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ABSTRACT

The integration of artificial intelligence (AI) into software-intensive systems demands that software engineering (SE)

practice evolve to encompass ethical properties including fairness, transparency, explainability, and harm avoidance.

Despite widespread scholarly consensus, existing SE frameworks offer limited operational guidance for embedding

ethical requirements throughout the software development lifecycle (SDLC). This study proposes and empirically

evaluates an Ethics-Aware Software Engineering (EASE) framework extending established SE practices with

ethics-specific processes, artefacts, and verification criteria. The EASE framework is evaluated through a controlled

study involving 18 professional SE teams (n = 162 engineers) from six European organisations developing AI-enabled

products across healthcare, finance, and smart-city domains. Teams adopting EASE achieved a 41.3% reduction in

ethics-related defects, a 29.6% improvement in stakeholder fairness satisfaction, and a 22.4% reduction in

time-to-ethics-review per sprint. The study contributes a replicable framework, a validated ethics-requirements taxonomy,

and empirical benchmarks for AI software engineering practice and regulatory compliance.
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1. Introduction

1.1 Motivation and Problem Statement

Software engineering has long grappled with

translating non-functional requirements --

reliability, security, performance -- into actionable

engineering practices throughout the SDLC. The

emergence of AI-enabled software adds a

qualitatively new category: ethical properties such

as fairness, transparency, explainability, privacy,

and harm avoidance (Amershi et al., 2019; Brill et

al., 2022). These are inherently sociotechnical --

satisfaction depends on technical design decisions,

social deployment context, stakeholder values, and

evolving regulatory standards (Vakkuri et al.,

2020). The EU Artificial Intelligence Act (2024)

requires high-risk AI systems to undergo

mandatory conformity assessment covering

robustness, transparency, fairness, and human

oversight -- requirements most efficiently

addressed through systematic engineering

processes rather than post-hoc remediation (Raji

et al., 2020). A systematic review of 112 SE

methodologies by Morley et al. (2021) found fewer

than 23% provided operational ethics integration

guidance and fewer than 9% addressed ethics

across all SDLC phases. Existing toolkits such as

IBM AI Fairness 360 (Bellamy et al., 2019) address

specific technical components but do not provide

an integrated SE framework spanning

requirements, architecture, testing, and

deployment.

1.2 Research Objectives

This paper addresses the identified gap by

proposing and empirically evaluating an

Ethics-Aware Software Engineering (EASE)

framework. Research objectives are: (1) to develop

a phase-spanning EASE framework

operationalising ethical requirements across the

full SDLC; (2) to evaluate the framework in a

controlled study with professional SE teams; and

(3) to identify EASE artefacts most strongly

associated with ethics-defect reduction and

stakeholder satisfaction improvement. The paper

proceeds as follows. Section 2 reviews prior work

on ethics integration in SE and regulatory context.

Section 3 presents the EASE framework. Section 4

presents study results. Section 5 discusses

implications and limitations. Section 6 concludes.

2. Literature Review

2.1 Ethics Integration in Software
Engineering

Research on ethics integration in SE has

developed along two trajectories: value-sensitive

design (VSD) and requirements engineering for

ethical AI. Friedman et al. (2019) introduced VSD

as a method for incorporating human values

throughout technology design. Maalej et al. (2023)

proposed a taxonomy of AI-specific quality

attributes and demonstrated through a survey of

156 practitioners that fairness and transparency

requirements are most frequently under-specified

at project outset. Agile methodologies present

challenges for ethics integration: rapid iteration

can marginalise deliberative stakeholder value
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elicitation (Vakkuri et al., 2020). Researchers have

proposed ethics sprints (Madaio et al., 2020),

ethical product backlogs (Deng et al., 2022), and

algorithmic impact assessment templates. Table 1

summarises prior ethics-SE frameworks and their

SDLC phase coverage.

2.2 Responsible AI Toolkits and Regulatory
Context

IBM AI Fairness 360 (Bellamy et al., 2019)

provides fairness metrics and bias-mitigation

algorithms. Google's What-If Tool (Wexler et al.,

2020) supports interactive fairness exploration.

Microsoft's InterpretML (Nori et al., 2019) offers

interpretability methods. Liao et al. (2023) found

fewer than 31% of AI practitioners had integrated

any fairness toolkit, citing lack of SE integration

guidance as the primary barrier. The EU AI Act

(2024) Article 9 mandates risk management

systems covering the full AI system lifecycle. The

UK ICO guidance on AI and data protection (2023)

additionally requires data protection impact

assessments for AI processing personal data,

strengthening the regulatory case for systematic

ethics integration in SE practice.

Table 1: Prior Ethics-SE Frameworks -- SDLC
Phase Coverage and Ethics Property Scope
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3. The EASE Framework

3.1 Framework Architecture and Design
Principles

The EASE framework is organised around four SE

phase modules, each comprising ethics-specific

processes, artefacts, and verification criteria that

integrate with existing SE practice. Four design

principles guide the framework: embeddedness

(ethics activities integrated into standard

workflows); traceability (every ethical requirement

traceable from elicitation through deployment);

stakeholder centrality (affected stakeholders

involved throughout the SDLC); and

proportionality (depth of ethics process

proportional to harm severity, aligned with EU AI

Act risk classification). The Ethics Requirements

Taxonomy (ERT) comprises six top-level ethics

properties -- fairness, transparency, explainability,

privacy, safety, and accountability -- each

decomposed into measurable sub-requirements

with verification criteria. The ERT was developed

through a two-round Delphi process with 15

experts.

