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Abstract

Given resource constraints and competitive pressures, we would have expected most SMEs to focus on
the performance of Al over ethics. Our findings, however, ran squarely against those expectations and
forced us to revise our assumptions about technological adoption in the smaller enterprise. Digital
transformation in SMEs is not just about technology adoption; it is about trust building and
organizational learning. While Al affords significant advantages in terms of competitiveness, the "black-
box" nature of Al generates accountability gaps in ways that hit small businesses harder because they
have limited capacity to absorb risk. Our study illustrates precisely how the integration of Explainable
Al with digital ethics shifts decision quality in unexpected ways, to the benefit of both ethical compliance
and business performance. Drawing on advanced simulation modeling and realistic synthetic data that
represents SME scenarios, we compared three competing approaches: pure black-box AI, XAI without
ethical safeguards, and XAI with full ethical integration. We were surprised by how the integrated
approach improved not only ethical metrics but also improved strategic outcomes along many
dimensions, such as in fairness, transparency, and decision quality. We provide a practical, evidence-
based framework that guides SMEs through Al adoption via safe simulation environments, thereby
avoiding expensive mistakes in the real world while systematically fostering stakeholder trust and
organizational capability.
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I. INTRODUCTION

Imagine you are a boss at a small or medium-sized enterprise (SME) who must make an
expensive, high-risk decision about market expansion. The artificial intelligence (Al) system
provides a strong recommendation based on complex algorithms (Pratama & Hutabarat, 2026;
Putra et al., 2024; Wahyuning & Sudibyo, 2024), while the management team is divided, relying
instead on experience and intuition that ipoint an the opposite direction. In such contexts,
decision-makers often face epistemic uncertainty, as Al outputs are perceived as accurate but
opaque, limiting managerial understanding of the underlying logic. This situation illustrates a
growing dilemma in resource-constrained environments where strategic decisions are critical, yet

algorithmic systems remain difficult to interpret or challenge (Trunk et al., 2020).

However, what technology vendors often overlook is that the cost of Al adoption in micro and
small enterprises extends beyond technological investment to include organizational and
relational consequences. When Al systems generate recommendations without transparent

justification, they create what has been described as “accountability shadows,” in which
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responsibility becomes diffused and trust gradually erodes. Such trust degradation affects not only
individual decision outcomes but also team dynamics, stakeholder relationships, and
organizational culture more broadly (de Bruijn et al., 2022). Over time, these cumulative effects
may constrain innovation capacity and reduce organizational responsiveness to market changes,

posing long-term risks for SME sustainability.

Recent studies suggest that this challenge is not driven by resistance to ethical considerations.
Contrary to the assumption that ethical Al is a secondary concern for SMEs, empirical evidence
indicates that many small enterprises actively value transparency, fairness, and accountability in
Al-supported decisions. SMEs increasingly recognize that ethical alignment is essential for
maintaining stakeholder trust and organizational legitimacy (Eitel-Porter, 2021; Setyaningsih et
al., 2024). Nevertheless, these organizations often lack the resources, expertise, and governance
frameworks needed to operationalize ethical Al in ways that align with strategic objectives. This
misalignment between ethical aspirations and practical capability represents a critical yet

underexplored challenge in SME Al adoption.

Existing academic research predominantly addresses explainable Al (XAI) and ethical Al either
in isolation or within the context of large, well-resourced organizations. Prior studies tend to
emphasize technical explainability mechanisms or normative ethical principles without
examining how these elements jointly influence the quality of strategic decision-making in SMEs
(Ali et al., 2023). Moreover, SMEs characterized by limited resources, informal governance
structures, and rapid decision cycles remain an underserved empirical context in ethical Al
research (Raihan, 2024). As a result, empirical evidence on the integrated impact of XAl and
ethical governance on SME strategic decision-making, particularly through simulation-based
experimentation, remains scarce. This gap limits smaller firms' ability to adopt Al responsibly

and strategically (Zamani, 2022).

