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| ABSTRACT

This study investigates the adoption, implementation, and impact of artificial intelligence (Al) technologies in small and medium-
sized enterprises (SMEs) across multiple sectors and regions. Using a mixed-methods approach combining surveys (n=583),
semi-structured interviews (n=47), and case studies (n=18), we provide comprehensive insights into how resource-constrained
businesses leverage Al to enhance competitiveness and operational efficiency. Results reveal a significant acceleration in Al
adoption among SMEs, with 64.7% of surveyed businesses implementing at least one Al application—predominantly in customer
service, marketing, and operations. Three distinct implementation approaches were identified: problem-first (63.8%), technology-
push (24.7%), and competitive-response (11.5%), with the problem-first approach demonstrating superior outcomes. Despite
persistent challenges in technical expertise and resource availability, successful SMEs employed strategic partnerships (67.4%)
and phased implementation (83.2%) to overcome these limitations. Implemented Al solutions delivered meaningful business
improvements in operational efficiency (27.3%), customer satisfaction (24.8%), and cost reduction (22.4%), with an average ROI
timeframe of 8.8 months. Structural equation modeling revealed that Al implementation positively influences business
performance (f=0.43, p<0.001), mediated by operational agility and customer experience enhancement. Five critical success
factors collectively explained 68.4% of implementation success variance: clear problem definition, leadership commitment, data
quality, workflow integration, and user training. These findings provide an empirical foundation for understanding Al
democratization across business sizes and offer a strategic framework for SME leaders navigating technological transformation in
resource-constrained environments.

| KEYWORDS

Artificial intelligence, small and medium enterprises, digital transformation, implementation strategies, business performance,
technology adoption.

| ARTICLE INFORMATION
ACCEPTED: 20 July 2025 PUBLISHED: 11 Augut 2025 DOI: 10.32996/jbms.2025.7.4.20.21

Copyright: © 2022 the Author(s). This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC-BY) 4.0 license (https://creativecommons.org/licenses/by/4.0/). Published by Al-Kindi Centre for Research and Development,
London, United Kingdom.

Page | 314



JBMS 7(4): 314-325

1. Introduction

In the rapidly evolving digital landscape, Artificial Intelligence (Al) has emerged as a transformative force across industries,
reshaping business operations, customer interactions, and decision-making processes [1]. While large corporations have been at
the forefront of Al adoption, small and medium-sized enterprises (SMEs) are increasingly recognizing the potential of Al
technologies to enhance their competitiveness and sustainability [2]. SMEs, which typically employ fewer than 250 people and
generate annual turnover below €50 million, constitute over 90% of businesses worldwide and are vital contributors to economic
growth, innovation, and employment [3].

The democratization of Al technologies, characterized by decreasing implementation costs, cloud-based solutions, and more
accessible development tools, has created unprecedented opportunities for SMEs to leverage Al's capabilities [4]. Unlike their
larger counterparts, SMEs often face distinct challenges including limited resources, technical expertise, and risk tolerance,
necessitating tailored approaches to Al integration [5]. Nevertheless, the strategic implementation of Al can enable SMEs to
optimize operations, personalize customer experiences, identify market trends, and develop innovative products and services
that were previously beyond their reach [6].

Recent research indicates that Al adoption in SMEs has accelerated significantly, with a 70% increase in implementation rates
between 2020 and 2024 [7]. This trend reflects growing awareness among SME leaders about Al's potential to address specific
business challenges while delivering measurable returns on investment [8]. From natural language processing and computer
vision to predictive analytics and recommendation systems, diverse Al applications are being customized to meet the unique
needs and constraints of smaller businesses [9].

This research article examines the multifaceted applications of Al in SMEs, exploring implementation strategies, benefits,
challenges, and emerging trends. By analyzing case studies across various sectors and regions, we provide empirical insights into
how SMEs can effectively harness Al to enhance their competitive advantage in an increasingly data-driven economy [10].
Furthermore, we present a framework for sustainable Al adoption in resource-constrained environments, offering practical
guidance for SME leaders navigating the complexities of technological transformation.

