliability of the items used in the structural equation
modelling (SEM) (Hair et al., 2016). To determine the
appropriateness and suitability of the data for factor anal-
ysis, the Kaiser—Meyer—Olkin (KMO) test and Bartlett’s
test of sphericity are employed (Kumar et al., 2022a). The
second step involves confirmatory factor analysis (CFA),
which tests whether the identified factor structure fits the
data being analysed (Hair et al., 2016). This step is crucial
for validating the structure and ensuring the accuracy of the
model. Finally, the proposed hypothesis and the conceptual
model are evaluated using covariance-based SEM in
AMOS 28.0. SEM is a sophisticated statistical technique
that allows for testing and evaluation of hypotheses by
examining the relationships between observed and latent
variables (Rigdon, 1998).
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Research Instruments

Based on an extensive review of the literature, theoretical
insights, and knowledge of existing measurement tools, 54
instruments were initially developed for this study. These
instruments were then reviewed by experts with substantial
experience in Indian manufacturing firms to ensure their
relevance and accuracy (Nayal et al., 2022). The structure
and content of the developed questionnaire were specifi-
cally designed to align with the objectives of the study and
to facilitate hypothesis testing (Kumar et al., 2022a). After
achieving consensus among the experts, a pilot study was
conducted using a randomly selected small sample of the
study’s participants. This pilot study aimed to ensure the
quality of the responses (Motamarri et al., 2020). Feedback
from participants was used to refine the wording of the
questionnaire to enhance clarity and comprehensibility
(Nayal et al., 2022). Instruments that did not adequately
meet the study’s objectives were removed, resulting in a
refined version of the questionnaire containing 49 instru-
ments. The final survey, aimed at assessing the impact of
SM system implementation in Indian SMEs, used a 7-point
Likert scale to determine the level of agreement with each
statement. Following data collection, the responses were
analysed using EFA to validate the instrument structure,
and CFA was used to test the fit of the structure (Kumar
et al., 2022a). The hypotheses tested in this study are
illustrated in Fig. 2.

Data Collection

This study collected data from relevant respondents,
specifically targeting industry and academia experts
involved in SM system implementation and related fields.
Academics participating in the survey had experience in
conducting projects and consulting on SM implementation
in Indian SMEs. Notably, many of these academics were
engaged in projects granted by SAMARTH Udyog, an
initiative by the Ministry of Heavy Industry & Public
Enterprises, Government of India, which focuses on the
implementation of Industry 4.0 and SM. The questionnaire,
included in the annexure, was distributed to 742 individuals
identified through conferences, seminars, and consortia
related to technological transformations in SMEs. These
individuals were primarily from SMEs, with a few aca-
demic experts who are actively working in the same area.
We received a total of 465 responses, of which 452 were
deemed usable for further analysis. These responses were
obtained from employees at all hierarchical levels—top,
middle, and bottom—from 80 different SMEs. Participants
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Table 2 Demographic details of the experts participated

Category Details Number (Total)
Age Less than 30 years 102
30 to 44 164
45 to 60 152
Above 60 years 34
Gender Male 275
Female 177
Education qualification Undergraduate 100
Graduate 151
Postgraduate 105
Ph.D 96
Years of experience (in years) 0-10 92
11-20 196
21-30 133
More than 30 31
Employment hierarchy Top-level hierarchy 155
Middle-level hierarchy 140
Entry or operational-level hierarchy 157

varied in educational attainment from graduates to Ph.D.
holders, with graduates being the most numerous.
Responses were collected using a standard 7-point Likert
scale, ranging from “strongly disagree” (1) to “strongly
agree” (7) (Motamarri et al., 2020). Participant demo-
graphics and other relevant details are provided in Table 2.
To address potential nonresponse bias, we compared the
mean responses of the first 50% of participants with those
of the last 50%. This analysis revealed no significant
nonresponse bias (Gupta & Shankar, 2022), indicating that
the questionnaire was clear and straightforward for
respondents, facilitating ease of completion.

