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The rapid growth of smart city technologies and digital economy systems
has significantly increased the complexity of urban governance,
particularly in integrating heterogeneous data sources, supporting
intelligent decision-making, and ensuring effective coordination across
systems. However, existing approaches often remain fragmented, with
limited integration between data infrastructures, artificial intelligence
(AI), and governance mechanisms. This study addresses this gap by
proposing and evaluating an Al-driven governance architecture
designed to integrate smart city systems and digital economy ecosystems
into a unified, data-driven framework. This research adopts the Design
Science Research (DSR) methodology, encompassing problem
identification, objective definition, architecture design, demonstration,
evaluation, and communication. The proposed architecture is structured
into five interconnected layers: data acquisition, data management, Al
intelligence, governance, and service delivery. A demonstration scenario
integrating smart mobility and digital economy systems illustrates the
operational capabilities of the architecture. The evaluation is conducted
using a multi-framework approach, incorporating COBIT, ISO 37120,
TOGAF, NIST Al Risk Management Framework, ITIL, and GDPR,
combined with expert-based assessment. The results indicate that the
proposed architecture achieves a high level of effectiveness, with an
overall evaluation score of 4.39, demonstrating strong alignment with
governance, architectural, and service requirements. This study
contributes by introducing an integrated Al-driven governance model
that bridges smart city systems and digital economy ecosystems,
enabling adaptive, predictive, and data-driven urban governance. The
findings provide both theoretical insights and practical guidance for
developing next-generation governance architectures in complex digital
environments.
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1. INTRODUCTION

The rapid development of digital technologies has significantly transformed the management and
governance of modern urban environments. Cities are increasingly adopting digital infrastructures,
interconnected information systems, and intelligent technologies to improve the efficiency and quality
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of urban services. Within this context, the concept of the smart city has emerged as a strategic
approach to integrate advanced technologies such as Internet of Things (IoT), big data analytics, cloud
computing, and artificial intelligence into urban governance systems (Alahi et al., 2023; Bibri et al.,
2023). These technologies enable cities to collect, process, and analyze large volumes of urban data in
order to support more effective decision-making and public service delivery.

Nam and Pardo (2011) explain that the concept of a smart city integrates three key dimensions:
technology, people, and institutions, which together enable cities to enhance innovation,
sustainability, and governance efficiency (Nam & Pardo, 20u1). Their study highlights that smart city
initiatives aim to leverage digital technologies to improve urban management and citizen engagement
(Berigtiete et al., 2024). Similarly, Caragliu, Del Bo, and Nijkamp (2011) describe smart cities as urban
systems that invest in human capital, social infrastructure, and information technologies to achieve
sustainable economic growth and improved quality of life for citizens (Caragliu et al., 2011).

Despite the increasing adoption of smart city technologies, many urban initiatives still face
significant governance challenges. One of the major problems is the lack of integrated governance
frameworks capable of coordinating multiple digital systems and data infrastructures. In many cases,
smart city technologies are implemented in isolated sectors such as transportation, energy
management, or environmental monitoring without sufficient integration across governance
structures. This fragmentation often results in limited interoperability, inefficient data utilization, and
challenges in achieving coordinated policy decisions.

Kitchin (2014) explains that modern cities generate enormous volumes of data through
sensors, digital platforms, and urban information systems. These data streams create opportunities for
evidence-based urban governance but also introduce new challenges related to data management,
privacy, and decision-making complexity (Kitchin, 2014). Batty et al. (2012) further describe that smart
cities function as complex digital ecosystems where multiple infrastructures interact dynamically.
According to their analysis, effective governance mechanisms are required to manage the interactions
between technological systems, urban institutions, and citizen activities (Batty et al., 2012).

In addition to the technological complexity of smart cities, the rapid expansion of the digital
economy has further intensified the need for integrated governance mechanisms. Digital platforms
such as e-commerce systems, digital payment services, and online marketplaces are becoming central
components of urban economic ecosystems. These platforms generate massive volumes of
transactional and behavioral data that influence economic activities within cities.

Tapscott (2014) explains that the digital economy represents a transformation of economic
structures driven by digital technologies and network-based platforms (Safronchuk & Sergeeva, 2019).
This transformation allows organizations and individuals to participate in digital economic ecosystems
that operate beyond traditional geographic boundaries. Similarly, Brynjolfsson and McAfee (2014)
argue that digital technologies are reshaping economic productivity and innovation through
automation, data analytics, and digital platforms. However, they also emphasize that effective
governance frameworks are necessary to ensure that digital transformation generates sustainable
economic benefits (Brynjolfsson & McAfee, 2014).