2. Materials and Methods

2.1 Research Design and Approach

This study employed a mixed-methods research design to comprehensively investigate Al applications in SMEs. The integration
of quantitative and qualitative approaches allowed for both breadth and depth in understanding the complex phenomenon of Al
adoption in resource-constrained business environments. Our research framework was guided by the Technology-Organization-
Environment (TOE) model, which provides a holistic perspective on technological innovation adoption by considering
technological, organizational, and environmental contexts.

2.2 Data Collection

2.2.1 Survey Instrument

A structured questionnaire was developed based on extensive literature review and validated through pilot testing with a panel
of 15 SME owners and Al experts. The final survey instrument comprised 42 items measuring Al adoption patterns,
implementation challenges, perceived benefits, organizational readiness, and performance outcomes using 7-point Likert scales.
The questionnaire also included demographic questions about company size, sector, years in operation, and technological
maturity.

2.2.2 Sampling and Distribution

Using stratified random sampling, we selected 1,250 SMEs from a comprehensive database of businesses across 12 countries in
North America, Europe, and Asia-Pacific regions. The sample was stratified based on industry sector, company size, and
geographical location to ensure representativeness. The survey was distributed electronically using Qualtrics between March and
July 2024, with three follow-up reminders sent to maximize response rates. A total of 583 valid responses were received,
representing a response rate of 46.6%, which exceeds the average response rates in organizational research.

2.2.3 Semi-Structured Interviews
To complement survey data and gain deeper insights into implementation processes, we conducted 47 semi-structured
interviews with SME leaders who had implemented Al solutions within the past three years. Interview participants were selected
using purposive sampling to ensure diversity in terms of industry, Al application type, and implementation maturity. The
interview protocol explored decision-making processes, implementation challenges, organizational changes, performance
impacts, and lessons learned. Interviews lasting 60-90 minutes were conducted virtually, recorded with permission, and
transcribed verbatim for analysis.
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2.2.4 Case Studies

We documented 18 detailed case studies of successful Al implementations across different SME contexts. Case selection criteria
included diversity in Al application types, business models, and geographical regions. Each case study involved multiple data
sources, including site visits, interviews with various stakeholders (leadership, employees, technology partners), and analysis of
internal documents and performance metrics. This triangulation enhanced the validity and reliability of our findings.

2.3 Data Analysis

2.3.1 Quantitative Analysis

Survey data was analyzed using SPSS 28.0 and R 4.2.1 software packages. After cleaning the data and checking for normality, we
performed descriptive statistics, correlation analysis, and multiple regression to identify relationships between variables.
Structural equation modeling (SEM) was employed to test the proposed research model relating Al adoption factors to business
performance outcomes. The measurement model was validated through confirmatory factor analysis, establishing construct
validity and reliability (Cronbach's a > 0.82 for all constructs).

2.3.2 Qualitative Analysis

Interview transcripts and case study data were analyzed using NVivo 15 software following Gioia's methodology for qualitative
analysis. The analytical process involved open coding, axial coding, and selective coding to identify key themes and patterns.
Two researchers independently coded the data to enhance reliability, with an inter-coder agreement of 91%. Discrepancies were
resolved through discussion until consensus was reached. The emerging themes were organized into a conceptual framework
illustrating the Al implementation journey in SMEs.

2.3.3 Integration of Findings

Following the principles of mixed-methods research, we integrated quantitative and qualitative findings through a convergent
parallel design. This approach allowed us to triangulate findings, identify complementarities, and develop a more nuanced
understanding of Al adoption in SMEs. The integration process involved comparing statistical relationships with qualitative
insights, resolving contradictions, and developing meta-inferences.

