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Abstract

This research examines the adoption of the Internet of Things (IoT) by small and
medium enterprises (SMEs) in Bangladesh using the Technology-Organization-
Environment (TOE) model and the Resource-Based View (RBV) theory. This study
integrates these frameworks to assess the factors influencing loT adoption and

its impact on firm performance. Furthermore, it seeks to gauge the economic
dimensions of loT-integrated SMEs in developing countries and investigates

the effects of loT adoption on organizational and environmental sustainability.

A sample of 149 Bangladeshi professionals from agro-processing, consumer
products, e-commerce, leather, and other loT-based SME sectors was analyzed.

A hybrid Structural Equation Modeling—Artificial Neural Network approach was
employed to capture complex linear and non-linear relationships among variables.
To ensure robustness, the Partial Least Squares model was applied, followed by

the bootstrapping method for resampling. The findings indicate that complexity,
competitive pressure, top management support, external vendor support, and
regulatory frameworks significantly drive loT adoption in SMEs. Moreover, loT
adoption positively influences both financial and environmental performance,
fostering sustainability within SMEs. Hence, this study offers valuable insights for
policymakers and researchers regarding the key factors necessary for the successful
adoption of loT in SMEs, particularly in developing economies. The findings also
highlight how IoT technologies enable end-to-end monitoring and optimization of
environmental performance, improving resource efficiency, reducing operational
costs, and enhancing corporate reputation among consumers and stakeholders. Thus,
loT adoption not only aligns with global environmental protection initiatives but also
spawns economic benefits.

Article highlights

loT serves as a means of utilizing resources, reducing costs, and better
reputation in developing economy SMEs.

The adoption of loT promotes the financial and environmental performance of
the SMEs and leads to sustainable growth.

Policymakers can use loT to boost efficiency and strengthen corporate
environmental responsibility.
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1 Introduction

Fourth industrial revolution has introduced the paradigm shift in the business environ-
ment of today by the means of incorporating digital technologies [86]. The purpose of
this technological integration is to increase productivity, quality, and efficiency [65, 75].
Internet of Things (IoT) is now and has been an influential factor in the contemporary
business landscape that has altered how organizations conduct business and makes deci-
sions [66]. This is a technological revolution that has been marked by the growing con-
nectivity of the common objects, devices a nd systems such that they are able to gather
and exchange data in real time. The emergence of IoT can be attributed to the combina-
tion of a number of factors, such as the fact that prices of sensors have dropped, the
high-speed internet has become more accessible, and improvements in data analytics
and cloud computing. The possibilities to collect and process a great deal of information
between the devices that are connected provide business with unprecedented opportu-
nities to streamline its processes, improve customer experiences, and create new sources
of revenues. The traditional manufacturing has been revolutionized into smart systems
by these technologies [34, 40], that focus on the implementation of new business models
that influence the whole value chain, the society, and the environment (Fonseca, 2018).

IoT is a significant business prospect to enhance productivity and competitiveness by
introducing novel solutions in the case of small and medium-sized businesses (SMEs)
[82]. IoT technologies can help SMEs to restructure their operations [34], lower costs
[82], and provide better customer service [92]. The use of IoT solutions can help the
SMEs have a competitive advantage in the market and a sustainable growth.

IoT applications used in manufacturing SMEs are the low-cost smart instruction and
live process monitoring system in assembly, the real-time expert help and enterprise
knowledge platforms [29]. Moeuf et al. [53] identified that 90% of the experts are certain
that IoT plays a significant role in the industrial performance of SMEs to redesign pro-
duction processes and implement new business models. [oT implementation may result
in the improvement of the management of resources, improved decision-making, and
the creation of new products and services according to the needs of the customers. Such
transformation can assist not only to survive but also to succeed in a more competitive
global market by SMEs.

Nevertheless, SMEs are often faced with resource limitations and market-specific
issues that make the acquisition of new technologies difficult [30]. They may be hindered
by limited financial resources, limited technical expertise [29], inadequate infrastructure
[26], and data security [44] to invest and implement new and innovative technological
solutions such as IoT. Moreover, SMEs are usually in the competition with bigger busi-
nesses possessing more resources and it is hard to implement new technologies or to
preserve the market position. These issues are forcing SMEs to be prudent in all their
technology investments and have strategies that would ensure maximum returns on
their investment.

Moreover, business organizations no longer can survive simply by struggling to sur-
vive financially in the 21 st century. Rather, businesses have to strive to balance between
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environmental sustainability and financial sustainability. Environmental sustainability
is currently one of the primary sources of organizational behaviors and performance
in the contemporary business environment. The adoption of sustainable business prac-
tices in business organizations is part of SDGs, which underscores the role of the United
Nations in promoting resource efficiency and minimizing environmental effects. This
does not only contribute to the international environmental protection agenda, but it
also generates business performance, which shows how sustainability could become a
business priority that is enhancing the overall ecological and economic outcomes.

The SMEs in most developing countries are significant producers of the Gross Domes-
tic Product (GDP) [16]. SMEs in Bangladesh form 50.9% of all manufacturing plants,
35.5% of employment, and 47% of the gross value added (GVA) of the industry [14] and
are a major source of generating economic growth and foreign exchange by promoting
and increasing business operations. This makes the implementation of IoT into Bangla-
desh an excellent socio-economic expansion prospect in different industries, such as
agriculture, manufacturing, health care, and transportation [64]. IoT implementation
has the capacity to inject significant changes in the SME sector which is a key driver
of the Bangladesh economy which has offered encouraging use cases that can support
socio-economic development objectives of the country.

In spite of these advantages, the number of studies about the adoption of IoT and
its implications is low. The existing studies on the topic of IoT have primarily concen-
trated on particular industries, including manufacturing SMEs [76, 82] or online educa-
tion systems [58]. Likewise, Majstorovic et al. [45] examined the 10T in manufacturing
and production. The majority of the studies analyzed the role of IoT in the performance
of the organization alone (Mukherjee et al., [56]; Mashat et al., [51]. Thus, this paper
discusses the implementation of the IoT in particular in improving sustainable organi-
zational and environmental performance among SMEs in developing nations with the
specific regard to Bangladesh. In contrast to the literature that mentions general benefits
and challenges, the current paper focuses on the ability of IoT to promote financial and
environmental sustainability in SMEs through better resource management, operational
efficiency, and environmental impact on the environment with references to SDG 12 on
Responsible Consumption and Production and SDG 13 on Climate Action.

IoT is a capability for firms and organizations must have internal resources to develop
this capability. The association between capability and internal resources is well
described by the Resource-Based View (RBV) theory. In contrast, the Technology-Orga-
nization-Environment (TOE) model provides prominent elements for IoT adoption. Pre-
vious literature adopted only TOE (Al- Badghish & Soomro [11], Al-Sharafi et al,,[2])
to explore technology adoption drivers. However, Bag et al. [12] combined TOE and
RBV to explore factors affecting blockchain adoption. To the best of the authors’ knowl-
edge, no studies in the SME context have integrated these two models to measure fac-
tors influencing IoT adoption. To address the gap, this study integrates the TOE model
with RBV theory to investigate the drivers of IoT adoption in SME firms in Bangladesh.
Moreover, SMEs in this country operate under resource constraints, highlighting the
suitability of RBV theory in assessing the internal capability for IoT adoption. Similarly,
the TOE framework provides a holistic approach to identifying external capabilities that
interact with organizational capabilities rooted in RBV to impact IoT adoption. There-
fore, the specific research objectives are:



Rupa et al. Discover Internet of Things (2026) 6:20 Page 4 of 28

RO1: To explore the drivers of IoT adoption in SMEs.

RO2: To examine the sensitivity of the drivers in predicting IoT adoption in SMEs.

RO3: To investigate the impact of IoT adoption on sustainable performance in SMEs.

The study focuses on the above objectives and can be differentiated with the current
researches due to various reasons. First, the study combines TOE and RBV in the study
of the drivers of IoT adoption and the effects of the adoption on sustainable perfor-
mance, which adds to the body of literature on the topic of IoT adoption. Second, this
paper was specifically interested in the context of SMEs in Bangladesh with a specific
emphasis made on the changing technological ecosystem. Third, the current study is
also methodologically dissimilar as the sample is also symmetric and asymmetric analy-
sis, concentrating on the multifaceted connection of the enablers and results of the IoT
adoption.

This research adds to the prevailing literature on the adoption of IoT identically
through investigation on the forces, which affect the integration of the IoT to the SMEs
in the developing nations. It also touches on how IoT can be used to ensure that the
environment is sustainable which has emerged as a major regulatory responsibility of
companies. The study classifies the influence of factors on the uptake of IoT by the SMEs
into three dimensions, namely, the technological, organizational, and environmental,
and evaluates their impact in the adoption process.

The implications of this research will make policymakers have a better idea of the key
components that are required to successfully implement the IoT in SMEs, especially in
developing countries with little internal capabilities such as Bangladesh. Additionally, it
demonstrates the possibilities of SMEs to attain sustainable performance as a result of
proper application of IoT technologies.

The remainder of the study is structured in the following manner: Sect. 2 of the study
provides the literature review and hypothesis development, Sect. 3 of the study refers
to discussion of the methodology used, and finally Sects. 4 and 5 refer to analysis and
discussion respectively. Lastly, in Sects. 6 and 7, the implications, conclusion and future
directions are discussed.

2 Literature review and hypothesis development

2.1 loT application and adoption in SMEs

IoT, or the SME industry calls it the Industrial Internet of Things (IIoT), is a complicated
set of interconnected devices [73]. Although the IoT optimizes data analytics and auto-
mates business processes, offering SMEs with potent means of optimizing their work
[80]. It allows the SMEs to learn market trends, customer preferences and make better
decisions based on real-time monitoring [54] and automation [98], which makes the data
exchange across a network to realize smart business operation [48, 63]. Cloud comput-
ing offers SMEs scalable and affordable IT infrastructure to assist them in their efforts to
transform digitally [44]. As such, through the implementation of IoT enabled systems,
SMEs can get to automate their activities, cut down wastes, and even optimize the use
of resources. This will enable them to enhance their bottom line and have sustainable
growth, despite the small resources. Moreover, the 10T technologies can also be used to
create the social value through improving the working conditions, enhancing diversity
and inclusion, and facilitating the community development. The SMEs will be able to
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generate both economic and social value by incorporating sustainability in their digital
transformation strategies, and building a more sustainable and equitable future [96].

In the past, the COVID-19 served as a major catalyst to the heightened requirements
to embrace the use of IoT among SMEs [60]. Nevertheless, the adoption process is com-
plicated and usually may be entailed with numerous technological, organizational, and
environmental aspects (Parra and Guerrero, 2020). Moreover, this adoption may be
inhibited by financial and technical constraints, as it can be resolved with the help of the
government [62].

Nevertheless, the SME industry embraces IoT because it has many advantages . Nev-
ertheless, Asian nations continue to laggard in the use of IoT in SMEs. When imple-
mented, IoT positively influences the enhancement of operational efficiency (Priyashan
and Thilakarathne, [67]), enhances inventory management and supply chain coordina-
tion [28], and sustainable growth [92].

IoT penetration in Bangladesh is on the rise in all sectors such as hospitality, manufac-
turing and farming. Therefore, IoT has been identified by The government of Bangladesh
as a key facilitator of economic development, as described in the National [oT Strategy
[64], since it can improve the experiences of the guests with tailored services and opti-
mize the effectiveness of operations in the hospitality industries [32] and can increase
productivity and resource management in the agricultural business [85].

Nevertheless, the use of IoT in Bangladesh has been associated with many challenges,
e.g., absence of technical skills, expensive nature, and privacy issues, among which the
need to overcome has been identified to implement it successfully [32]. Moreover, the
manufacturing industry in Bangladesh encounters severe problems such as the absence
of the top management decision, high initial implementations, and threats of adopting
new models of business [83]. It is important to consider these barriers to improve the
industry in terms of competitiveness and sustainability. Despite the fact that SMEs are
playing an important role in the economic development of the country, they receive a
low priority as far as the use of IoT is concerned.