Artificial Intelligence (AI) has emerged as a key technological enabler for managing complex
digital ecosystems. Al technologies enable advanced data analytics, predictive modeling, pattern
recognition, and automated decision-support systems that can assist policymakers in understanding
complex urban dynamics. Through the application of machine learning algorithms and intelligent
analytics, Al can transform large volumes of urban data into actionable insights for governance and
policy development.

Russell and Norvig (2021) explain that artificial intelligence refers to computational systems
capable of performing tasks that typically require human intelligence, including learning, reasoning,
and decision-making (Russell & Norvig, 2021). Their work highlights that Al technologies are
increasingly used in various domains such as healthcare, finance, transportation, and urban
management. In addition, Davenport and Ronanki (2018) describe that Al technologies have
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significant potential to enhance organizational decision-making by providing data-driven insights and
automated analytical capabilities (Davenport & Ronanki, 2018).

However, despite the growing adoption of Al technologies in urban applications such as traffic
prediction, disaster monitoring, and energy optimization, the integration of Al into governance
frameworks remains limited. Many existing studies focus primarily on technical Al applications rather
than developing governance architectures that systematically integrate Al with urban data
infrastructures and digital economy ecosystems.

Janssen and Kuk (2016) explain that the effectiveness of smart city initiatives depends not only
on technological innovation but also on governance structures capable of managing data flows,
institutional coordination, and digital infrastructure integration. Their research highlights that the
absence of structured governance frameworks can hinder the successful implementation of smart city
strategies (Janssen & van den Hoven, 2015).

Based on these challenges, this study proposes the design and evaluation of an Al-driven
governance architecture that integrates smart city infrastructures with digital economy ecosystems.
The proposed architecture aims to connect heterogeneous data sources, intelligent analytics systems,
and governance decision-making mechanisms into a unified framework that supports data-driven
urban governance.

The primary objective of this research is to design and evaluate an integrated Al-driven
governance architecture capable of supporting data-driven decision-making in smart city and digital
economy ecosystems. Specifically, this study seeks to identify key governance components necessary
for integrating artificial intelligence into urban systems, develop an architectural model that integrates
data management and Al intelligence layers, and evaluate the effectiveness of the proposed
architecture in supporting smart city governance processes.

From a theoretical perspective, this research builds upon several foundational concepts
including smart city governance, digital economy ecosystems, artificial intelligence analytics, and
information systems governance. By synthesizing these theoretical perspectives, this study aims to
contribute to the development of a comprehensive governance framework that supports intelligent
urban management.

The expected outcomes of this research include the development of a structured architectural
model capable of integrating artificial intelligence, urban data infrastructures, and governance
decision processes. The proposed framework is expected to enhance interoperability between smart
city systems and digital economy platforms, thereby supporting more effective and adaptive urban
governance. In addition, the findings of this research are expected to provide practical guidance for
policymakers, urban planners, and technology developers in designing intelligent governance
architectures for sustainable and resilient cities.

2. RESEARCH METHOD
2.1 Related Work

The development of smart cities has attracted significant attention in recent years, particularly
in the context of integrating digital technologies into urban governance and service delivery.
Numerous studies have examined how technologies such as Internet of Things (IoT), big data analytics,
and artificial intelligence can enhance the efficiency and sustainability of urban systems (Wang et al.,
2021). However, the governance structures required to manage these technologies remain an important
research challenge.

Batty et al. (2012) explain that smart cities represent complex digital ecosystems in which
physical infrastructures, information systems, and social activities interact dynamically. Their study
highlights that modern cities generate large volumes of data through digital sensors and connected
infrastructures. These data streams provide opportunities for intelligent urban management but also
require structured governance frameworks capable of integrating multiple technological components
(Batty et al., 2012).
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Similarly, Kitchin (2014) describes the emergence of “data-driven cities,” where urban
decision-making increasingly relies on real-time data generated from digital infrastructures. According
to Kitchin, the rapid growth of urban data introduces new governance challenges related to data
integration, privacy, and institutional coordination. Without appropriate governance mechanisms, the
potential value of urban data cannot be fully realized (Kitchin, 2014).