2.3.4 Ethical Considerations

The research protocol was approved by the Institutional Review Board. All participants provided informed consent and were
assured of confidentiality and anonymity. Data was stored securely in encrypted formats, and personally identifiable information
was removed during transcription and reporting. Participants were offered the opportunity to review and validate their
contributions before publication.

2.3.5 Limitations

Despite rigorous methodological approaches, several limitations should be acknowledged. First, the cross-sectional nature of the
survey limits causal inferences about relationships between variables. Second, while our sample is diverse, it may not fully
represent SMEs in developing economies where Al adoption faces distinct challenges. Third, self-reported data may be subject
to social desirability bias, although we implemented procedural remedies to minimize this concern. Finally, the rapid evolution of
Al technologies means that findings reflect a specific temporal context and may require periodic updating.

3. Results

3.1 Al Adoption Patterns in SMEs

Our analysis revealed substantial variation in Al adoption rates across different sectors and regions. Overall, 64.7% of surveyed
SMEs reported implementing at least one Al application, representing a significant increase from 38.2% in previous industry
reports from 2021. Table 1 presents the breakdown of Al adoption rates by sector and implementation stage.
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Table 1: Al Adoption Rates by Industry Sector and Implementation Stage (%)

Industry Sector Planning Stage | Early Implementation | Advanced Implementation | No Plans
Retail & E-commerce 28.4 346 18.2 18.8
Manufacturing 22.3 29.7 24.5 23.5
Professional Services 19.6 37.8 26.4 16.2
Healthcare 31.2 26.5 14.3 28.0
Financial Services 12.5 33.8 43.2 10.5
Hospitality & Tourism 35.6 24.8 8.7 309
Information Technology | 9.3 28.6 56.2 5.9
Construction 384 18.7 6.5 364

All Sectors 24.7 29.3 24.8 21.2

Note: Data based on survey responses from 583 SMEs across 12 countries.
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Fig 1: A bar chart would be appropriate here showing adoption rates by industry for visual comparison

Regional differences were also evident, with North American SMEs demonstrating higher adoption rates (73.4%) compared to
European (68.2%) and Asia-Pacific counterparts (57.8%). Company size emerged as a significant predictor of Al adoption (B =
042, p < 0.001), with medium-sized enterprises (100-249 employees) twice as likely to implement Al solutions compared to
micro-enterprises (fewer than 10 employees).

3.2 Types of Al Applications in SMEs

The survey results indicated diverse Al applications across business functions, with customer service, marketing, and operations
being the most common areas of implementation. Figure 1 illustrates the distribution of Al applications by business function.
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Data based on survey of Al-adopting SMEs (n=376)
Fig 2:percentages of different Al applications across business functions

Natural Language Processing (NLP) applications were the most prevalent, with 68.3% of Al-adopting SMEs implementing
chatbots, virtual assistants, or sentiment analysis tools. Predictive analytics applications followed at 57.2%, primarily focused on
demand forecasting, maintenance prediction, and customer churn modeling. Computer vision solutions were implemented by
34.6% of adopters, predominantly in manufacturing, retail, and healthcare sectors for quality control and inventory management.

Our analysis of implementation sophistication revealed that 53.7% of Al applications in SMEs were based on pre-built solutions
or APIs, while 31.4% involved customized solutions developed with external partners. Only 14.9% reported developing
proprietary Al solutions in-house, predominantly in technology-focused SMEs with specialized talent.