To address this gap, the present study develops a simulation-based framework that enables SMEs
to evaluate alternative Al governance configurations without exposure to real-world
implementation risks. By modeling strategic decision-making under three scenarios black-box
Al, XAI without ethical governance, and XAl with ethical governance this study examines how
transparency and ethical constraints jointly affect decision quality. Simulation is employed as a
methodological solution to overcome data access limitations and operational risks commonly
faced by SMEs. This approach allows ethical considerations and performance outcomes to be

evaluated simultaneously, rather than treated as competing priorities.

A. Research Objectives
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Three primary research objectives guide this study. First, it aims to compare strategic decision-
making outcomes across black-box Al, XAl, and XAl integrated with ethical governance in SME
contexts, highlighting differences in transparency, fairness, and strategic quality. Second, the
study evaluates how ethical governance mechanisms influence these outcomes within simulated
SME environments, providing insights into trade-offs between ethical compliance and decision
effectiveness. Third, it investigates an optimal governance intensity threshold () that balances
ethical constraints and decision performance, offering practical guidance for SME managers.
Together, these objectives aim to address the gap in empirical knowledge regarding the

integration of XAl and ethical governance in resource-constrained SMEs.
B.  Research Contributions

This study offers multiple contributions to both academic literature and SME practice.
Theoretically, it advances responsible Al research by integrating XAl and ethical governance into
a unified framework specifically tailored to SME decision-making contexts. Methodologically, it
demonstrates the utility of simulation-based experimentation as a practical approach for
evaluating ethical Al governance, particularly when empirical data are limited or implementation
risks are high. In practice, the study provides SME decision-makers with actionable insights,
demonstrating how ethical Al governance can enhance the quality of strategic decisions without
compromising organizational objectives. Overall, these contributions bridge the gap between

theoretical understanding and practical application of responsible Al in SME:s.

II. LITERATURE REVIEW

Explainable Al (XAl initially emerged as a technical solution for compliance and audit purposes,
but prior studies have focused mainly on interpretability outcomes, while fewer have examined
strategic decision quality under ethical constraints in SMEs (Arrieta et al., 2019; Vasconcelos et
al., 2023). Understanding Al reasoning not only improves transparency but also fosters
collaboration between managers and Al systems, enhancing confidence and the quality of
strategic decisions. This is particularly important for SMEs, where limited resources constrain
external validation, making internal interpretability critical for effective decision-making. Hence,
XAI should be evaluated not only for technical explainability but also for its impact on

organizational learning and decision outcomes.

Ethical AT has shifted from a theoretical concern to a practical necessity, driven by regulatory and
market pressures, and the FAT (Fairness, Accountability, Transparency) framework guides
implementation (OhEigeartaigh et al., 2020). Empirical evidence shows that ethical compliance
can enhance creativity and strategic performance rather than constrain it (Rodgers et al., 2023),

while transparency fosters trust and accelerates adoption across teams. Therefore, ethical
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governance in Al should be seen as complementary to performance objectives rather than as a
hindrance. Integrating ethical considerations into XAl can provide SMEs with a competitive

advantage without sacrificing operational efficiency.

SME:s differ from large corporations in their decision-making processes and resource availability,
which affect Al adoption and outcomes (Adam & Alarifi, 2021; Gamage et al., 2020). Each
strategic decision carries proportionally higher stakes, and flatter hierarchies require participatory
processes, making tailored explanation mechanisms necessary (Sari et al., 2020). Al systems can
either strengthen or disrupt these dynamics depending on design and deployment, highlighting
the need for careful integration of XAl and ethical governance. These unique SME characteristics
underscore the importance of a framework that explicitly considers context-specific decision

impacts.

To address these challenges, we developed a unified conceptual framework that treats XAl
capabilities and ethical governance as complementary rather than competing forces. As illustrated
in Figure 1, transparency is measured using SHAP interpretability scores, fairness using
bias/fairness indices, and strategic quality using the Strategic Quality Index (SQI). The framework
incorporates iterative learning loops, reflecting how SMEs gradually improve governance
practices through experimentation and reflection (Hulsen, 2023; Settembre-Blundo et al., 2021).
A novel aspect of this model is the inclusion of governance intensity (A) as a tunable parameter
in simulation, capturing trade-offs between ethical adherence and strategic decision outcomes,

which is not addressed in previous FAT + XAI models.

