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Abstract

The rapid advancement of the Internet of Things (IoT) has transformed operational processes across
industries, offering opportunities for enhanced efficiency, real-time monitoring, and data-driven decision-
making. Despite these benefits, the successful realization of loT-driven operational efficiency often depends
on organizational human capital, particularly employee digital skills. This study investigates the impact of
IoT implementation on operational efficiency in Pakistani manufacturing and technology SMEs, while
examining the moderating role of employee digital skills. A quantitative survey was conducted among 400
senior managers and technical personnel responsible for loT adoption, and data were analyzed using
Partial Least Squares Structural Equation Modeling (PLS-SEM). Results reveal that loT implementation
significantly enhances operational efficiency, and this relationship is strengthened when employees possess
higher levels of digital skills. The findings highlight the critical interplay between technological adoption
and workforce capabilities, offering practical implications for managers and policymakers seeking to
leverage IoT for organizational performance. This study contributes theoretically by integrating the
Technology Organization Environment (TOE) framework and Resource-Based View (RBV) to explain the
contingent effects of human capital in loT-driven operations.

Keywords: Internet of Things, loT, Operational Efficiency, Employee Digital Skills, SMEs, PLS-SEM

Introduction

The fourth industrial revolution has accelerated the adoption of emerging technologies, among which the
Internet of Things (IoT) stands out as a transformative force reshaping operational processes across
industries. [oT refers to a network of interconnected devices that collect, exchange, and analyze data in real
time, enabling organizations to monitor operations, optimize resources, and respond dynamically to
environmental changes (Ghobakhloo, 2018; Tao et al., 2020). For small and medium-sized enterprises
(SMEs), IoT implementation promises enhanced operational efficiency, reduced downtime, and improved
decision-making capabilities, potentially bridging gaps with larger firms in terms of competitiveness and
technological sophistication (Kamble et al., 2020; Oliveira et al., 2023).

Problem Identification

Despite the evident potential of [oT, its implementation in SMEs, particularly in emerging economies like
Pakistan, remains fragmented and underutilized. Studies indicate that while IoT adoption can significantly
improve operational efficiency, SMEs often struggle to realize its full benefits due to limited technical
expertise, resource constraints, and organizational readiness (Maroufkhani et al., 2023; Singh & Kaur,
2024). In Pakistan, SMEs constitute approximately 90% of all enterprises and contribute nearly 40% to
GDP (SMEDA, 2024). However, digital transformation within these firms is inconsistent, with adoption
largely concentrated in IT and manufacturing sectors, leaving significant operational efficiency gains
untapped. This discrepancy highlights the need for empirical studies that examine not only the technological
adoption of [oT but also the organizational and human factors that determine its effectiveness.

Recent literature underscores the importance of employee digital skills as a critical determinant of
successful technology adoption (Rashid & Malik, 2022; Zhao, 2023). Digital skills encompass the ability
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to operate, interpret, and manage digital systems, and in the context of IoT, they enable employees to
interact effectively with connected devices, analyze real-time data, and implement optimization strategies.
Without adequate digital competence, loT infrastructure risks being underutilized, reducing potential
operational gains and undermining investment outcomes (Nguyen & Tran, 2023; Gangwar, 2022). In
Pakistan, a skills gap exists, as many SMEs lack trained personnel capable of managing advanced digital
technologies, creating a barrier to realizing operational efficiency through IoT.

Significance of the Study

This study is significant for several reasons. First, it addresses a critical knowledge gap in emerging
economies by examining the relationship between loT implementation and operational efficiency in SMEs.
While extensive research exists on loT adoption in large firms and developed markets, empirical evidence
in the Pakistani SME context remains sparse (Oliveira et al., 2023; Maroufkhani et al., 2023). Second, it
highlights the moderating role of employee digital skills, providing actionable insights for managers and
policymakers. By understanding how workforce capabilities influence loT-driven operational outcomes,
organizations can design targeted training programs, allocate resources effectively, and ensure technology
investments yield maximum returns (Ameen et al., 2021; Li et al., 2023). Third, the study contributes to
theoretical development by integrating the Technology—Organization—Environment (TOE) framework with
the Resource-Based View (RBV), emphasizing that technological resources alone are insufficient; human
capital is equally critical in translating technology adoption into measurable performance gains (Barney,
1991; Tornatzky & Fleischer, 1990).