3.3 Implementation Approaches and Strategies

The case studies and interviews provided rich insights into implementation approaches. Three distinct strategic patterns
emerged, as summarized in Table 2.
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Table 2: Al Implementation Strategic Patterns in SMEs

Implementation Key Characteristics Prevalence | Representative Quote

Pattern (%)

Problem-First Identifies specific business challenge | 63.8 "We didn't set out to adopt Al. We had a

Approach before seeking Al solution; Results- customer service bottleneck that needed solving,
driven; Incremental implementation and chatbots provided the most cost-effective

solution.” - Retail SME Owner

Technology-Push Explores Al capabilities  first; | 24.7 "Our IT consultant demonstrated how computer

Approach Solution-driven; Often influenced by vision could transform our quality control. We
technology partners; Higher risk of restructured our processes to leverage the
misalignment technology.” - Manufacturing Manager

Competitive- Reactive implementation; Driven by | 11.5 "When our three main competitors implemented

Response Approach

industry trends; Often rushed with

Al chatbots, we felt we had no choice but to

inadequate planning follow suit." - Financial Services Director

Note: Based on analysis of 47 interviews and 18 case studies.

The problem-first approach was associated with higher satisfaction rates (mean = 5.8/7) compared to technology-push (mean =
4.3/7) and competitive-response approaches (mean = 3.6/7) (F = 18.4, p < 0.001). Regression analysis revealed that alignment
between Al implementation and strategic business objectives was the strongest predictor of perceived success (B = 0.58, p <
0.001).

3.4 Implementation Challenges
SMEs reported multiple challenges in Al implementation, with resource constraints and technical expertise emerging as the most

significant barriers. Table 3 presents the mean ratings of implementation challenges by company size.

Table 3: Mean Ratings of Al Implementation Challenges by Company Size (Scale 1-7)

Implementation Micro Enterprises | Small Enterprises | Medium Enterprises | Overall F- Significance

Challenge (< 10 employees) (10-99 employees) | (100-249 Mean value
employees)

Cost of | 6.24 5.83 5.21 5.76 12.38 | p < 0.001

implementation

Technical expertise 6.18 5.97 5.14 5.76 10.72 | p < 0.001

Data quality and | 5.87 5.94 5.82 5.88 1.24 n.s.

availability

Integration with | 5.42 5.85 6.12 5.80 8.65 p < 0.01

existing systems

Employee resistance | 4.12 4.57 5.18 4.62 9.34 p < 0.01

Regulatory 3.87 4.32 5.24 448 11.56 | p < 0.001

compliance

Vendor selection 5.23 4.86 4.21 4.77 7.42 p < 0.01

ROI uncertainty 5.94 5.63 5.12 5.56 6.18 p < 0.01

Note: n.s. = not significant. Higher values indicate greater perceived challenge.

Qualitative analysis of interview data revealed nuanced insights into how SMEs addressed these challenges. Three successful
mitigation strategies emerged: (1) strategic partnerships with technology providers (67.4% of successful implementations), (2)
phased implementation approaches starting with limited-scope pilots (83.2%), and (3) upskilling existing employees rather than
hiring specialized Al talent (58.9%).

3.5 Business Impact and Performance Outcomes

The impact of Al implementations on business performance was measured across multiple dimensions. Table 4 presents the
reported performance improvements attributable to Al implementation.
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Table 4: Reported Business Performance Improvements After Al Implementation

Performance Indicator Mean Improvement (%) | Standard Deviation | Median | Range
Operational efficiency 27.3 8.6 24.5 8.4-52.7
Customer satisfaction scores | 24.8 7.4 23.6 6.2-48.3
Response time reduction 42.6 12.5 38.7 11.3-76.5
Error rate reduction 31.2 9.8 28.4 9.1-58.2
Revenue growth 18.7 11.2 15.6 3.2-42.8
Cost reduction 22.4 7.8 21.3 4.5-46.7
Employee productivity 29.6 83 27.8 7.8-54.3
Decision-making speed 345 9.7 32.6 10.4-62.8

Note: Based on self-reported data from 342 SMEs with at least 12 months of post-implementation experience.

The structural equation modeling (SEM) results indicated that Al implementation positively influenced business performance (B =
0.43, p < 0.001), with this relationship mediated by operational agility (indirect effect = 0.21, p < 0.001) and customer experience
enhancement (indirect effect = 0.18, p < 0.01) [57]. These findings suggest that Al's impact on business outcomes operates
through its ability to increase responsiveness and improve customer interactions.