JETHICAL GOVERNANCE STRATEGIC DECISION

XAl COMPONENTS * FAIRNESS CHECKS loutcomes

« INTERPRETABILITY ,|" ACCOUNTABILITY N

* FEATURE IMPORTANCE “|proTOCOLS 1 ::IR,\T;,SASRENCY

« EXPLANATION INTERFACES « TRANSPARENCY DEl(\:ISION QUALITY
STANDARDS

FEEDBACK LOOP ARROW

Figure 1. Conceptual Framework: The Interplay of XAl, Ethical Governance, and
Decision Outcomes

III. RESEARCH METHOD

A. Research Design
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A simulation-based experimental design was adopted to analyze the interplay among Explainable
AI (XAI), ethical governance, and SME strategic decision-making. Initially, a multiple case study
was considered, but SMEs’ reluctance to trial untested Al governance models led us to adopt
simulation instead (Fanelli, 2021). This approach allows manipulation of independent variables
while monitoring impacts on decision outcomes in a controlled and risk-free environment
(Casadei et al., 2022). The design compares three distinct scenarios from black-box Al to fully

integrated ethical XAl systems, with the process flow illustrated in Figure 2.
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SIMULATION
e ENGINE (PYTHON- @
BASED) 4

@  THREE PARALLEL :
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INDEX,
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SCORE, STRATEGIC
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Figure 2. Simulation Flowchart
B. Population and Sample

The simulation generated a virtual population of 5,000 SME decision instances, covering a range
of industries, sizes, and decision types. Each instance represents a realistic strategic decision, such
as market entry, resource allocation, or partner selection. To ensure statistical reliability, 50
independent simulation runs were conducted per scenario, providing replication to stabilize
results and enhance replicability. Stratified sampling was used to represent diversity in SME
characteristics, ensuring the generalizability of the findings to typical small- and medium-

enterprise contexts.
C. Model Selection (Gradient Boosting Justification)

Gradient Boosting was selected as the underlying Al model due to its favorable trade-off between
predictive performance and interpretability. It is widely used in SME decision analytics and
compatible with XAI explanation techniques, such as SHAP, allowing evaluation of both
transparency and performance outcomes (Arrieta et al., 2019). This choice ensures that Al

recommendations are robust while still interpretable for decision-makers, aligning with the
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study’s focus on ethical governance in resource-constrained SMEs. Thus, Gradient Boosting

supports both methodological rigor and practical relevance in simulated SME environments.
D. Variables and Operational Definition

Independent variables include XAI implementation (categorical: black-box Al, XAI only, XAI
with ethical governance) and the fairness constraint (1), which is continuous from 0.70 to 0.95.
Dependent variables comprise Fairness Index, Transparency Score, and Strategic Quality Index
(SQI), which are operationalized in Table 1. Although SQI is calculated using expert-weighted
components, which introduces subjectivity, this reflects real-world SME decision environments
in which strategic priorities are normatively defined (Alkaraan et al., 2023; Sahoo & Goswami,
2023). Control variables include dataset characteristics, Al model parameters, and decision

context complexity (Diop et al., 2021).

Table 1. Simulation Scenario Definitions

Scenario AI Model | Explainability (ggl‘r‘;?sfgf;‘f;ﬁ) Accountability
Nt
B: XAI Only ggii‘fr?gt ISKI){C‘;“P (Post- Inactive grel;:}i]sion Log
Eie | Dot Lboey | Activegu=085)

E. Data Sources and Collection

Structured synthetic datasets were created to simulate SME decision environments by combining
published case studies, SME managers’ insights, and variables from reputable business databases.
All data were generated and collected within the simulation engine, with metrics automatically
logged for 50 independent runs per scenario to ensure coverage and statistical reliability. The
simulation process is depicted in Figure 2, showing the sequence of scenario execution and metric
collection. Table 2 details the definitions and calculation methods for the evaluation metrics,
including Fairness Index, Transparency Score, and Strategic Quality Index, to ensure clarity and

replicability.