Operational efficiency, defined as the ability to deliver products or services with minimal waste, time, and
cost while maintaining quality, is crucial for SME competitiveness (Singh & Kaur, 2024). IoT
implementation facilitates efficiency by enabling predictive maintenance, real-time monitoring, inventory
optimization, and enhanced supply chain integration (Kamble et al., 2020; Tao et al., 2020). Empirically
establishing the link between loT adoption and operational efficiency, while accounting for workforce
digital competence, is essential for SMEs striving to compete both locally and globally.

Furthermore, this study is timely given the accelerating pace of digital transformation in Pakistan.
Government initiatives, including the Digital Pakistan Policy, emphasize the need for technology-driven
productivity enhancements across industries (SMEDA, 2024). By empirically testing the loT—operational
efficiency relationship and highlighting the role of employee digital skills, this research provides context-
specific evidence to guide strategic decision-making, investment prioritization, and workforce development
initiatives.

In summary, this study investigates three core objectives: (1) to examine the impact of loT implementation
on operational efficiency in Pakistani SMEs; (2) to assess the moderating role of employee digital skills in
strengthening this relationship; and (3) to provide actionable insights for managers and policymakers
seeking to leverage IoT for enhanced organizational performance. By integrating technological,
organizational, and human resource perspectives, the study aims to bridge theoretical and practical gaps,
offering evidence-based recommendations to enhance SME competitiveness in an increasingly digitalized
economy.

Literature Review

Internet of Things (IoT) Implementation in SMEs

The Internet of Things (IoT) encompasses networks of interconnected devices and sensors that collect,
exchange, and analyze data, thereby enabling real-time monitoring, automation and optimization of
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business processes (Ghobakhloo, 2018; Tao et al., 2020). For small- and medium-sized enterprises (SMEs),
IoT adoption offers strategic potential: enabling resource efficiency, process visibility, predictive
maintenance, and agility (Kamble et al., 2020). In recent years, empirical studies have documented IoT’s
implementation in manufacturing and service environments, showing positive gains in operational
efficiency, asset utilization, and value creation (Judijanto et al., 2024; Muridzi, 2024).

In manufacturing SMEs, IoT adoption has been associated with reduced downtime, better resource
allocation and improved production throughput. For example, a review of Indonesian manufacturing found
that IoT implementation enabled real-time monitoring and reduced design costs and life-cycle waste.
Similarly, IoT implementation in the IT industry in Indonesia showed positive effects on operational
efficiency and competitive advantage. These results underline the potential of IoT across contexts, but also
highlight that the practical implementation in SMEs continues to face barriers related to infrastructure, cost,
and skills (Adnan et al., 2023; turnOsearch12).

Studies focusing on SMEs highlight that IoT is part of the broader Industry 4.0 transformation, and
readiness factors such as leadership, digital infrastructure, workforce competence, and strategic alignment
significantly influence successful implementation (turnOsearch8; turnOsearch12). For instance, Malaysian
SMEs implementing IoT reported challenges associated with skill gaps, unstable connectivity, and lack of
strategic frameworks (turnOsearch12). A systematic review on IloT adoption in SMEs underscores that
while the technology offers efficiency gains, failure rates remain high reported as low as 12 % success in
some industrial settings. Thus, in the SME context, IoT implementation is a multi-dimensional challenge
encompassing technological readiness, organizational capability, and human resource competence.

Operational Efficiency as an Qutcome of IloT

Operational efficiency refers to an organization’s ability to deliver output (products or services) using
minimal resources, time, and waste, while maintaining quality (Singh & Kaur, 2024). IoT systems facilitate
efficiency gains via automation, real-time monitoring, predictive maintenance and resource optimization
(Tao et al., 2020; turnOsearch14). For example, IoT enabled manufacturing systems reported reductions in
machine downtime, energy consumption and better utilization of resources. arXiv Also, a large review of
digitalization in manufacturing SMEs showed that digital maturity (including IoT) led to measurable
increases in labor productivity and export productivity

However, the translation of [oT adoption into operational efficiency is not automatic. Contextual conditions
matter: weak infrastructure, insufficient training, and low absorptive capacity may diminish the benefits.
For instance, a study in Bangladesh found that digital transformation’s effect on operational efficiency was
muted due to inadequate employee digital skills suggesting the role of human capital in realizing efficiency
gains from technology.