Return on investment (ROI) timeframes varied considerably by application type and implementation approach. Table 5
summarizes the reported ROI timeframes by Al application category.

Table 5: ROI Timeframes by Al Application Category

Al Application Category Mean ROI Timeframe | % Achieving Positive ROl Within | % Not Yet Achieving
(months) 12 Months Positive ROI

Customer-facing chatbots 7.3 83.6 8.2

Sales forecasting 9.2 74.5 12.6

Inventory optimization 8.5 78.9 10.3

Automated document | 5.4 91.2 47

processing

Predictive maintenance 11.8 62.4 18.3

Personalization engines 8.7 76.8 11.5

Fraud detection 6.2 86.5 5.8

HR applications 13.5 543 23.8

All applications 8.8 76.0 11.9

Note: Based on data from SMEs with at least 18 months of post-implementation experience (n = 287).

3.6 Success Factors for Al Implementation in SMEs

Our integrated analysis of quantitative and qualitative data identified critical success factors for Al implementation in SMEs.
Multiple regression analysis revealed that five factors collectively explained 68.4% of the variance in implementation success (R
=0.684, F = 42.3, p < 0.001). Table 6 presents these factors with their relative importance.

Table 6: Critical Success Factors for Al Implementation in SMEs

Success Factor Standardized Beta Coefficient | Significance | Relative Importance (%)
Clear problem definition and use case | 0.524 p < 0.001 27.8
Leadership commitment and vision 0.476 p < 0.001 243
Data quality and accessibility 0.412 p < 0.001 19.7
Integration with existing workflows 0.385 p < 0.001 16.8
User training and change management | 0.347 p < 0.01 114

Note: Based on multiple regression analysis of survey data (n = 583).

The qualitative analysis of case studies provided contextual depth to these factors. For example, successful SMEs consistently
began with narrowly defined problem statements that specified measurable outcomes before evaluating Al solutions. Leadership
commitment extended beyond financial investment to include active involvement in implementation and willingness to modify
business processes.
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3.7 Ethical and Responsible Al Implementation

A secondary but important finding emerged regarding ethical considerations in Al implementation. Only 28.6% of surveyed
SMEs reported having formal policies for responsible Al use, and just 17.3% conducted systematic bias assessments of their Al
systems. However, SMEs with established ethical frameworks reported higher customer trust scores (mean difference = 1.2/7, t =
8.6, p < 0.001) and employee acceptance rates (mean difference = 0.94/7,t = 7.3, p < 0.001).

Case study evidence suggested that integrating ethical considerations from the outset of implementation was more cost-
effective than retrofitting solutions to address ethical concerns later. This finding highlights the business case for responsible Al
implementation beyond regulatory compliance.

4. Discussion

4.1 Integration of Al in SMEs: Adoption Patterns and Strategic Approaches

Our findings reveal a significant acceleration in Al adoption among SMEs, with implementation rates (64.7%) substantially
exceeding previous estimates from comparable studies. This represents a marked evolution from the 23-35% adoption rates
reported by Ghobakhloo and Fathi [11] and the 41% identified by Li et al. [12] in their respective cross-sectional surveys. This
acceleration aligns with broader digital transformation trends accelerated by post-pandemic business adaptations, as
documented by Kumar et al. (2023) [13].

The sectoral variations observed in our study reflect the differential value propositions of Al across industries. The notably higher
adoption rates in information technology (84.8%) and financial services (77%) sectors compared to construction (25.2%) and
hospitality (33.5%) echo the pattern identified in Duan et al.'s multi-industry analysis, though our study shows more pronounced
inter-industry differences [14]. This suggests that the "digital divide" among SMEs may be widening rather than narrowing, with
digitally mature sectors accelerating their Al adoption while others lag further behind.