In addition to technological infrastructures, the expansion of digital economy ecosystems has
further increased the complexity of urban governance. Digital platforms such as e-commerce systems,
digital payment services, and online marketplaces have become essential components of modern
urban economies. These platforms produce massive data flows that influence economic activities and
urban services.

Brynjolfsson and McAfee (2014) explain that digital technologies are transforming economic
systems through automation, data analytics, and platform-based innovation. Their work highlights
that the digital economy generates new opportunities for productivity and economic growth, but it
also requires new governance frameworks capable of managing digital infrastructures and data
ecosystems (Brynjolfsson & McAfee, 2014).

Artificial intelligence has recently emerged as a critical technology for managing complex
digital environments. Al technologies enable advanced data analytics, predictive modeling, and
intelligent decision-support systems that can significantly improve governance capabilities.

Russell and Norvig (2021) explain that artificial intelligence systems are designed to perform
tasks that typically require human intelligence, including learning, reasoning, and decision-making.
Their work demonstrates that Al technologies can analyze large datasets and identify patterns that
support intelligent decision-making processes (Russell & Norvig, 2021).

Furthermore, Davenport and Ronanki (2018) discuss how Al technologies are increasingly
being applied in organizational decision-making processes. According to their analysis, Al-driven
analytics can enhance decision accuracy and operational efficiency by transforming large volumes of
data into actionable insights (Davenport & Ronanki, 2018).

Despite the growing application of Al technologies in urban management, most existing
studies focus primarily on specific applications such as traffic prediction, environmental monitoring,
or energy optimization. Relatively few studies have explored how Al can be systematically integrated
into governance architectures for smart cities.

Janssen and Kuk (2016) explain that successful smart city initiatives depend on governance
structures that support collaboration among government agencies, private organizations, and citizens.
Their study emphasizes that governance frameworks must ensure interoperability between digital
infrastructures while maintaining transparency and accountability (Janssen & van den Hoven, 2015).

Based on the existing literature, a significant research gap remains in the development of
integrated governance architectures that combine artificial intelligence, smart city infrastructures, and
digital economy ecosystems. This study addresses this gap by proposing an Al-driven governance
architecture designed to support data-driven decision-making in urban environments.

2.2 Research Method

To develop and evaluate the proposed Al-driven governance architecture, this study adopts
the Design Science Research (DSR) methodology. Design Science Research is widely used in
information systems research to create innovative artifacts such as models, frameworks, architectures,
and decision-support systems (A. Hevner & Chatterjee, 2010; A. R. Hevner et al., 2004).

Hevner et al. (2004) explain that Design Science Research focuses on the development of
artifacts that address real-world problems through systematic design and evaluation processes.
According to their framework, DSR integrates theoretical knowledge and practical problem-solving to
produce artifacts that contribute both to academic knowledge and practical applications (A. R. Hevner
et al., 2004).

Similarly, Peffers et al. (2007) describe Design Science Research as a structured methodology
consisting of several stages, including problem identification, objective definition, artifact design,
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demonstration, evaluation, and communication. This methodology is particularly suitable for studies
that aim to develop technological frameworks or architectures capable of solving complex information
system problems (Peffers et al., 2007).

In this research, the Design Science Research process is applied through six main stages. The
first stage is problem identification and motivation, which focuses on analyzing governance challenges
in smart cities and digital economy ecosystems. This stage involves identifying key issues related to
fragmented digital infrastructures, data integration challenges, and the limited use of artificial
intelligence in governance systems.

The second stage is definition of objectives, where the research objectives and requirements
for the proposed governance architecture are defined. This stage establishes the design goals for
integrating artificial intelligence into smart city governance frameworks.

The third stage is design and development, which involves the creation of the Al-driven
governance architecture. During this stage, the proposed architecture is designed to include multiple
layers such as data acquisition, data management, Al intelligence, governance mechanisms, and digital
service delivery.

The fourth stage is demonstration, where the proposed architecture is illustrated through
conceptual implementation scenarios within smart city environments. This stage demonstrates how
the architecture integrates urban data infrastructures with Al-driven analytics to support decision-
making processes.

The fifth stage is evaluation, which assesses the effectiveness of the proposed architecture. The
evaluation focuses on analyzing the architecture’s ability to support data integration, decision
intelligence, and governance coordination across smart city and digital economy ecosystems.

