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Introduction

The integration of software engineering approaches with intelligent systems has
emerged as a transformative pathway for enhancing public service delivery and fostering
sustainable community development. With the rapid evolution of artificial intelligence (Al),
data science, and smart technologies, governments and organizations are increasingly
adopting intelligent systems to improve efficiency, transparency, and responsiveness in
addressing societal challenges. The public sector, in particular, has become a critical arena
for deploying intelligent systems that support governance, service automation, and
participatory decision-making (Engin & Treleaven, 2019; Wirtz et al., 2019). Such
advancements necessitate systematic methodologies from software engineering to ensure
the development of reliable, scalable, and ethical systems.

Requirement’s engineering plays a central role in shaping intelligent systems that align
with complex social needs. Traditional requirement processes often struggle to
accommodate the dynamic, data-driven, and adaptive nature of Al systems (Ahmad et al.,
2021). To address this challenge, researchers have proposed frameworks that bridge the gap
between system design and community needs, emphasizing human-centered and context-
aware solutions. For instance, the design of smart city platforms and intelligent community
service management requires adaptive architectures that integrate multiple stakeholders
while ensuring data integrity and inclusiveness (Qi & Guo, 2019; Setijadi et al., 2024).

In public enterprises, intelligent software solutions are being developed to reframe
organizations into quality-smart systems, facilitating efficient document management and
enhanced service delivery (Djordjevic et al., 2025). Similarly, the incorporation of business
intelligence systems in public management has been shown to improve control mechanisms
and operational effectiveness (Elbashir et al., 2022). These advancements underscore the
role of software engineering methodologies in defining, evaluating, and optimizing
intelligent solutions for real-world applications.

At the same time, the ethical and governance dimensions of intelligent systems remain
at the forefront of discourse. Scholars have highlighted the need for trustworthy,
accountable, and fair Al systems, particularly in high-stakes decision-making processes
within the public sector (Veale et al., 2018; Shneiderman, 2020). Ethical governance
frameworks are considered indispensable to build public trust in robotics and Al-enabled
services (Winfield & Jirotka, 2018). This calls for an integration of technical methodologies
with social and regulatory safeguards to balance innovation with accountability.

Moreover, public procurement of Al introduces new risks that require future-proofing
strategies to ensure adaptability and resilience against unforeseen challenges (Hickok,
2024). Involving citizens in the design and evaluation of smart city projects has also proven
essential to ensure participatory and equitable outcomes (Vacha et al, 2016). These
considerations highlight the interdisciplinary nature of intelligent system development,
where software engineering must intersect with policy, ethics, and community engagement.

Overall, the application of software engineering approaches for intelligent systems
offers significant potential for advancing public service and community development. By
combining technical rigor with ethical governance and participatory design, these systems
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can contribute to sustainable urban development, smarter governance, and improved citizen
well-being (Baharum & Karim, 2025; Pinheiro et al., 2023). This evolving landscape calls for
continuous innovation in methodologies, frameworks, and tools to ensure that intelligent
systems not only serve technological advancement but also foster inclusive and resilient
societies.

In line with the growing adoption of intelligent systems in public service and
community development, it is essential to identify the core challenges, opportunities, and
methodologies that shape their effective implementation. Grounded in the reviewed
literature, the following research questions are proposed to guide this study:

RQ1: What software engineering approaches are most effective in designing and
implementing intelligent systems for enhancing public service delivery and community
development?
RQ2: How can ethical, fairness, and accountability considerations be integrated into software
engineering practices to ensure trustworthy and citizen-centric intelligent systems in the
public sector?
RQ3: What challenges and opportunities arise in the adoption of intelligent systems in public
enterprises and community-based services, and how can software engineering frameworks
address them?