The three strategic implementation patterns we identified—problem-first, technology-push, and competitive-response—extend
the binary classification proposed by Brock and von Wangenheim, who distinguished between opportunity-driven and problem-
driven adoption [15]. Our findings suggest a more nuanced typology, particularly highlighting the emergence of competitive-
response as a distinct pattern driven by industry pressure rather than intrinsic organizational needs. The predominance of the
problem-first approach (63.8%) among successful implementations aligns with Berente et al.'s assertion that effective digital
transformation in SMEs begins with business objectives rather than technological capabilities [16].

4.2 Implementation Challenges and Mitigation Strategies

The persistent challenges of cost constraints and technical expertise across company sizes reflect the structural limitations of
SMEs noted by Eller et al., who identified resource constraints as the primary barrier to digital innovation in smaller enterprises
[17]. However, our finding that medium-sized enterprises (100-249 employees) rated technical expertise as a significantly lower
barrier (mean = 5.14) compared to micro-enterprises (mean = 6.18) suggests that the "critical mass" for internal Al capabilities
may be lower than previously assumed in the literature.

The challenges related to data quality and availability (mean = 5.88/7) across all company sizes align with Mikalef et al.'s finding
that "data readiness" represents a universal prerequisite for successful Al implementation regardless of organizational size [18].
This underscores the importance of data management capabilities as a foundation for Al adoption—a relationship often
overlooked in SME-focused studies that emphasize financial and human resource constraints.

Our identification of successful mitigation strategies, particularly the effectiveness of strategic partnerships (present in 67.4% of
successful implementations), provides empirical support for Szalavetz's proposition that "cooperative innovation" offers a viable
pathway for resource-constrained organizations to access advanced technologies [19]. Similarly, the effectiveness of phased
implementation approaches (83.2% of successful cases) substantiates the "start small, scale fast" methodology advocated by
Soluk et al. in their case studies of digital transformation in European SMEs [20].

4.3 Business Impact and ROI Considerations

The performance improvements attributed to Al implementation in our study (operational efficiency: 27.3%, customer
satisfaction: 24.8%, cost reduction: 22.4%) exceed those reported by Wang and Wang, who found average efficiency gains of
18.4% and cost reductions of 15.7% in their longitudinal analysis of manufacturing SMEs [21]. This discrepancy may reflect either
methodological differences in measurement or genuine acceleration in the effectiveness of Al implementations over time as
solutions become more refined and implementation expertise improves.
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The ROI timeframes documented in our study (mean = 8.8 months) are notably shorter than the 14.3-month average reported
by Tarafdar et al. in their survey of digital technology implementations in SMEs [22]. This acceleration in ROI achievement may
reflect the growing availability of pre-built Al solutions and APIs, which our study found represented 53.7% of implementations
compared to 38.2% in Tarafdar et al.'s earlier work. This shift toward "off-the-shelf" solutions with faster deployment timeframes
represents a significant evolution in the Al adoption landscape for SMEs.

Our SEM results demonstrating that operational agility and customer experience enhancement mediate the relationship between
Al implementation and business performance extend the conceptual model proposed by Mohammadian et al, who theorized but
did not empirically test these mediating relationships [23]. This empirical validation provides an important refinement to the
understanding of how Al delivers value in SME contexts.

4.4 Critical Success Factors and Implementation Framework

The five critical success factors identified in our analysis—clear problem definition (B = 0.524), leadership commitment (B =
0.476), data quality (B = 0.412), integration with existing workflows ( = 0.385), and user training (B = 0.347)—broadly align with
but extend previous frameworks. Notably, our findings assign substantially greater importance to problem definition than did
Troise and Matricano's model, which emphasized technological compatibility as the primary success factor [24]. This difference
highlights the contextual specificity of SME implementations, where resource constraints necessitate clear problem-solution
alignment over technological sophistication.

The relative importance of leadership commitment (24.3%) in our study exceeds that found by Li et al, who attributed 18.6% of
implementation success variance to this factor [25]. This disparity may reflect the heightened importance of leadership in
resource-constrained environments where significant organizational change is required with limited specialized change
management resources.

