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Abstract

The increasing demand for eco-friendly practices and sustainable
performance in Nigeria’s automobile industry, particularly in the Southwest
region, underscores the importance of adopting innovative technological
solutions. While global industries have leveraged Industry 4.0 technologies to
achieve sustainability and efficiency, their impact in developing economies
remains underexplored. This study investigates the effects of Machine Learning
and Cloud Computing on sustainable profitability among 29 automobile firms in
Lagos, Ogun, and Oyo States. Employing a mixed-methods design, 224 valid
responses from management staff were analyzed using descriptive statistics and
multiple regression models. The findings revealed that both technologies,
Machine Learning and Cloud Computing, have statistically significant positive
effects on sustainable profitability. The results underscore the critical role these
technologies play in enhancing operational efficiency, waste reduction,
environmental monitoring, and decision-making processes. The study concludes
that adopting Industry 4.0 technologies is essential for achieving both
environmental sustainability and improved organizational performance in
Nigeria’s automobile industry. The study recommends that automobile firms in
Nigeria invest in Al-driven optimization tools, loT-based monitoring systems, and
Blockchain for supply chain transparency, towards enhancing sustainable
performance. Furthermore, government support in the form of infrastructure
development, regulatory frameworks, and fiscal incentives is essential to
accelerate technological adoption and improve the industry’s global
competitiveness
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Introduction

The automobile industry's organizational performance is a multifaceted
construct driven by efficiency, profitability, innovation, and sustainability.
Globally, major manufacturers such as Toyota, Ford, and Volkswagen
prioritize optimizing production efficiency, supply chain management, and
customer satisfaction to maintain competitiveness (Smith & Brown, 2021).
Key performance indicators (KPIs) used to measure organizational success
include market share, operational efficiency, return on investment (ROI), and
environmental compliance (Johnson, 2020).

A regional analysis reveals diverse approaches to enhancing
organizational performance in the automobile industry. In Europe, the adoption
of Industry 4.0 technologies such as automation, data analytics, and the Internet
of Things (loT) has significantly improved operational efficiency and
sustainability (Ericsson et al., 2022). German automakers like BMW and
Volkswagen have successfully implemented digital twin technology and Al-
based predictive maintenance to reduce production costs while maintaining
high output quality (Yan et al., 2022). In the United States, smart
manufacturing and green mobility initiatives have enabled automakers like
General Motors and Ford to enhance agility, cost-efficiency, and innovation
(Porter etal., 2023). Tesla's vertical integration, digital platforms, and real-time
analytics have redefined performance standards, leading to rapid growth and
competitive dominance (Zhang, 2023). In Asia, operational efficiency, lean
innovation, and rapid digital transformation drive organizational performance.
Japanese automakers like Toyota and Honda have championed the Toyota
Production System (TPS), which embodies real-time data feedback and just-
in-time processes to boost performance outcomes (Yun et al., 2025). South
Korean firms like Hyundai have integrated smart factory models and predictive
systems to enhance production flexibility and cost control (Lee, 2023).

In Africa, the automobile industry faces unique challenges that hinder
organizational performance. High production costs, poor infrastructure, policy
inconsistencies, and low domestic vehicle demand are significant obstacles
(Adegbite & Nwosu, 2020). In South Africa, government incentives, export-
driven strategies, and skilled labor availability have enhanced organizational
performance (Mkhize, 2021). However, in other African nations, dependence
on imported vehicles, limited local production, and weak value chain
integration negatively impact organizational efficiency and profitability
(Okafor et al., 2021).

The adoption of Industry 4.0 technologies such as Al, 10T, blockchain,
and virtual reality (VR) can significantly enhance organizational performance
and environmental sustainability in the automobile industry. These
technologies enable real-time data monitoring, energy management, and
predictive analytics to optimize resource utilization and reduce emissions
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(Grabowska et al., 2022). Industry 4.0 technologies can also improve supply
chain management, production capabilities, and sustainability (Yilmaz, 2023).
The Southwest Nigerian automobile industry faces challenges like
energy inefficiencies, high production costs, and limited adoption of green
technologies (Farinloye et al., 2024). However, the adoption of Industry 4.0
technologies can improve organizational performance and sustainability.

The automobile industry's organizational performance is driven by a
complex interplay of factors, including efficiency, profitability, innovation,
and sustainability. The adoption of Industry 4.0 technologies can significantly
enhance organizational performance and environmental sustainability. This
study highlights the need for further research on the adoption of Industry 4.0
technologies in the Southwest Nigerian automobile industry to improve
organizational performance and sustainability.

The automobile industry in Southwest Nigeria struggles with
inefficiencies in waste management, excessive energy use, and high emissions.
Adoption of Industry 4.0 technologies can optimize resources, enhance
transparency, and strengthen compliance. Yet, despite global evidence of their
effectiveness, the practical impact of ML and CC in this context remains
largely untested.

This study seeks to investigate the potential of advanced technologies
in addressing challenges and promoting sustainable growth in the Southwest
Nigerian automobile industry. Specifically, it aims to assess the impact of
Machine Learning and Cloud Computing adoption on Sustainable Profitability
within the industry. By evaluating the effects of these technologies, the study
aims to provide insights into their potential to drive sustainable growth and
improve profitability in the automobile sector in Southwest Nigeria.