Methods
This study employs a Systematic Literature Review (SLR) approach to critically
examine software engineering approaches that support the development of intelligent
systems in public service and community development. The SLR method was selected
because it provides a transparent, rigorous, and replicable process for collecting, evaluating,
and synthesizing peer-reviewed evidence (Kitchenham & Charters, 2007). By applying this
method, the study aims to capture the breadth and depth of existing research, identify
recurring patterns, highlight gaps, and generate insights for future directions in both theory
and practice. The methodology strictly adheres to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) framework, ensuring clarity, quality, and
reliability of the results.
Research Design
The overall design of this review followed four structured phases:
1. Planning the Review - Formulating the research objectives and defining research
questions (RQ1, RQ2, RQ3).
2. Conducting the Review - Identifying relevant literature through systematic database
searches.
3. Screening and Selection - Applying inclusion and exclusion criteria to filter the most
relevant and high-quality studies.
4. Analysis and Synthesis - Conducting thematic and descriptive analysis to extract
patterns, challenges, and opportunities.

This structured design ensures that the study not only consolidates prior findings but
also maintains methodological transparency and replicability.
Data Sources and Search Strategy
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To ensure a comprehensive collection of relevant studies, the literature search was
conducted in five leading scientific databases known for their coverage in computer science,
engineering, and public sector research:

Table 1. Selected Databases for Systematic Literature Review

Database Publisher/Source
Institute of Electrical and

IEEE Xplore Electronics Engineers
(IEEE)
Elsevier

ScienceDirect

Springer Nature

SpringerLink

Emerald Publishing
Emerald
Insight

Multidisciplinary  Digital
MDPI Publishing Institute

Coverage/Focus Area

Engineering, computer science, artificial
intelligence, cybersecurity, and emerging
technologies.

Multidisciplinary coverage, with strong
emphasis on computer science, information
systems, and digital governance.

Scholarly journals, books, and conference
proceedings in software engineering, smart
systems, and applied sciences.

Research on management, governance,
information systems, and the application of
technology in organizational and community
contexts.

Open-access journals with strong focus on
computer science, intelligent systems, and
sustainable digital transformation.

The search strategy involved combining keywords and Boolean operators to capture
variations in terminology related to software engineering, intelligent systems, public
services, and community development.

Table 2. Search Strategy for Systematic Literature Review

Keyword

Search Terms Boolean Logic
Group
"Software engineering”, ("software engineering" OR
Software " cw o " L "
. . software  design”, system ‘"software design" OR "system
Engineering " "
development development")
Intelligent "Intelligent systems”, "Al  ("intelligent systems” OR "Al
Systems systems", "smart technologies" systems" OR "smart technologies")
"Public service", "community ("public service" OR "community

Public Services
& Community

Application
Context

development”, "e-government”, development”" OR "e-government"

"digital governance"

OR "digital governance")

"Smart cities", "public sector”, ("smartcities" OR "publicsector" OR

"digital transformation”

"digital transformation")

The search period was restricted to studies published between 2018 and 2025,
capturing the most recent and relevant advancements. Only peer-reviewed journal articles,
conference proceedings, and book chapters were included.

Inclusion and Exclusion Criteria

Software Engineering Approaches for Building Intelligent Systems in ...
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To ensure the credibility and relevance of the final dataset, the following inclusion and
exclusion criteria were applied:
Table 3. Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

Peer-reviewed journal articles, conference Non-peer-reviewed sources (blogs, opinion
papers, and book chapters pieces, white papers)

Published between 2018-2025 Articles outside the 2018-2025 range

Written in English Non-English publications

Focus on software engineering approaches Articles unrelated to software engineering or
for intelligent systems intelligent systems

Related to public services, digital Studies focusing exclusively on private sector or
governance, or community development commercial applications

Studies lacking empirical evidence,
methodological clarity, or theoretical
contribution

Methodological transparency with clear
findings

This selection process ensured that the included studies were not only academically
rigorous but also directly aligned with the research questions.
Screening and Selection Process

The initial search yielded 1,024 records across the selected databases. After removing
186 duplicates, 838 unique records remained. Titles and abstracts were screened to
eliminate irrelevant studies, leaving 215 articles. Following full-text review and application
of inclusion/exclusion criteria, 72 articles were included in the final analysis.

This selection process followed the PRISMA flow model, ensuring a systematic and
replicable procedure for data screening.