2.2 Sustainable performance in SMEs
The sphere of sustainable performance is multifaceted, including economic, social,
and environmental aspects, which makes business targets consistent with the needs
of the entire society and contributes to its long-term sustainability [71]. When applied
to SMEs, sustainable performance implies not only profitability and increase but also
helping the society and reducing any adverse effects on the environment (Rahman and
Sadik, 2025;[93]. This holistic model demands that SMEs, especially entrepreneurs,
should take into account triple bottom lines of people, planet, and profit in their busi-
ness strategy and practices (Asad, Fryan, and Shomo [5, 8]. Incorporating sustainabil-
ity into their businesses will help SMEs to improve their image and reputation, attract
socially responsible consumers, as well as generate value that would be realized over a
long period of time [78]. Consequently, stakeholder and social involvement has a partial
role in the businesses that are part of the sustainable performance [4, 21, 72].

In the case of SMEs, sustainable performance does not only imply attaining profitabil-
ity but also adding to social well-being and reducing environmental impact, and thus
providing a balanced and responsible approach to business [79]. Fair labor practice,

community involvement, and provision of healthy and safe working environment can be
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implemented to augment social well-being. The reduction of environmental impact can
be reduced by minimizing waste, saving resources, and using environmentally friendly
technologies. Green innovation in products and processes, driven, in large part, by
technology discoveries, and the presence of entrepreneur networks, is also positively
impacting the environment [6, 10, 94]. Emphasizing these factors, SMEs will be able to
demonstrate their desire to be sustainable and leave the positive impact on the society
and environment.

IoT has become a significant factor in the development of sustainable performance
because it allows mobilizing and using resources efficiently and promotes transparency
and data-driven decision-making [93, 100]. The IoT sensors can be used to track the
energy consumption, water usage, and waste produced by the SMEs, and data analyt-
ics can be utilized to find areas in which the company can improve and move towards
more sustainable operations. Moreover, the IoT can be used to improve supply chain
transparency so that SMEs can monitor the environmental and social impact of their
products and services throughout their lifecycle. This enhanced transparency will make
SMEs gain the trust of their customers and stakeholders and will show the willingness to
be sustainable.

2.3 Theory and research framework

Various theories have been used in the SME industry to assess technology adoption,
including the Technology Acceptance Model (TAM), the RBV theory approach, and
the TOE framework. RBV theory emphasizes identifying a firm’s sources of competitive
advantage and how it can maximize its performance by utilizing internal and external
resources (Dionysus & Arifin, 2020).

Studies on technology acceptance in SMEs have used TAM, emphasizing collectively
qualitative and quantitative approaches (Purnomo et al., 2022). TAM has been applied
in SMEs for adopting knowledge management systems (Inayatulloh, 2020), e-business
(Sani et al., 2022), and social media marketing (Makmor, 2024). However, TAM over-
looks organizational and environmental impacts, despite the significance of both human
and non-human perspectives in technology adoption within firms [70].

The TOE framework takes into account the technological, organizational and environ-
mental aspects that determine the adoption of technological innovations by firms [82]. It
has therefore been extensively applied in studying the drivers in the adoption of various
technology, including e-commerce (Hanafiah et al., 2021), cloud computing [2], artificial
intelligence [11], and blockchain [41, 72] within the SMEs and financial industry. TOE
framework is especially useful when it comes to learning, applying, and integrating IoT
in companies to make sure that its implementation is successful (Zin, 2024). Bhuiyan
[17] pays attention to the long-term TOE model based on such dimensions as technol-
ogy preparedness, governmental support, and decision-making within the manufactur-
ing industry in Bangladesh. TOE and RBV frameworks are connected to each other as
they tackle technological, organizational, and environmental aspects, which drive the
use of IoT. The frameworks are mostly applicable to Bangladeshi SMEs in recognizing
the contextual issue, including top management support and organizational culture,
which play key roles in boosting technology adaptation and leveraging internal resources
or capabilities to improve the environmental performance when responding to local
market dynamics and other external pressures [43]. In this research, TOE will supply a



Rupa et al. Discover Internet of Things (2026) 6:20 Page 7 of 28

contextual background to this problem, as it elaborates the effect of TOE factors on the
adoption of IoT and RBV will supplement it by focusing on the internal resources within
the firm.

Although integrating TOE and RBV provides an all-encompassing approach to the
concept of technology adoption, it is imperative to take into account substantial indi-
vidualities of the context of Bangladeshi SMEs, including resource limitations and dif-
ferent extents of technological preparedness. Such complexity might be an obstacle to
the direct use of these frameworks which imply that more specific strategies should be
implemented that should respond to the local circumstances.

In an attempt to study thoroughly the factors that influence the implementation of
the IoT and their effects on the sustainability of the business performance of SMEs, this
paper applies both the RBV theory and the TOE framework. Effect of eight variables,
such as relative advantage (RA), compatibility (COM), complexity (CMP), top manage-
ment support (TMS), organizational readiness (OR), competitive pressure (COP), exter-
nal support provided by vendors (EXS) and regulations and legislations (REL) on the
adoption of IoT (IoTA) in the SME industry of Bangladesh will be tested. This paper also
addresses the consequential sustainability of these companies after adopting the use of
IoT with regards to alterations in their environmental performance (EP) and financial

performance (FIN). The conceptual model is shown in Fig. 1.

2.4 Hypothesis development

2.4.1 Technological factors

2.4.1.1 Relative advantage Relative advantage (RA) denotes the extent to which an
emerging technology will benefit more than existing systems in businesses. IoT provides
multi-facet benefits to SMEs such as seamless communication among devices, improved
productivity and decision-making, better management of inventory and supply chain,
and reduced cost [42]. RA has been demonstrated to have a substantial positive effect on
SME:s in terms of adopting technologies such as social media in Pakistan [69] and block-
chain in Malaysia and Australia [47, 99]. Therefore, the hypotheses are:

H1. RA has a positive impact on the IoT adoption intention of SMEs.

Relative Advantage

Compatibility

Complexity

Environmental Sustainability

Top Management Support

Organizational Readiness

Competitive Pressure Financial Sustainability

External Support H8

Regulations and Legislations /

Fig. 1 Conceptual Model
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2.4.1.2 Compatibility Compatibility (COM) explains how one system works well with
the other infrastructures and objectives of the companies [20] [47]. emphasized that firms
intend to adopt new technology if the technology is compatible with the existing IT envi-
ronment. COM has been found to have a significant positive influence on SMEs’ adoption
of social media [13, 69]. Contrarily, among SMEs in Lebanon, COM has been found to
have an insignificant impact on innovation adoption [89]. Therefore, it can be hypoth-
esized that:
H2. COM has a positive impact on the IoT adoption intention of SMEs.

2.4.1.3 Complexity Complexity (CMP) in the SME context means the level of difficulty
in comprehending and implementing new technology in the firm, and it has been proven
to have a significant negative impact on adopting innovation in SMEs in Lebanon [12, 89].
Ahmetoglu et al. [1] also found CMP as a barrier to IoT adoption. Therefore, this study
hypothesized that:

H3. CMP has a negative impact on the IoT adoption intention of SMEs.

2.4.2 Organizational factors

2.4.2.1 Top management support Top management support (TMS) is a vital factor in
implementing any technology, as it requires a fundamental change in business [37] [68].
revealed top managers’ support as a significant determinant of the adoption of IoT in the
creative sector of the SME industry in West Java, Indonesia. Moreover, previous studies
found a significant and constructive association between TMS and intentions to adopt
innovation in SMEs [70]. Therefore, the hypothesis is:

H4. TMS has a positive impact on the IoT adoption intention of SMEs.

2.4.2.2 Organizational readiness Organizational readiness (RA) can be interpreted as
the availability of required resources in the firm for the desired operation through inno-
vation [91]. Studies found a positive relationship between RA and IoT adoption in the
SME industry [68, 91]. However, a study conducted among the SMEs of South Africa has
shown an insignificant relation between RA and IoT adoption intentions [2].

H5. RA has a favorable impact on the IoT adoption intention of SMEs.

2.4.3 Environmental factors

2.4.3.1 Competitive pressure Competitive pressure (COP) means the potential distress
of losing the competitive advantage of a firm due to the presence of its competitors in
the market. This kind of external pressure compels organizations to adopt technologies
such as IoT [33]. COP has a significant and positive impact on the proper adoption of
innovation in SMEs in Pakistan [70], as well as in Indonesia [68]. Therefore, it can be
hypothesized that:

H6. COP has a positive impact on the IoT adoption intention of SMEs.

2.4.3.2 External support from vendors Firms can successfully adopt innovation into
their business processes if they get the proper external support from their vendors (EXS)
[12]. Vendors deal with the difficulties of installing novel technologies and provide tech-
nical support and help with infrastructural maintenance [50]. On the other hand, a lack
of support from local vendors may lead to disruption of operations if firms face technical
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difficulties. Therefore, support from suppliers plays a vital role in adopting innovations
such as IoT. Thus, it can be hypothesized that:
H7. EXS has a positive impact on the IoT adoption intention of SMEs.

2.4.3.3 Regulations and legislations Regulations and legislations (REL) mean the laws
set by responsible authorities in the country, as well as those that exist in the industry.
Government policies can make firms adopt innovation in their business processes [55].
When it comes to developing countries, REL is extremely significant in the case of adopt-
ing innovation in SMEs [68]. Therefore, we can hypothesize that:

H8. REL has a positive impact on the IoT adoption intention of SMEs.

2.4.4 IoT and smes’ sustainable business performance
The sustainable business performance of an SME can be measured in terms of its envi-
ronmental performance (EP) and financial performance (FIN) [12]. Literature has
proven that adopting various innovations, cloud computing [2], AI [11], and blockchain
[41], has a significant positive impact on the overall execution of different SMEs all over
the world. Similarly, IoT, being another innovation of Industry 4.0 [90], the following
hypotheses can be made.

H9. [oT adoption has a beneficial impact on the EP of SMEs in Bangladesh.

H10. IoT adoption has a favorable impact on the FIN of SMEs in Bangladesh.

3 Methodology

3.1 Population, sampling, and data collection

The target population of the study comprises the employees working in SME companies
in Bangladesh. The study follows the purposive sampling technique. The rationale for
using purposive sampling, as suggested by Campbell et al. [18], is that purposive sam-
pling facilitates researchers in finding target respondents based on specific criteria or
perspectives. Two important aspects have been considered in selecting samples. Firstly,
the respondents must be employees in any SME firm that utilizes IoT. Secondly, ease of
reach is another criterion of selection. Hence, the target respondents were from IoT-
based SME organizations who could be reached conveniently.

The authors distributed Google Form links to 215 target respondents working in SME
companies that use IoT technologies. The distribution list consisted of respondents from
five sectors of SME companies in Bangladesh: 57 from agro and agro-processing, 45
from consumer products, 80 from e-commerce, 12 from leather, and 21 from other cat-
egories, e.g., Fashion, Foods, and Handicrafts. As this study collected data from 5 major
sectors of SME companies, the findings from the data can be representative of the SME
sectors of Bangladesh. The research team distributed the questionnaire at the begin-
ning of June 2024. By the end of July, only 106 respondents filled up the questionnaire.
Then the team made several follow-ups through online reminders and received an addi-
tional 43 questionnaires by September 2024. Finally, the analysis has been done with 149
responses, reflecting an effective response rate of 69.30%. The list of sectors from which
respondents took part in this study is listed in Table 1.