Our finding that data quality and accessibility accounts for 19.7% of implementation success validates Mikalef and Gupta's
proposition that "data readiness" represents a foundational capability for Al value creation [26]. However, our results suggest
that in SME contexts, this factor, while important, is subordinate to strategic alignment (problem definition) and leadership
factors—a hierarchical relationship not previously established in the literature.

4.5 Ethical Considerations and Responsible Al

The limited adoption of formal ethical frameworks (28.6%) and systematic bias assessments (17.3%) among SMEs contrasts with
Gupta et al.'s (2022) finding that 47% of large enterprises have established responsible Al governance structures [27]. This
disparity highlights a potential emerging gap in ethical Al implementation between large and small enterprises that may have
significant implications for regulatory compliance and reputational risk.

However, our finding that SMEs with established ethical frameworks reported significantly higher customer trust scores (mean
difference = 1.2/7) provides empirical support for Thiebes et al.'s theoretical proposition that responsible Al implementation can
create business value beyond compliance [28]. This business case for ethical Al in SMEs has not been previously quantified and
represents an important contribution to the literature.

The relationship between early integration of ethical considerations and cost-effectiveness contradicts the common assumption
that ethical Al implementation necessarily increases costs, as argued by Dwivedi et al. [29]. Our case study evidence instead
suggests that proactive ethical governance may actually reduce total implementation costs by avoiding expensive retrofitting,
aligning with Martin's qualitative study of ethical Al implementations [30].

4.6 Theoretical and Practical Implications

Our findings extend existing theoretical frameworks in several ways. First, we provide empirical validation for the Technology-
Organization-Environment (TOE) model in the specific context of Al adoption by SMEs, supporting Oliveira et al.'s contention
that this framework remains relevant in emerging technology contexts [31]. However, our results suggest that organizational
factors (particularly leadership and strategic alignment) exert greater influence than technological factors in SME contexts—a
weighting not captured in standard TOE applications.

Second, our identification of mediating mechanisms between Al implementation and business performance contributes to
resource-based view (RBV) applications in digital transformation by demonstrating how technological resources translate into
dynamic capabilities (operational agility) and customer value, addressing a theoretical gap identified by Mikalef and Krogstie
[32].
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From a practical perspective, our findings offer several actionable insights for SME leaders. The clear superiority of the problem-
first approach (mean satisfaction = 5.8/7 vs. 4.3/7 for technology-push) provides empirical support for starting with business
challenges rather than technological capabilities. The effectiveness of strategic partnerships (present in 67.4% of successful
cases) offers a viable pathway to overcome the persistent challenges of limited technical expertise and resource constraints.

The documented ROI timeframes by application type (Table 5) provide valuable benchmarking data for SME leaders evaluating
potential Al investments, addressing the "ROI uncertainty" identified as a significant barrier (mean = 5.56/7). The relatively rapid
payback periods for document automation (5.4 months) and customer-facing chatbots (7.3 months) highlight accessible entry
points for Al adoption with manageable financial risk.

4.7 Limitations and Future Research Directions

Despite its contributions, our study has several limitations that present opportunities for future research. The cross-sectional
nature of our survey limits causal inferences about relationships between implementation approaches and outcomes.
Longitudinal studies tracking Al implementations from conception through mature operation would provide stronger evidence
for these relationships and allow examination of how benefits evolve over time, addressing a methodological gap identified by
Berente et al. [33].

Our sample, while geographically diverse, includes limited representation from developing economies where SMEs may face
distinct challenges in Al adoption, including infrastructure limitations noted by Elia et al. [34]. Future research specifically
examining Al adoption in emerging market SMEs would complement our findings and enhance their generalizability.

The self-reported performance improvements, while validated through triangulation where possible, may be subject to positive
reporting bias. Future studies incorporating objective performance metrics before and after implementation would strengthen
the evidence base for Al's impact on SME performance, addressing a measurement challenge highlighted by Mikalef et al. [35].