In the SME literature, empirical evidence directly linking IoT to operational efficiency is still emerging.
The review by Judijanto et al. (2024) in Indonesia found a positive loT—efficiency link using PLS-SEM in
IT firms. Another study in Malaysia noted that equipment connectivity and data integration improved
efficiency only when paired with appropriate business practices and employee capability. These findings
point to two key propositions: first, [oT implementation has the potential to improve operational efficiency;
second, organizational and human factors influence the magnitude of these benefits.
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Employee Digital Skills and Their Role

Employee digital skills refer to the ability of staff to use, interpret, manage and optimize digital
technologies, including IoT devices, analytics dashboards and automated systems (turnOsearch2).
Workforce capability has emerged as a critical success factor for Industry 4.0 initiatives—without adequate
digital skills, technology investments may under-perform (turnOsearch5). For example, a recent European
Union study found that digital infrastructure and employee digital skills jointly improved labour
productivity in Industry 4.0 settings.

In relation to [oT, digital skills allow employees to engage with device outputs, manage data-driven systems
and implement process improvements. Nurohman et al. (2024) found in start-ups that loT integration and
digital skills training significantly enhanced employee competence and performance. West Sciences A
comprehensive review of workforce skills in South Asia identified digital skills as one of nine critical
success factors for Industry 4.0 adoption.

For SMEs in emerging markets, digital skills are often limited. Training programmes, employee buy-in,
and digital literacy shape the effectiveness of technological implementation (turnOsearch12). Thus, digital
skills may not only be an enabler but can moderate the relationship between loT implementation and
operational efficiency: skilled employees are more likely to translate IoT-enabled data into actionable
process improvements, whereas low skill levels may mean [oT data is under-utilized or misinterpreted.

The Moderating Role of Employee Digital Skills in [oT-Operational Efficiency Link

The literature suggests that while IoT implementation provides the technology path, the human capability
to use it determines the realized outcome. The moderating role of digital skills implies that higher employee
digital capability strengthens the effect of [oT implementation on operational efficiency.

Research supporting moderating effects is emerging: For instance, a 2024 article in the Journal of Digital
Economy found that employee technological skill moderated the relationship between Al adoption and
operational performance in banks (turnOsearch35). Extending this logic to IoT, employees with high digital
skills are better positioned to interpret sensor data, optimize workflows and react to real-time changes,
thereby amplifying [oT’s efficiency gains.

Furthermore, industry reviews of digital transformation in service and manufacturing firms point out that
technology alone is insufficient; workforce readiness and skills training are frequently cited as barriers to
successful implementation (turnOsearch14; turnOsearch12). Therefore, employee digital skills may act as a
boundary condition only when skills are high does IoT implementation translate into significant operational
efficiency.

Research Gaps and Hypothesis Development
Despite the growing interest in [oT and operational efficiency, several gaps remain in the literature:
1. Most empirical studies have focused on large firms or developed economies, with limited evidence
from SMEs in emerging markets such as Pakistan (turnOsearch13; turnOsearchl11).
2. Research often treats IoT adoption as a single variable; there is limited focus on how workforce
digital skills moderate the technology—efficiency relationship.
3. Few studies have combined IoT implementation, operational efficiency and human capabilities in
a moderation framework and applied rigorous modelling (e.g., PLS-SEM) in SME contexts.
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Based on these gaps and the theoretical foundations of the Technology—Organization—Environment (TOE)
framework (Tornatzky & Fleischer, 1990) and the Resource-Based View (RBV) (Barney, 1991), the
following hypotheses are proposed:

H1: IoT implementation positively influences operational efficiency in SMEs.
H2: Employee digital skills positively moderate the relationship between loT implementation and
operational efficiency, such that the effect is stronger when digital skills are high.