There has been extensive research to determine the appropriate sample size for dif-
ferent types of statistical analyses. Although a sample size of 200 is considered reason-
able [38], a sample size below 200 can be used for robust statistical analysis using the
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Table 1 Respondents from different sectors

Sectors Frequency Percentage
Agro and Agro Processing 41 27.52%
Consumer Products 38 25.50%
E-Commerce 52 34.90%
Leather 7 4.70%
Others (Fashion, Foods, and Handicrafts) 1 7.38%
Total 149 100%

PLS-SEM approach [77]. Studies on IoT, cloud, and digital technology adoption in SMEs
frequently employ sample sizes in the range of 100 to 200. For example, with the appli-
cation of SEM, Malesios et al. [46] assessed supply chain sustainability in SMEs using
a sample of 120 firms, demonstrating that medium-sized samples can produce robust
results when the study is carefully designed. Likewise, Alshahrani et al. [3] investigated
IoT-based sustainable energy solutions for SMEs with a sample of 50 firms. From a sta-
tistical perspective, a sample of 149 provides adequate power for regression and SEM,
meeting the recommended minimum ratio of 5 to 10 observations per estimated param-
eter [9]. Besides, still, there are still limited companies that are using IoT, particularly in
the SME sector, which is another reason for having a small sample size. However, the
bootstrapping technique with a sub-sample validates the results with a small sample
size, as suggested by Mariri & Scheepers [49]. Hence, the final SEM analysis used boot-
strapping with 5000 samples, which certified the strengths of the relationships between
variables.

3.2 Study instruments

To assess each variable and achieve the research objectives, relevant scales were
employed. Respondents were required to provide their observations on a 5-point Lik-
ert scale, where 1 represents “Strongly Disagree” and 5 represents “Strongly Agree” The
measurement items have been formulated based on the literature. The items for each
construct have been presented in Table 2 with the justifications.

In order to keep theory-driven variables at a high level of conceptual precision, the
control variables were intentionally excluded from the TOE and RBV frameworks.
While this study sample is relatively homogeneous, the variance accounted for by typi-
cal controls (such as firm age, size, sector) may be minimal [24, 61]. The SME sample’s
homogeneity in industry and geography made it unnecessary to include control vari-
ables like firm size or age. Therefore, no controls were necessary. Also, in SEM-ANN
hybrid models with restricted sample sizes, control variables may inflate the model [52,
87]. Hence, the final structural model did not include any control variables to maintain
model parsimony. Furthermore, controls may not be necessary in exploratory or theory-
building research, particularly when the objective is to identify key drivers rather than
distinguishing causality.

3.3 Respondents’ consent and ethical assessment

In Bangladesh, social science research is not subject to requiring ethical approval
under institutional policies or national legislation. Only sensitive scientific and medical
research, such as animal trials, requires ethical evaluation. Nonetheless, ethical approval
was obtained from the Ethics Committee for Research Involving Human Subjects of the
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Table 2 Study instruments

Constructs  Constructing Items Sources Justification for Using
Variables in the Current
Study
RA RA1:loT adoption elevates the quality of work. [59] This study assumes that
RA2: loT adoption streamlines work more efficiently. loT adoption presents
RA3: loT adoption has resulted in positive reviews SMEs with better oppor-
from customers. tunities, leading to RA in
the business.
oM COM1: loT adoption goes well with our business [97] The current study believes
practices. that organizational COM
COM2: loT adoption is relevant according to our is required to measure loT
organizational culture, adoption.
COM3: Itis easy to adopt loT in the business.
CMP CMP1:Training on loT adoption is difficult for the [50,74,95,  The study aims to exam-
employees. 97] ine the CMP of loT, which
CMP2: The resultant system after loT adoption in the could potentially be a
business is difficult to operate. barrier to loT adoption
CMP3: The resultant system after loT adoption in the in SMEs, particularly in
business is difficult to maintain. Bangladesh, due to a lack
of infrastructural support
and skilled employees.
T™MS TMS1: The top management of our organization sup-  [50] The particular study per-
ports the adoption of loT in the business. ceives that TMS is crucial
TMS2: Our top management regards loT adoption as a for loT adoption, as previ-
matter of strategic priority in the organization. ous research shows that
TMS3: Top management has taken steps to adopt loT leadership commitment
into the business. is essential for the suc-
cessful implementation of
emerging technologies.
OR OR1: loT adoption in our organization is not possible  [22] The paper measures OR
because of a lack of relevant IT infrastructure. for loT adoption as it
OR2: The organization does not have enough funds to presumes that adequate
invest in loT adoption. infrastructure and funds
OR3: You feel prepared to adopt loT in your business. are needed for the
proper adoption of the
technology.
cop COP1: We remain aware of our competitors when it [50] Hypothesizing that
comes to loT adoption. competition among
COP2: We feel pressured to adopt loT due to our businesses can drive
competitors doing it. innovation, the study
COP3: Our decision to adopt loT is dependent on our investigates the relation-
competitors’decision in this matter. ship between COP and
loT adoption of SMEs.
EXS EXS1: There are available vendors to help with setting  [50] This paper explores the
up loT in the business. role of EXS in loT adop-
EXS2: Vendors can provide relevant training to the tion, considering them
staff about the newly implemented system. as key facilitators of loT
EXS3: The business can afford the service of a vendor adoption in SMEs.
to help with its loT adoption.
EXS4: Support from vendors would make loT adop-
tion and maintenance much easier.
REL REL1: The government policies support lIoT adoption [50] Assuming that supportive

in our business.

REL2: The government offers incentives for adopting
loT in the business.

REL3: There are safety policies for secure loT adoption
and maintenance in the business.

laws and regulations
benefit technological
adoption, this paper aims
to analyze the relation-
ship between REL and loT
adoption in SMEs.

Page 11 of 28
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Table 2 (continued)

Constructs  Constructing Items Sources Justification for Using
Variables in the Current
Study
loTA |oTA1: Our company has adopted loT to adapt to the  [50] The authors wish to
changing market. examine different motiva-
|oTA2: Our company has adopted loT to gain a com- tions that drive SMEs'
petitive advantage. intentions to adopt loT in
|oTA3: Our company has adopted loT to reduce their businesses.

operational costs.

|oTA4: Our company has adopted IoT to reduce com-
munication costs.

|oTAS: Our company has adopted IoT to improve
employee productivity.

|oTA6: Our company has adopted loT to improve
transaction accuracy.

EP EP1: loT adoption in the business has helped reduce [50] The study assesses the en-
wastewater. vironmental performance
EP2: loT adoption in the business has helped reduce of SMEs post-loT adop-
the production of solid waste. tion, considering loT's role
EP3: Due to loT adoption, the consumption of hazard- in favor of sustainable
ous materials has decreased. business practices.

FIN FINT: Compared with our competitors, our customer — [50] loT adoption in SMEs
retention has improved in the last 2 years. is speculated to have a
FIN2: Compared with our competitors, our sales have promising effect on the
improved in the last 2 years. FIN of businesses.

FIN3: Compared with our competitors, our profitability
has improved in the last 2 years.

University of Dhaka (Reference Number: IBDUREC-2024-23) prior to the commence-
ment of data collection for this study. Moreover, informed consent was also obtained
from the respondents, and they were assured that their participation in the research
was exclusively voluntary. Furthermore, participants were informed that their responses
would remain entirely anonymous and would be used solely for academic research
purposes.

3.4 Data Preparation and analysis

This study applied a hybrid approach to data analysis. SPSS 28 was employed to con-
duct the descriptive statistical analysis of the collected data. In addition, SmartPLS 4 was
used to calculate the data, analyze the proposed research model, and develop hypotheses
using SEM. The Partial Least Squares (PLS) model was used to test the robustness and
value of the statistical evaluation, and the bootstrapping method was applied to draw
many sub-samples from the original data. Before testing the structural model, reliabil-
ity and validity of measurement model have been assessed. Composite reliability, and
Cronbach’s Alpha with a threshold of 0.70 has been used for measuring reliability. Con-
vergent validity has been assessed using item loading and Average Variance Extracted
(AVE) with a cut-off value of 0.50, while discriminant validity has been measured using
only HTMT ratio with a threshold value of < 0.90. Outcomes from SEM analysis have
been complemented through Artificial Neural Network (ANN) analysis to measure the
predictability of the model and to rank the predictors. Therefore, this study adopted the
SEM-ANN approach for [oT and SME research, as previous studies either used SEM [57,
88] or other methods [36].

Page 12 of 28
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4 Research findings

4.1 Demographic information of the respondents

A survey was conducted for this study, and Table 3 includes an overview of the general
information regarding the respondents and their affiliated SME companies. The majority
of the respondents (45.64%) are middle managers, whereas 28.86% and 25.50% are top
managers and operational managers, respectively. SME companies operating in Bangla-
desh have been classified into five categories. The majority (34.90%) of the respondents
belong to the e-commerce group. There are 27.52%, 25.50%, and 4.70% respondents
from agro-business, consumer product selling companies, and leather companies,
respectively. Most of the companies (35.57%) have less than 2 years of experience in
using IoT technology for business operations, and only 8.72% have more than 10 years
of experience.

4.2 Measurement model and discriminant analysis

4.2.1 Common method bias

Common Method Bias (CMB) measures the bias in the collected dataset due to using a
simple mode of data collection. Kock [39] recommends that a Variance Inflation Factor
(VIF) below 3.3 affirms the absence of CMB. All VIF values reflected in the Table are less
than 3.3, confirming that no single factor dominates the dataset. Hence, there is no CMB

issue.

4.2.2 Measurement model analysis

Measurement model analysis confirms the reliability, the construct, and the discrimi-
nant validity of the constructs used. To achieve construct reliability, Cronbach’s Alpha
and Composite Reliability values must be greater than 0.70 [27]. The Cronbach’s Alpha
and Composite Reliability values of the suggested constructs are higher than 0.728 and
0.780, respectively, as shown in Table 4, assuring construct reliability. Convergent valid-
ity is evaluated using item loading and Average Variance Extracted (AVE) with a cut-off
value of 0.50 [27]. Table 4 also depicts that the item loading and AVE values exceed the
threshold value, satisfying the convergent validity of the variables.

According to Henseler et al. [31], the Heterotrait-Monotrait (HTMT) ratio is a valuable
measure for ensuring the discriminant validity of the latent variables. To affirm the dis-
criminant validity, only HTMT ratios have been used and HTMT ratio is assessed using
a threshold value of less than 0.90 [31]. Table 5 displays the HTMT ratio, and all values

Table 3 Demographic information

Variables Description Frequency Percentage
Designation Top manager 43 28.86%
Middle manager 68 45.64%
Operational manager 38 25.50%
Types of SME companies Agro and Agro Processing 41 27.52%
Consumer Products 38 25.50%
E-Commerce 52 34.90%
Leather 7 4.70%
Others (Fashion, Foods, and Handicrafts) 11 7.38%
Experience of using loT Less than 2 years 53 35.57%
2-5 years 49 32.89%
5-10years 34 22.82%

More than 10 years 13 8.72%

Page 13 of 28
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Table 4 Measurement model

Constructs Items Loadings Cronbach’s Composite Average
Alpha Reliability Variance
Extract-
ed (AVE)
RA RA1 0.920 0.783 0.854 0.663
RA2 0.695
RA3 0.813
com CcoMm1 0.773 0.729 0.801 0.573
COM2 0.760
COM3 0.737
CMP CMP1 0.789 0.751 0.859 0.674
CMP2 0.876
CMP3 0.882
™S TMS1 0.872 0.849 0.909 0.768
TMS2 0.886
TMS3 0.872
OR OR1 0.645 0.748 0.860 0.676
OR2 0.903
OR3 0.892
CcoP COP1 0.904 0.820 0.892 0.734
COP2 0.881
COP3 0.780
EXS EXS1 0.807 0.851 0.899 0.690
EXS2 0.818
EXS3 0.852
EXS4 0.845
REL REL1 0.757 0.728 0.821 0.604
REL2 0.801
REL3 0.773
[oTA |oTA1 0.756 0.849 0.889 0572
|oTA2 0.763
loTA3 0.786
loTA4 0.710
loTAS 0.801
loTA6 0.809
EP EP1 0.751 0.767 0.780 0.649
EP2 0.851
EP3 0.787
FIN FIN1 0.895 0.880 0.926 0.808
FIN2 0.938
FIN3 0.862

RA Relative Advantage, COM Compatibility, CMP Complexity, TMS Top Management Support, OR Organizational Readiness,
COP Competitive Pressure, EXS External Support from Vendors, REL Regulations and Legislations, IoTA Adoption of loT, EP
Environmental Performance, FIN Financial Performance

are below the suggested value, certifying the discriminant validity of constructs. There-
fore, reliability, convergent validity, and discriminant validity have been established.