Results
EFA Results

In this study, the factor structure was examined using EFA,
a widely used multivariate statistical method. EFA was
performed to identify the smallest number of hypothetical
constructs and to explore the underlying theoretical struc-
ture related to the impact assessment of SM implementa-
tion in Indian SMEs. This analysis helps identify and
extract the factors that explain the maximum variance in
the original variables using the principal component factor
analysis method. Further, the reliability of the constructs
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was assessed using the KMO and Bartlett’s Test performed
using SPSS 28.0 software. These tests measure the ade-
quacy of each construct, indicating the portion of the
variance that might be caused by underlying factors. The
KMO measure of sampling adequacy was found to be
0.826, which is significant and exceeds the accept-
able threshold of 0.8, indicating no need for further chan-
ges in the sample size (Kumar et al., 2022a). Additionally,
the loading factor (LF) of each latent variable, average
variance explained (AVE), and composite reliability (CR)
are detailed in Table 3. Each latent variable’s LF was
above 0.5, making it acceptable. Furthermore, the AVE and
CR for each construct were also found to be satisfactory,
with each construct having an AVE of more than 0.5 and a
CR of more than 0.7 (Hair et al., 2016). These parameters
indicate the achievement of convergent validity, as all
measures in Table 3 fall within the acceptable range
(Kumar et al., 2022a).

CFA Results

CFA is a multivariate statistical method used to test how
well measured variables represent constructs. CFA helps
demonstrate how latent variables (unseen factors) explain
observed variables (Priyadarshinee et al., 2017). In this
study, CFA was conducted to validate the factors affected
by the implementation of SM systems in Indian SMEs.
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Table 3 Measurement properties (convergent validity)

Construct Items LF AVE CR
Impact of SM implementation (ISM) ISM1 0.992 0.9592 0.8528
ISM2 0.972
ISM3 0.974
Innovation (IV) V1 0.993 0.9538 0.8994
v2 0.953
V3 0.992
V4 0.968
Organisational resilience (OR) ORM1 0.912 0.8349 0.9026
ORM2 0.953
ORM3 0.868
ORM4 0.92
Supply chain (SC) SC1 0.999 0.6214 0.9008
SC2 0.57
SC3 0.789
Sc4 0.795
SC5 0.602
Sce6 0.888
Sustainability (ST) ST1 0.991 0.9285 0.8522
ST2 0.988
ST3 0.937
ST4 0.937
Industrial ecosystem (IE) 1IE1 0.882 0.7525 0.9056
1IE2 0.809
1IE3 0.898
IE4 0.824
1E5 0.919
Government support (GS) GS1 0.937 0.8290 0.9465
GS2 0912
GS3 0.933
GS4 0.871
GS5 0.898
Urbanisation (UB) UBI1 0.895 0.8653 0.8840
UB2 0.999
UB3 0.753
UB4 0.993
UBS 0.987
Enabling technology (ET) ET1 0.783 0.7288 0.9014
ET2 0.974
ET3 0.767
ET4 0.813
ET5 0.764
ET6 0.989
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Table 3 continued

Construct Items LF AVE CR
Growth of Indian economy (GIE) GIE1 0.837 0.7048 0.9208

GIE2 0.838

GIE3 0.839

GIE4 0.871

GIE5 0.836

GIE6 0.831

GIE7 0.824

Table 4 List of required standard fits

Type of fit

Accepted value Observed value

Chi-square fit

GFI model fit

“Adjusted/Alternative GFI (AGFI) model fit”

“Root mean square error of approximation (RMSEA)”

“Comparative fit index (CFI)”

“Normed fit index (NFI)”

p < 3.0 is good 2.512
p < 5.0 is sometimes acceptable

GFI > 0.95 is good fit 0.89
GFI > 0.90 is acceptable fit
AGFI > 0.90 is good fit
AGFI > 0.80 is acceptable fit
“ < 0.05 is good fit”
“0.05-0.08 is an adequate fit”
“0.08-0.1 is mediocre fit”

“ > 0.10 is not acceptable”
CFI > 0.97 is good fit

CFI > 0.95 is fair fit

CFI > 0.80 is acceptable fit
NFI > 0.95 is good fit 0.92
NFI > 0.90 is acceptable

0.887

0.045

0.961

Through this analysis, each item representing the factors
was examined individually. Items that met the criteria for
acceptable fit values were retained in the impact model,
whereas those that did not meet these criteria were exclu-
ded (Nayal et al., 2022). The results of the model fit are
presented in Table 4.