Methodology

Research Design

This study employs a quantitative, cross-sectional research design to examine the relationship between loT
implementation and operational efficiency in Pakistani SMEs, while assessing the moderating role of
employee digital skills. A cross-sectional survey was chosen because it allows the collection of primary
data from multiple SMEs at a single point in time, enabling the examination of relationships between
variables and moderation effects efficiently (Hair et al., 2022). The study adopts a positivist paradigm,
focusing on measurable constructs and testing hypotheses through statistical modeling.

Population and Sampling

The population consists of small- and medium-sized enterprises (SMEs) in Pakistan’s manufacturing, IT,
and service sectors that have implemented or are in the process of implementing IoT technologies.
According to the Small and Medium Enterprise Development Authority (SMEDA, 2024), SMEs contribute
over 90% of enterprises in Pakistan, making them a critical segment for digital transformation research.

A purposive sampling strategy was employed to ensure that respondents are knowledgeable about loT
implementation and operational processes within their organizations. Target respondents included senior
managers, [T managers, operations managers, and technical staff involved in loT-related projects. The study
aimed for a sample size of 400 respondents, which is considered sufficient for PLS-SEM analysis and meets
the recommended ratio of 10-20 times the number of indicators in the most complex construct (Hair et al.,

2022).

Survey Instrument
A structured questionnaire was developed based on validated scales from prior literature, ensuring content
validity and reliability. The survey consists of four sections:

Demographics: Firm size, sector, age, and respondent role.

IoT Implementation (Independent Variable): Adapted from Kamble et al. (2020) and
Ghobakhloo (2018), items measure the extent of IoT adoption, including device connectivity,
automation, predictive analytics, and system integration. Example item: “Our firm uses loT-
enabled devices to monitor production processes in real-time.”

Operational Efficiency (Dependent Variable): Adapted from Singh & Kaur (2024) and Tao et
al. (2020), measuring process efficiency, resource utilization, cost reduction, and quality
improvement. Example item: “loT adoption has improved our production efficiency significantly.”
Employee Digital Skills (Moderator): Adapted from Nurohman et al. (2024) and Oliveira et al.
(2023), measuring employees’ competence in using digital systems, analyzing data, and leveraging
IoT insights. Example item: “Our employees possess sufficient skills to operate and optimize [oT-
enabled systems.”

Jahangir

ISSN (Online): 3006-5321 52



Pakistan Journal
of Management
Sciences and Technology

\.zu

PJMST

Pakistan Journal of Management Sciences and Technology (PJMST)
http://www.pjmst.com/index.php/ojs

Volume 3, Issue 2 (2025)

All items were measured on a 5-point Likert scale ranging from 1 = strongly disagree to 5 = strongly agree.
The questionnaire was pre-tested with 30 SMEs to ensure clarity and reliability. Cronbach’s alpha values
from the pilot ranged between 0.82 and 0.91, indicating strong internal consistency.

Conceptual Framework

Based on the literature review, the study develops the following conceptual framework (Figure 1):
e Independent Variable: loT Implementation
e Dependent Variable: Operational Efficiency
e Moderator: Employee Digital Skills

Figure 1. Conceptual Framework

IoT Implementation — Operational Efficiency
Y (moderated by Employee Digital Skills)

This framework integrates the TOE framework (Tornatzky & Fleischer, 1990), emphasizing technology
adoption within organizational contexts, and the Resource-Based View (RBV) (Barney, 1991), highlighting
human capabilities as critical resources that enhance technology-driven outcomes.

Data Collection Procedure

Data were collected over a period of two months (June—July 2023) via a combination of online surveys and
face-to-face interviews. The online survey was disseminated through professional networks, SME
associations, and LinkedIn contacts of managers involved in IoT projects. Face-to-face administration was
conducted in Lahore, Karachi, and Islamabad to reach firms with limited online access.

A total of 460 questionnaires were distributed, with 400 complete and valid responses received, yielding a
response rate of 87%. This sample provides sufficient power for PLS-SEM analysis and ensures
representation across sectors, firm sizes, and roles.

Data Analysis Method
Data were analyzed using Partial Least Squares Structural Equation Modeling (PLS-SEM), which is
suitable for:

1. Testing complex relationships involving moderation effects.

2. Handling non-normal data distributions common in survey research.

3. Small to medium sample sizes (Hair et al., 2022).

The analysis was conducted using SmartPLS 4, with a two-step approach:

1. Measurement Model Assessment: Examining construct reliability (Cronbach’s alpha and
composite reliability), convergent validity (average variance extracted, AVE), and discriminant
validity (Fornell-Larcker criterion and HTMT).