4.3 Structural model

A structural equation model has been established to identify the connections between
the dependent and independent variables. The path coefficients have been assessed
using the bootstrapping technique with a 5000-sample. Table 6; Fig. 2 show the results of
the structural equation model. The t-values and P-values are used to identify acceptance
and rejection of the hypotheses. Besides, Bias Corrected Confidence Intervals (BCI)
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Table 5 Heterotrait-Monotrait ratio (HTMT)

Constructs  loTA CcMP com cop EP EXS FIN OR RA REL
CMP 0.580

oM 0.867 0.827

Ccop 0.863 0.480 0.583

EP 0.879 0.604 0.898 0.712

EXS 0.780 0493 0.759 0411 0.771

FIN 0.695 0.506 0.883 0.371 0.764 0.578

OR 0.788 0.626 0.304 0478 0.730 0.539 0.521

RA 0.232 0416 0.488 0.175 0.245 0.211 0.144 0.336

REL 0451 0.636 0513 0.795 0448 0.239 0.163 0.174 0.149

™S 0.687 0.535 0.602 0.363 0.740 0442 0409 0.292 0.194 0.641

RA Relative Advantage, COM Compatibility, CMP Complexity, TMS Top Management Support, OR Organizational Readiness,
COP Competitive Pressure, EXS External Support from Vendors, REL Regulations and Legislations, /oTA Adoption of loT, EP
Environmental Performance, FIN Financial Performance

Table 6 Structural model assessment for direct connections

H Relations StdBeta StdError Tvalues Pvalues’ BCILL BCIUL f? VIF  Decision

1 RA->loTA 0.027 0.034 0.809 0419 —0.043 0.090 0.008 2202 NotSupported
2 COM->loTA 0080  0.056 1434 0152 —0.032 0190 0014 2.104 NotSupported
3 CMP->loTA -0.057 0.028 2022 0.043 -0.006 0.106 0.527 1.646 Supported

4 TMS->loTA 0867  0.125 6950  0.000 -1.140 -0646 0.502 2.181 Supported

5 OR->loTA 0.109 0.076 1436 0.151 —0.022 0273 0014 1.190 Not Supported
6  COP->loTA 0514 0.049 10404 0.000 0412 0603 0875 1.647 Supported

7 EXS->IoTA 0911 0.134 6.796  0.000 0692 1220 0838 1354 Supported

8  REL->loTA 0.268 0.067 3.987 0.000 0.149 0413 0795 1220 Supported

9 loTA->EP 0.821 0.030 7.191 0.000 0.744 0868 0.867 1.520 Supported

10 loTA->FIN 0595  0.058 10.273  0.000 0462 0694 0549 1413 Supported

*At the significance level of <0.05

RA Relative Advantage, COM Compatibility, CMP Complexity, TMS Top Management Support, OR Organizational Readiness,
COP Competitive Pressure, EXS External Support from Vendors, REL Regulations and Legislations, /oTA Adoption of |oT, EP
Environmental Performance, FIN Financial Performance
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lower limit and upper limit values measure the significance of the association between
variables [27]. Except for hypotheses H1 (RA ->I0TA), H2 (COM ->I0TA), and H5 (OR
->I0TA), other hypotheses are found to be statistically significant at a 5% significance
level as P values are less than 0.05. The hypotheses H3 (p=0.04, t=2.02), H4 (p=0.00,
t=6.95), H6 (p=0.00, t=10.40), H7 (»p=0.00, t=6.79), H8 (»=0.00, t=3.99), H9 (p=0.00,
t=7.19), H10 (p=0.00, t =10.27) are accepted and H1, H2 and H5 are rejected.

Moreover, f* specifies the effect size, illustrating the degree to which an endogenous
construct adds value to the R? of the exogenous construct [23]. According to Cohen [23],
if the f2 value exceeds 0.35, 0.15, and 0.02, the effect size is large, medium, and small,
respectively. Here, all statistically significant hypotheses have a large effect as the f* val-
ues are within the range of 0.502 to 0.875. Furthermore, Fig. 3 presents the R? values
of dependent variables. For this study, IoT and ES have substantial explanatory power
with 72% variance in IoTA and 67% variance in ES, while FIN has moderate explanatory
power (36%), as suggested by [27].

Therefore, complexity, top management support, competitive pressure, external sup-
port from vendors, regulations, and legislations significantly influence the adoption of
IoT in SME sectors. Similarly, IoT adoption positively improves the environmental per-
formance and financial performance of SME companies.

4.4 Results of the neural network analysis

A neural network analysis has been conducted to capture the non-linear relationship
between the independent variables and dependent variables. ANN has three layers:
input, output, and hidden layers. A 10-times cross-validation method has been applied
to reduce the impact of data overfitting problems and errors on final results. Table 7
shows the findings from each network. 70% data has been used for training and 30%
for testing the models as recommended by [35]. Root Mean Square error (RMSE) is the
widely used validation measurement [84], which has been applied in this study. Small
RMSE values, as portrayed in Table 7, confirm the predictability of the model in captur-
ing the complex relationship between predictors and SMEs’ IoT adoption intention.

RZvalues

. 0.726 0.722
0.700 0.674 0.672
0.600
0.500
0.400 0.355 0.350
0.300
0.200
0.100
0.000

I0TA ES FIN

HR-square M R-square adjusted

Fig. 3 R?values
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Table 7 Validations of neural networks

ANN Sum of Sum of RMSE RMSE RMSE Sample Sample Total
square square (Training) (Testing) (Training)- size size sam-
error error RMSE (Training) (Testing) ple
(Training)  (Testing) (Testing) size

1 4.240 2.050 0.203884 0.208847 0.005 102 47 149

2 4,948 0.841 0211132 0.148767 0.062 1 38 149

3 3.39% 1.856 0.178100 0.210215 0.032 107 42 149

4 4555 1.196 0.220131 0.147463 0.073 94 55 149

5 3.980 1.957 0.202561 0.193996 0.009 97 52 149

6 4.589 1.011 0.203328 0.163111  0.040 11 38 149

7 4.188 1.153 0.192515 0.178963 0.014 113 36 149

8 4643 1.998 0.207342 0.220753 0.013 108 41 149

9 3.599 1919 0.183400 0.213753 0.030 107 42 149

10 4125 1.587 0.127909 0.174698 0.047 97 52 149

Mean 4.226 1.557 0.193030 0.186057 0.032500

SD 0482 0462 0026116 0.027331 0.023162

ANN Artificial Neural Network, RMSE Root Mean Square Error, SD Standard deviation

Sensitivity analysis has been presented in Table 8. According to ANN sensitivity results, EXS is the strongest predictor of
10TA, followed by COP, TMS, REL, and CMP. The ANN framework is shown in Fig. 4. Hence, EXS has the highest impact on
10TA, while CMP has the lowest impact

Table 8 Importance of constructs

ANN EXS cop TMS REL CMP
1 0.348 0217 0.223 0.195 0.017
2 0317 0.231 0.225 0210 0.016
3 0.345 0.244 0.213 0177 0.021
4 0332 0.228 0214 0.211 0.015
5 0.326 0.224 0.220 0.192 0.037
6 0328 0.258 0211 0.152 0.051
7 0333 0.291 0.204 0.166 0.006
8 0.326 0.233 0214 0.181 0.046
9 0319 0.267 0.209 0.159 0.049
10 0316 0.226 0.222 0.181 0.055
Average Importance 0.33 0.24 0.22 0.19 0.03

Normalized Importance 1.00 0.72 0.66 0.56 0.09

ANN Artificial Neural Network, CMP Complexity, TMS Top Management Support, COP Competitive Pressure, EXS External
Support from Vendors, REL Regulations and Legislations

5 Discussion
IoT enables a cyber-physical system that connects multiple devices, allowing them to
exchange data automatically. It ensures efficiency in operations and automates tasks.
Therefore, IoT contributes to cost savings for the SMEs. Especially for manufacturing
SMEs, IoT improves the visibility as well as transparency of the supply chains and the
production process, reducing the cost and yielding more profitability. Despite these
benefits, business organizations face internal and external challenges in adopting IoT.
Interoperability is a major problem for SMEs to reap benefits from IoT adoption [36].
Adopting emerging technologies, particularly in the context of developing countries,
requires the availability of internal and external resources and a supportive environment
[15]. Otherwise, companies cannot reap the potential benefits from technology adop-
tion. However, for statistical analysis, primary data from 149 SME professionals in Ban-
gladesh have been gathered. Although the sample size is adequate for statistical analysis
and further strengthened using the bootstrapping technique for robustness, it remains
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relatively small. This may limit the generalizability of the findings to the broader popula-
tion and diverse contexts. As IoT is still an emerging technology for developing nations,
the findings from studies in this field will guide policymakers and business leaders in
the successful implementation of 10T, mostly in SMEs. Therefore, this study adopted the
TOE framework and RBV models to determine the factors impacting the adoption of
IoT in SMEs.

5.1 Discussion on SEM findings

5.1.1 Technological context

The study has found a relative advantage to be insignificant when it comes to IoT adop-
tion in the SME industry in Bangladesh, rejecting H1. This result is consistent with the
study conducted by Bakar et al. [13] in the UAE. The reason behind this finding can be
that organizations sometimes adopt innovation because of competition in the market
rather than making it part of the overall company strategy or considering it indispens-
able for better performance. IoT adoption is yet to gain popularity in the SMEs of Ban-
gladesh, and so instead of adopting it voluntarily, due to the associated high risk, most
firms choose to wait for other firms to test the waters first, and so ignore the opportunity
to gain a relative advantage by adopting IoT.

Though compatibility is an important driver of innovation adoption in a firm [13, 70],
this factor is insignificant for driving IoT adoption intentions by SMEs in the Bangladesh
context. Thus, H2 is not accepted. The outcomes are aligned with the study conducted
by Skafi et al. [89]. Many SMEs in Bangladesh are still in the early stages of technological
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adoption, naturally lacking the required infrastructure or systems with which IoT tech-
nologies need to be compatible. Moreover, businesses in developing countries are yet
struggling to develop a supportive IT environment [101]. Therefore, compatibility is an
insignificant motivator in IoT adoption decision-making for SMEs.

Complexity has a significant negative relationship with IoT adoption intention in
SMEs of Bangladesh, accepting H3, which is in line with the studies conducted by Bag
et al. [12, 89]. The more the new technology is complex or difficult to understand and
use, the fewer chances there are to have a successful adoption of that technology into
the firm. Moreover, employees may resist IoTA due to complexities. Therefore, the study
corroborates the literature and confirms that SMEs deter the adoption of IoT if complex-

ity is high, particularly in developing countries.

5.1.2 Organizational context

Among the two organizational factors studied through this research, top management
support (H4) has been proven to have a significant positive relationship with IoTA in
the SME industry and this is also supported by previous studies conducted in SMEs of
Pakistan [70], UAE [13], West Java, Indonesia [68]. ANN results also reveal TMS as an
important predictor of IoTA in the SME sector. Therefore, managers in leading roles
should consider IoTA as a strategic initiative and provide the necessary support for its
functioning.

Organizational readiness, on the contrary, has been found to be an insignificant driver
of IoTA for the SME industry, not supporting H5. The result corroborates the findings
of [2, 56]. The possible reasons can be many. Firstly, the major reason for such a finding
is the lack of adequate infrastructure and skilled employees. Secondly, most SMEs today
adopt IoT to cope with competitive pressure, making organizational readiness insig-
nificant. Thirdly, in most cases, IoT applications are simple and user-friendly. Fourthly,
extensive support from vendors may allow SMEs to adopt IoT even though they are not
internally ready. Furthermore, SMEs in developing countries are operating with small
resources [19]. Therefore, organizational readiness and prior knowledge become insig-

nificant for IoT adoption decisions.