Reliability and Validity Test

In addition to CFA, this study employed various methods
to validate the factors involved. One such method is the
reliability test, which ensures that the dataset used is
complete, accurate, and capable of producing reliable
results if repeated (Hair et al., 2016). Moreover, content
validity was employed to assess the appropriateness of the
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instruments measuring a theoretical construct, ensuring that
each item adequately represents the construct it is intended
to measure. Construct validity was also evaluated to
determine how effectively the tests measure the constructs
they are designed to measure. This involved assessing
convergent validity and discriminant validity (Kumar et al.,
2022a). Convergent validity ensures that items that are
supposed to be related are indeed related, whereas dis-
criminant validity confirms that items that are not supposed
to be related are actually distinct. The internal consistency
of the tests and the AVE for each construct were examined
to further validate the constructs. All factors were validated
and found to be significant for the analysis. The results for
convergent validity are presented in Table 3.
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Table 5 Discriminant validity

ISMS v OR SC ST IE UB GIE
0.8126

0.003 0.8318

— 0.011 0.047 0.8371

0.043 0.195 — 0.054 0.7771

— 0.005 — 0.237 0.011 — 0.003 0.7689

0.029 0.167 — 0.045 0.206 0.017 0.8111

— 0.502 0.043 0.019 0.003 0.066 — 0.032 0.7780

0.024 0.111 0.02 0.119 - 0.074 0.104 0.082 0.7908

Discriminant validity was assessed using the criteria set
by Fornell and Larcker (1981), which involves a thumb
rule stating that the square root of the AVE for each latent
variable should be greater than its highest correlation with
any other latent variable. Additionally, the AVE should
exceed both the maximum shared variance and the average
shared variance among variables. The findings of the dis-
criminant validity assessment are detailed in Table 5.

CMV

The study involves the simultaneous collection of
endogenous and exogenous variables using the same
instrument, which could introduce bias. CMV is a concern
because it represents a spurious correlation that may arise
when both independent and dependent variables within a
study are collected using the same survey method (Craig-
head et al., 2011). To mitigate potential biases related to
data collection, several preliminary steps were taken during
the survey stages. Initially, a pretest was conducted with a
few experts, after which the survey instrument was revised
for readability and necessary formatting adjustments were
made. These experts were expected to respond to the
pretest without bias, and procedural remedies were applied
to ensure the feasibility of the data. Additionally, statistical
methods were employed to assess whether the constructs
share a significant amount of common variance. Among
these methods, Harman’s single factor test (SFT) was used
to analyse all first-order constructs using SPSS software.
The maximum variance explained by a single factor for
each impact construct was found to be 21.4%, which is
well below the threshold of 50% often considered accept-
able (Gupta & Shankar, 2022). However, some researchers
criticise Harman’s SFT for being unreliable and not pro-
viding robust results. Consequently, the Marker’s variable
test was also applied to the dataset to compare the original
correlation between the constructs with the adjusted CMV
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correlation. In this study, the difference was very small
(0.035) across all constructs. Therefore, it can be concluded
that CMV does not significantly affect the validity of the
dataset for the required analysis in this work.

SEM Results

The current study analysed 22 hypotheses, with the first 12
(H1 to H12) investigating the direct relationships between
the constructs. The remaining 10 hypotheses (H13 to H22)
examine the moderating effects on various factors.
Specifically, hypotheses H13 through HI18 involve the
moderator ET and are expected to illustrate moderation
effects between the implementation of SM and six aspects:
innovation (IV), organisational resilience (OR), sustain-
ability (ST), supply chain (SC), industrial ecosystem (IE),
and urbanisation (UB). Hypotheses H19 through H22
involve the moderator GS and aim to demonstrate moder-
ation between ISM and aspects including SC, ST, IE, UB,
and GIE. The SEM methodology was employed to test the
data structure and fitness, assessing the impact of SM
implementation in Indian SMEs. The model fitness results
are detailed in Table 4. Although the adjusted goodness of
fit index (AGFI) was identified as the weakest link, it is not
expected to detrimentally affect the overall outcomes of the
analysis (Kumar et al., 2022a).