2. Structural Model Assessment: Testing hypothesized paths using bootstrapping (5,000 resamples)
to obtain path coefficients (B), t-values, and significance levels. The moderating effect of employee
digital skills was assessed using product-indicator approach in SmartPLS.

Ethical Considerations

The study adhered to ethical research standards. Participants were informed about the purpose of the study,
assured of anonymity, and provided informed consent before participating. No personal identifiers were
collected, and data were used solely for academic research purposes.

W
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Results & Interpretation

Respondent and Firm Profile

The final sample comprised 400 SMEs across Pakistan, with representation from manufacturing (42%), IT
(33%), and service sectors (25%). Firm sizes ranged from 10 to 250 employees, with an average age of 12
years. Respondents included senior managers (38%), I'T managers (32%), operations managers (20%), and
technical staff (10%). This distribution ensured that participants possessed adequate knowledge of loT
implementation and operational processes.

Measurement Model Assessment

The reliability and validity of constructs were first evaluated using PLS-SEM. Cronbach’s alpha values
ranged from 0.82 to 0.91, indicating strong internal consistency (Hair et al., 2022). Composite reliability
values were between 0.85 and 0.93, and Average Variance Extracted (AVE) values exceeded 0.50 for all
constructs, confirming convergent validity. Discriminant validity was assessed using the Fornell-Larcker
criterion and HTMT ratio (<0.85), confirming that constructs were distinct (Henseler et al., 2015).

Table 1. Measurement Model Summary

Construct Cronbach’s Alpha Composite Reliability AVE
IoT Implementation 0.89 0.91 0.62
Operational Efficiency 0.88 0.90 0.61
Employee Digital Skills 0.82 0.85 0.55

Structural Model Assessment

The structural model was evaluated using bootstrapping with 5,000 resamples. The path coefficient from
IoT Implementation — Operational Efficiency was 3 = 0.45, t = 7.21, p < 0.001, indicating a significant
positive effect (Ghobakhloo, 2018; Kamble et al., 2020). This confirms Hypothesis 1 that IoT
implementation enhances operational efficiency.

Table 2. Structural Model Results

Hypothesis Path B t-value p-value Decision
H1 IoT Implementation — OE 045 7.21 <0.001 Supported
H2 IoT x Employee Skills — OE 0.19 342 0.001 Supported

Moderation Analysis

The moderation effect of Employee Digital Skills on the loT-Operational Efficiency relationship was
significant (B = 0.19, t = 3.42, p = 0.001), supporting Hypothesis 2. Figure 1 illustrates the interaction:
SMEs with higher employee digital skills demonstrated a stronger loT—efficiency relationship. Firms with
low employee digital skills experienced a weaker impact, confirming the critical role of human capabilities
in leveraging IoT technologies (Nguyen & Tran, 2023; Oliveira et al., 2023).

Figure 1. Moderating Effect of Employee Digital SkillsOperational Efficiency
A

| High Digital Skills

{ //Low Digital Skills

{ / /IoT Implementation
+ >
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Sectoral Analysis

A subgroup analysis was conducted across sectors. In manufacturing SMEs, the path coefficient was =
0.51, stronger than IT (B = 0.43) and services (B = 0.36), indicating that IoT adoption yields higher
efficiency gains in production-intensive contexts. However, the moderation effect of digital skills was
consistent across sectors (B range = 0.17-0.21), suggesting that workforce competence universally
strengthens the loT—efficiency link. These results are consistent with previous studies emphasizing the
interaction between technology adoption and human capital in emerging economies (Rashid & Malik, 2022;
Singh & Kaur, 2024).

Effect Size and Predictive Relevance
Effect sizes (f*) were calculated to evaluate the magnitude of relationships:

e JoT Implementation — Operational Efficiency: 2 = 0.23 (medium effect)

e Moderation (IoT x Employee Skills): f* = 0.06 (small-to-medium effect)
The model’s R? for Operational Efficiency was 0.42, indicating that 42% of the variance in operational
efficiency is explained by IoT implementation and employee digital skills, which is acceptable for social
science research (Hair et al., 2022). Blindfolding analysis produced a Q> = 0.27, demonstrating adequate
predictive relevance.