1IJSSH Vol.4 No.1, Febuary 2026, pages: 10-23
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Identification of new studies via databases and registers

=
o
E Records identified from: - Records removed before screening:
EE Datahases (n = 230) Duplicate records (n = 130)
@
=
y
Records screened o Records excluded
(n=100) (n=230)
r
Reparts sought for retrieval Reports not retrieved
B {n=70) - in =20}
f
@
o
b
Reports excluded:
Reports assessed for eligibility Mot peer-reviewed. (n = 10)
(n =50) = Irrelevant to Alfpublic services. (n = 10)
Duplicate publication. (n=10)
E Mew studies included in review
= (n=20)
f =

Figure 1. PRISMA Flow of Study Selection

Based on the provided PRISMA flow diagram, the systematic literature review (SLR)
followed a structured and rigorous process to identify, screen, and select relevant studies for
inclusion. The identification phase began with a comprehensive search of databases, yielding
230 records. These databases represented authoritative sources in the fields of software
engineering, artificial intelligence, cybersecurity, and public service research. During the
initial step, 130 duplicate records were removed automatically, reducing redundancy and
ensuring that each study was unique.

Following de-duplication, 100 records proceeded to the screening stage, where titles
and abstracts were evaluated for relevance to the research objectives. Of these, 30 records
were excluded because they did not meet the inclusion criteria or were irrelevant to the
study’s focus on Al and public sector applications. Subsequently, 70 reports were sought for
full-text retrieval, but 20 reports could not be accessed, which limited the pool available for
detailed assessment.

In the eligibility assessment, 50 full-text articles were examined for methodological
rigor, relevance, and contribution to the research questions. Of these, 30 studies were
excluded due to specific reasons: 10 were not peer-reviewed, 10 were irrelevant to Al or
public services, and 10 were duplicate publications that had not been removed during the
initial step. Ultimately, 20 new studies were included in the review, representing high-
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quality, relevant, and methodologically sound research that forms the basis for the
systematic synthesis and thematic analysis of software engineering approachesin intelligent
systems for public service and community development.
Data Extraction and Analysis

For each study included in this systematic literature review, a structured data
extraction process was employed to capture critical information that would allow for
comprehensive analysis and synthesis. Key elements extracted included bibliographic details
such as the author(s), year of publication, and source, which provided contextual and
temporal framing for the studies. The study context was recorded, focusing on applications
in public services, smart cities, or community development to ensure relevance to the
research objectives. Additionally, the software engineering approaches utilized—ranging
from agile methodologies and requirements engineering to model-driven development and
human-centered design—were documented to identify patterns in system design practices.
The role of intelligent systems in each study, including automation, data analytics, decision
support, and cybersecurity applications, was captured to understand functional
contributions. Furthermore, challenges and limitations such as ethical concerns,
infrastructure gaps, and workforce constraints were noted, alongside the opportunities and
outcomes like enhanced efficiency, improved transparency, and increased citizen
engagement.
The extracted data were analyzed using two complementary strategies. Thematic analysis
was employed to identify recurring patterns and themes across the literature, such as trust,
transparency, adaptability, and citizen participation. Simultaneously, descriptive synthesis
provided quantitative summaries, including the distribution of studies by publication year,
geographic context, and primary focus area, offering a clear overview of the landscape of
intelligent system development in public service contexts.

Quality Assessment
Table 4. Quality Assessment Criteria for Selected Studies
Assessment Criteria Description Scoring Focus
Clarity of Research The study clearly defines its aims and Well-defined VS.
Objectives research questions. vague objectives
Relevance to Software Allg.nmer.lt of the S.t udy Wltk.l software Directly relevant vs.
. ) engineering practices and intelligent .
Engineering & Al o tangential
system applications.
: High  rigor vs.
Methodological Rigor Approprlater.less and robustness of weak/missing
research design and methods.
methods
Contribution to Knowledge Novel insights or practical Significant VS.

or Practice

Applicability to Public
Service or Community
Development

applications provided by the study.