In this study, hypotheses H1, H2, H3, H4, HS, H7, HS,
H9, H10, and H11 were found to be acceptable with p
values less than 0.01. By contrast, H6 and H12 did not meet
the acceptance criteria, with p values of 1.64 and 0.667,
respectively, which are greater than the threshold of 0.01,
as detailed in Table 6. The moderation analysis, which
involved exploring the interactions between the constructs,
yielded results that are presented in Table 7. Regarding the
hypotheses related to the moderation effect of ET, H13,
H14, H15, and H16 were found to have acceptable p val-
ues. However, H17 and H18 did not meet the criteria for
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Table 6 p value and path coefficient for hypothesis H1 to H12

Linkages Coefficient Hypothesis p-value Supported (Yes/No)
ISM = IV 0.311 H1 HokE Yes
ISM = OR 0.358 H2 HokE Yes
ISM = SC — 0.059 H3 ok Yes
ISM = ST 0.387 H4 ok Yes
ISM = [E 0.487 H5 HkE Yes
ISM = UB 0.464 H6 0.164 No
IV = GIE 0.819 H7 0.009 Yes
OR = GIE 0.655 H8 HHE Yes
SC = GIE 0.679 H9 HoAE Yes
ST = GIE 0.387 H10 ok Yes
IE = GIE — 0.685 H11 0.007 Yes
UB = GIE 0.022 H12 0.667 No
Table 7 Moderation analysis of ET and GS
Linkages Coefficient Hypothesis p-value Supported (Yes/No)
ISM*ET = IV — 0.071 H13 Hokk Yes
ISM*ET=> OR —0.023 H14 o Yes
ISM*ET = SC —0.017 H15 ok Yes
ISM*ET = ST — 0.021 H16 ok Yes
ISM*ET = IE —0.014 H17 0.119 No
ISM*ET = UB 0.619 H18 0.845 No
SC*GS = GIE 0.161 H19 0.001 Yes
ST*GS = GIE 0.255 H20 ok Yes
IE*GS = GIE 0.280 H21 o Yes
UB*GS = GIE —0.543 H22 0.357 No

5 Moderator 59 Moderator

451 —o—Low ET o A5 —+—Low ET
§ 3;‘ / High ET 12 3‘: / High ET
é zz 7 %‘ 2: ]
3 / g 3 /
15 %" 1.5
1 1
Low ISM High ISM Low ISM High ISM

Fig. 3 Effect of ET on H13

acceptable p values. For the hypotheses concerning the
moderator GS, H19, H20, and H21 were supported and
found to be acceptable. However, H22 was not supported,
with a p value of 0.357, indicating no significant modera-
tion effect of GS on UB and GIE.

Fig. 4 Effect of ET on H14

The effect of ET is analysed in two categories: Low ET
and High ET. This categorisation is visually represented in
Figs. 3, 4, 5, 6, 7 and 8, which correspond to hypotheses
H13 to H18. Similarly, the moderating effects of GS are
depicted in Figs. 9, 10, 11 and 12 for hypotheses H19 to
H22. In these figures, orange and blue lines represent the
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Fig. 8 Effect of ET on HI18
measured under ET, the opposite trend is observed: as the
level of moderation increases, so does the impact on these
aspects. A similar pattern is observed with the moderating
effect of GS on UB, where a higher moderating effect of

high and low effects of the moderators, respectively, on the
related hypotheses. Graphically, the results indicate that an
increase in the effect of ET corresponds with a lower
impact on urbanisation. However, for other aspects
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GS correlates with a higher impact. For the other aspects
influenced by GS, a high moderating effect also corre-
sponds with a high impact. These significant outcomes are
clearly illustrated in the graphical representations.

