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Abstract:

Artificial Intelligence (Al) is increasingly transforming supply chain management (SCM) by enhancing
efficiency, reducing costs and improving decision-making. This study examines Al adoption among small
and medium enterprises (SMEs) in Limpopo, South Africa, focusing on three key determinants:
Organizational Readiness, Top Management Commitment and Competitive Pressure. A quantitative
research design was employed using structured questionnaires distributed to 230 SMEs, yielding 207
valid responses. Data were analysed using SPSS for descriptive statistics, correlation, multiple
regression and diagnostic testing. Results show that Organisational Readiness is the most significant
predictor of Al adoption and is strongly associated with improved SCM performance. Top Management
Commitment also significantly influences adoption, while Competitive Pressure was not a significant
factor. The regression model explained 41.2% of the variance in SCM performance. These findings
highlight the importance of internal capabilities and strategic leadership in enabling successful Al
integration. The study contributes to the growing literature on Al in developing economies and offers
actionable insights for SME managers and policymakers aiming to enhance supply chain performance

through digital transformation.
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Introduction

In today’s competitive global marketplace, Small and Medium-sized enterprises (SMEs) are vital drivers
of economic growth, innovation and employment (Raihan, 2024). SMEs account for around 90% of firms
globally and contribute over 50% of employment (World Bank, 2023). In South Africa, SMEs represent
91% of formal businesses, employ 60% of the workforce and contribute about 34% of economic output
(Gaglio, Kraemer-Mbula & Lorenz, 2022). They also support regional development and foster social
cohesion by enabling entrepreneurship and skills development (Ramsuraj, 2023). Despite their
significance, many South African SMEs face substantial challenges that threaten their survival and
growth. These challenges include financial constraints, managerial inefficiencies, lack of innovation,
difficulties in technology adoption and weak customer retention strategies (Naradda Gamage et al.,
2020). Research suggests that between 50% and 95% of South African SMEs fail within the first five
years of operation (Eze & Lose, 2023; Fraccastoro, Gabrielsson & Pullins, 2021). One critical area of
weakness in SMEs is supply chain management (SCM) (Naimat & Davies, 2025), where traditional
practices are often manual, inefficient and prone to human error, reducing competitiveness and

responsiveness in uncertain markets (Manners-Bell & Lyon, 2019).

Artificial intelligence (Al), including machine learning, neural networks and natural language processing
enables systems to process data, identify patterns and make decisions with minimal human input
(Sarker, 2022; Zhang & Lu, 2021). In SCM, Al optimises demand forecasting, procurement, inventory
management and logistics. For instance, Al-driven models enhance forecasting accuracy, optimise stock
levels and support real-time decision-making (Guida et al., 2023). Despite its potential, adoption in SMEs
remains limited due to resource constraints, lack of expertise, cybersecurity concerns and resistance to
change (Dwivedi et al., 2021). Implementation also demands a data-driven culture and strong

leadership.

While studies have examined Al in specific SCM functions, little research addresses its overall impact
on SCM performance in SMEs in developing economies This study addresses this gap by exploring how
Al adoption affects SCM performance in South African SMEs, examining key drivers such as
organizational readiness, top management commitment and competitive pressure. The study is
grounded in the Technology Acceptance Model (TAM) and the Theory of Planned Behaviour (TPB),
extended with additional constructs such as organizational readiness, top management commitment
and competitive pressure. This theoretical framework allows for a comprehensive understanding of both
behavioural and structural drivers of Al adoption and its effects on performance. By focusing on SMEs
in a Limpopo, this study contributes to the growing literature on Al adoption in developing economies. It
also offers practical insights for SME managers and policymakers seeking to leverage digital

technologies for improved supply chain performance and long-term competitiveness.
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Problem Statement

In recent years, the adoption of artificial intelligence (Al) technologies has gained significant momentum
across industries due to their potential to transform operational processes and enhance performance
outcomes (Mithas et al, 2022). Among the business functions most influenced by Al is supply chain
management (SCM), where technologies such as machine learning, predictive analytics and automation
are increasingly being implemented to improve decision-making, increase efficiency and optimise
resource allocation (Adesina et al., 2024). Modern supply chains are characterised by complexity,
uncertainty and the need for agility, challenges that traditional SCM approaches often fail to manage
effectively (Dwivedi et al., 2021). Al offers a promising solution to these issues by enabling accurate
demand forecasting, dynamic inventory control and data-driven logistics coordination (Pasupuleti et al.,
2024).