Table 2.Definition and Calculation of Evaluation Metrics

Metric

Description

Calculation Method

Theoretical Basis

Fairness Index
(F<sub>I</sub>)

Measures outcome
equity across protected
groups

Based on 1 - (Disparate
Impact ratio - 1),
calibrated for multiple
groups

(Eitel-Porter, 2021;
Olatunji Akinrinola et
al., 2024)

Transparency Score
(T<sub>S</sub>)

Assesses explanation
clarity and usability

Composite score (0-1)
from validated rubric
rating explanation
quality

(Langer et al., 2021;
Speith, 2022)
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Weighted sum for ROI
(0.5), risk (0.3), and
strategic alignment
0.2)

Evaluates decisions'
long-term strategic
value

(Alkaraan et al., 2023;
Sahoo & Goswami,
2023)

Strategic Quality Index
(SQ<sub>I</sub>)

F. Data Analysis Techniques

Data analysis included both quantitative and qualitative approaches to comprehensively evaluate
simulation outcomes. Quantitative analysis first employed descriptive statistics to compare
scenarios, then repeated-measures ANOVA to detect significant differences, and sensitivity
analyses using regression and correlation techniques to explore relationships among metrics.
Qualitative analysis involved content analysis of expert feedback, thematic analysis of the quality
of explanations, and comparative case analysis across various SME decision contexts. All
statistical procedures were implemented using Python libraries, with o = 0.05 for significance
testing and a Bonferroni correction for multiple comparisons. The calculation procedures and
definitions of all metrics are summarized in Table 2, and the overall simulation workflow is

depicted in Figure 2.
G. Ethical Considerations

The study adhered to strict ethical standards, using entirely synthetic data to eliminate privacy
risks and ensure realistic yet non-destructive decision scenarios. Participants and SME
stakeholders were informed about the simulation nature of the research, and all engagements were
conducted in accordance with informed consent protocols. Beneficence guided the research
design, aiming to improve SME Al governance frameworks while minimizing potential harm. In
addition, the inclusion of expert feedback ensured consideration of diverse viewpoints, and the
simulation approach allowed transparency, replicability, and ethical integrity throughout the

experimental process (Casadei et al., 2022; Fanelli, 2021).

IV. RESULT

In simulated scenarios, the performance metrics for the three situations varied across all 50
independent runs, reflecting indicative performance patterns rather than real-world outcomes.
Scenario C (XAI with Ethical Governance) consistently achieved higher scores for fairness,
transparency, and strategic quality compared to Scenario A (Black-box Al) and Scenario B (XAl
without Ethics), as summarized in Table 3. Scenario A showed the lowest performance,
particularly in fairness (M = 0.59, SD = 0.07) and transparency (M = 0.11, SD = 0.04). At the
same time, Scenario B indicated strong transparency (M = 0.86, SD = 0.03) but only modest
improvements in fairness (M = 0.65, SD = 0.05) relative to Scenario A. The sensitivity analysis
on fairness constraints (1) in Scenario C revealed trade-offs between fairness and strategic quality:

low thresholds (A = 0.70) produced high strategic quality (0.92) but moderate fairness (0.78),
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whereas high thresholds (A = 0.95) maximized fairness (0.96) but reduced strategic quality (0.85),
highlighting that A = 0.85 represents an optimal balance within the simulation context (Table 4).