Discussion

The present study examined the impact of SM implemen-
tation in Indian SMEs, analysing eight aspects and two
moderators (ET and GS) using SEM. We investigated the
effects of the moderators ET and GS on the association
between the implementation of SM (ISM) and various
aspects, such as IV, OR, SC, ST, IE, and UB, as well as the
interactions between these aspects and the GIE. To artic-
ulate these relationships, the study developed a theoretical
model and 22 hypotheses that help interpret the supporting
and non-supporting characteristics of the constructs. For
example, hypothesis H1, which posits that SM implemen-
tation in Indian SMEs positively impacts innovation, is
supported. This suggests that SM systems effectively
enhance the innovation capabilities of SMEs. India’s SMEs
are pivotal in introducing innovative products globally, as
evidenced by their performance in the GII. Additionally,
hypotheses H2, H3, H4, and HS are also supported, indi-
cating positive impacts of SM on the supply chain, industry
ecosystem, organisational resilience, and sustainability,
respectively. SM systems enhance organisational resilience
by integrating new technologies and improve the industrial
ecosystem. They also streamline the supply chain through
enhanced real-time monitoring, data analytics, and cyber-
security, contributing to overall sustainability. By contrast,
hypothesis H6, which asserts that SM implementation in
Indian SMEs positively impacts urbanisation, is not sup-
ported due to the negative environmental impacts associ-
ated with urbanisation, such as biodiversity loss and
pollution. Other aspects such as IV, OR, SC, ST, IE, and
UB’s association with GIE are explored, with all but UB
found significant. A well-managed supply chain enhances
SME productivity and competitiveness, fostering economic
growth. Although the SM system aims to meet human
needs and promotes sustainable practices, massive indus-
trialisation can lead to negative outcomes such as popula-
tion growth from worker migration, deforestation, and
inadequate worker accommodations. However, experiences
from developed countries show that 14.0 can lead to better
infrastructure development and improved worker lifestyles.
Thus, the impact of Industry 4.0 may vary based on a
country’s development status, with potential for both pos-
itive and negative outcomes.
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ET is a critical component of 14.0 and plays a pivotal
role throughout the implementation process. In this study,
ET is demonstrated to moderately affect the implementa-
tion of the SM system and the associated aspects. Specif-
ically, hypothesis H13, which posits that ET moderates the
relationship between SM implementation and innovation,
is supported. This indicates that ET not only strengthens
the association between ISM and IV but also enhances the
positive impact of SM on innovation. Similarly, hypotheses
H14, H15, and H16, which explore the moderation effects
of ET, are also supported. Hypothesis H14 indicates that
ET enhances the relationship between ISM and OR, sug-
gesting that technologies play a crucial role in maintaining
effective production and making systems resilient against
disruptions. Hypothesis H15 confirms the moderating
effect of ET on the relationship between ISM and the SC,
aligning with literature that suggests technology invest-
ments enhance supply chain visibility, streamline pro-
cesses, and boost efficiency. Hypothesis H16 demonstrates
that ET moderates the relationship between ISM and Sus-
tainability (ST), reflecting the expectation that new tech-
nologies should yield sustainable outcomes and that SM
systems promote lean and clean manufacturing practices.
However, hypotheses H17 and H18, which examine the
moderation effects of ET on other aspects, are not sup-
ported. According to the results presented in Table 6, while
the IE shows a positive relationship with ISM, ET does not
moderate this relationship. In the case of UB, the results
indicate neither a positive relationship with ISM nor any
moderating effect of ET, suggesting that ET does not
influence the impact of SM on urbanisation as expected.

In this study, GS was analysed as another moderator to
assess its effect between relevant aspects and the GIE. The
hypotheses concerning GS are H19, H20, H21, and H22.
Hypotheses H19, H20, and H21 are supported, indicating a
positive moderating effect of GS, while H22 is not sup-
ported. GS significantly influences the supply chain (H19)
because governmental policies and monetary benefits can
greatly affect the cost, speed, and reliability of supply
chains. Government intervention can streamline regional
supply chain operations and encourage SMEs to engage in
new collaborative arrangements with larger industries,
providing platforms and funding for these collaborations.
Additionally, the Indian government actively supports
environmentally friendly initiatives in industries, which
aligns with hypothesis H20. This is exemplified by col-
laborations with the Small Industries Development Bank of
India (SIDBI) to support start-ups and SMEs through the
‘Sustainable Finance Scheme’. This scheme funds sus-
tainable development projects that promote energy
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efficiency and cleaner production. Hypothesis H21 is sup-
ported by the government’s role in helping industries
manage their ecosystems efficiently. This is achieved by
aligning various organisations with similar goals to foster
collaboration. In contrast, hypothesis H22, which concerns
the interplay between industrialisation and urbanisation, is
not supported. While industrialisation and urbanisation
typically go hand in hand, government intervention is
deemed less significant in this dynamic. However, in areas
such as affordable housing and infrastructure development,
the role of the government remains crucial.