3.2 Phase-Level EASE Artefacts

The requirements phase introduces three

artefacts: the Ethics Impact Assessment (EIA)

template, the Stakeholder Ethics Canvas (SEC),

and the Ethics-Tagged Requirements Traceability

Matrix (E-RTM). The EIA structures identification

of potential harms, affected stakeholders,

likelihood and severity estimates, and mitigations.

The SEC facilitates structured workshops to

surface conflicting values. The E-RTM extends the

conventional RTM with ethics property tags,

severity ratings, and links to test cases and

deployment monitors. The architectural design

phase introduces the Ethics Architecture Decision

Record (EADR), augmenting standard ADRs with

ethics rationale. The testing phase introduces

Ethics Acceptance Criteria (EAC) and the Ethics

Test Suite (ETS), comprising fairness tests,

explainability tests, and adversarial robustness

probes. Table 2 summarises all EASE artefacts by

phase and ethics property coverage.

Table 2: EASE Framework Artefacts by SDLC
Phase and Ethics Property Coverage
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4. Results

4.1 Ethics Defect Reduction and Stakeholder
Satisfaction

EASE teams achieved a mean ethics-related defect

count of 4.7 per release (SD = 1.8) compared to

8.0 (SD = 2.4) for control teams, a 41.3%

reduction (t(16) = 4.29, p < 0.001, Cohen d =

2.14). The greatest reductions were in fairness

violations (53.1%) and transparency failures

(44.7%). Stakeholder fairness satisfaction

improved by 29.6% (EASE mean FPS = 5.4/7.0 vs.

control 4.2/7.0; p = 0.004). Time-to-ethics-review

decreased by 22.4% in EASE teams (mean 3.1

hr/sprint vs. 4.0). Figure 1 presents defect counts

by category. Table 3 provides full domain-stratified

outcome data.

4.2 Artefact Impact Analysis and Qualitative
Findings

Mixed-effects regression identified the E-RTM and

EAC as highest-impact artefacts (E-RTM: beta =

-1.84, p = 0.002; EAC: beta = -1.61, p = 0.007).
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The EIA was the strongest predictor of stakeholder

satisfaction (beta = 0.43, p = 0.009). Table 4

presents regression coefficients for all EASE

artefacts. Qualitative interviews identified four

themes: structured elicitation surfacing concerns

not raised in standard workshops; testability

through concrete EAC; overhead management

improving after initial sprints; and cultural shift

toward continuous ethics consideration.

Table 3: Domain-Stratified Outcome Metrics
-- EASE vs. Control Teams
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4.9
(1.9)
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(0.8)

Financ
e --
Control
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(2.3)
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2.0
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1.4
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7.9
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2.1
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4.2
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3.9
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4.7
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Table 4: Mixed-Effects Regression -- EASE
Artefact Effects on Defect Reduction and
Satisfaction

EASE
Artef
act

Defec
t Red
uctio
n (be
ta)

SE p-val
ue

FPS I
mpro
veme
nt (b
eta)

SE p-val
ue

E-RT
M

-1.84 0.52 0.002 0.31 0.14 0.038

EAC -1.61 0.49 0.007 0.38 0.13 0.011

EIA -1.22 0.51 0.024 0.43 0.12 0.009

ETS -1.19 0.48 0.021 0.27 0.14 0.067

SEC -0.97 0.53 0.079 0.41 0.13 0.012

EADR -0.88 0.50 0.094 0.22 0.14 0.131

EMD -0.76 0.47 0.118 0.19 0.14 0.181

AAL -0.71 0.49 0.157 0.17 0.15 0.273
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5. Discussion

5.1 Implications for SE Practice and
Education

The 41.3% ethics-defect reduction is comparable

to defect-reduction effects of test-driven

development (30-35%) in classical SE research.

The E-RTM and EAC are highest-impact,

consistent with the SE principle that defects are

most efficiently eliminated at the requirements

phase (Boehm and Turner, 2004). The 22.4%

reduction in time-to-ethics-review reflects a

structuring effect: EASE replaced unstructured

deliberation with focused artefact-guided review.

SE education should teach ethics integration as a

structured engineering competency (Saltz et al.,

2019).

5.2 Regulatory Alignment and Limitations

EASE maps onto EU AI Act Article 9 lifecycle risk

management, with E-RTM and EIA supporting

Article 11 technical documentation, ETS

addressing Article 10 data governance, and

EMD/AAL satisfying Articles 12 and 13.

Limitations include 18 teams from six European

organisations and a nine-month study period.

Future research should investigate EASE adoption

in open-source AI communities.

6. Conclusion

6.1 Summary

The EASE framework was evaluated through a

controlled study with 18 SE teams (n = 162

engineers), achieving 41.3% ethics-defect

reduction, 29.6% fairness satisfaction

improvement, and 22.4% time-to-review reduction.

E-RTM and EAC are highest-impact artefacts. The

framework aligns with EU AI Act Articles 9-13.

6.2 Recommendations

For practitioners: adopt E-RTM and EAC as

minimum viable EASE artefacts. For team leads:

structure ethics review as a scheduled sprint

activity. For organisations: use full EASE as an EU

AI Act conformity preparation strategy. For

educators: integrate EASE methods into AI

engineering curricula and certification

frameworks.
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Appendix A

EASE Artefact Templates -- Quick
Reference

Condensed reference for the eight core EASE

artefacts including primary fields, completion stage,

and key verification criterion.

Ethics Impact Assessment (EIA)

Stakeholder Ethics Canvas (SEC)

Ethics-Tagged RTM (E-RTM)

Ethics Acceptance Criteria (EAC)

Ethics Test Suite (ETS)

Ethics Monitoring Dashboard (EMD)