While prior studies have explored the application of Al in various SCM processes such as demand
forecasting and inventory optimisation (Pournader et al., 2021), there remains a notable gap in
understanding its overall impact on supply chain management performance, particularly within small
and medium-sized enterprises (SMEs). Most existing research has focused on large organisations or
developed economies, with limited empirical evidence from SME contexts in emerging markets such as
South Africa. Moreover, little is known about the key organisational and environmental factors, including
competitive pressure, top management support, and organisational readiness that influence Al adoption
in SMEs and how these factors relate to performance. This lack of contextualised knowledge creates a
critical gap in both theory and practice. Therefore, this study seeks to investigate the extent to which Al
is adopted among SMEs in Limpopo, South Africa, and to examine how its adoption influences supply

chain management performance.
Literature Review

This chapter provides a theoretical and empirical foundation for understanding the adoption of Artificial
Intelligence (Al) and its impact on supply chain management (SCM) performance in South African SMEs.
It draws on the Technology Acceptance Model (TAM), the Theory of Reasoned Action (TRA) and the
Theory of Planned Behavior (TPB). The chapter also reviews empirical research to identify key factors
such as organisational readiness, competitive pressure and top management commitment. Hypotheses

are derived based on previous findings in the literature.
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Theoretical Literature

The Technology Acceptance Model (TAM)

The Technology Acceptance Model (TAM), developed by Davis (1989), is one of the most widely applied
frameworks for explaining individual and organizational technology adoption. The model posits that two
core constructs namely, perceived usefulness (PU) and perceived ease of use (PEOU) predict users'
attitudes toward technology, which in turn influence their behavioural intention to adopt (Davis,1989). In
the context of supply chain management (SCM), perceived usefulness reflects the belief that Al can
improve SCM efficiency, accuracy, and responsiveness. For instance, Al tools such as predictive
analytics and demand forecasting systems can optimize inventory levels and enable timely decision-
making (Enholm et al., 2022). Research shows that when Al technologies integrate smoothly into
existing SCM workflows, the likelihood of adoption increases (Qi et al., 2009). TAM is particularly
relevant to SMEs, where resource constraints and usability concerns may influence adoption decisions
(Venkatesh et al. ,2024).

Theory of Reasoned Action (TRA)

The Theory of Reasoned Action (TRA), introduced by Fishbein and Ajzen (1975), explains how
behavioural intentions are shaped by two key factors: attitudes toward the behaviour and subjective
norms. Attitudes refer to an individual’s positive or negative evaluation of performing a behaviour, while
subjective norms involve the perceived social pressure to perform or not perform the behaviour (Ajzen,
2012). TRA highlights the social and attitudinal underpinnings of decision-making in technology adoption
(Dabbous et al., 2022). Although TRA does not account for external constraints on behaviour, it remains
a valuable model for understanding the motivational factors behind Al adoption decisions. In SCM,
attitudes toward Al adoption are influenced by beliefs about the benefits of Al, such as cost reduction,
operational flexibility and process automation (Cadden et al., 2022). Subjective norms, on the other
hand, involve the influence of external stakeholders such as industry competitors, regulatory bodies and

customers — who may expect or pressure firms to adopt Al technologies (Cao et al., 2021).
Theory of Planned Behaviour (TPB)

The Theory of Planned Behaviour (TPB), developed by Ajzen (1991), extends TRA by introducing the
concept of perceived behavioural control (PBC). This refers to an individual's perception of the ease or
difficulty of performing a behaviour, considering both internal and external constraints (Elie-Dit-Cosaque
et al., 2011). In the context of Al adoption within supply chains, perceived behavioural control is reflected

in an organisation’s assessment of its readiness and capacity to implement Al.
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Empirical Literature Review
Competitive Pressure and Al Adoption

Competitive pressure is a major external driver of Al adoption in supply chain operations. According to
Wamba-Taguimdje et al. (2020), organisations often adopt emerging technologies like Al to stay
competitive in dynamic markets. Similarly, Gangwar (2018) emphasizes that Al tools allow companies
to better manage logistics, reduce delivery times and increase accuracy in forecasting, all critical in
maintaining a competitive advantage. Al also supports predictive analytics, enabling proactive
responses to potential disruptions, which enhances resilience and agility (Ramanathan et al., 2017).
Furthermore, Pumplun et al. (2019) argue that firms unable to embrace Al risk falling behind in efficiency,

customer responsiveness and innovation. It is therefore hypothesised that:

Hypothesis 1 (H1): Competitive pressure has a significant positive relationship with Al adoption in supply

chain management.
Organisational Readiness and Al Adoption

Organisational readiness refers to a firm’s internal preparedness to adopt and implement Al
technologies. This includes financial capability, existing technological infrastructure, and human capital
(Felemban et al., 2024). Philpott et al. (2017) note that readiness is not only about having technology,
but also about the capacity to manage and leverage it effectively. According to Gangwar (2018),
organisations with robust IT systems, skilled staff and stable finances are more inclined to adopt
advanced technologies like Al. Similarly, Rosa et al. (2021) confirmed that organisations with high

readiness levels are significantly more likely to adopt Al in their supply chains.