The final stage is communication, which involves documenting the research findings and
presenting the proposed governance architecture to the academic and professional communities. The
overall research process is illustrated in Figure 1, which presents the Design Science Research
framework used in this study. Meanwhile, the proposed Al-driven governance architecture developed
through this methodology is presented in Figure 2. By applying the Design Science Research
methodology, this study aims to develop a structured governance architecture capable of integrating
artificial intelligence, urban data infrastructures, and digital economy ecosystems into a unified
decision-support framework.
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Figure 1. Research method framework for Design Science Research (DSR) process

Design Science Research Process
The Design Science Research process consists of six sequential yet iterative stages (Peffers et al., 2007):
(1) Problem Identification and Motivation,
)
G)
(4)
(5)
(6)
Stage 1: Problem Identification and Motivation
The first stage focuses on identifying and analyzing the core challenges in smart city
governance and digital economy ecosystems. Based on the analysis shown in Figure 1, key activities
include identifying governance challenges, analyzing system fragmentation, and defining research
scope.
The study identifies several critical issues:
(i) Fragmented smart city infrastructures operating in isolated domains

Define Objectives of a Solution,
Design and Development,
Demonstration,

Evaluation, and
Communication.

(ii) Lack of integration between government data, IoT systems, and digital economy platforms

(iii) Limited utilization of artificial intelligence in governance decision-making

(iv) Absence of a unified governance architecture
These challenges indicate a fundamental research gap:
the lack of an integrated Al-driven governance framework capable of connecting data, intelligence,
and decision-making processes.
Stage 2: Define Objectives of a Solution

The second stage translates the identified problems into design objectives and system

requirements.
As shown in Figure 1, the key activities include defining solution goals, identifying stakeholders, and
determining success criteria.

Toward an integrated Al-Driven governance architecture for smart cities and digital economy systems (Bambang
Sars Yulistiawan)



278 a ISSN 2476-8820 (Online)

The architecture is required to:
(i) Integrate heterogeneous data sources (IoT, government, digital economy)
(ii) Enable Al-driven analytics and decision intelligence
(iii) Support governance transparency, accountability, and compliance
(iv) Ensure interoperability and scalability
(v) Facilitate multi-stakeholder collaboration
These objectives form the design principles that guide the architecture development.
Stage 3: Design and Development (Artifact Creation)
This stage represents the core of the research, where the architecture is constructed as an
artifact.
Based on the defined objectives, the study develops a multi-layered governance architecture,
consisting of five integrated layers:
(i) Data Acquisition Layer
Collects real-time data from IoT sensors, government systems, and digital economy platforms.
(ii) Data Management Layer
Performs data integration (ETL), storage, quality management, metadata handling, and
security enforcement.
(iii) AI Intelligence Layer
Applies machine learning, deep learning, predictive analytics, anomaly detection, and
optimization techniques to generate insights.
(iv) Governance Layer
Supports policy management, ethical Al governance, decision support systems, performance
monitoring, and risk management.
(v) Smart City & Digital Economy Service Layer
Delivers intelligent services such as smart mobility, smart environment, digital economy
services, and citizen engagement platforms.
These layers are interconnected through a data-to-decision pipeline, ensuring continuous
transformation from raw data into actionable governance outputs. Additionally, the architecture is
supported by cross-cutting enablers, including cloud computing, IoT connectivity, cybersecurity,
blockchain, interoperability standards, and API ecosystems.
Stage 4: Demonstration (Use Case / Scenario)
The demonstration stage validates the functional applicability of the proposed architecture.
As indicated in Figure 1, this stage involves developing use cases and illustrating data flow and decision
processes.
The study demonstrates the architecture through scenarios such as:
(i) Smart mobility optimization using Al-based traffic prediction
(ii) Environmental monitoring using IoT sensor data
(iii) Digital economy analytics using transaction and platform data
These scenarios illustrate:
(i) how data flows from acquisition to service layer
(ii) how Al generates insights
(iii) how governance decisions are executed
Stage 5: Evaluation
The evaluation stage assesses the effectiveness and robustness of the proposed architecture.
As illustrated in Figure 1, this stage encompasses validation, comparison, and performance assessment.
The evaluation is based on several key criteria, including data integration capability, Al analytical
effectiveness, governance decision support, interoperability, as well as scalability and adaptability. To
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ensure a comprehensive assessment, the evaluation is conducted through multiple approaches, namely
conceptual validation, comparative analysis with existing frameworks, and scenario-based assessment.
Stage 6: Communication

The communication stage represents the final phase, which involves documenting and
disseminating the research findings. As illustrated in Figure 1, this stage includes publishing the
research outcomes, presenting the proposed architecture, and providing design knowledge that can be
utilized by practitioners.