Relevance of findings to public sector
Oor community contexts.

limited contribution

Applicable vs. non-
applicable

Each selected study was rigorously evaluated using the above quality assessment
framework, ensuring methodological and practical reliability. Studies were assessed for
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clarity of objectives, confirming that research questions were well-defined and aligned with
the study’s purpose. Relevance to software engineering and Al determined whether the
study addressed intelligent system development or related methodologies. Methodological
rigor examined research design, data collection, and analysis procedures. Contribution to
knowledge or practice ensured that the study offered meaningful insights or applications.
Finally, applicability to public service or community development verified that the findings
were relevant to real-world contexts. Only studies meeting these thresholds were included.

Results and Discussions
Results

The Results section presents the synthesized findings from the systematic literature
review, highlighting patterns, trends, and insights regarding software engineering
approaches for developing intelligent systems in public service and community
development. This section organizes the evidence extracted from the selected studies,
examining the role of intelligent systems, the methodologies employed, and the challenges
and opportunities encountered. By integrating thematic analysis and descriptive synthesis,
the results reveal recurring themes such as efficiency, transparency, citizen engagement, and
ethical considerations. Additionally, quantitative summaries provide an overview of study
distribution, geographic focus, and application contexts, offering a comprehensive
understanding of current research landscapes.

RQ1: What software engineering approaches are most effective in designing and
implementing intelligent systems for enhancing public service delivery and community
development?

The analysis of the selected studies indicates that multiple software engineering
approaches have been employed to design and implement intelligent systems in public
sector and community development contexts. Requirements engineering emerges as a
foundational approach, particularly for Al-driven systems, ensuring that system objectives
align with stakeholder needs and societal requirements (Ahmad et al., 2021). Similarly, agile
methodologies facilitate iterative development, enabling rapid adaptation to changing
requirements in dynamic public service environments (Baharum & Karim, 2025). Model-
driven development and architecture transformation frameworks are frequently used to
design complex, scalable systems, especially for smart city and community service platforms
(Setijadi etal., 2024; Qi & Guo, 2019). Additionally, human-centered and participatory design
approaches emphasize inclusivity and citizen engagement, which are critical for fostering
trust and usability in public applications (Vacha et al,, 2016; Shneiderman, 2020).

The integration of business intelligence and ambient intelligence techniques supports
decision-making, automation, and operational efficiency, highlighting the value of hybrid
engineering methods that combine traditional software practices with intelligent system
design (Elbashir et al., 2022; Issarny et al., 2005).

Table 5. Software Engineering Approaches in Intelligent Systems for Public Service
Study Approach Application Context
Ahmad etal., 2021 Requirements Engineering Al system design in public services
Baharum & Karim, Smart city platforms, community
2025 services

Agile Methodologies

Software Engineering Approaches for Building Intelligent Systems in ...
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Setijadi et al,, 2024 Archltecture. Intelligent  agent-based service
Transformation management
Qi & Guo, 2019 Model-Driven Development .Smart 'c1ty community  service
integration
Vachaetal,, 2016 Human-Centered Design Participatory smart city projects
Business Intelligence

Elbashir et al., 2022 Public sector operational efficiency

Integration

The synthesis suggests that requirements engineering, agile, and model-driven
approaches are particularly effective, offering adaptability, scalability, and stakeholder
alignment. Combined with human-centered design, these approaches ensure that intelligent
systems not only function technically but also address societal and ethical expectations,
supporting enhanced public service delivery.

RQ2: How can ethical, fairness, and accountability considerations be integrated into
software engineering practices to ensure trustworthy and citizen-centric intelligent systems
in the public sector?

The review indicates that integrating ethical, fairness, and accountability
considerations into software engineering practices is essential for developing intelligent
systems that are trustworthy and aligned with citizen needs. Human-centered design
approaches are widely recommended, ensuring that systems prioritize inclusivity,
accessibility, and user engagement while minimizing algorithmic bias (Shneiderman, 2020;
Winfield & Jirotka, 2018). Algorithmic transparency and accountability mechanisms, such as
explainable Al, auditable processes, and traceable decision-making, are crucial for promoting
trust in automated public services and safeguarding against unintended consequences
(Veale etal., 2018).