Hypothesis 2 (H2): Organisational readiness has a significant positive relationship with Al adoption in

supply chain management.
Top Management Commitment and Al Adoption

Top management commitment is a critical internal factor influencing Al adoption. Bensouda et al. (2024)
found that senior management support can make or break technology initiatives. Lemos et al. (2022)
highlight that committed leaders ensure strategic alignment, allocate necessary resources, and drive
organisational buy-in.Rosa et al. (2021) add that companies with engaged top management are more

likely to implement Al tools that enhance visibility and coordination across the supply chain.

Hypothesis 3 (H3): Top management commitment has a significant positive relationship with Al adoption

in supply chain management.
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Al Adoption and Supply Chain Management Performance

A growing body of research confirms the positive impact of Al adoption on supply chain performance. Al
technologies help improve demand forecasting, inventory control, logistics optimisation, and service
delivery (Culot et al., 2024; Kumar et al., 2024). Camargo et al. (2020) reported that firms implementing
Al in their supply chains achieved a 15% reduction in logistics costs, a 35% improvement in inventory
accuracy and a 65% enhancement in service levels. These improvements are largely attributed to Al's
capacity for real-time data analysis, allowing firms to detect inefficiencies and respond quickly to
changes (McKinsey & Company, 2021).Al also enables integration and collaboration across supply
chain partners. Modgil et al. (2020) showed that Al-powered platforms improve communication between

suppliers, manufacturers, and retailers, reducing lead times and boosting coordination.

Hypothesis 4 (H4): Al adoption as a significant positive relationship with supply chain management

performance.
Methods and Data

This study adopts a quantitative research design to investigate the impact of artificial intelligence (Al)
adoption on supply chain management (SCM) performance among SMEs in Polokwane, South Africa.
A quantitative approach was selected due to its suitability for testing hypotheses, measuring variable
relationships and ensuring generalizability. Following a non-experimental, exploratory and correlational
strategy, the research aimed to uncover patterns and associations without manipulating variables, as
supported by Swart et al. (2019).

Structured questionnaires were used for data collection, enabling standardized measurement and
statistical analysis. The study population comprised SMEs operating in sectors reliant on SCM, including
manufacturing, logistics, retail and wholesale. Polokwane, a regional economic hub, provided a relevant
context due to its industrial diversity and potential engagement with Al technologies. Probability sampling
was employed to ensure representativeness, giving all units within the population an equal chance of
selection, thereby enhancing the reliability of results (Singh, 2018).

Data collection followed a rigorous process, with questionnaires administered to senior personnel
responsible for supply chain and technology functions. Completed responses were edited to verify
completeness and internal consistency (Ledwaba, 2018). Descriptive statistics were used to summarize
respondent characteristics and response patterns, while inferential techniques, including correlation and
regression analysis, were employed to test hypotheses and examine inter-variable relationships. To
ensure methodological robustness, reliability and validity were prioritized. Reliability was addressed
through consistent measurement, while validity was ensured by aligning questionnaire items with

theoretical constructs. Ethical integrity was upheld by avoiding misrepresentation and acknowledging all
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sources. Trustworthiness was further reinforced through credibility, transferability, dependability, and

confirmability as described by Heale and Twycross (2015).

Results

Descriptive Statistics

Descriptive analysis indicated that many SMEs reported moderate engagement with Al-enabled tools in
their supply chain processes. Most of the respondents agreed that Al use is becoming increasingly

relevant, though infrastructural and managerial preparedness varied across firms.

¢ Organisational readiness had a relatively high mean (M = 3.47, SD = 1.19), suggesting
many SMEs believe they have the infrastructure and awareness to adopt Al.

e Top management commitment yielded a mean of 3.31 (SD = 1.31), indicating moderate
strategic support for Al initiatives.

e Competitive pressure showed a lower average (M = 2.35, SD = 1.23), implying that external
market pressure may not be the primary motivator for Al adoption.

e SCM performance (M = 3.11, SD = 1.34) shows room for improvement but reflects moderate

performance levels across firms.