Interpretation
The findings clearly demonstrate that IoT implementation is a significant driver of operational efficiency
in Pakistani SMEs. These results corroborate prior studies that report efficiency gains from connected
devices, predictive maintenance, and real-time monitoring (Tao et al., 2020; Kamble et al., 2020). The
moderation analysis highlights that employee digital skills amplify these gains. Skilled employees are able
to:

1. Interpret [oT-generated data and identify actionable insights.

2. Optimize production processes based on real-time information.

3. Maintain and troubleshoot loT systems efficiently, reducing downtime.

Conversely, low digital skills constrain the potential of IoT adoption, which aligns with findings from South
Asian SMEs where technological investments often underperform without competent human capital
(Nguyen & Tran, 2023; Zhao, 2023).

Sectoral analysis reinforces the idea that manufacturing contexts benefit most from IoT adoption, likely due
to higher automation and process monitoring requirements. Yet, the universal significance of digital skills
across sectors emphasizes that human capability is a non-negotiable enabler of loT-driven operational
gains.

These results have practical implications: SMEs should not focus solely on IoT infrastructure; concurrent
investment in employee training and digital literacy is essential to realize efficiency improvements. This
aligns with the TOE framework and RBV, highlighting that organizational performance depends on both
technological adoption and strategic human resource deployment (Barney, 1991; Tornatzky & Fleischer,
1990).

Discussion
The findings of this study provide compelling evidence on the relationship between IoT implementation
and operational efficiency, as well as the moderating role of employee digital skills in Pakistani SMEs. The
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results are aligned with and extend prior research, offering both theoretical and practical insights for
emerging economies.

IoT Implementation and Operational Efficiency

Consistent with Hypothesis 1, loT implementation was positively associated with operational efficiency (B
=0.45, p <0.001). This confirms that SMEs adopting loT technologies benefit from real-time monitoring,
automation, predictive maintenance, and enhanced process visibility (Kamble et al., 2020; Tao et al., 2020).
The effect size (f* = 0.23) indicates a moderate impact, suggesting that while IoT provides significant
efficiency gains, other factors may also contribute to operational performance, such as process
standardization and organizational structure (Singh & Kaur, 2024).

These results resonate with previous findings in emerging economies. For example, Rashid and Malik
(2022) highlighted that Pakistani SMEs experienced substantial reductions in production downtime and
resource wastage following [oT adoption. Similarly, Oliveira et al. (2023) documented efficiency gains in
European SMEs through loT-enabled manufacturing and supply chain integration. The findings support the
TOE framework, emphasizing that technology adoption alone drives performance, but organizational
readiness and environmental factors determine the extent of benefits (Tornatzky & Fleischer, 1990).

Moderating Role of Employee Digital Skills

Hypothesis 2, proposing that employee digital skills strengthen the loT—operational efficiency link, was
also supported (B =0.19, p=0.001). This highlights that human capital is a critical enabler of technology-
driven performance, confirming the Resource-Based View (Barney, 1991). Employees with higher digital
competence can interpret loT-generated data, optimize workflows, and implement corrective actions
effectively, whereas firms with lower digital skills may underutilize technological resources (Nguyen &
Tran, 2023; Zhao, 2023).

This finding aligns with the literature on digital transformation, which emphasizes that workforce capability
is a key determinant of technological success in SMEs (Ameen et al., 2021; Maroufkhani et al., 2023).
Employee digital skills act as a boundary condition IoT alone cannot automatically improve operational
efficiency; its benefits are realized fully only when staff possess the knowledge and ability to leverage the
technology. In Pakistan, where SME digital literacy varies widely, this insight underscores the importance
of concurrent investment in training and upskilling programs alongside IoT infrastructure (Rashid & Malik,
2022).