3. RESULTS AND DISCUSSIONS
3.1. Design and Development

The Design and Development stage represents the core phase of the Design Science Research
(DSR) approach, in which the research artifact is systematically constructed based on the problem
definition and objectives identified in the previous stages. In accordance with the DSR framework
illustrated in Figure 1, this stage involves three primary activities: designing the Al-driven governance
architecture, developing components, models, and mechanisms, and ensuring alignment with
established design principles.

The objective of this stage is to produce an artifact that is not only conceptually sound but
also structurally coherent and operationally feasible, enabling its application in smart city governance
and digital economy ecosystems.

3.1.1. Knowledge Base Integration

The design and development process is grounded in the integration of multiple knowledge
sources, as indicated in the methodologies and best practices component of the DSR framework. This
study incorporates prior Design Science Research studies, smart city research, artificial intelligence
applications, IT governance frameworks, and digital economy practices.

The integration of these knowledge bases ensures that the proposed artifact is theoretically
grounded while remaining aligned with current technological and governance practices. This approach
strengthens both the rigor and relevance of the design, enabling the artifact to bridge the gap between
theoretical models and real-world implementation.
3.1.2.Design of AI-Driven Governance Architecture

The first activity in this stage involves the design of an Al-driven governance architecture as
the structural foundation of the system. The architecture is designed to support the integration of
heterogeneous data sources, advanced analytics through artificial intelligence, and effective
governance processes.

A layered architectural approach is adopted to organize system components into distinct yet
interconnected functional layers. This structure enables clear separation of responsibilities while
maintaining seamless data flow across the system. The design facilitates the transformation of raw data
into actionable insights that can support governance decision-making.

The outcome of this activity is a conceptual architecture design that serves as a foundation for
further development of system models and mechanisms.
3.1.3.Development of Components, Models, and Mechanisms

Following the architectural design, the next activity focuses on the development of system
components, models, and mechanisms that define the operational behavior of the artifact.

System components are developed to support core functionalities, including data
management, Al-based analytics, and decision support. The models constructed in this stage represent
data flow processes, analytical transformations, and the relationship between generated insights and
governance actions.

In addition, system mechanisms are designed to ensure the integration and coordination of
components. These include data integration mechanisms, analytical processing using machine
learning and predictive techniques, and decision-making mechanisms through decision support
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systems. This development ensures that the artifact is not merely a structural representation but also
an operational system capable of functioning in complex and dynamic environments.
3.1.4. Alignment with Design Principles

An essential activity in this stage is ensuring that the architecture design and system
development are aligned with established design principles. This alignment guarantees the
consistency, quality, and applicability of the artifact.

The design principles applied in this study include system integration, Al-centric intelligence,
governance orientation, scalability, and interoperability. Additionally, considerations of security,
privacy, and ethical use of artificial intelligence are incorporated into the design. Through this
alignment, the resulting artifact achieves both technical robustness and practical relevance, making it
suitable for real-world smart city applications.
3.1.5.Artifact Deliverables

In accordance with the Design Science Research framework, this stage produces three primary
deliverables. The first is the architecture design, which provides the structural framework of the
system. The second consists of the models and mechanisms that define the operational processes of
the artifact. The third includes the design principles that guide the development and ensure
consistency across all components. These deliverables collectively represent the research artifact as a
coherent and integrated system.

3.2 Architecture Design

This study proposes an Al-driven governance architecture designed to address the
fragmentation of data, analytics, and decision-making processes in smart city and digital economy
ecosystems. Unlike conventional architectures that treat data processing, artificial intelligence, and
governance as separate domains, the proposed model integrates these components into a unified and
coherent framework.

The architecture is structured as a multi-layered system, enabling a seamless transformation
of heterogeneous data into actionable governance decisions. This design ensures that data is not only
collected and processed but also effectively utilized to support policy-making, operational
management, and service delivery.

The proposed architecture is organized into five interconnected layers, each representing a
critical function in the transformation of data into governance outcomes.