Implications of the Study

This study provides the following significant insights that
can help managers or decision-makers of the organisation
analyse the effect of SM implementation.

(i) The findings of this study indicate that the implemen-
tation of SM has the most significant impact on the IE.
Currently, there is a noticeable shift in the IE model,
primarily characterised by resource sharing and col-
laboration both within and external to companies. This
trend towards collaboration has become particularly
evident in SMEs post-pandemic because COVID-19
has uniquely impacted nearly every organisation. A
robust ecosystem is crucial for SMEs, given the
numerous challenges they face—such as the aftermath
of the pandemic, market changes, product complexity,
supply chain issues, and the need for digitisation.
These challenges are often too complex for a single
company to tackle alone. Thus, managers are encour-
aged to seek partnerships with companies that share
similar goals, enabling them to accelerate productivity
and reap mutual benefits through collaboration.

(i) Smart technologies are revolutionising industries by
enabling innovation through their advanced features.
To remain competitive, manufacturers and managers
need to anticipate changes and adopt smart practices
that enhance their production capabilities. The inte-
gration of an SM system can support manufacturers at
every stage of the production process and improve the
efficiency of supply chain activities, thereby enhanc-
ing organisational sustainability. Consequently, SM
implementation has demonstrated a positive relation-
ship with IV, SC, and ST.

(iii) The current study introduces two moderators in the
assessment of SM implementation impacts, one of
which is ET. ET has been found to moderate the
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relationships between SM implementation and
aspects such as IV, SC, OR, and ST. In the context
of Industry 4.0, new technologies assist manufactur-
ers in maintaining machinery, ensuring part trace-
ability, controlling quality, and stabilising production
processes. The results indicate that ET plays a critical
role in the manufacturing process, suggesting that
SMEs should consider its integration. The adoption
of these technologies does not necessarily need to
encompass all available options; instead, SMEs can
selectively implement those that align with their core
competencies and are financially feasible. Managers
play a crucial role in helping companies leverage the
benefits of new technologies while considering
financial constraints.

(iv) The moderator GS has demonstrated its moderating
effects on ST, SC, and IE, although it did not show a
significant impact on UB with respect to the GIE.
The Government of India, in collaboration with
major market players and service providers, is aiding
SME:s by introducing investment policies and oppor-
tunities that enhance SM implementation. Managers
are encouraged to engage in collaborative efforts
with the government to foster urbanisation and
optimise implementation solutions across the
country.

(v) In contrast to other aspects, UB is the only aspect that
has shown a negative effect on SM implementation in
Indian SMEs. In India, urbanisation driven by the
industrial revolution has posed significant urban
challenges, including an ever-increasing demand for
labour that results in migration and shifts away from
farming occupations. Additionally, the rapid expan-
sion of small towns near factories and mines into
cities has brought about environmental and social
concerns. Therefore, it is crucial for governments and
businesses to effectively manage urbanisation. Proper
management can promote the use of green technolo-
gies, improve lifestyles, and attract foreign busi-
nesses, turning these challenges into opportunities for
sustainable development.

The present work offers several theoretical implications,
notably extending the literature on SM by evaluating the
impact assessment dimensions for Indian SMEs. It also
explores the effects of two key moderators, ET and GS, on
these impact assessment aspects. The study adopts a
comprehensive approach by integrating ToC with SEM, a
methodology that can be applied to study the effects of any
desired or unintended intervention across various systems.
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This approach encourages future studies to examine each
aspect in greater detail to facilitate the desired changes
through the implementation of SM systems.

Conclusion

Manufacturing represents a clear example of the transfor-
mative power of innovation and industrial breakthroughs.
Thus, leveraging SM system implementation is critical for
Indian industries, particularly SMEs, which have demon-
strated their capability as incubators of entrepreneurial
talent, contributing to job creation and driving economic
growth in smaller regions. These enterprises are progres-
sively adopting 14.0 technologies and integrating smart
systems into their traditional practices. This study addres-
ses three research questions: first, by analysing the impact
of eight dimensions identified through a literature review;
second, by examining the moderating roles of ET and GS
on relevant constructs; and finally, by developing a con-
ceptual model to test these relationships. A total of 22
hypotheses were formulated to explore the associations
between the constructs. The analysis, conducted using
SEM, involved responses from 452 participants across 80
Indian manufacturing firms, providing robust insights into
the implementation and effects of SM in this sector.