Research Questions
i. What is the impact of Machine Learning adoption on sustainable
profitability within the automobile industry in Southwest Nigeria?
ii. How does Cloud Computing adoption influence sustainable profitability
within the automobile industry in Southwest Nigeria?

Literature Review
Industry 4.0 Technologies

Industry 4.0, also known as the Fourth Industrial Revolution, is
commonly defined as the integration of advanced digital technologies into
manufacturing processes, leading to smarter, more efficient production
systems. According to Pellicelli (2023), Industry 4.0 refers to the convergence
of cyber-physical systems, the Internet of Things (10T), cloud computing, and
artificial intelligence (Al) that enable real-time data exchange and decision-
making. This definition highlights the technological sophistication that
underpins the revolution, suggesting a shift toward a highly interconnected,
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automated, and data-driven industrial environment. The technologies
associated with Industry 4.0 are not only transforming manufacturing but are
also influencing other sectors by enabling unprecedented levels of connectivity
and automation.

The concept of Industry 4.0 has evolved as various scholars offer
different perspectives on its scope and implications. According to Fawna
(2023), Industry 4.0 is characterized by the fusion of physical and digital
realms through smart factories where machines, products, and humans are
interconnected via 0T and cyber-physical systems. This view underscores the
shift from traditional manufacturing models to those that leverage intelligent
machines capable of communicating with one another and making autonomous
decisions based on real-time data. The integration of advanced technologies
such as loT, robotics, and Al is thus seen as essential to achieving the self-
optimization and adaptability required in modern industrial systems.

George (2024) defines Industry 4.0 as a cyber-physical system that
emphasizes the interaction between digital systems and physical components
in industrial environments. In this view, Industry 4.0 is not only about
increasing automation but also about enhancing the efficiency, flexibility, and
intelligence of production systems. This definition focuses on the technological
infrastructure needed to enable smart manufacturing systems that can respond
dynamically to changing conditions in real-time.

In a broader sense, Industry 4.0 is seen as a systemic shift that integrates
new technologies across multiple layers of business operations, as stated by
Meindl (2021). These technologies include cyber-physical systems, 10T, big
data analytics, and cloud computing, which work together to enhance the
interconnectivity, autonomy, and intelligence of industrial processes. The
digitalization of supply chains and production systems creates opportunities
for greater efficiency, flexibility, and innovation in manufacturing,
transforming the way products are designed, produced, and delivered.
According to this perspective, Industry 4.0 represents not just technological
advancement but also a shift in how industries function and create value.

The rapid advancement of technologies such as Machine Learning,
Cloud Computing, Artificial Intelligence (Al), the Internet of Things (1oT),
Blockchain Technology, Virtual Reality (VR), and Smart Sensors has
revolutionized the way industries address environmental challenges. These
innovative tools enable more precise monitoring, analysis, and management of
natural resources, fostering improved decision-making for environmental
sustainability. By leveraging Al and machine learning, predictive models can
forecast ecological changes, while 10T and smart sensors provide real-time
data on environmental conditions. Cloud computing facilitates scalable data
processing, and blockchain enhances transparency in sustainable practices.
Moreover, VR offers immersive simulations for education and awareness,
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further underscoring the transformative role of technology in promoting
sustainable development. (Sima, 2020)
Machine Learning

Machine learning (ML) is a subset of artificial intelligence (Al) that
enables computers to learn and make decisions from data without being
explicitly programmed. According to (Sarker (2021), who is often credited
with coining the term, machine learning refers to the ability of a machine to
learn from experience. He described it as a process that allows systems to
improve their performance in tasks through exposure to data, rather than being
pre-programmed with specific instructions. This definition emphasizes that the
machine's ability to adapt and evolve is central to machine learning. (Samuel,
1959)

In more recent literature, the definition of ML has expanded to
encompass a variety of techniques and applications. (Yusoff, 2024) defines
machine learning as a field of study that allows computers to detect patterns
and make decisions based on data. He highlights that machine learning is an
approach that uses algorithms to analyze data, build models, and make
predictions or decisions without human intervention. This perspective reflects
the growing recognition of ML as a powerful tool for analyzing complex
datasets, from medical records to financial transactions, and making
predictions that would be difficult or impossible for humans to derive
manually.

The field of ML has also been described in terms of the learning
processes involved. (Janiesch et al., 2021) offers a more formal definition,
stating that machine learning is a method of data analysis that automates
analytical model building. He notes that it is concerned with the design and
development of algorithms that can allow computers to learn from and make
predictions based on data. This definition focuses on the algorithmic and
computational aspects of machine learning, positioning it as a technique for
solving problems by learning from data, rather than relying on human-coded
instructions or predefined rules. (Foote, 2021)

A broader view of machine learning is provided by Mancilla (2022),
who defines it as a branch of machine learning that combines computer science,
statistics, and cognitive science to develop systems that can learn from data,
adapt to new situations, and make decisions without human input. They
emphasize that machine learning not only involves algorithmic development
but also requires a deep understanding of statistical methods to interpret and
generalize results. This definition underscores the interdisciplinary nature of
ML and its reliance on various fields to develop effective learning systems.