5.1.3 Environmental context

All three hypotheses, H6, H7, and HS, related to environmental factors- competitive
pressure, external support from vendors, and regulations and legislations have been
found to have significant positive relationship with IoTA in the SME industry. The results
are supported by studies on factors affecting technology adoption in SMEs conducted
by [12, 55, 68, 70]. Mukherjee et al. [56] support that COM and EXS have a significant
impact on IoT adoption in SMEs. The significance of these environmental factors in the
Bangladeshi context emphasizes the necessity of creating a better business ecosystem
where government initiatives complement market forces and external vendor support to
accelerate the digital transformation of the SME sector. SME companies in developing
countries with a scarcity of internal resources largely depend on the existing business
environment to adopt new technologies. Therefore, it was discovered that the support
from external vendors not only has the most significant impact on IoT adoption deci-
sions, but also serves as a strategic tool for SMEs to compensate for the internal resource
deficit. This finding underscores the capabilities of the SMEs to strategically leverage
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vendors as a core external resource, thereby extending the TOE framework by empha-
sizing the external environment as a key enabler and deepening the RBV perspective.
Moreover, the ANN model validates that all environmental factors, such as EXS, COP,
and REL, strongly predict IoTA, with EXS being the strongest one.

5.1.4 Sustainable business performance

Regarding H9 and H10, the adoption of IoT technologies has shown a significant positive
impact on both the environmental and financial performance of SMEs in Bangladesh, as
confirmed by previous studies [11, 41, 90]. The findings also aligned with Asad et al. [5]
as proactive innovation strategies, such as green market innovation [93], contribute to
SME performance. IoTA acts as a technological enabler in this context to drive innova-
tion and performance in SMEs. The integration of IoT has proven to be a key driver in
enhancing both the economic and environmental sustainability of these SMEs, position-
ing them for long-term success in Bangladesh’s increasingly technology-driven business
settings.

5.2 Discussion on neural network analysis findings

Whereas SEM focuses on linear relationships, ANN uncovers non-linear and complex
relationships that cannot be seen in SEM due to reliance on linearity and pre-specified
pathways. Besides, ANN results indicate the importance of significant factors, which
SEM does not give directly. The list of the order of ranking the predictors is determined
by their total effect regardless of the nature of the relationship, be it positive or negative.
In this regard, the ANN model has been embraced to complement the findings of the
SEM analysis, highlighting the multifaceted connection between the factors that influ-
ence them through the adoption intentions [84]. Findings of ANN revealed that EXS is
the prominent force of IoTA. Most of the SMEs in Bangladesh operate with fewer human
and technology resources, with ineffective IT staff or the skills to manage complex sys-
tems within. This leads to the fact that companies heavily depend on external vendors to
fill this gap, not only with regard to technical implementation but also decision-making
and constant maintenance. Vendors in Bangladesh have also been known to be critical
sources of knowledge, especially when it comes to newer or advanced technologies like
IoT. Bangladeshi SMEs are wise when it comes to technological investments, as they are
operating in a resource-constrained and often risk-averse setting. Heavy vendor support
helps in the reduction of this perceived risk, whereby enterprises are guaranteed of suc-
cessful installation and proper support of post-adoption. Thus, EXS has the highest pre-
dictive power of the IoT adoption in Bangladesh.

6 Research implications

6.1 Theoretical implications

This research makes an important contribution towards the theoretical development
of digitalization and innovation adoption literature, as it considers the adoption of IoT
technology among SMEs in the context of a developing country. By bridging the TOE
framework with the RBV theory, the research creates an effective, multi-dimensional
framework for explaining the dynamics of IoT adoption and its effects on the perfor-
mance as well as the sustainability of the firm.



Rupa et al. Discover Internet of Things (2026) 6:20 Page 21 of 28

Besides, the research confirms and strengthens the TOE framework in terms of estab-
lishing complexity, competitive pressure, top management support, external support for
vendors, and regulatory frameworks as important antecedents of IoT adoption in SMEs.
These factors, previously tested in isolated or linear models, are examined holistically
in this dynamic technological context for the first time. Notably, this research is among
the few studies that utilize the TOE framework for IoT-specific adoption in resource-
deficient, developing market contexts, thereby asserting the flexibility as well as cross-
contextual validity of the TOE model. It advances empirical evidence of the applicability
of the framework towards non-traditional, non-Western, or enterprise contexts.

Moreover, by incorporating RBV into the analysis, this research emphasizes how
intangible assets, organizational capabilities, and external relational assets support a
corporation’s ability and preparedness for the adoption of IoT technologies. By adding
elements like top management support and cross-vendor collaboration, these factors are
framed as strategic assets that can support a corporation’s technological as well as com-
petitive agility. This adds to as well as modifies RBV theory as it demonstrates that in an
era of digitalization, technological agility, and networked expertise are as important as
tangible or capital assets in driving sustainable performance. By doing this, the research
connects RBV’s classic emphasis on internal assets with the growing networked reality
of innovation environments. Therefore, the findings of the study show that strong sup-
port from external vendors may compensate for internal resource deficit, theoretically
linking the TOE model with the RBV theory.

Likewise, a methodological contribution is the use of a hybrid SEM-ANN approach for
IoT adoption literature. While SEM allows for the examination of linear relationships as
well as hypothesis testing, the addition of ANN picks up on non-linear patterns as well
as on variable interactions that were possibly neglected in conventional models. This
combination of two different methods enhances the validity as well as the richness of
the findings and is an inspiration for future studies aiming at analyzing complex techno-
logical adoption behaviors. It proves the applicability of the combination of predictive as
well as explanatory modeling for achieving enhanced insights into decision-making in
technology contexts.

Furthermore, one significant theoretical contribution is integrating dimensions of sus-
tainability, both environmental as well as economic, into IoT adoption models. While
the TOE, as well as RBV frameworks, generally emphasize performance as well as capa-
bility development, this research finds that IoTA can act as an innovation spur for sus-
tainability. It demonstrates that SMEs can attain cost efficiency as well as productivity
improvements, but also enhance their environmental impact, resource efficiency, as
well as stakeholder reputation. This broadens the scope of conventional frameworks by
incorporating sustainability as well as social responsibility-oriented innovation within
the digital transformation strategic rationale.

Finally, in placing the study within the context of Bangladesh, a lower-middle-income
economy with a fast-developing SME sector, the research fills a significant gap in global
digitalization research. Preeminent in most of the literature on IoT adoption are studies
conducted in high-income or technologically sophisticated countries. This study delivers
contextualized insights about how IoT is utilized in emerging economy SMEs in the face
of infrastructural, funding, and regulatory challenges. It challenges researchers to take
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into account institutional, cultural, and market-oriented constraints as well as facilita-
tors, thus increasing the geographical and contextual scope of extant theory.

6.2 Practical and managerial implications

The present research study provides practical information to the SME leaders, technol-
ogy suppliers, and policy makers to implement the IoT adoption and utilize its potential
in developing economies such as Bangladesh. The combination of the TOE model and
the RBV theory provides a comprehensive prism in the light of which strategic, opera-
tional, and environmental implications can be interpreted and implemented.

To begin with, it is important to note that top management support is vital in facilitat-
ing the adoption of IoT and hence the commitment of the top management. Managers
ought to be at the forefront of speaking about digital transformation, a clear vision, suf-
ficient resources, and create a culture of innovation. The role of decision-makers is to
place the IoT not as a technical enrichment but as a performance and sustainability stra-
tegic facilitator of firms.

Second, IoT solutions may be perceived as complex, which may act as an adoption
barrier. SMEs ought to make an investment on upskilling their workforce, streamlining
the internal processes, and the integration and scalability of the IoT technologies. The
technical difficulties can be mitigated by partnering with solution providers to provide
training and assistance and decrease the perceived implementation risk.

Third, as a practitioner, the study recommends that SMEs that have small internal
resources ought to be proactive in seeking collaboration with external vendors. Vendor
support is a very important enabler that offers technical knowledge, infrastructural sup-
port, and training that can offset internal resource shortages and speed up the adop-
tion of IoT. Besides, the SMEs need to establish strategic relationships with the providers
of IoT who not only supply products but also provide end-to-end services, including
customization, integration, and troubleshooting services. In turn, vendors will need to
develop individually tailored support models that would work within the limitations and
capabilities of SMEs within emerging markets such as Bangladesh. This can be through
provision of bespoke training programs, especially those which are SME-focused, cus-
tomizable service packages that enable SMEs to use IoT on a gradual basis and effective
after-sales support that can give SMEs assurance and sustainability on the use of tech-
nology. Such types of vendor-focused strategic actions allow the IoT suppliers to reduce
barriers and establish trust in the user and spread the technology diffusion in the envi-
ronment of emerging economies, which is limited by resource availability.

Fourth, competitive pressure is also a factor that brings to fore the significance of
market forces in driving technology adoption. Digital transformation is a competi-
tive imperative that SMEs should take seriously, which can result in differentiation by
means of enhanced efficiency, improved customer experience, and real-time data-driven
decision-making.

Fifth, since regulatory frameworks have an influence on the introduction of adop-
tion, SMEs would have to be aware of national policies of digitalization and regulatory
demands. Managers ought to be proactive and be involved in the policymaking process
and designation of the industry associations to jointly develop favorable regulations and
capitalizing on the new incentives or existing infrastructure programs that enable IoT

approval.
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Therefore, the result that the increment of financial and environmental performance
is supported by the presence of I0TA is especially helpful. The IoT solutions are to be
implemented to reduce energy use, track environmental footprint, and ease operations.
It can then achieve both the consumer and the international sustainability goals.

Since the sample encompasses agro-processing, consumer goods, e-commerce, and
leather business SMEs, the study proposes that the IoT applications should be tailored
to both business-to-industry issues and opportunities. Hence, various cases which can
yield the highest possible benefits, such as smart logistics, inventory management, or
predictive maintenance, need to be assessed in terms of needs.

Lastly, this study provides the SME managers with a roadmap to the adoption of
IoT technologies in a strategic and sustainable manner. SMEs can be well-equipped to
both be competitive in the long term and survive in the digital economy by consider-
ing internal strengths, collaborating with external parties, and with the environment
simultaneously.

7 Conclusion, limitations, and future directions

7.1 Conclusion

The TOE model and RBV model were used in evaluating the drivers affecting the IoTA in
SME:s of developing nations. The TOE model determines technological, organizational,
and environmental variables, which affect the IoTA. In the same manner the RBV model
analyses the internal and external resources, including financial resources and highly
skilled employees, which are the drivers of IoTA.

IoTA among SMEs, especially developing countries is in its early days. That is why, it is
essential to evaluate the vital aspects that should be considered to be successful in imple-
menting IoT. This work offers new insights into the existence of the empirical relation-
ship between critical drivers and IoTA, the relationship between IoTA and sustainability
of the firms. These lessons can be useful when leading policymakers and managers to
use IoT successfully.

As evidenced by the reactions of 149 Bangladeshi professionals in the SMEs, our study
findings reveal the relative advantage, compatibility, complexity, competitive pressure,
organizational readiness, top management support, external support, and regulations
and legislations affect [oTA.

The analysis shows that all the factors mentioned above except relative advantage,
compatibility, and organizational readiness carry considerable influence on the process
of the IoTA in the SMEs. Furthermore, the use of IoT has a positive effect on financial
performance and environmental performance and enhances sustainability among SMEs.

7.2 Limitations and future directions

The study has several limitations, which call for further studies to address those short-
comings. First, this study is cross-sectional in nature. Thus, future studies could col-
lect longitudinal data to assess IoT adoption over time, providing a more dynamic
understanding of its impact. Besides, this study was conducted using data from only
149 employees working in SME firms in Bangladesh, representing multiple types of
SMEs. Future studies could be conducted with a larger sample size, including addi-
tional firms and industries from different countries and cultural contexts to enhance the
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generalizability of the findings. Furthermore, cross-cultural comparative analysis could
be done through forthcoming studies.