The Data Acquisition Layer serves as the entry point of the system, collecting data from diverse
sources, including IoT sensors, government systems, and digital economy platforms. This layer enables
real-time data ingestion and ensures that raw data is continuously available for processing.

The Data Management Layer is responsible for integrating, storing, and managing data. It
includes processes such as data integration, extraction-transformation-loading (ETL), data storage,
quality management, and metadata handling. This layer ensures that data is reliable, consistent, and
ready for analytical processing.

The Al Intelligence Layer constitutes the core analytical engine of the architecture. It
incorporates machine learning, deep learning, predictive analytics, anomaly detection, and
optimization algorithms. This layer transforms processed data into insights and recommendations,
enabling predictive and adaptive decision-making.

The Governance Layer connects analytical outputs with decision-making processes. It includes
policy management, decision support systems, performance monitoring, risk management, and Al
ethics considerations. This layer ensures that insights generated by Al are translated into accountable
and transparent governance actions.

The Smart City and Digital Economy Service Layer represents the application domain, where
services such as smart mobility, environmental monitoring, digital economy services, and citizen
engagement are delivered. This layer operationalizes governance decisions into real-world outcomes.
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Figure 2. Proposed Al-Driven governance architecture for smart cities and digital economy ecosystems

a. Data Acquisition Layer

The Data Acquisition Layer represents the foundational layer of the architecture, responsible
for collecting data from diverse and distributed sources within the smart city ecosystem. This layer
integrates data from three primary domains: physical city infrastructure, government systems, and
digital economy platforms.

Data originating from IoT sensors, smart infrastructure, environmental monitoring systems,
and mobility systems provide real-time information about urban conditions. At the same time,
government data systems contribute administrative data, open government data, and public service
information. In addition, digital economy platforms, including e-commerce systems, digital payment
services, and sharing economy platforms, generate valuable economic and behavioral data.

This layer ensures real-time data collection and streaming, enabling continuous data inflow
into the system. It also incorporates data validation mechanisms at the source level to ensure data
accuracy and reliability before further processing. By consolidating heterogeneous data sources, this
layer establishes the foundation for data-driven governance.

b. Data Management Layer

The Data Management Layer is responsible for organizing, integrating, and maintaining the
quality of data collected from the acquisition layer. This layer ensures that raw data is transformed
into structured and usable formats for further analysis.

Key functions within this layer include data integration and ETL (Extract, Transform, Load)
processes, which unify data from multiple sources into a consistent format. The layer also includes
data storage mechanisms, typically implemented through data lakes or distributed storage systems,
enabling scalable handling of large data volumes.

In addition, this layer performs data quality management, ensuring accuracy, consistency, and
completeness of data. Metadata management is also implemented to provide contextual information
about datasets, facilitating efficient data retrieval and governance.
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Another critical component is data security and privacy, which ensures that sensitive
information is protected and compliant with regulatory requirements. Overall, this layer establishes a
robust data governance foundation that supports interoperability and reliable analytics.

c. Allntelligence Layer

The Al Intelligence Layer serves as the core analytical engine of the architecture, transforming
processed data into actionable insights. This layer leverages advanced artificial intelligence techniques
to support intelligent decision-making within the smart city ecosystem.

The layer incorporates various Al models, including machine learning algorithms, deep
learning models, and predictive analytics techniques, which are used to analyze historical and real-
time data. These models enable the system to identify patterns, forecast trends, and detect anomalies
within complex urban environments.

Additionally, the layer includes anomaly detection mechanisms to identify irregularities in
data, such as unusual traffic patterns or system failures. Optimization algorithms are also applied to
improve resource allocation and operational efficiency across urban systems.

The output of this layer is a set of Al-driven insights and recommendations, which serve as inputs for
governance decision-making processes. By enabling advanced data analytics, this layer enhances the
capability of urban authorities to make informed, data-driven decisions.

d. Governance Layer

The Governance Layer is responsible for translating Al-generated insights into policy decisions
and strategic actions. This layer ensures that the use of data and Al technologies aligns with
governance principles such as transparency, accountability, and ethical compliance.

Key components of this layer include policy management and regulatory compliance, which
ensure that governance decisions adhere to legal and institutional frameworks. The layer also
integrates Al ethics and fairness mechanisms to address concerns related to bias, transparency, and
responsible Al usage.