Foote (2021) describes machine learning in the context of neural
networks, explaining it as a field of study focused on algorithms that learn

atterns from large datasets and generalize from them. Their definition extends
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beyond classical ML methods, reflecting the evolution of the field to include
deep learning, a subset of machine learning focused on complex models
inspired by the brain's neural networks. This more contemporary
understanding of ML highlights its capacity to solve problems with
unstructured data, such as images or text, pushing the boundaries of what was
once thought possible in terms of machine decision-making and automation.
Cloud Computing

Cloud Computing is widely recognized as a core component of modern
computing, providing on-demand access to shared resources and services via
the internet. Ali (2018) defines it as a model that enables seamless and scalable
access to networks, servers, storage, and applications with minimal
management effort, highlighting its flexibility and efficiency. Similarly, Wada
(2018) conceptualizes it as an abstraction layer over traditional 1T
infrastructure, offering users the illusion of infinite resources and simplifying
access by removing technical complexities. Expanding this view, Adhikari
(2018) describes Cloud Computing as an integrated service platform that
encompasses infrastructure, software, and platforms, thus catering to diverse
needs from data storage to advanced application hosting. From a more practical
perspective, Fadhil (2022) emphasizes its role as a scalable infrastructure for
hosting applications, enabling firms to offload IT operations and focus on core
activities, thereby reducing costs and improving efficiency. Caithness (2017)
further underscores its economic value by highlighting the pay-as-you-go
model, which makes it a cost-effective solution for businesses of varying sizes.
Collectively, these perspectives demonstrate that Cloud Computing, whether
viewed as a flexible infrastructure, service model, or cost-saving tool, is central
to digital transformation by enabling scalability, innovation, and operational
efficiency.
Sustainable Profitability

Sustainable profitability has gained prominence in both academic and
business discourse as it links long-term financial success with environmental
and social responsibility. It emphasizes balancing profitability with
minimizing ecological harm (Ogunbukola, 2024) and creating value through
environmentally sustainable practices that enhance organizational resilience
and stakeholder trust (Roffé, 2024). Beyond short-term gains, it reflects an
intergenerational approach where firms ensure present profitability without
compromising resources for future generations (Benvenuto, 2023). A broader
perspective integrates economic, social, and environmental dimensions,
recognizing that long-term survival depends on operating within ecological
limits (Martiny, 2024). Innovation also plays a critical role, as companies
adopting cleaner technologies and sustainable supply chains are better
positioned to maintain competitiveness and long-term financial viability
(Pazienza, 2022).
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Empirical Review
Machine learning adoption and sustainable profitability (performance)

Badghish and Soomro (2023) investigated the factors influencing
Machine Learning adoption in Saudi Arabian SMEs using the Technology-
Organization-Environment (TOE) framework. They found that relative
advantage, compatibility, human capital, market demand, and government
support play significant roles in adoption. Additionally, Al adoption positively
impacts operational and economic performance. Kumar (2023) examined
Machine Learning's impact on performance management and found that it
enhances accuracy, efficiency, and decision-making. The study recommended
cautious adoption of Machine Learning, addressing ethical concerns like data
privacy and bias. Pap et al. (2022) modeled organizational performance using
Machine Learning with data from the European Company Survey (ECS) 20109.
They found that work organization and innovation are crucial for firm
performance and employee well-being. Nalla (2025) investigated the use of
Machine Learning in predicting employee retention and performance. The
study found Machine Learning to be effective but noted challenges like data
privacy and bias. It recommended further research on ethically aligned Al.
Cloud computing adoption and sustainable profitability (performance)

Lapnet (2023) found that cloud adoption enhances operational
efficiency and reduces costs across various industries. The study recommended
assessing cloud strategies for benefits and challenges. Gangwar (2017) found
that factors like business, human, and technological capital influence cloud
adoption in Indian manufacturing firms. Firm size was found to moderate the
usage and impact of cloud computing. Willie (2024) noted that cloud
computing drives sustainability and innovation globally, enhancing efficiency
and reducing carbon footprint. Al-Sharafi et al. (2023) found that relative
advantage, complexity, and other factors affect cloud integration in SMEs.
Cloud computing enhances financial, environmental, and social performance.
Theoretical Framework

The study applies Rogers’ (1962) Diffusion of Innovations (DOI)
Theory, which explains how innovations spread based on perceived
advantages, compatibility, and ease of adoption. This framework is appropriate
for analyzing how ML and CC are adopted within Nigeria’s automobile
industry and their subsequent impact on performance and sustainability.

Methodology

A survey design was employed, targeting 534 management staff across
29 automobile companies in Southwest Nigeria. A sample of 224 was selected
using Cochran’s formula. Structured guestionnaires on a five-point Likert scale
measured ML, CC, and sustainable profitability. Reliability tests yielded
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Cronbach’s alpha values between 0.73 and 0.86. Data analysis employed
descriptive statistics, correlation, and multiple regression using SPSS.

The model specified:

SP =0 + 1ML + p2CC

Data Presentation and Analysis
Table 1: Descriptive Statistics of Variables

Variables ML_ADOPTI | CLOUD_ADOP | SUST_PROFIT

ON TION
Mean

3.001887 2.966981 2.963208
Median

3.000000 3.000000 3.000000
Maximum

4.600000 5.000000 4.600000
Minimum

1.200000 1.200000 1.400000
Std. Dev.

0.624003 0.615629 0.620323
Skewness -

0.228384 0.062895 0.166625
Kurtosis

2.871331 3.003032 2.610293
Jarque-
Bera 1.989200 0.139851 2.322525
Probability

0.369871 0.932463 0.313091
Sum

636.4000 629.0000 628.2000
Sum Sq.
Dev. 82.15925 79.96887 81.19302
Observation 224 224 224
S

Source: Eviews Output.