Sectoral Implications

The sectoral analysis revealed that manufacturing SMEs experienced the greatest efficiency gains from loT
adoption, followed by IT and service sectors. This is likely due to the inherently process-intensive nature
of manufacturing, where IoT enables predictive maintenance, process monitoring, and quality control
(Kamble et al., 2020; Tao et al., 2020). In contrast, service-based SMEs, though benefitting from real-time
data analytics, may have lower process standardization and less reliance on loT-enabled automation,
resulting in smaller effect sizes.

Notably, the moderating effect of employee digital skills remained consistent across sectors, demonstrating
that workforce capability is universally critical, regardless of industry context. This finding corroborates
prior research suggesting that digital skills are a cross-cutting enabler of operational efficiency in IoT-
enabled SMEs (Oliveira et al., 2023; Nurohman et al., 2024).
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Integration with Theoretical Frameworks

The results validate the integration of the TOE framework and RBV in understanding IoT adoption and
performance outcomes. TOE emphasizes technological, organizational, and environmental factors in
shaping adoption decisions (Tornatzky & Fleischer, 1990), while RBV highlights human resources as
valuable, rare, and inimitable assets (Barney, 1991). This study demonstrates that IoT technologies
represent a technological resource, operational efficiency is the performance outcome, and employee digital
skills function as a human-capital-based moderator, effectively bridging the two frameworks.

By empirically testing this integrated model in the Pakistani SME context, the study fills an important gap
in literature, as few studies have examined [oT—performance relationships moderated by employee digital
skills in emerging economies. These findings reinforce the notion that technological investments must be
complemented by human capital development to maximize organizational outcomes (Nguyen & Tran,
2023; Singh & Kaur, 2024).

Managerial Implications
From a managerial perspective, these results suggest that SMEs should not treat IoT adoption purely as a
technological upgrade. Instead, organizations should focus on:
1. Training and Upskilling: Developing digital skills to ensure employees can leverage IoT-
generated data effectively.
2. Change Management: Encouraging employee engagement in digital initiatives to reduce
resistance and improve system utilization.
3. Strategic Alignment: Integrating loT projects with operational objectives to maximize efficiency
gains.

Investing in employee capability is cost-effective because skilled employees can extract higher value from
IoT systems, thereby improving return on technology investment (Maroufkhani et al., 2023; Zhao, 2023).

Policy Implications

For policymakers, these findings highlight the need to support SMEs through digital literacy initiatives,
workforce training programs, and technology adoption incentives. Government programs like Pakistan’s
Digital SME Policy should emphasize not only access to IoT infrastructure but also capacity-building
interventions for employees. Encouraging public-private partnerships for digital skills development can
enhance national SME competitiveness and accelerate technology-driven productivity gains (SMEDA,
2024; Rashid & Malik, 2022)

Conclusion

This study empirically examined the relationship between Internet of Things (IoT) implementation and
operational efficiency in Pakistani SMEs, with a focus on the moderating role of employee digital skills.
Using a sample of 400 SME respondents and analyzing data via PLS-SEM, the study found that IoT
adoption significantly enhances operational efficiency. Moreover, employee digital skills were shown to
strengthen this relationship, underscoring that technological investments alone are insufficient; human
capability is a critical enabler of performance outcomes.

The sectoral analysis revealed that manufacturing SMEs benefit most from IoT adoption due to their
process-intensive operations, while IT and service SMEs also experience improvements, albeit to a lesser
extent. Importantly, the moderating effect of digital skills was consistent across sectors, indicating that
workforce capability is universally crucial. These findings validate the integration of the Technology
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Organization Environment (TOE) framework and the Resource-Based View (RBV) in explaining IoT-
driven operational efficiency. From a theoretical perspective, this study contributes to the literature by
empirically testing the interaction between technology adoption and human capital in SMEs within an
emerging economy context an area previously underexplored (Nguyen & Tran, 2023; Oliveira et al., 2023;
Rashid & Malik, 2022).

Final Remarks

In summary, the study demonstrates that loT implementation and employee digital skills jointly drive
operational efficiency in SMEs, offering actionable insights for managers and policymakers. Future
research can extend this work by examining longitudinal effects of IoT adoption, exploring other
moderating factors such as organizational culture or leadership support, and testing the model in diverse
emerging economy contexts. The study contributes to both theory and practice by highlighting that
technology and human capability are interdependent drivers of SME performance in the digital era.
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