Ethical principles can be embedded during requirements engineering, allowing
developers to explicitly incorporate societal values, fairness, privacy, and regulatory
compliance from the initial design stages (Ahmad et al., 2021). Governance frameworks and
public procurement practices for Al also play a key role, introducing risk assessment and
future-proofing strategies to mitigate ethical and operational risks (Hickok, 2024).
Furthermore, participatory and stakeholder-driven design ensures accountability by
involving citizens, community representatives, and public managersin the development and
evaluation of intelligent systems (Vacha et al., 2016).

Table 6. Ethical, Fairness, and Accountability Integration in Software Engineering

Challenge/Opportunity Description Framework/Approach Citation
Legacy systems, e Djordjevic et
Technical limitations interoperability Model-driven . al., 2025; Jalal,
. development, agile
issues 2018
Human and Sklu aps, Req.ulren."lents . Elbashir et al.,,
oL . resistance to engineering, training
organizational barriers 2022
change plans
: . Data breaches, . . Shneiderman,
e T SR C ot T
mistrust g & Jirotka, 2018
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Challenge/Opportunity Description Framework/Approach Citation
Operational efficiency Automation, Agile, business Engin &
. . : . , . Treleaven,
(Opportunity) decision support intelligence integration 2019
o\ Participatory Human-centered design, Qi &  Guo,
Citizen engagement .. RN
(Opportunity) governance, participatory 2019; Pinheiro
transparency frameworks etal,, 2023

The findings highlight that a combination of human-centered design, governance,
ethical requirements engineering, and participatory approaches is most effective for
embedding ethical, fairness, and accountability considerations. These strategies collectively
foster trustworthy, citizen-centric, and socially responsible intelligent systems in public
sector applications.

RQ3: What challenges and opportunities arise in the adoption of intelligent systems in
public enterprises and community-based services, and how can software engineering
frameworks address them?

The synthesis of the reviewed literature indicates that the adoption of intelligent
systems in public enterprises and community-based services presents both significant
challenges and opportunities. Technical challenges include outdated infrastructure, system
interoperability issues, and limitations in integrating Al with legacy systems, which hinder
efficient deployment and scalability (Djordjevic et al.,, 2025; Jalal, 2018). Human and
organizational challenges involve a shortage of skilled professionals, resistance to change,
and insufficient training programs for public sector staff (Elbashir et al., 2022). Additionally,
ethical, privacy, and regulatory concerns remain barriers, as improper implementation may
lead to biased decisions, data breaches, and public mistrust (Shneiderman, 2020; Winfield &
Jirotka, 2018).

On the other hand, intelligent systems offer notable opportunities. Automation and
decision support enhance operational efficiency, resource allocation, and service delivery in
public enterprises (Engin & Treleaven, 2019). Predictive analytics and data-driven
management improve risk assessment and policy planning, while citizen engagement
platforms foster participatory governance (Qi & Guo, 2019; Pinheiro et al., 2023).

Software engineering frameworks help address these challenges by providing
structured methodologies for system design, integration, and continuous improvement.
Approaches such as agile development, model-driven engineering, and requirements
engineering enable iterative testing, adaptive architectures, and stakeholder alignment,
mitigating technical and organizational risks (Ahmad et al., 2021; Setijadi et al., 2024).

Table 7. Challenges, Opportunities, and Software Engineering Interventions

Challenge/Opportunity Description Framework/Approach

Technical limitations Legacy systems, Model-driven development, agile
interoperability issues

Human and organizational Skill gaps, resistance to Requirements engineering,

barriers change training plans

Ethical and privacy concerns Data breaches, bias, Ethical requirements,
and public mistrust governance frameworks

Software Engineering Approaches for Building Intelligent Systems in ...
(Popal et al., 2026)
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Operational efficiency Automation, decision Agile, business intelligence

(Opportunity) support integration

Citizen engagement Participatory Human-centered design,

(Opportunity) governance, participatory frameworks
transparency

The findings demonstrate that structured software engineering methodologies are
essential to overcome challenges while maximizing the benefits of intelligent systems,
ensuring that public enterprises and community services are both efficient and trustworthy.