The descriptive statistics offer a foundational understanding of the key
variables under investigation of Machine Learning (ML), Cloud Computing
(CC) and Sustainable Profitability (SP), within the context of the automobile
industry in Southwest Nigeria. From Table 1 above, the mean values for all
variables hover closely around 3.0, suggesting a moderate level of agreement
among respondents regarding the adoption of these technologies and the level
of sustainable profitability achieved. These central tendencies are consistent
with the study’s objective of exploring how technology contributes to
sustainable profitability.

The standard deviation values for all variables lie between 0.61 and
0.64, indicating relatively low variability in responses. This suggests a
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consistent perception among the surveyed firms, which enhances the reliability
of the findings. Furthermore, the close alignment of the mean and median
values (both mostly equal to 3.00) reflects a near-normal distribution and
symmetry in the data, providing statistical justification for employing
parametric techniques such as multiple regression analysis. This statistical
normality assumption is critical, as it supports the suitability of linear modeling
for hypothesis testing in the study.

The skewness and kurtosis values also reinforce the normality
assumption. All skewness values lie between -0.23 and +0.35, which are within
the acceptable range of +1, indicating that the data is only slightly skewed and
largely symmetric. The kurtosis values, ranging from 2.61 to 3.00, are close to
the benchmark of 3 for a normal distribution. These statistics suggest the
absence of extreme outliers or heavy tails, implying that the data is well-
behaved and suitable for inferential analysis, such as estimating the individual
and combined effects of technology adoption on sustainable profitability.

Moreover, the Jarque-Bera probability values for all variables exceed
the 0.05 threshold, confirming that the null hypothesis of normality cannot be
rejected at the 5% significance level. This result further strengthens the
assumption that the variables are normally distributed and meet one of the core
assumptions of regression modeling. For the research, this statistical outcome
justifies proceeding with multiple regression analysis to test the proposed
hypotheses and answer the research questions reliably.

The implication of these results is significant for the study’s analytical
framework and practical relevance. Given that the data distributions are normal
and variability is low, the regression analysis is likely to produce robust and
interpretable coefficients for each Industry 4.0 technology. This justifies the
model specification and supports the reliability of policy and managerial
recommendations that can arise from the empirical findings. It underscores the
importance of encouraging digital transformation initiatives in the Nigerian
automobile sector, especially as firms seek to enhance their sustainable
profitability through technological innovation.

Table 2: Model Summary

Adjusted R|Std. Error of the
Model |R R Square |Square Estimate

1 0.4917210.4897 0.4773 0.4485

a. Predictors: (Constant), Machine Learning and Cloud Computing
Source: Field Survey, 2025

The correlation coefficient between the independent and dependent

variables is the R value. The Model Summary indicates that there is a 0.4917
correlation coefficient (R) between machine learning and cloud computing
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with sustainable profitability. As a result, Machine Learning, Cloud
Computing and sustainable profitability have a positive association.

The Adjusted R2 measures the proportion of the changes in sustainable
profitability of selected automobile industries in southwest Nigeria as a result
of changes in Machine Learning and Cloud Computing. Here, it explains about
48 percent changes in sustainable profitability.

Table 3: ANOVAP

Sum of Mean
Model Squares df |Square F Sig.
! ﬁgg{gj;'lon 14.7602 2 [7.3801
Total 41.4366 222 39.5294(0.000?
56.1968 22410.1867

a. Predictors: (Constant), Machine Learning and Cloud
Computing

b. Dependent Variable: SUST_PROFIT

Source: Field Survey, 2025

Analysis of variance (ANOVA) has been used to assess the statistical
significance of the result. From Table 3, since P-value = 0.00 < 0.01. Thus,
there are significant differences between machine learning and cloud
computing affecting Sustainable profitability.

As can be seen in the table, the value of the F statistic 39.5294 is highly
significant with p-value = 0.000 < 0.05, which means that there is a linear
relationship between the dependent variable (Sustainable profitability) and the
39.5294. In other words, any given change in one of the independent variables
will always produce a corresponding change in the dependent variable
(Sustainable profitability), thus all independent variables were confirmed by
the analysis to have strong impact on dependent variable Thus, the alternative
hypothesis that there is a significant effect between machine learning and cloud
computing and Sustainable profitability of selected hospitality firms in North-
Central, Nigeria was accepted.

Table 4: Coefficients®

Model Unstandardized Coefficients
B Std. Error t Sig.
(Constant) -0.280398 0.335742 -0.835157 0.4046
Machine
Learning 0.540460 0.049889 10.83331 0.0000
Cloud Computing
0.388632 0.051083 7.607814 0.0000

Dependent Variable: SUST_PROFIT

Source: Field Survey, 2025
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Table 4 shows the results of multiple linear regression for the effect of
machine learning and cloud computing, a sustainable profitability. The results
show that machine learning and cloud computing have a positive effect on
sustainable profitability.

In addition, there is evidence that machine learning and cloud
computing have a significant effect on sustainable profitability. (Machine
learning = 0.540, t-test= 10.8333, p < 0.05; and cloud computing = 0.389, t-
test = 7.6078, p < 0.05), respectively. This implies that machine learning and
cloud computing are significant factors influencing the sustainable profitability
of automobile industries in southwest Nigeria.