Finally, the rapid evolution of Al technologies, particularly the emergence of generative Al capabilities that became widely
accessible during our study period, suggests a need for continuous reassessment of adoption patterns and implementation
challenges. The potential for these technologies to further democratize Al access for SMEs with limited technical expertise
represents a promising area for future investigation, as suggested by preliminary work by Davenport and Ronanki [36].

5. Conclusion

This comprehensive study examined the evolving landscape of Al adoption in small and medium-sized enterprises, providing
empirical insights into implementation patterns, challenges, performance outcomes, and success factors. The findings reveal a
significant acceleration in Al adoption among SMEs across diverse sectors, with 64.7% of surveyed businesses implementing at
least one Al application—representing a substantial increase from previous industry benchmarks. This trend reflects the growing
democratization of Al technologies through more accessible solutions, decreased implementation costs, and innovative
deployment approaches tailored to resource-constrained environments.

The research establishes that SMEs are not merely following larger enterprises in Al adoption but are developing distinctive
implementation approaches aligned with their specific constraints and opportunities. The predominance of the problem-first
implementation approach (63.8% of successful cases) highlights a pragmatic orientation focused on addressing concrete
business challenges rather than technology-driven experimentation. This strategic focus enables SMEs to achieve meaningful
business impact despite resource limitations, with documented improvements in operational efficiency (27.3%), customer
satisfaction (24.8%), and cost reduction (22.4%).

Our findings demonstrate that successful Al implementation in SMEs depends more on strategic alignment and organizational
factors than on technological sophistication. The identified critical success factors—clear problem definition (B = 0.524),
leadership commitment (B = 0.476), data quality (B = 0.412), integration with existing workflows (f = 0.385), and user training (p
= 0.347)—provide a framework for effective implementation that prioritizes business value creation over technological
complexity. This framework offers actionable guidance for SME leaders navigating the complex landscape of Al adoption.

The documented ROI timeframes (mean = 8.8 months) and application-specific variation provide valuable benchmarking data
that can help address the "ROI uncertainty" identified as a significant adoption barrier. Applications such as document
automation (5.4 months) and customer-facing chatbots (7.3 months) emerge as accessible entry points with manageable
financial risk and rapid returns, potentially serving as gateway implementations for more comprehensive Al integration.

While resource constraints and technical expertise remain persistent challenges, our study identifies effective mitigation
strategies, particularly strategic partnerships (present in 67.4% of successful implementations) and phased implementation
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approaches (83.2%). These approaches enable SMEs to access specialized capabilities while limiting financial exposure and
organizational disruption during the adoption process.

The relatively limited adoption of formal ethical frameworks (28.6%) and systematic bias assessments (17.3%) highlights an
emerging area of concern. However, the documented relationship between ethical implementation practices and business
outcomes (higher customer trust and employee acceptance) provides a compelling business case for integrating responsible Al
considerations from the outset.

Looking forward, the continued evolution of Al technologies, particularly the emergence of more accessible, low-code/no-code
solutions and pre-trained models, is likely to further democratize Al access for SMEs. This trend may help address the persistent
challenges of technical expertise and implementation costs that continue to constrain adoption in certain sectors and among
smaller enterprises.

In conclusion, this research demonstrates that Al is no longer the exclusive domain of large, resource-rich organizations but is
increasingly accessible to SMEs across diverse sectors. The strategic implementation of Al solutions, aligned with specific
business challenges and organizational capabilities, can enable smaller enterprises to enhance their competitiveness, resilience,
and innovation capacity in an increasingly data-driven economy. By providing empirical insights into implementation
approaches, challenges, and success factors, this study offers a roadmap for SME leaders navigating the complexities of Al
adoption while highlighting opportunities for policy interventions to further support digital transformation in this vital economic
sector.
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