Second, the conditions of TOE factors, such as relative advantage, compatibility,
organizational readiness, and government incentives, are constantly evolving for firms.
Therefore, future research on these evolving factors and their influence on IoT adop-
tion could provide novel insights relevant to the changing business environment. Third,
this study evaluates the impact of IoT on the sustainability of SMEs in terms of environ-
mental and financial performance. However, future researchers could explore other out-
comes, such as employee satisfaction, market expansion, and innovation capability, to
gain a more comprehensive understanding of the impact of IoT adoption on SME firms.
Besides, this research studied IoTA as a core variable only, suggesting for future studies
on the mediating role of IoTA in driving SME performance. Fourth, in this study, SME
firms’ performance has been measured using subjective indicators, as there are no trust-
worthy sources of objective secondary data to assess performance, particularly financial
performance. Employees perceive their organizations as superior to their competitors,
leading to misleading outcomes. Therefore, future studies can measure performance
based on reliable secondary data. Finally, exploring the synergistic effects of IoT with
emerging technologies like artificial intelligence and blockchain on organizational per-
formance could be a valuable avenue for future research.

Author contributions

R.AR. and FM. contributed to the conceptualization and methodology, data collection, data cleaning, data analysis,
and the overall writing of the original manuscript. S.T. contributed to the questionnaire preparation, interpretation of
the results, and the overall review and editing of the manuscript. AN.M.S. contributed to the introduction, discussion,
implication, conclusion, review, and editing. S.A. contributed to the discussion, conclusion, review, and editing. R.M.
contributed to the interpretation of the results and the overall editing of the manuscript.

Funding
This research received no external funding.

Data availability
Data can be made available from the corresponding author upon reasonable request, subject to applicable regulations
and institutional policies.

Declarations

Ethics approval and consent to participate

Ethical approval was obtained from the departmental Ethics Committee for Research Involving Human Subjects of the
University of Dhaka (Reference Number: IBDUREC-2024-23) before the commencement of data collection. Informed
consent was obtained from the respondents, and they were assured that their participation in the research was
exclusively voluntary.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 31 May 2025 / Accepted: 26 November 2025
Published online: 27 January 2026

References

1. Ahmetoglu S, Cob ZC, Ali N. A systematic review of internet of things adoption in organizations: taxonomy, benefits, chal-
lenges and critical factors. Appl Sci. 2022;12(9):4117. https://doi.org/10.3390/APP12094117.

2. Al-Sharafi MA, Iranmanesh M, Al-Emran M, Alzahrani Al, Herzallah F, Jamil N. Determinants of cloud computing integration
and its impact on sustainable performance in SMEs: an empirical investigation using the SEM-ANN approach. Heliyon.
2023,9(5):16299. https://doi.org/10.1016/J.HELIYON.2023.E16299.

3. Alshahrani R, Rizwan A, Alomar MA, Fotis G. loT-Based sustainable energy solutions for small and medium enterprises
(SMEs). Energies. 2024;17(16):4144.


https://doi.org/10.3390/APP12094117
https://doi.org/10.1016/J.HELIYON.2023.E16299

Rupa et al. Discover Internet of Things (2026) 6:20 Page 25 of 28

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Asad M. Impact of environmental management on sustainable performance of Pakistani entrepreneurial firms: the
mediating role of green product innovation and the moderating effect of transformational leadership. Sustainability.
2024;16(24):10935.

Asad M, Asif MU, Sulaiman MABA, Satar MS, Alarifi G. Open innovation: the missing nexus between entrepreneurial orien-
tation, total quality management, and performance of SMEs. J Innov Entrep. 2023;12(1):79.

Asad M, Bait Ali Sulaiman MA, Ba Awain AMS, Alsoud M, Allam Z, Asif MU. Green entrepreneurial leadership, and perfor-
mance of entrepreneurial firms: does green product innovation mediates? Cogent Bus Manage. 2024;11(1):2355685. https
;//doi.org/10.1080/23311975.2024.2355685.

Asad M, Bait Ali Sulaiman MA, Ba Awain AMS, Alsoud M, Allam Z, Asif MU. Green entrepreneurial leadership, and perfor-
mance of entrepreneurial firms: does green product innovation mediates? Cogent Bus Manage. 2024;11(1):2355685.

Asad M, Fryan LHA, Shomo MI. Sustainable entrepreneurial intention among university students: synergetic moderation of
entrepreneurial fear and use of artificial intelligence in teaching. Sustainability. 2025;17(1):290.

Azam MS. Diffusion of ICT and SME performance. E-services adoption: processes by firms in developing nations. Emerald
Group Publishing Limited; 2015. pp. 7-290.

Ba Awain AMS, Asad M, Sulaiman MABA, Asif MU, Shanfari KSA. Impact of supply chain risk management on product inno-
vation performance of Omani SMEs: synergetic moderation of technological turbulence and entrepreneurial networking.
Sustainability. 2025;17(7):2903.

Badghish S, Soomro YA. Artificial intelligence adoption by SMEs to achieve sustainable business performance: application
of Technology-Organization-Environment framework. Sustainability. 2024;16(5):1864. https://doi.org/10.3390/5u1605186
4.

Bag S, Rahman MS, Gupta S, Wood LC. Understanding and predicting the determinants of blockchain technology adop-
tion and smes' performance. Int J Logist Manage. 2023;34(6):1781-807. https://doi.org/10.1108/1)LM-01-2022-0017.

Bakar ARA, Ahmad SZ, Ahmad N. SME social media use: a study of predictive factors in the united Arab Emirates. Glob Bus
Organ Excel. 2019;38(5):53-68. https://doi.org/10.1002/joe.21951.

Bakht Z, Basher A. Strategy for Development of the SME Sector in Bangladesh. Bangladesh Institute of Development Stud-
ies. Bangladesh Institute of Development Studies, Dhaka (2015).

Barkley E, Jokonya O. Factors affecting SMEs emerging technologies adoption in developing countries: a literature review.
Procedia Comput Sci. 2024,239:1966-73. https://doi.org/10.1016/J.PROCS.2024.06.381.

Batrancea LM, Balci MA, Chermezan L, Akgudiller OO, Masca ES, Gaban, L. Sources of SMEs Financing and Their Impact

on Economic Growth across the European Union: Insights from a Panel Data Study Spanning Sixteen Years. Sustain.
2022;14(22):15318. https://doi.org/10.3390/SU142215318

Bhuiyan MRI. Industry readiness and adaptation of fourth industrial revolution: applying the extended TOE framework.
Hum Behav Emerg Technol. 2024;2024(1):8830228. https://doi.org/10.1155/hbe2/8830228.

Campbell S, Greenwood M, Prior S, Shearer T, Walkem K, Young S, Walker K. Purposive sampling: complex or simple?
Research case examples. J Res Nurs. 2020;25(8):652-61.

Chandra A, Paul J, Chavan M. Internationalization barriers of SMEs from developing countries: a review and research
agenda. Int J Entrepreneurial Behav Res. 2020;26(6):1281-310. https://doi.org/10.1108/1JEBR-03-2020-0167/FULL/XML.
Chatterjee S, Kar AK. Why do small and medium enterprises use social media marketing and what is the impact: empirical
insights from India. Int J Inf Manage. 2020;53:102103. https://doi.org/10.1016/j.ijinforngt.2020.102103.

Chen L, Qalati SA, Fan M. Effects of sustainable innovation on stakeholder engagement and societal impacts: the mediat-
ing role of stakeholder engagement and the moderating role of anticipatory governance. Sustain Dev. 2025;33(2):2406-
28. https://doi.org/10.1002/5d.3247.

Clohessy T, Acton T. Investigating the influence of organizational factors on blockchain adoption. Ind Manage Data Syst.
2019;119(7):1457-91. https://doi.org/10.1108/IMDS-08-2018-0365.

Cohen J. Statistical power analysis for the behavioral sciences. Stat Power Anal Behav Sci. 2013. https://doi.org/10.4324/97
80203771587.

Cohen WM, Levin RC, Mowery DC. (1987). Firm size and R&D intensity: A re-examination.

Driate A, Minoufekr M, Plapper P. Knowledge Management for Manufacturing SMEs using Industrial loT. 2019 15th Interna-
tional Conference on Distributed Computing in Sensor Systems (DCOSS), 2019;355-361. https://doi.org/10.1109/DCOSS.2
019.00077

Guo C, Yang S, Thiede S. (2024). An Autonomous Edge Box System Architecture for Industrial loT Applications. 2024 IEEE
22nd International Conference on Industrial Informatics (INDIN), 1-6. https://doi.org/10.1109/INDIN58382.2024.10774355
Hair JrJF, Hult GTM, Ringle CM, Sarstedt M, Danks NP, Ray S. Partial least squares structural equation modeling (PLS-SEM)
using R: A workbook (p. 197). Springer Nature. https://doi.org/10.1007/978-3-030-80519-7 (2021).

Hannan UH, Chowdhury MRU, Rahaman MG, Galib SM, Ahad MT. loT based SMEs shop management system. ArXiv. Org.
https://doi.org/10.48550/ARXIV.2206.03580 (2022).

Hansen EB, Bagh S. Artificial intelligence and internet of things in small and medium-sized enterprises: A survey. J Manu-
fact Syst. 2021;58:362-372. https://doi.org/10.1016/J.JMSY.2020.08.009

Haseeb M, Hussain HI, Slusarczyk B, Jermsittiparsert K. Industry 4.0: a solution towards technology challenges of sustain-
able business performance. Soc Sci. 2019;8(5):154. https://doi.org/10.3390/s0csci8050154.

Henseler J, Ringle CM, Sarstedt M. A new criterion for assessing discriminant validity in variance-based structural equation
modeling. J Acad Mark Sci. 2015;43(1):115-35. https://doi.org/10.1007/511747-014-0403-8/FIGURES/8.

Hossan F. EXAMINING THE REASONS AND POTENTIAL APPLICATIONS OF IOT TECHNOLOGY FOR THE HOTEL INDUSTRY IN
BANGLADESH. Int J Bus Manage Future. 2024;1-8. https://doi.org/10.46281/ijomfyv10i1.2267.

Infante-Moro A, Infante-Moro JC, Gallardo-Pérez J. Key factors in the implementation of the internet of things in the hotel
sector. Appl Sci. 2021;11(7):2924. https://doi.org/10.3390/APP11072924.

Javaid M, Khan IH. (2021). Internet of Things(loT) enabled healthcare helps to take the challenges of COVID-19 Pandemic. J
Oral Bio Craniofacial Res. 2021;11(2):209-214. https://doi.org/10.1016/jjobcr.2021.01.015

Kalantar B, Pradhan B, Naghibi A, Motevalli S, A, Mansor S. Assessment of the effects of training data selection on the land-
slide susceptibility mapping: a comparison between support vector machine (SVM), logistic regression (LR) and artificial
neural networks (ANN). Geomatics Nat Hazards Risk. 2018;9(1):49-69. https://doi.org/10.1080/19475705.2017.1407368.


https://doi.org/10.1080/23311975.2024.2355685
https://doi.org/10.1080/23311975.2024.2355685
https://doi.org/10.3390/su16051864
https://doi.org/10.3390/su16051864
https://doi.org/10.1108/IJLM-01-2022-0017
https://doi.org/10.1002/joe.21951
https://doi.org/10.1016/J.PROCS.2024.06.381
https://doi.org/10.3390/SU142215318
https://doi.org/10.1155/hbe2/8830228
https://doi.org/10.1108/IJEBR-03-2020-0167/FULL/XML
https://doi.org/10.1016/j.ijinfomgt.2020.102103
https://doi.org/10.1002/sd.3247
https://doi.org/10.1108/IMDS-08-2018-0365
https://doi.org/10.4324/9780203771587
https://doi.org/10.4324/9780203771587
https://doi.org/10.1109/DCOSS.2019.00077
https://doi.org/10.1109/DCOSS.2019.00077
https://doi.org/10.1109/INDIN58382.2024.10774355
https://doi.org/10.1007/978-3-030-80519-7
https://doi.org/10.48550/ARXIV.2206.03580
https://doi.org/10.1016/J.JMSY.2020.08.009
https://doi.org/10.3390/socsci8050154
https://doi.org/10.1007/S11747-014-0403-8/FIGURES/8
https://doi.org/10.46281/ijbmf.v10i1.2267
https://doi.org/10.3390/APP11072924
https://doi.org/10.1016/j.jobcr.2021.01.015
https://doi.org/10.1080/19475705.2017.1407368

Rupa et al. Discover Internet of Things (2026) 6:20 Page 26 of 28

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Khanfor A. Determinants to adopt industrial internet of things in small and medium-sized enterprises. Future Internet.
2024;16(9):340. https://doi.org/10.3390/f116090340.