Test of hypotheses

Hol.: The adoption of machine learning has no significant impact on
sustainable profitability within the automobile industry in Southwest Nigeria.

The regression result shows that Machine Learning (ML) adoption has
a coefficient of 0.540460 with a standard error of 0.049889 and a t-statistic of
10.83331. The p-value is 0.0000, which is less than the 0.05 significance
threshold. Therefore, the null hypothesis (Ho:) is rejected. This indicates that
ML adoption significantly and positively impacts sustainable profitability. A
unit increase in ML adoption leads to a 0.540 increase in sustainable
profitability. This result suggests that automobile firms utilizing ML
algorithms, such as predictive maintenance, process optimization, and demand
forecasting, are better positioned to enhance financial sustainability (Khan et
al., 2021).

Ho2: Cloud Computing adoption has no significant influence on
sustainable profitability within the automobile industry in Southwest Nigeria.

Cloud Computing (CC) adoption has a coefficient of 0.388632, a
standard error of 0.051083, and a t-statistic of 7.607814. The p-value is 0.0000,
which is also less than 0.05. Thus, the null hypothesis (Ho2) is rejected. This
suggests that CC adoption significantly influences sustainable profitability in
a positive direction. For every unit increase in cloud adoption, sustainable
profitability improves by 0.389. This supports existing literature that highlights
cloud platforms' role in reducing operational costs, enabling real-time
analytics, and improving scalability in automotive production chains
(Olanrewaju et al., 2022).

Discussion of Findings

The multiple regression findings from Table 3 present several insights
into the relationship between Industry 4.0 technologies and sustainable
profitability in the automobile industry in Southwest Nigeria. These findings
agree or conflict with past empirical studies based on the statistical
significance, direction, and strength of each variable’s impact on the dependent
variable.
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Machine Learning (ML) Adoption and Sustainable Profitability

The study found that ML adoption has a strong and statistically
significant positive effect on sustainable profitability (8 = 0.540, p < 0.001),
aligning closely with prior research. For example, Singh (2024) emphasized
that ML enhances product lifecycle and sustainability in tech-driven
manufacturing. Similarly, Pap et al. (2022) showed that ML improves
organizational performance through decision support and innovation. Kumar
(2023) also found that ML improves performance management and decision-
making. These consistent findings suggest that ML is a mature and impactful
technology within organizational systems, including in developing economies
like Nigeria.
Cloud Computing (CC) Adoption and Sustainable Profitability

Cloud adoption also had a positive and statistically significant impact
on sustainable profitability (B = 0.389, p < 0.001), which confirms the
conclusions of Lapnet (2023), Gangwar (2017), and Al-Sharafi et al. (2023).
These studies found that cloud computing improves efficiency, reduces costs,
and enhances financial, social, and environmental outcomes. Willie (2024) and
Yenugula et al. (2024) emphasized the cloud’s contribution to innovation,
sustainability, and cost-effectiveness. The current findings strongly support
that Nigerian automobile firms can harness these benefits, validating the global
trend of cloud technology as a critical enabler of sustainable performance.

Conclusion

This study has demonstrated that the adoption of certain Industry 4.0
technologies, specifically Machine Learning and Cloud Computing, has a
significant and positive effect on sustainable profitability in the automobile
industry in Southwest Nigeria. The integration of these technologies supports
operational efficiency, cost optimization, and enhanced data-driven decision-
making, thereby contributing to organizational performance. However, the
study also found that other technologies, such as Artificial Intelligence,
Internet of Things, and Blockchain, while theoretically promising, have not
yet reached the level of adoption or strategic integration necessary to yield
significant impacts.

The implication of Machine Learning's significant impact suggests that
predictive analytics, real-time monitoring, and smart automation are being
increasingly adopted to enhance profitability. This aligns with global trends
that position ML as a transformative tool for efficiency and performance
optimization. Cloud Computing's significance implies that organizations
benefit from scalable infrastructure, collaborative platforms, and cost-effective
data management systems, reinforcing the relevance of digital transformation
in sustaining profitability.

On the other hand, the insignificant impact of Artificial Intelligence,
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10T, and Blockchain underscores the current limitations in their deployment.
Factors such as low awareness, infrastructural gaps, skill shortages, and high
initial costs may be hindering effective adoption. The findings highlight the
importance of strategic investment, regulatory support, and capacity-building
efforts to unlock the full potential of these technologies.

In conclusion, while the adoption of Industry 4.0 technologies holds
substantial promise for driving sustainable profitability in Nigeria's automobile
sector, tangible gains are currently limited to Machine Learning and Cloud
Computing. Policymakers and industry leaders must collaborate to strengthen
the ecosystem for wider technology adoption. This includes addressing
infrastructural deficiencies, enhancing technological capabilities, and
promoting knowledge dissemination to ensure a balanced integration of all key
Industry 4.0 technologies.

Recommendations

Based on the significant impact of Machine Learning on sustainable
profitability, it is recommended that automobile firms deepen ML adoption
through predictive maintenance systems, demand forecasting tools, and Al-
powered quality control. The Federal Ministry of Industry, Trade and
Investment should provide or grant tax incentives for firms that invest in ML-
based solutions. Additionally, partnerships with local universities can help
develop tailored ML training programs to build internal capacities.