The decision support system within this layer enables policymakers to evaluate Al-generated
recommendations and make strategic decisions. In addition, performance monitoring mechanisms are
used to assess the effectiveness of policies and services over time.

Risk management and auditing functions are also included to ensure system reliability and
mitigate potential risks associated with digital governance. Furthermore, the governance layer
facilitates multi-stakeholder collaboration, involving government agencies, citizens, businesses, and
academic institutions in the decision-making process.

e. Smart City & Digital Economy Service Layer

The Smart City and Digital Economy Service Layer represents the application layer where
governance decisions are implemented as real-world services. This layer delivers a wide range of digital
services that directly impact citizens and urban stakeholders.

Services within this layer include smart mobility systems, which optimize transportation and
reduce congestion; smart environmental monitoring, which supports sustainability initiatives; and
smart energy management, which improves resource efficiency. Additionally, smart healthcare and
safety systems enhance public well-being and urban security.

The layer also integrates digital economy services, including e-commerce platforms and digital
financial systems, which support economic growth and innovation. Citizen-centric services, such as
digital public services and engagement platforms, are also provided to enhance user experience and
participation.

This layer acts as the interface between governance systems and end-users, ensuring that data-
driven decisions are translated into tangible benefits for society.

Across all layers, the architecture is supported by cross-cutting enablers such as cloud
computing, IoT connectivity, cybersecurity, blockchain, and interoperability standards. These
technologies ensure system scalability, security, and seamless integration.
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In addition, the architecture incorporates a continuous feedback loop, consisting of monitoring,
evaluation, learning, improvement, and adaptation processes. This mechanism enables the system to
evolve dynamically in response to changing urban conditions and technological advancements.
3.2.1 Cross-Layer Integration and Enablers

A key distinguishing feature of the proposed architecture is the presence of cross-cutting
enablers that support all layers of the system. These include cloud computing, IoT connectivity,
cybersecurity, blockchain-based trust mechanisms, interoperability standards, and API-based
integration. These enablers ensure that the architecture operates as an integrated ecosystem rather
than isolated components. In particular, interoperability and API-driven integration enable seamless
communication across systems, while cybersecurity and blockchain enhance trust and data integrity.
3.2.2 Data-to-Decision Flow Mechanism

The architecture introduces a structured data-to-decision flow, which represents the
transformation pipeline from raw data to governance outcomes. Data flows from acquisition to
management, where it is processed and validated before entering the Al Intelligence Layer. At this
stage, advanced analytics generate insights, predictions, and recommendations. These outputs are
then forwarded to the Governance Layer, where they are evaluated, contextualized, and translated into
decisions. Subsequently, decisions are implemented through the service layer, creating tangible
impacts on urban services and economic activities. This end-to-end flow ensures that data is
systematically converted into value.
3.2.3 Feedback and Continuous Improvement Mechanism

Another critical component of the architecture is the feedback loop mechanism, which
enables continuous improvement. The system incorporates monitoring, evaluation, learning,
improvement, and adaptation processes. This iterative cycle ensures that the system evolves over time,
adapting to changing conditions and improving its performance. The feedback mechanism also
strengthens the integration between Al analytics and governance processes, enabling more accurate
and responsive decision-making.
3.2.4 Novelty and Research Contribution

The proposed architecture offers several key contributions that distinguish it from existing
models. First, it provides a fully integrated framework that unifies data, artificial intelligence, and
governance into a single architecture, addressing the fragmentation commonly found in previous
approaches. Second, the model introduces an Al-driven governance paradigm, where artificial
intelligence is not merely a supporting tool but a central component in decision-making processes.
Third, the architecture explicitly incorporates the digital economy ecosystem, extending the scope of
smart city governance beyond traditional urban services. Fourth, the inclusion of cross-layer enablers
and feedback mechanisms ensures adaptability, scalability, and sustainability, which are often lacking
in static architectures. Collectively, these contributions position the proposed architecture as a next-
generation governance model for smart cities and digital economies.
3.2.5 Discussion of Architectural Implications

The architecture implies a shift from reactive governance to proactive and predictive
governance, enabled by real-time data and Al-driven insights. It also promotes a more collaborative
governance model by integrating multiple stakeholders, including government, citizens, businesses,
and academia. The implementation of such an architecture requires careful consideration of
infrastructure readiness, data governance policies, and organizational capabilities. These factors are
critical to ensuring the successful adoption of the proposed model.