Table 3. Aggregate Simulation Results across Scenarios (n=50 runs)

Scenario | Description Fairness Index Transparency Score | Strategic Quality Index
P (F<sub>I</sub>) (T<sub>S</sub>) (SQ<sub>I</sub>)
A iIIaCk'b"X 0.59 (& 0.07) 0.11 (+0.04) 0.68 (+ 0.06)
XAI without
B Ethics 0.65 (£ 0.05) 0.86 (£ 0.03) 0.77 (£ 0.04)
XAI with
C Ethics 0.92 (+0.02) 0.84 (+0.03) 0.90 (£ 0.02)

Table 4. Sensitivity Analysis: Impact of Fairness Constraint (1) on Scenario C

Performance
Fairness Fairness Index Strategic Quality Index Interpretation &
Threshold (1) (F<sub>I</sub>) (SQ<sub>I</sub>) Recommendation
0.70 0.78 092 ng%l quality, but fairness too
low; not recommended
0.80 085 091 Qood balance, but fairness can
improve further
0.85 0.90 0.90 Optimal balance for most SME
contexts
Excellent fairness, minor
0.90 0.93 0.88 quality trade-off; good for high-
risk decisions
0.95 0.96 085 Max.1m1.1m falr.ness, but potable
quality impact; use cautiously

V.  DISCUSSION

The findings within the simulation context suggest that systems lacking transparency may
occasionally produce acceptable strategic outcomes, but with unstable performance and high
variability, reflecting indicative performance patterns rather than guaranteed results. Scenario A’s
metrics, while sometimes favorable, showed significant inconsistency (SD = 0.06-0.07),
indicating the potential risks of black-box Al in SME decision-making. Scenario C’s performance
in simulated scenarios indicates that integrating ethical governance with XAl can lead to more
stable, predictable decision outcomes, maintaining low variance while achieving high overall
performance. These observations should be interpreted as indicative patterns within simulation-
based experiments rather than real-world certainties, emphasizing the need for cautious

managerial interpretation (Birkstedt et al., 2023; Costa Melo et al., 2023).

The sensitivity analysis demonstrates that the governance threshold A = 0.85 strikes the best
balance between fairness and strategic quality in the simulation context. Still, this threshold
should not be considered a universal standard for all SMEs. The inverted U-shaped relationship
between fairness constraints and strategic quality suggests that both overly strict and overly lax

governance can reduce decision quality, providing potential managerial guidance without
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guaranteeing exact outcomes. Slight variations in Scenario C outcomes (0.02—0.03) further
support the reliability of this integrative approach in simulation experiments and indicate that
adaptation is necessary before application in real SME environments. Theoretically, the results
reinforce a hybrid model in which XAl characteristics and ethical governance measures function
cooperatively rather than in opposition (Birkstedt et al., 2023), and they suggest practical
directions for SME Al managers (Costa Melo et al., 2023).

V1. CONCLUSION AND RECOMMENDATION

This study revisits the initial research objectives by examining how different Al governance
approaches black-box Al, XAl and XAl integrated with ethical governance affect strategic
decision-making outcomes in SMEs within simulated scenarios. The results indicate that
integrated XAI with ethical governance enhances fairness, transparency, and strategic quality,
while highlighting the trade-offs in governance intensity (A) to achieve optimal performance.
From a theoretical perspective, the study contributes to responsible Al literature by providing a
unified framework that links XAI characteristics and ethical governance in SME contexts.
Methodologically, it demonstrates the value of simulation-based experimentation as a feasible
alternative when real-world data are limited or risky to obtain, providing replicable and indicative
performance patterns. Practically, the findings offer SME decision-makers actionable insights
into implementing ethical Al governance to improve the quality of strategic decisions under

resource constraints.

Beyond the immediate SME context, the framework underscores organizational learning and
adaptation in technology-disrupted environments, emphasizing trial and error, reflection, and
iterative improvement as key mechanisms for effective Al governance (Musrifah & Hasanah,
2025). Future research can extend these findings through longitudinal studies to capture evolving
governance practices and ethical challenges across organizations. By linking ethics and
performance from the start, the study highlights how Al can positively impact decision-making
while fostering learning and capability development within SMEs. Moreover, these findings
encourage managers to consider the contextual fit of governance strategies, suggesting that
iterative adaptation is necessary to align Al implementation with organizational culture, strategy,

and operational constraints.
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