Given the significance of Cloud Computing, automobile firms should
migrate their core operations to cloud platforms to improve operational
scalability and reduce IT costs. The National Information Technology
Development Agency (NITDA) should collaborate with private cloud
providers to subsidize access for SMEs. Training workshops and certifications
should be organized to help IT managers understand the best practices for
cloud integration and data governance.

The study reveals several research gaps that warrant further
exploration. While global evidence has shown that Industry 4.0 technologies,
such as Machine Learning and Cloud Computing, can significantly enhance
operational efficiency and sustainability, their adoption and impact in
developing economies like Nigeria remain underexplored. Existing studies are
largely concentrated in developed countries, with very limited empirical work
in Africa’s automobile sector. Specifically, there is a lack of comparative
research examining these technologies alongside others, such as Artificial
Intelligence, Blockchain, and the Internet of Things, as well as limited sectoral
coverage beyond ICT and general manufacturing. Moreover, little attention has
been given to the infrastructural, financial, and human capital barriers that
impede adoption in Nigeria, nor have there been longitudinal studies assessing
the long-term effects of these technologies on profitability and
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competitiveness. Finally, a policy-practice gap persists, as existing literature
has not sufficiently bridged government initiatives with firm-level adoption
outcomes.

In terms of policy implications, the findings underscore the need for
deliberate government and industry interventions to support wider technology
adoption. Investments in digital infrastructure, such as broadband networks
and cloud data centers, are crucial for enabling scalable use of Machine
Learning and Cloud Computing. Fiscal incentives, including tax rebates and
subsidies, could lower adoption costs, while partnerships with universities and
training institutes can help build the technical expertise required for effective
deployment. Establishing robust regulatory frameworks for data governance
and cybersecurity will further encourage adoption by ensuring safe and
responsible use. Additionally, policymakers should align technological
adoption with national sustainability objectives by integrating eco-efficiency
standards into industrial policies. Targeted support for small and medium
enterprises (SMEs) is also essential, given their resource limitations, and
public—private partnerships can play a vital role in driving infrastructure
development, knowledge transfer, and innovation in Nigeria’s automobile
sector.

Reference
Adegbite, A., & Nwosu, C. (2020). Challenges and prospects of the automobile
industry in Africa. African Journal of Industrial Development, 12(1), 45-58.

Adbhikari, S. (2018). Cloud computing: Characteristics, advantages, and issues.
Journal Name, Volume (Issue), page range. URL (if available)

Ali, M. (2018). The barriers and enablers of the educational cloud. SCIRP.
https://www.scirp.org/journal/paperinformation

Al-Sharafi, M. A., Iranmanesh, M., Al-Emran, M., Alzahrani, A. |., Herzallah, F.,
& Jamil, N. (2023). Determinants of cloud computing integration and its
impact on sustainable performance in SMEs: An empirical investigation
using the SEM-ANN approach. Heliyon, 9(5), €16299.
https://doi.org/10.1016/j.heliyon.2023.e16299

Badghish, S., & Soomro, Y. A. (2023). Artificial intelligence adoption by SMEs
to achieve sustainable business performance: Application of
Technology—Organization—-Environment framework. Sustainability, 16(5),

1864. https://doi.org/10.3390/su16051864

NOUN_JOMAID: PRINT ISSN 3141-5296; EISSN 3141-5288 Page 118


https://www.scirp.org/journal/paperinformation
https://www.scirp.org/journal/paperinformation
https://doi.org/10.1016/j.heliyon.2023.e16299
https://doi.org/10.1016/j.heliyon.2023.e16299
https://doi.org/10.3390/su16051864
https://doi.org/10.3390/su16051864

Adoption of Machine Learning and Cloud Computing for Sustainable Performance in Nigerian
Automobile Industry

Benvenuto, M. (2023). A systematic literature review on the determinants of
sustainability reporting. ScienceDirect. Retrieved from https://www.sci-
encedirect.com

Caithness, N. (2017). Can functional characteristics usefully define the cloud?
Journal of Cloud Computing, 6(1), Article 1. https://doi.org/10.1186/
$13677-017-0097-2

Ericsson, M., Birkie, S., & Bellgran, M. (2022). Knowledge-sharing practices for
Industry 4.0 adoption among automotive SMEs in Sweden. In A. M. Silva,
J. F. Sousa, & A. R. Ferreira (Eds.), Advances in manufacturing technology
and management (pp. 233-248). Springer. https://doi.org/10.1007/978-3-
031-16407-1_15

Fadhil, E. A. (2022). Cloud computing applications in social work and education.
In [Title of the Book/Chapter] (pp. [page range]). 1GI Global.
https://doi.org/[DOI or link if available

Farinloye, T., Oluwatobi, O., Ughoma, O., Dickson, O. F., Uzondu, C., & Mogaji,
E. (2024). Driving the electric vehicle agenda in Nigeria: The challenges,
prospects, and opportunities. Transportation Research Part D: Transport
and Environment, 130, 104182. https://doi.org/10.1016/j.trd.2024.104182

Fawna, H. (2023). The impact of Industry 4.0 on the economy. International
Journal of Science and Society, 5(3), 125-133. https://doi.org/10.54783/
ijsoc.v5i3.723

Foote, K. D. (2021, December 3). A brief history of machine learning. Smart Data
Collective._https://www.smartdatacollective.com