Kinkel S, Baumgartner M, Cherubini E. Prerequisites for the adoption of Al technologies in manufacturing — evidence from
a worldwide sample of manufacturing companies. Technovation. 2022;110:102375. https://doi.org/10.1016/J. TECHNOVATI
ON.2021.102375.

Kline RB. (2023). Principles and practice of structural equation modeling. 494.

Kock N. Common method bias in PLS-SEM: a full collinearity assessment approach. Int J e-Collaboration (jjec).
2015;11(4):1-10.

Lampropoulos G, Siakas K, Anastasiadis T. (2019). Internet of Things in the Context of Industry 4.0: An Overview. Int J
Entrepreneurial Knowledge. 2019;7(1), 4-19. https://doi.org/10.2478/1JEK-2019-0001

Lanzini F, Ubacht J, Greeff J, De. Blockchain adoption factors for SMEs in supply chain management. J Supply Chain Man-
age Sci. 2021. https://doi.org/10.18757/JSCMS.2021.5624.

Lawal K, Rafsanjani HN. Trends, benefits, risks, and challenges of loT implementation in residential and commercial build-
ings. Energy Built Environ. 2022,3(3):251-66. https://doi.org/10.1016/J.ENBENV.2021.01.009.

Lutfi A, Alqudah H, Alrawad M, Alshira'h AF, Alshirah MH, Almaiah MA, Alsyouf A, Hassan MF. Green environmental
management system to support environmental performance: what factors influence SMEs to adopt green innovations?
Sustainability. 2023;15(13):10645. https://doi.org/10.3390/s5u151310645.

Machera RT, Muchuchuti S. (2024). Cloud Computing as a Key Enabler of Performance and Growth in Small Businesses.
2024 International Conference on Electrical and Computer Engineering Researches (ICECER), 1-7. https://doi.org/10.1109/ICEC
ER62944.2024.10920360

Majstorovic V, Jankovic G, Zivkov S, Stojadinovic S. Digital Manufacturing in SMEs based on the context of the Industry 4.0
framework — one approach. Procedia Manufact. 2021;54:52-57. https://doi.org/10.1016/j.promfg.2021.07.009

Malesios C, Dey PK, Abdelaziz FB. Supply chain sustainability performance measurement of small and medium sized
enterprises using structural equation modeling. Ann Oper Res. 2020;294(1):623-53.

Malik S, Chadhar M, Vatanasakdakul S, Chetty M. Factors affecting the organizational adoption of blockchain technol-
ogy: extending the technology—-organization-environment (TOE) framework in the Australian context. Sustainability.
2021;13(16):9404. https://doi.org/10.3390/SU13169404.

Mallela SMK, Mallela SV, Mallela VSD. (2023). New Instances in 10T Technology. Int J Res Appl Sci Eng Technol.
2023;11(1):1604-1606. https://doi.org/10.22214/ijraset.2023.48882

Mariri MT, Scheepers C. (2024). Exploring the Influence of Safety Knowledge on Employee Safety Behaviour within the Manufac-
turing Industry. https://scholarsun.ac.za

Maroufkhani P, Tseng M-L, Iranmanesh M, Ismail WKW, Khalid H. Big data analytics adoption: determinants and perfor-
mances among small to medium-sized enterprises. Int J Inf Manage. 2020;54:102190. https://doi.org/10.1016/j.ijinforgt.2
020.102190.

Mashat RM, Abourokbah SH, Salam MA. Impact of internet of things adoption on organizational performance: a mediat-
ing analysis of supply chain integration, performance, and competitive advantage. Sustainability. 2024;16(6):2250.
Mehedintu A, Soava G. A hybrid SEM-neural network modeling of quality of M-commerce services under the impact of
the COVID-19 pandemic. Electronics. 2022;11(16):2499.

Moeuf A, Lamouri S, Pellerin R, Tamayo-Giraldo S, Tobon-Valencia E, Eburdy R. Identification of critical success factors, risks
and opportunities of Industry 4.0 in SMEs. Int J Prod Res. 2020;58(5):1384-1400. https://doi.org/10.1080/00207543.2019.16
36323

Mohamed M, Weber P. (2020). Trends of digitalization and adoption of big data & analytics among UK SMEs: Analysis and
lessons drawn from a case study of 53 SMEs. 2020 IEEE International Conference on Engineering, Technology and Innovation
(ICE/ITMC), 1-6. https://doi.org/10.1109/ICE/ITMC49519.2020.9198545

Mohiuddin M, Reza MNH, Jayashree S, Al-Azad MS, Ed-dafali S. The role of governments in driving industry 4.0 adoption in
emerging countries. J Global Inform Manage. 2023;31(1):1-31. https://doi.org/10.4018/JGIM.323439.

Mukherjee S, Baral MM, Chittipaka V, Nagariya R, Patel BS. Achieving organizational performance by integrating industrial
Internet of things in the SMEs: a developing country perspective. The TOM J. 2024;36(1):265-287. https://doi.org/10.1108/
TOM-07-2022-0221

Narwane VS, Narkhede BE, Raut RD, Gardas BB, Priyadarshinee P, Kavre MS. To identify the determinants of the

CloudloT technologies adoption in the Indian msmes: structural equation modelling approach. Int J Bus Inform Syst.
2019;31(3):322-53. https://doi.org/10.1504/1JBIS.2019.101110.

Negm E. Intention to use internet of things (IoT) in higher education online learning-the effect of technology readiness.
High Educ Skills Work-Based Learn. 2023;13(1):53-65.

Niu B, Dong J, Liu Y. Incentive alignment for blockchain adoption in medicine supply chains. Transportation Research Part
E: Logistics and Transportation Review. 2021;152:102276. https://doi.org/10.1016/j.tre.2021.102276.

Pandey A. Diffusion and Adoption of Technology amongst Small and Medium enterprises during COVID-19 with a focus
on Internet of Things. https://doi.org/10.24251/HICSS.2022.610 (2022).

Pani A, Bhat FA, Sahu PK. Effects of business age and size on freight demand: decomposition analysis of Indian establish-
ments. Transp Res Rec. 2020,2674(2):112-26.

Parra DT, Talero-Sarmiento LH, Ortiz JD, Guerrero CD. Technology readiness for loT adoption in Colombian SMEs. 2021 16th
Iberian Conference on Information Systems and Technologies (CISTI), 2021;1-6. https://doi.org/10.23919/CISTI52073.2021.
9476499

Paolone G, lachetti D, Paesani R, Pilotti F, Marinelli M. Felice PDi. A Holistic Overview of the Internet of Things Ecosystem.
loT. 2022;3(4):398-434. https://doi.org/10.3390/i0t3040022

Parvez N, Chowdhury TH, Urmi SS, Taher KA. Prospects of internet of things for Bangladesh. 2021 Int Conf Inform Com-
munication Technol Sustainable Dev (ICICT4SD). 2021;481:485. https://doi.org/10.1109/ICICT4SD50815.2021.9396818.
Patil A. INDUSTRY 4.0: A REVIEW. Available at: https://www.semanticscholar.org/paper/INDUSTRY-4.0%3A-A-REVIEW-Patil/c
1albb518252deaefa6589a7¢10a95877bdec4c (2018).

Peter O, Pradhan A, Mbohwa C. Industrial internet of things (lloT): opportunities, challenges, and requirements in manu-
facturing businesses in emerging economies. Procedia Comput Sci. 2023;217:856-65.


https://doi.org/10.3390/fi16090340
https://doi.org/10.1016/J.TECHNOVATION.2021.102375
https://doi.org/10.1016/J.TECHNOVATION.2021.102375
https://doi.org/10.2478/IJEK-2019-0001
https://doi.org/10.18757/JSCMS.2021.5624
https://doi.org/10.1016/J.ENBENV.2021.01.009
https://doi.org/10.3390/su151310645
https://doi.org/10.1109/ICECER62944.2024.10920360
https://doi.org/10.1109/ICECER62944.2024.10920360
https://doi.org/10.1016/j.promfg.2021.07.009
https://doi.org/10.3390/SU13169404
https://doi.org/10.22214/ijraset.2023.48882
https://scholar.sun.ac.za
https://doi.org/10.1016/j.ijinfomgt.2020.102190
https://doi.org/10.1016/j.ijinfomgt.2020.102190
https://doi.org/10.1080/00207543.2019.1636323
https://doi.org/10.1080/00207543.2019.1636323
https://doi.org/10.1109/ICE/ITMC49519.2020.9198545
https://doi.org/10.4018/JGIM.323439
https://doi.org/10.1108/TQM-07-2022-0221
https://doi.org/10.1108/TQM-07-2022-0221
https://doi.org/10.1504/IJBIS.2019.101110
https://doi.org/10.1016/j.tre.2021.102276
https://doi.org/10.24251/HICSS.2022.610
https://doi.org/10.23919/CISTI52073.2021.9476499
https://doi.org/10.23919/CISTI52073.2021.9476499
https://doi.org/10.3390/iot3040022
https://doi.org/10.1109/ICICT4SD50815.2021.9396818
https://www.semanticscholar.org/paper/INDUSTRY-4.0%3A-A-REVIEW-Patil/c1a1bb518252deaefa6589a7c10a95877bde1c4c
https://www.semanticscholar.org/paper/INDUSTRY-4.0%3A-A-REVIEW-Patil/c1a1bb518252deaefa6589a7c10a95877bde1c4c

Rupa et al. Discover Internet of Things (2026) 6:20 Page 27 of 28

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

9.

97.

Priyashan WDM, Thilakarathne NN. lloT Framework for SME level Injection Molding Industry in the Context of Industry 4.0.
Int J Eng Manage Res. 2020;10(6):61-68. https://doi.org/10.31033/ijlemr.10.6.9

Purnomo M, Maulina E, Wicaksono AR, Rizal M. Determinan Faktor adopsi teknologi internet of things: TOE model. Briliant:
Jurnal Riset Dan Konseptual. 2023;8(2):480. https://doi.org/10.28926/briliant.v8i2.1214.

Qalati SA, Ostic D, Sulaiman MABA, Gopang AA, Khan A. Social media and smes'performance in developing coun-

tries: effects of technological-organizational-environmental factors on the adoption of social media. SAGE Open.
2022;12(2):215824402210945. https://doi.org/10.1177/21582440221094594.

Qalati SA, Yuan LW, Khan MAS, Anwar F. A mediated model on the adoption of social media and SMEs' performance in
developing countries. Technol Soc. 2021;64:101513. https://doi.org/10.1016/j.techsoc.2020.101513.

Qureshi M, Iftikhar M, Igbal YMJ, Khan CBA, Liu J. The four Ps of closed-loop manufacturing: a hybrid SEM-ANN model for
optimizing sustainable performance. Bus Process Manage J. 2024. https://doi.org/10.1108/BPMJ-03-2024-0175.

Rahman SM, Saif ANM, Kabir S, Bari MF, Alom MM, Rayhan MJ, et al. Blockchain in the banking industry: unravelling the-
matic drivers and proposing a technological framework through systematic review with bibliographic network mapping.
IET Blockchain. 2025;5(1):12093.