The study concludes with several significant findings,
including evaluations of moderating effects. The research
revealed that SM implementation positively impacts vari-
ous aspects, except for urbanisation. SM systems have
significantly benefited Indian SMEs by fostering innova-
tion, enhancing product quality and variety, and increasing
visibility in supply chain processes through real-time
operations. This visibility helps in better understanding
customer needs for customisation and strengthens customer
relationships. SM has shown the most substantial impact on
the industrial ecosystem, although its implementation faces
complexities that require SMEs to seek industrial collab-
orations and resource sharing with larger companies.

The results also highlight that ET and GS have
notable moderating effects on most aspects considered. ET
enables SMEs to monitor their processes more efficiently,
which necessitates investments in technology. Meanwhile,

Indian government initiatives such as Atmanirbhar Bharat,
Make in India, and Digital India aim to support SME
development, reduce import dependencies, and generate
local employment. The government’s production-linked
incentives scheme is particularly ambitious, promoting
advanced manufacturing to enhance production, improve
the supply chain, and support digital transformation in the
industry ecosystem.

However, the study has some limitations. It is confined
to companies within India, which means the results may
not be generalisable to other contexts. Future research
could involve a larger participant pool to yield more reli-
able results. Exploring additional moderators, such as
financial and management support, could provide new
insights. Moreover, although the current study focuses on
qualitative impact dimensions, future research could
incorporate quantitative variables to more accurately esti-
mate the impact of the SM system. Additionally, future
studies could also focus more on the environmental
impacts of technology intervention, particularly regarding
carbon neutrality and achieving net zero goals.

Appendix
Part A: Demographic questions

(1) Name:

(2) Gender:

(3) Education qualification:
(4) Designation:

(5) Years of experience:

Part B: Main survey question

Instructions: Give your response against the asked ques-
tions on the following 7-pointer scale: “Strongly Dis-

agree” = 1; “Moderately Disagree” =2; “Disagree
Slightly” = 3; “Neutral” =4; “Agree Slightly” = 5;
“Moderately Agree” = 6; “Strongly Agree” =17.
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Sr.  Aspects Items Description Scale
no

1 2 3 4 5 6 7

Implementation ~ ISM1 Digital technologies lead to increased automation, predictive maintenance, and self-
of SM (ISM) optimisation of process improvements

ISM2 SM systems help the organisation in increasing the efficiency and effectiveness of
organisational processes as well as the ability to create organisational knowledge

ISM3 Promoting industrial sustainability through the use of smart technology may lead to
high business opportunities

Innovation (IV) IVl  The existence of SM systems has dramatically driven green innovation through
sustainable and advanced technologies

IV2  The initial goal of SM systems implementation in Indian SME:s is to bring process
innovation through lean practices and optimisation

IV3  The creation of improved and developed products can be achieved through SM
systems implementation

IV4  SM helps in providing new customer groups while sustaining the older ones through
service innovations

Organisational OR1 SM system implementation helps SMEs to detect, respond, and to recover from any
resilience (OR) operational disruptions

OR2 New technologies give organisations the ability to react and foresee unexpected
risks of business at various levels

OR3 Smart manufacturing is based on a strong business model and robust plan which
gives the organisation resistance to any disruptions

OR4 SM systems help in developing mindsets, increasing intelligence, and encouraging
effective communication within the organisation

Supply Chain SC1  Smart factory settings are capable of autonomously exchanging information and
(SO) controlling each other helps enhance the supply chain process

SC2  An intelligent supply chain allows real-time communication with many supplier
partners and benefits all supply network partners by reducing costs

SC3 SM systems increase the interconnection, collaboration, and transparency among
the supply chain partners

SC4 SM systems provide a set of technology-based solutions that aim to lower financing
costs and improve business efficiency for buyers and sellers linked in a sales
transaction

SC5 SM system enables the purchase process and fulfilment process digitalised and
automated thus easing out inventory management