Gangwar, H. (2017). Cloud computing usage and its effect on organizational
performance. Human Systems Management, 36(1), 13-26. https://doi.org/
10.3233/HSM-171625

George, A. S. (2024). The fourth industrial revolution: A primer on Industry 4.0
and its transformative impact. Zenodo. https://doi.org/10.5281/zenodo.
10671872

Grabowska, S., Saniuk, S., & Gajdzik, B. (2022). Industry 5.0: Improving
humanization and sustainability of Industry 4.0. Scientometrics, 127(6),
1-28. https://doi.org/10.1007/s11192-022-04370-1

NOUN_JOMAID: PRINT ISSN 3141-5296; EISSN 3141-5288 Page 119


https://www.sciencedirect.com
https://www.sciencedirect.com
https://www.sciencedirect.com
https://www.sciencedirect.com
https://www.sciencedirect.com
https://doi.org/10.1186/s13677-017-0097-2
https://doi.org/10.1186/s13677-017-0097-2
https://doi.org/10.1186/s13677-017-0097-2
https://doi.org/10.1186/s13677-017-0097-2
https://doi.org/10.1007/978-3-031-16407-1_15
https://doi.org/10.1007/978-3-031-16407-1_15
https://doi.org/10.1007/978-3-031-16407-1_15
https://doi.org/10.1016/j.trd.2024.104182
https://www.smartdatacollective.com
https://doi.org/10.3233/HSM-171625
https://doi.org/10.3233/HSM-171625
https://doi.org/10.3233/HSM-171625
https://doi.org/10.3233/HSM-171625
https://doi.org/10.5281/zenodo.10671872
https://doi.org/10.5281/zenodo.10671872
https://doi.org/10.5281/zenodo.10671872
https://doi.org/10.5281/zenodo.10671872
https://doi.org/10.1007/s11192-022-04370-1
https://doi.org/10.1007/s11192-022-04370-1

NOUN_ Journal of Management and Innovative Development (NOUN_JOMAID: Vol.9, No.1, 2025)

Janiesch, C., Zschech, P., & Heinrich, K. (2021). Machine learning and deep
learning. Electronic Markets, 31(3), 685-695. https://doi.org/10.1007/
§12525-021-00475-2

Johnson, L. (2020). Measuring key performance indicators in the global
automotive industry. Harvard Business Review, 98(6), 88-102.

Khan, M. A., Zhang, Y., Kumar, A., & Bashir, M. (2021). Artificial intelligence
and the Internet of Things in smart manufacturing: A case study analysis.
Journal of Industrial Technology Management, 34(2), 98-115.

Kumar, P. (2023). Applying machine learning to performance management:
Obstacles and potential. GBS Impact: Journal of Multi-Disciplinary

Research, 9(2), 51-65. https://www.journalpressindia.com/gbs-impact-
journal-of-multi-disciplinary-research/doi/10.58419/gbs.v9i2.922304

Lapnet, G. (2023). The impact of cloud adoption on organizational performance:
Insights from customer success stories and use cases on operational
efficiency, cost saving, and time allocation.

Lee, S. (2023). Work Organization and Shop-Floor Workers—Flexible
Automation, Skill-Saving, and Segmented Labor. In Agile Against Lean (pp.
147-169). Springer. https://doi.org/10.1007/978-981-99-2042-6_4

Mancilla, E. (2022, July 7). Machine learning: Definition, methods & examples.
Data Science Central._https://www.datasciencecentral.com

Martiny, A. (2024). Determinants of environmental, social, and governance
factors: A review and analysis. ScienceDirect. Retrieved from

https://www.sciencedirect.com

Meindl, B. (2021). The four smarts of Industry 4.0: Evolution of ten years.
ScienceDirect._https://www.sciencedirect.com/article/abs/pii

Mkhize, P. (2021). Export-driven strategies and economic performance in South
Africa’s automobile industry. South African Journal of Economics, 22(1),
54-70.

Nalla, N. R. (2025). Machine learning models for predicting employee retention
and performance. International Journal of Data Science and Machine
Learning, 5(1). https://doi.org/10.55640/ijdsml-05-01-04

NOUN_JOMAID: PRINT ISSN 3141-5296; EISSN 3141-5288 Page 120


https://doi.org/10.1007/s12525-021-00475-2
https://doi.org/10.1007/s12525-021-00475-2
https://doi.org/10.1007/s12525-021-00475-2
https://doi.org/10.1007/s12525-021-00475-2
https://www.journalpressindia.com/gbs-impact-journal-of-multi-disciplinary-research/doi/10.58419/gbs.v9i2.922304
https://www.journalpressindia.com/gbs-impact-journal-of-multi-disciplinary-research/doi/10.58419/gbs.v9i2.922304
https://www.journalpressindia.com/gbs-impact-journal-of-multi-disciplinary-research/doi/10.58419/gbs.v9i2.922304
https://doi.org/10.1007/978-981-99-2042-6_4
https://doi.org/10.1007/978-981-99-2042-6_4
https://www.datasciencecentral.com
https://www.sciencedirect.com
https://www.sciencedirect.com
https://www.sciencedirect.com/article/abs/pii
https://doi.org/10.55640/ijdsml-05-01-04
https://doi.org/10.55640/ijdsml-05-01-04

Adoption of Machine Learning and Cloud Computing for Sustainable Performance in Nigerian
Automobile Industry

Ogunbukola, M. (2024). Sustainable business practices and profitability:
Balancing environmental responsibility with financial performance.
Matgrace Consulting.