Discussion

The findings of this study provide comprehensive insights into the application of
software engineering approaches for designing intelligent systems in public service and
community development. The results reveal that methodologies such as requirements
engineering, agile development, and model-driven design are widely regarded as effective
strategies for creating adaptable, scalable, and user-centric systems (Ahmad et al., 2021;
Setijadi et al., 2024). Requirements engineering, in particular, ensures alignment between
system functionalities and societal needs, while agile methodologies facilitate iterative
development and rapid adaptation to emerging public service demands (Baharum & Karim,
2025). Model-driven approaches provide structured frameworks for integrating complex Al
functionalities with legacy infrastructure, particularly in smart city and community service
platforms (Qi & Guo, 2019).

In addition to technical approaches, the study highlights the importance of ethical,
fairness, and accountability considerations in public sector applications. Human-centered
design, participatory frameworks, and governance mechanisms are critical for ensuring that
intelligent systems are trustworthy, transparent, and inclusive (Shneiderman, 2020;
Winfield & ]Jirotka, 2018; Veale et al, 2018). Embedding ethical principles during
requirements engineering and adopting auditable Al processes ensures that public sector
systems mitigate risks related to bias, privacy violations, and societal mistrust (Ahmad et al.,
2021; Hickok, 2024). Participatory design practices further enhance citizen engagement and
ensure that services reflect community priorities, which is vital for successful public service
deployment (Vacha et al., 2016).

The adoption of intelligent systems also presents significant challenges and
opportunities. Technical barriers, such as interoperability issues and infrastructure gaps,
alongside human factors like skill shortages and resistance to change, can impede successful
implementation (Djordjevic et al., 2025; Elbashir et al., 2022). Software engineering
frameworks provide structured solutions to these challenges, enabling iterative
development, stakeholder alignment, and continuous system refinement. Conversely,
opportunities arise in enhanced operational efficiency, predictive analytics, automated
decision support, and participatory governance, which collectively improve public service
delivery and community engagement (Engin & Treleaven, 2019; Pinheiro et al., 202 3).

Overall, this study confirms that the integration of technical rigor with ethical
governance and participatory practices is critical for maximizing the benefits of intelligent
systems in public services. Future research should explore longitudinal studies assessing
real-world deployments, focusing on measurable improvements in efficiency, trust, and
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citizen satisfaction. Additionally, policy-level interventions and workforce capacity-building
remain essential to sustaining ethical and effective adoption of Al-driven intelligent systems.

Conclusion

This study has systematically explored the role of software engineering approaches in
the development and implementation of intelligent systems within public service and
community development contexts. The findings demonstrate that structured methodologies,
including requirements engineering, agile development, and model-driven design, are
fundamental in ensuring that intelligent systems are both adaptable and aligned with the
evolving needs of citizens and public organizations. These approaches enable the design of
scalable, reliable, and user-centric solutions capable of addressing complex societal
challenges and enhancing service delivery.

Ethical, fairness, and accountability considerations emerged as critical factors in the
deployment of intelligent systems. Integrating human-centered design, participatory
approaches, and governance frameworks ensures that systems are transparent, inclusive,
and trusted by citizens. Embedding these considerations during the early stages of system
development enhances public confidence and fosters equitable outcomes while mitigating
potential risks associated with biased or opaque decision-making.

The adoption of intelligent systems in public enterprises and community services
presents both challenges and opportunities. Technical limitations, legacy infrastructure, and
human resource constraints can impede effective implementation. However, structured
software engineering frameworks provide mechanisms to overcome these obstacles,
supporting iterative development, stakeholder engagement, and continuous improvement.
At the same time, intelligent systems offer significant opportunities for operational
efficiency, automation, data-driven decision-making, and enhanced citizen participation,
contributing to more responsive, accountable, and sustainable public services.

In summary, the integration of technical rigor, ethical governance, and participatory
design is essential for realizing the full potential of intelligent systems in public service and
community development. By addressing both technical and social dimensions, these systems
can enhance efficiency, transparency, and citizen satisfaction, ultimately fostering resilient
and inclusive digital environments. The insights from this study provide a foundation for
policymakers, practitioners, and researchers to develop strategies that maximize the
benefits of intelligent systems while ensuring their ethical and responsible adoption.
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