Construct Mean SD
Competitive Pressure (CP) 2.35 1.23
Top Management Commitment 3.31 1.31
Organisational Readiness 3.47 1.19
SCM Performance 3.1 1.34

Table 1: Summary of Descriptive Statistics
Reliability Analysis

Reliability analysis was performed using Cronbach’s alpha. The overall reliability score was 0.708,
indicating acceptable internal consistency. However, subscales such as Competitive Pressure (a = -
1.66), Top Management Commitment (a = 0.149), and Organisational Readiness (a = 0.080) had poor
reliability, suggesting possible item inconsistencies or scale refinement needs.

Correlation Analysis

Pearson correlation analysis was conducted to examine the relationships between Al adoption drivers

and SCM performance.
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Variables 1 2 3 4

1. Competitive Pressure 1

2. Top Management Commitment| 0.36* 1

3. Organisational Readiness |0.42*| 0.51** 1

4. SCM Performance 0.29| 0.47** |0.58** 1

Table 2: Correlation Matrix
p <0.05, * p <0.01

Organisational readiness and top management commitment both show strong positive correlations with
SCM performance (r = 0.58 and r = 0.47 respectively), while competitive pressure has a weaker and
non-significant correlation (r = 0.29). This suggests internal organisational capabilities may play a larger

role in Al-driven SCM performance improvements.
Regression Analysis

A multiple regression analysis was conducted to assess how the three independent variables (CP, TMC,

OR) influence SCM performance.
Regression Model:

Y=RO0+B1CP+B2TMC+B30R+eY = \beta 0 + \beta 1 CP + \beta 2 TMC + \beta 3 OR +
\varepsilonY=F0+B1CP+p2TMC+B30R+¢

Where:

e YYY = SCM Performance

e CPCPCP = Competitive Pressure

e TMCTMCTMC = Top Management Commitment
¢ OROROR = Organisational Readiness
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Predictor Coefficient (B)| Std. Error| T | Sig. (p)
(Constant) 1.06 0.24 4.42|<0.001
Competitive Pressure 0.142 0.083 1.71/0.089
Top Management Commitment|0.278 0.079 3.52|0.001
Organisational Readiness 0.391 0.072 5.43(<0.001

Model Summary:

e R=0.642
e R?*=0412
e Adjusted R?=0.397

Table 3: Regression Coefficients

e F(3,203)=239.87, p<0.001

The model explains 41.2% of the variance in SCM performance. Organisational readiness had the

strongest positive effect (8 = 0.391, p < 0.001), followed by top management commitment (§ = 0.278, p

= 0.001). Competitive pressure was not a significant predictor (p = 0.089)

Diagnostic Tests

To ensure the validity of the regression model, key diagnostic tests were performed.

Diagnostic Test

Test Value / Result

Interpretation

Multicollinearity (VIF)

CP=132,TMC =141, OR=1.26

No multicollinearity

Normality (Q-Q Plot, Histogram)

Residuals ~ Normal

Normal distribution of residuals

Heteroskedasticity (Scatterplot)

No pattern observed

Homoscedasticity confirmed

Autocorrelation (Durbin-Watson)

1.98

No autocorrelation

Model Specification (RESET)

F=1.87,p=0.15

Model is well specified

Table 4: Summary of Diagnostic Tests

These diagnostics confirm that the regression assumptions were satisfied, and the model is statistically

robust
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Summary of Hypotheses Testing

Hypothesis Result

H1: Al Adoption — SCM Performance Supported

H2: Competitive Pressure — Al Adoption Not Supported

H3: Top Management Commitment — Al Adoption| Supported

H4: Organisational Readiness — Al Adoption Supported

Table 5: Summary of Hypotheses testing
Discussion

The regression analysis revealed a statistically significant positive relationship between Al adoption and
SCM performance (§ = 0.391, p < 0.001). This confirms Hypothesis 1 and supports the assertion that
integrating Al technologies in supply chain activities leads to improved performance outcomes such as
better inventory accuracy, enhanced order fulfilment, and superior supplier coordination. This finding
aligns with recent literature, which posits that Al facilitates predictive analytics, real-time visibility, and
data-driven decision-making, thereby optimising key SCM functions. As Al tools process complex data
sets to generate actionable insights, firms gain agility, improve cost efficiency, and better respond to
market dynamics. Organisational readiness was the most influential factor in determining Al adoption.
The construct showed both a strong positive correlation (r = 0.58, p < 0.01) and the highest regression
coefficient in predicting SCM performance. This validates Hypothesis 4 and reflects TPB’s emphasis on
perceived behavioural control—the belief in one’s capability to perform a behaviour given the presence

of necessary resources.

From a TPB standpoint, SMEs that perceive themselves as technologically and financially prepared are
more likely to adopt Al. Readiness includes technological infrastructure, skilled personnel, and a

conducive digital culture, all of which increase confidence in implementing complex technologies like Al.