Okafor, U., Anya, A., & Chinedu, T. (2021). The impact of limited local
production on automotive sector performance in West Africa. West African
Business Review, 19(3), 120-134.

Olanrewaju, T. O., Adegbite, O., & Salawu, T. (2022). Cloud computing and
smart sensors: Enhancing sustainability in Nigeria’s automobile industry.
African Journal of Technological Advancement, 15(1), 67-85.
https://doi.org/XXXXXX

Pap, J., Mako, C., lllessy, M., Kis, N., & Mosavi, A. (2022). Modeling
organizational performance with machine learning. Journal of Open
Innovation:  Technology, Market, and Complexity, 8(4), 177.
https://doi.org/10.3390/joitmc8040177

Pazienza, M. (2022). Clarifying the concept of corporate sustainability and its
dimensions. MDPI. Retrieved from_https://www.mdpi.com

Pellicelli, M. (2023). A long road to maximizing efficiency. In The digital
transformation of supply chain management (2.6).

Porter, M. W., & Prahalad, J. S. (2023). Strategic innovation management in U.S.
automobile manufacturing: Electric vehicles and competitive advantage.
Journal of Strategic Management, 12(3), 123-145.

https://doi.org/10.53819/81018102t4189

Roffé, M. A. (2024). The impact of sustainable practices on financial
performance. Redalyc. Retrieved from_https://www.redalyc.org

Samuel, A. L. (1959). Some studies in machine learning using the game of
checkers. IBM Journal of Research and Development, 3(3), 210-229.
https://doi.org/10.1147/rd.33.0210

Sarker, 1. H. (2021). Machine learning: Algorithms, real-world applications and
research  directions. SN Computer  Science, 2(3), 160.
https://doi.org/10.1007/s42979-021-00592-x

Sima, V. (2020). Influences of the Industry 4.0 revolution on the human
workforce. MDPI._https://www.mdpi.com

NOUN_JOMAID: PRINT ISSN 3141-5296; EISSN 3141-5288 Page 121


https://doi.org/10.3390/joitmc8040177
https://doi.org/10.3390/joitmc8040177
https://www.mdpi.com
https://doi.org/10.53819/81018102t4189
https://doi.org/10.53819/81018102t4189
https://www.redalyc.org
https://doi.org/10.1147/rd.33.0210
https://doi.org/10.1147/rd.33.0210
https://doi.org/10.1007/s42979-021-00592-x%E2%80%8B
https://doi.org/10.1007/s42979-021-00592-x%E2%80%8B
https://www.mdpi.com

NOUN_ Journal of Management and Innovative Development (NOUN_JOMAID: Vol.9, No.1, 2025)

Smith, J., & Brown, R. (2021). Supply chain management and operational
efficiency in automobile manufacturing. Global Business Review, 29(3), 99-
117.

Wada, 1. (2018). Cloud computing implementation in libraries: A synergy for
enhancing services. Academic Journals. https://academicjournals.org/
[JLIS/article-full-text

Willie, Alan. (2024). Adopting Cloud Services to Drive Sustainability and
Innovation in Organizations.

Yenugula, M., Sahoo, S. K., & Goswami, S. S. (2024). Cloud computing for
sustainable development: An analysis of environmental, economic and
social benefits. Journal of Future Sustainability, 4(1), 45-60.
d0i:10.5267/j.jfs.2024.1.005

Yilmaz, K. O. (2023). Digital maturity models: A holistic framework for digital
transformation. In Handbook of research on digitalization solutions for
social and economic needs (pp. 21). IGI Global. https://doi.org/10.4018/978-
1-6684-4102-2.ch005

Yun, J. J., Zhao, X., Koo, I., Sadoi, Y., & Pyka, A. (2025). Open innovation and
digital transformation in the automotive industry: A comparative analysis
of South Korea, Japan, and Germany. European Journal of Innovation

Management. https://doi.org/10.1108/EJIM-08-2024-0948

Yusoff, M. I. M. (2024). Machine learning: An overview. Open Journal of
Modelling and Simulation, 12(3), 89-99. https://doi.org/10.4236/0jmsi.
2024.123006

Zhang, Y. (2023). The application of digital technology in Tesla automobile
industry: Key factors and global market expansion. In Highlights in
Business, Economics and Management EDMS 2023 (Vol. 23, pp.
1095-1096).

NOUN_JOMAID: PRINT ISSN 3141-5296; EISSN 3141-5288 Page 122


https://academicjournals.org/IJLIS/article-full-text
https://academicjournals.org/IJLIS/article-full-text
https://academicjournals.org/IJLIS/article-full-text
https://academicjournals.org/IJLIS/article-full-text
https://doi.org/10.4018/978-1-6684-4102-2.ch005
https://doi.org/10.4018/978-1-6684-4102-2.ch005
https://doi.org/10.4018/978-1-6684-4102-2.ch005
https://doi.org/10.1108/EJIM-08-2024-0948
https://doi.org/10.1108/EJIM-08-2024-0948
https://doi.org/10.4236/ojmsi.2024.123006
https://doi.org/10.4236/ojmsi.2024.123006
https://doi.org/10.4236/ojmsi.2024.123006
https://doi.org/10.4236/ojmsi.2024.123006