Rana A, Kumar A. A review paper on internet of things (IOT). Asian J Multidimensional Res. 2021;10(10):166-172. https://do
1.0rg/10.5958/2278-4853.2021.00915.0

Saberi S, Kouhizadeh M, Sarkis J. Blockchain technology: a panacea or pariah for resources conservation and recycling?
Resour Conserv Recycl. 2018;130:80-1. https://doi.org/10.1016/j.resconrec.2017.11.020.

Saif ANM, Rahman AA, Mostafa R. Post-implementation challenges of ERP adoption in apparel industry of developing
country. LogForum. 2021;17(4):519-29.

Saravanan G, Parkhe SS, Thakar CM, Kulkarni VWV, Mishra HG, Gulothungan G. Implementation of loT in production and
manufacturing: An Industry 4.0 approach. Materials Today: Proceed. 2022;51:2427-2430. https://doi.org/10.1016/J.MATPR.
2021.11.604

Sarstedt M, Hair JF, Ringle CM, Thiele KO, Gudergan SP. Estimation issues with PLS and CBSEM: where the bias lies! J Bus
Res. 2016;69(10):3998-4010. https://doi.org/10.1016/J.JBUSRES.2016.06.007.

Satar M, Alharthi S, Asad M, Alenazy A, Asif MU. The moderating role of entrepreneurial networking between entrepre-
neurial alertness and the success of entrepreneurial firms. Sustainability. 2024;16(11):4535.

Saunila M, Nasiri M, Ukko J, Gastaldi L. Managing social sustainability with <Emphasis Type="SmallCaps">loT</
Emphasis>implementation: an industry 5.0 perspective. Sustain Dev. 2025;5d.3398. https://doi.org/10.1002/5d.3398.
Sedana Putra KW, Laksmi KW, Ariwangsa 0. The role of Al, IoT, and E-marketing in enhancing the sustainability and com-
petitiveness of MSMES. J Winners. 2024;25(2):125-35. https://doi.org/10.21512/tw.v25i2.12395.

Shah S, Hussain Madni SH, Hashim SZBM, Ali J, Faheem M. Factors influencing the adoption of industrial internet of things
for the manufacturing and production small and medium enterprises in developing countries. IET Collaborative Intel-
ligent Manufacturing. 2024;6(1):e12093.

Shah S, Hussain Madni SH, Hashim S. Z. Bt. M., Ali J, Faheem M. Factors influencing the adoption of industrial internet of
things for the manufacturing and production small and medium enterprises in developing countries. IET Collaborative
Intelligent Manufacturing. 2024;6(1):e12093. https://doi.org/10.1049/cim2.12093.

Shahriar H, Islam MS, Jahin MA, Ridoy IA, Prottoy RR, Abid A, Mridha MF. (2023). Exploring Internet of Things Adoption Chal-
lenges in Manufacturing Firms: A Delphi Fuzzy Analytical Hierarchy Process Approach. https://doi.org/10.48550/ARXIV.2309.12
350

Sharma SK, Sharma M. Examining the role of trust and quality dimensions in the actual usage of mobile banking services:
an empirical investigation. Int J Inf Manag. 2019;44:65-75. https://doi.org/10.1016/J.JINFOMGT.2018.09.013.

ShiY, Siddik AB, Masukujjaman M, Zheng G, Hamayun M, Ibrahim AM. The antecedents of willingness to adopt and pay for
the loT in the agricultural industry: an application of the UTAUT 2 theory. Sustainability. 2022;14(11):6640. https://doi.org/1
0.3390/5u14116640.

Singh SS. Industry 4.0: A Comprehensive Review and Future Perspectives. Int J Res Appl Sci Eng Technol. 2023;11(7):1945-
1947. https://doi.org/10.22214/1JRASET.2023.55042

Sinniah S, Al Mamun A, Md Salleh MF, Makhbul ZKM, Hayat N. Modeling the significance of motivation on job satisfac-
tion and performance among the academicians: the use of hybrid structural equation modeling-artificial neural network
analysis. Front Psychol. 2022;13:935822.

Sivathanu B. (2021). Adoption of Industrial loT (lloT) in Auto-Component Manufacturing SMEs in India. Https.//Services.
Igi-Global.Com/Resolvedoi/Resolve. Aspx?Doi=10.4018/978-1-7998-9155-0

Skafi M, Yunis MM, Zekri A. Factors influencing smes’adoption of cloud computing services in lebanon: an empirical
analysis using TOE and contextual theory. IEEE Access. 2020;8:79169-81. https://doi.org/10.1109/ACCESS.2020.2987331.
Soori M, Arezoo B, Dastres R. Internet of things for smart factories in industry 4.0, a review. Internet Things Cyber-Phys Syst.
2023;3:192-204. https://doi.org/10.1016/j.iotcps.2023.04.006.

Stjepi¢ A-M, Bach MP, Vuksi¢ VB. Exploring risks in the adoption of business intelligence in SMEs using the TOE framework.
J Risk Financ Manag. 2021;14(2):58. https://doi.org/10.3390/jrfm14020058.

Suciu AD, Tudor AIM, Chitu IB, Dovleac L, Bratucu G. loT technologies as instruments for smes'innovation and sustainable
growth. Sustainability. 2021;13(11):6357.

Sulaiman MABA. Green product innovation as a mediator between green market orientation and sustainable perfor-
mance of SMEs. Sustain. 2025;17(4):1628.

TaAmnha MA, Al-Qudah S, Asad M, Magableh IK, Riyadh HA. Moderating role of technological turbulence between green
product innovation, green process innovation and performance of SMEs. Discover Sustainability. 2024;5(1):324.
Tonnissen S, Teuteberg F. Analysing the impact of blockchain-technology for operations and supply chain management:
an explanatory model drawn from multiple case studies. Int J Inf Manag. 2020;52:101953. https://doi.org/10.1016/jijinfomn
gt.2019.05.009.

Vudugula S. SUSTAINABLE SMART SUPPLY CHAINS: a review of green technologies and their impact on logistics. Am J Sch
Res Innov. 2025;4(01):1-32. https//doi.org/10.63125/1fehce37.

Wang Y, Han JH, Beynon-Davies P. Understanding blockchain technology for future supply chains: a systematic literature
review and research agenda. Supply Chain Manag Int J. 2019;24(1):62-84. https://doi.org/10.1108/SCM-03-2018-0148.


https://doi.org/10.31033/ijemr.10.6.9
https://doi.org/10.28926/briliant.v8i2.1214
https://doi.org/10.1177/21582440221094594
https://doi.org/10.1016/j.techsoc.2020.101513
https://doi.org/10.1108/BPMJ-03-2024-0175
https://doi.org/10.5958/2278-4853.2021.00915.0
https://doi.org/10.5958/2278-4853.2021.00915.0
https://doi.org/10.1016/j.resconrec.2017.11.020
https://doi.org/10.1016/J.MATPR.2021.11.604
https://doi.org/10.1016/J.MATPR.2021.11.604
https://doi.org/10.1016/J.JBUSRES.2016.06.007
https://doi.org/10.1002/sd.3398
https://doi.org/10.21512/tw.v25i2.12395
https://doi.org/10.1049/cim2.12093
https://doi.org/10.48550/ARXIV.2309.12350
https://doi.org/10.48550/ARXIV.2309.12350
https://doi.org/10.1016/J.IJINFOMGT.2018.09.013
https://doi.org/10.3390/su14116640
https://doi.org/10.3390/su14116640
https://doi.org/10.22214/IJRASET.2023.55042
https://doi.org/10.1109/ACCESS.2020.2987331
https://doi.org/10.1016/j.iotcps.2023.04.006
https://doi.org/10.3390/jrfm14020058
https://doi.org/10.1016/j.ijinfomgt.2019.05.009
https://doi.org/10.1016/j.ijinfomgt.2019.05.009
https://doi.org/10.63125/1fehce37
https://doi.org/10.1108/SCM-03-2018-0148

Rupa et al. Discover Internet of Things (2026) 6:20 Page 28 of 28

98.  Wojcicki K, Biegannska M, Paliwoda B, Gddrna J. Internet of things in industry: research profiling, application, challenges
and opportunities—a review. Ener. 2022;15(5):1806.

99.  Wong L-W, Leong L-Y, Hew J-J, Tan GW-H, Ooi K-B. Time to seize the digital evolution: adoption of blockchain in operations
and supply chain management among Malaysian SMEs. Int J Inf Manage. 2020;52:101997. https://doi.org/10.1016/j.jinfo
mgt.2019.08.005.

100. Yang Y. Sustainability analysis of enterprise performance management driven by big data and internet of things. Sustain-
ability. 2023;15(6):4839. https://doi.org/10.3390/su15064839.

101. Yousaf Z, Radulescu M, lleana Sinisi C, Serbanescu L, Maria Paunescu L, Puime Guillén F, Kruja A, Panait M, Akbar A. Towards
sustainable digital innovation of SMEs from the developing countries in the context of the digital economy and frugal
environment. Sustain 2021. 2021;13(10):5715. https://doi.org/10.3390/SU13105715. 13.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.ijinfomgt.2019.08.005
https://doi.org/10.1016/j.ijinfomgt.2019.08.005
https://doi.org/10.3390/su15064839
https://doi.org/10.3390/SU13105715

	﻿IoT adoption for sustainable performance in SMEs using an SEM-ANN approach
	﻿Abstract
	﻿Article highlights
	﻿1﻿ ﻿Introduction
	﻿﻿2﻿ ﻿Literature review and hypothesis development
	﻿2.1﻿ ﻿IoT application and adoption in SMEs
	﻿2.2﻿ ﻿Sustainable performance in SMEs
	﻿2.3﻿ ﻿Theory and research framework
	﻿2.4﻿ ﻿Hypothesis development
	﻿2.4.1﻿ ﻿Technological factors
	﻿2.4.1.1﻿ ﻿Relative advantage
	﻿2.4.1.2﻿ ﻿Compatibility
	﻿2.4.1.3﻿ ﻿Complexity



	﻿2.4.2﻿ ﻿Organizational factors
	﻿2.4.2.1﻿ ﻿Top management support
	﻿2.4.2.2﻿ ﻿Organizational readiness

	﻿2.4.3﻿ ﻿Environmental factors
	﻿2.4.3.1﻿ ﻿Competitive pressure
	﻿2.4.3.2﻿ ﻿External support from vendors
	﻿2.4.3.3﻿ ﻿Regulations and legislations

	﻿2.4.4﻿ ﻿ IoT and smes’ sustainable business performance
	﻿﻿3﻿ ﻿Methodology
	﻿3.1﻿ ﻿Population, sampling, and data collection
	﻿3.2﻿ ﻿Study instruments
	﻿3.3﻿ ﻿Respondents’ consent and ethical assessment
	﻿3.4﻿ ﻿Data Preparation and analysis

	﻿﻿4﻿ ﻿Research findings
	﻿4.1﻿ ﻿Demographic information of the respondents
	﻿4.2﻿ ﻿Measurement model and discriminant analysis
	﻿4.2.1﻿ ﻿Common method bias
	﻿4.2.2﻿ ﻿Measurement model analysis


	﻿4.3﻿ ﻿Structural model
	﻿4.4﻿ ﻿Results of the neural network analysis
	﻿﻿5﻿ ﻿Discussion
	﻿5.1﻿ ﻿Discussion on SEM findings
	﻿5.1.1﻿ ﻿Technological context
	﻿5.1.2﻿ ﻿Organizational context
	﻿5.1.3﻿ ﻿Environmental context
	﻿5.1.4﻿ ﻿Sustainable business performance


	﻿5.2﻿ ﻿Discussion on neural network analysis findings
	﻿﻿6﻿ ﻿Research implications
	﻿6.1﻿ ﻿Theoretical implications
	﻿6.2﻿ ﻿Practical and managerial implications

	﻿﻿7﻿ ﻿Conclusion, limitations, and future directions
	﻿7.1﻿ ﻿Conclusion
	﻿7.2﻿ ﻿Limitations and future directions

	﻿References