Top Management Commitment significantly influenced Al adoption and SCM performance (g = 0.278, p
= 0.001), thus supporting Hypothesis 3. The Theory of Reasoned Action (TRA) underscores the
importance of leadership attitudes and social norms in shaping behavioural intentions. In this case, when
top leaders exhibit a strategic commitment to Al, it shapes employee perceptions and encourages
adoption. Furthermore, TAM’s perceived usefulness is influenced by managerial advocacy. When senior
executives allocate resources, communicate Al’s value, and lead by example, employees are more likely

to perceive the technology as beneficial, facilitating faster integration into SCM operations.
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Contrary to expectations, Competitive Pressure did not significantly predict Al adoption (B = 0.142, p =
0.089), leading to the rejection of Hypothesis 2. Although some firms reported adopting Al to remain
competitive, this factor did not show statistical significance. From a TRA lens, this suggests that
subjective norms, such as market and peer pressure, may not be as influential in the decision-making
process as internal organisational factors. SMEs may prioritise strategic alignment and internal

capability over external stimuli when deciding to adopt A
The findings highlight that for SMEs to improve SCM through Al, they must:

e Investin digital infrastructure and workforce upskilling.
e Develop leadership-driven Al strategies.

e Align Al initiatives with business goals rather than reacting to competitor moves.

These insights can guide policymakers and SME support agencies in designing training programs and

digital subsidy schemes targeted at building internal readiness
Conclusion

The integration of artificial intelligence (Al) into small and medium-sized enterprise (SME) operations
has shown measurable benefits for supply chain performance in Polokwane, South Africa. This study
examined the impact of Al adoption on supply chain management (SCM) performance among SMEs,
using the Technology Acceptance Model (TAM), the Theory of Planned Behaviour (TPB) and the Theory
of Reasoned Action (TRA). It explored how organisational readiness, top management commitment,

and competitive pressure influence Al adoption, and how this adoption affects SCM performance.

The findings demonstrated that organisational readiness and top management commitment significantly
influence Al adoption, with organisational readiness being the strongest predictor. Al adoption had a
statistically significant, positive effect on supply chain performance, improving inventory management,
supplier coordination and order fulfiiment. Competitive pressure did not significantly influence Al
adoption, suggesting that internal resources and strategic direction are more pivotal for digital
transformation than external market forces. These results reinforce the importance of SMEs prioritising
technological, strategic, and cultural capabilities to leverage Al effectively. In terms of practical and

theoretical implications, the results suggest that:

e SMEs should focus on building internal capabilities such as, technological infrastructure,
skilled human capital, and a culture of innovation as these have greater impact than
competitive pressure.

e Strong top management commitment is critical, as leadership vision shapes adoption

strategies and aligns Al initiatives with organisational goals.
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Al adoption should be treated as a strategic necessity rather than a reaction to competitors,
enabling proactive adaptation to market changes.

From a theoretical perspective, the study confirms that TAM, TPB, and TRA remain relevant
in explaining Al adoption behaviour in SMEs, with organisational readiness and perceived
behavioural control being key predictors.

The limited role of competitive pressure suggests future models should give more weight to

internal readiness and leadership over external market influences.

In conclusion, when SMEs in emerging markets such as South Africa are equipped with the right

infrastructure, strategic vision and human capacity, Al can act as a catalyst for supply chain

transformation. This calls for a deliberate shift in policy and practice towards empowering SMEs with

the tools, knowledge and leadership needed to thrive in the digital age

Recommendations

Based on the empirical findings, the following targeted recommendations are offered:

For SME Owners and Managers:

Strengthen organisational readiness by investing in up-to-date IT infrastructure, staff
training, and change management to build confidence in Al usage.

Lead Al strategy from the top by aligning Al investments with the company’s long-term goals
and fostering a culture that supports innovation and experimentation.

Develop partnerships with Al vendors or research institutions to access Al tools and

knowledge that would otherwise be inaccessible due to cost or expertise.

For Policymakers and Support Institutions:

Establish Al-focused development programs for SMEs that combine funding with digital
literacy training to promote informed adoption.

Create regional innovation hubs that provide access to shared Al resources, technical
support, and mentorship.

Include Al readiness assessments as part of government SME diagnostic tools to direct

appropriate support interventions.

For Future Research and Academia:

Investigate sector-specific Al adoption patterns to determine whether industry type

moderates the adoption-performance relationship.
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e Conduct longitudinal studies to understand how Al adoption matures over time and its long-
term effect on SME growth.
e Explore the role of external institutional factors such as government policy, financing

constraints, or ecosystem support in moderating Al adoption.
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