SC6 By capitalising on SM technologies and increasing real-time visibility throughout
the supply chain, manufacturers can more proactively identify areas of potential
risk before an issue

Sustainability ST1 SM in industries can help workers to uplift socially by providing skills and an
(ST) improved lifestyle
ST2 In India, the implementation of SM systems will reduce manufacturing cycles,
decrease cycle time, and reduce wasteful use of capital
ST3 SM has a more conscious use of natural resources, less waste, processes are leaner
and the life cycles of its machines and equipment are longer

ST4  The idea of Industry 4.0 is ubiquitous and is one of the main targeting strategies to
address the 3 Rs (reduce, reuse, and recycle) to achieve sustainable production
and consumption

@ Springer ‘@,



Global Journal of Flexible Systems Management (September 2024) 25(3):533-557 553
Sr.  Aspects Items Description Scale
no
1 2 3 4 5 6 17
Industry Ecosystem IEl  Due to financial constraints, the practice of resource sharing with bigger industries, in
(IE) the process of SM implementation is increased
IE2  Having a great industry ecosystem has been beneficial in getting highly skilled global
talent to the countries, boosting the local and global economy
IE3  Disruptive technologies have benefited India and are reshoring employees from
overseas
IE4  Successfully evolving industries means collaborating across value chains and supply
chains, as well as with manufacturers and other operational technology companies
IE5 SM systems help to optimise the resources in the organisation
Urbanisation (UB) UBI 14.0 creates an increase in employment opportunities. Additional managers and
employees were required to operate them, increasing the supply of jobs and overall
wages
UB2 Urbanisation provides more avenues of revenue generation thus leading to an improved
lifestyle
UB3 SM implementation motivates to take up energy-saving initiatives among the
employees
UB4 Urban local bodies or local governments implement urban development strategies to
boost the country’s economy
UBS5  Urbanisation can lead to inequity, social unrest, and the growth of overcrowded
informal settlements and may hinder the economy
Enabling ET1 Technology can help make processes more sustainable by improving energy efficiency,
Technology (ET) reducing emissions, and enhancing mobility
ET2 Technology helps in achieving greater transparency and accuracy leading to better
decision-making which further leads to cost saving
ET3 Technology enables standardisation in the organisation
ET4 New technologies are enabling supply chain processes to become faster and more
efficient and thus, gain competitive advantage
ET5 Technology helps in scaling the business globally
ET6 The process of SM implementation pushes urbanisation which is often entangled with a
country’s industrialisation. Thus, can boost economic growth, create employment
opportunities, and increase income levels
Government (GS)  GS1 Digital adaptation coupled with government support not only helps the firms achieve
their crisis response goals, but it also helps the firms bounce back better after the
crisis
GS2 Indian Government is valuing supply chain and utilising logistics to create value,
domestic firms will also improve their international competitiveness
GS3  Indian Government is establishing fruitful laws and regulations for industries that
promote sustainable development
GS4  Governments are meant to guide and direct the pace of economic activity in the country.
It also needs to ensure a sound ecosystem with stable growth, high employment, and
price stability
GSS5  Indian Government is focussing on building an ecosystem that can generate significant
value both by growing the core business and by expanding the portfolio into new
products and services
Growth of Indian ~ GIEl Creating new markets, improving existing ones, and spawning entirely new industries
Economy (GIE) contributes to growth and prosperity
GIE2 Economic growth and urbanisation are inextricably linked. Economic growth often
implies the conversion of rural land to urban uses and increasing business through
high employment
GIE3 Improved productivity leads to growth in the economy
GIE4 An efficient supply chain boosts the business which leads to a spike in the growth of the
country’s economy
GIES Digitisation is crucial for creating a new business model which further leads to growth
in the economy
GIE6 Sustainability in industries ensures that the long-term measures taken in an organisation
support a company’s growth without negatively impacting the environment
GIE7 SM system allows businesses to produce more goods and services with fewer resources,

which leads to economic growth and increased prosperity
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Key Questions for Further Reflections

Q1. What is the moderating role of finance and management
support of the organisation on the impact of smart
manufacturing implementation?

Q2. What are the ways through which impact of smart
manufacturing implementation can be quantified?
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