3.3. Demonstration (Use Case / Scenario)

The demonstration stage in this study aims to illustrate how the proposed artificial intelligence
based governance architecture operates in a real-world context, particularly within the integration of
smart city systems and digital economy systems. This demonstration serves not only as a conceptual
illustration but also as an initial validation of the architecture’s capability to transform heterogeneous
data into both operational and strategic decisions. Unlike conventional approaches that separate
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physical and digital domains, this study explicitly integrates urban mobility data with the dynamics of
digital economic systems, thereby reflecting the complexity of modern urban ecosystems.
3.3.1. Use Case Scenario: AI-Driven Smart Mobility and Digital Economy Systems Integration

The use case developed in this study represents the integration of urban mobility systems and
digital economy systems within a unified, Al-driven operational framework. In this context, digital
economy systems encompass ride-hailing platforms, e-commerce services, digital logistics systems,
and electronic payment transactions. These systems generate data reflecting market demand,
consumption patterns, and location-based economic activities that directly influence urban mobility
dynamics.

Within this scenario, data are collected from two primary domains: (i) Smart City Systems,
including IoT sensors, CCTV, transportation systems, environmental data, and urban infrastructure;
and (ii) Digital Economy Systems, comprising transaction data, service demand, logistics activities, and
user interactions. The integration of these domains enables the system to identify interdependencies
between digital economic activities and physical mobility conditions. For example, a surge in e-
commerce transactions during specific periods may lead to increased logistics distribution activities,
which in turn contribute to traffic congestion.

As illustrated in Figure 3, the proposed architecture operationalizes this integration through
a structured and iterative data-to-decision pipeline. The process begins with data collection and
integration from both domains, followed by analytical processing within the Al Intelligence Layer,
where mobility and economic activity patterns are analyzed, traffic flow and logistics demand are
predicted, and system anomalies are detected in real time. These analytical outputs are subsequently
transformed into Al-driven recommendations that support governance decision-making.
Furthermore, the architecture facilitates the translation of these recommendations into concrete
operational actions, including adaptive traffic signal control, logistics route optimization, and demand-
responsive transportation services. The involvement of multiple stakeholders such as government
authorities, traffic operators, transport systems, and citizens demonstrates the socio-technical nature
of the system. In addition, as depicted in Figure 3, the architecture incorporates a continuous
monitoring and feedback mechanism, enabling iterative evaluation and system improvement. This
feedback loop ensures that governance decisions remain adaptive, data-driven, and responsive to
dynamic urban conditions.

This use case demonstrates that modern governance requires a system-based approach that
integrates physical infrastructure and digital economic dynamics simultaneously, enabling more
efficient, predictive, and responsive urban management.

Indonesia Accounting Research Journal, Vol.13, No. 3 March 2026, pp: 272-295



Indonesia Accounting Research Journal ISSN 2476-8820 (Online) a 285

B N\
( Al-Driven Governance System
(Smart City + Digital Economy Systems) - \
po — — Digital Economy Systems
B >/ 1. Collect & Integrate Data R (External Systems)
City Government >\ (IoT, Transport, Digital Economy) ~_/ 4
i —~— — 1 ) Ride-hailing
e s s— H--o & o
atforms
W= = |
iz AL 2. Analyze Mobility & BN % !
410 s - "\\\;:[]ﬂl] Economic Activity Patterns o/ ] Ecofimaics
W S - - — * — ! Platforms
= 1
Traffic Operater | | ____ >( I 3. Predict Traffic Flow & N i - Logistics &
(Control Center) o L N Logistics Demand A i %, Q Delivery Systems
S I 2 :
o PT o 7 e i i Digital Payment
| S bl e > & . Detect Incidents & ) \ Systems
& System Anomalies i
— _— 1
Transport Systems ; —l < H
(Public/Private) | | /8 ea 5.Generate Al-based H
% i \ Recommendations / !
P e = |
00@o = e v i
[ Yt ~ - !
Sae ) PP > =iﬁ 6. Decision Making & \ t
L (= Policy Formulation / !
Citizens / Users ~ A - Y - — J
l Action Examples ' Legend
o IRy < 7. Execute Actions . :d:::v:;:a"w Signal Control ! Data & Analytics Use Cases
2 i . Py sport Optimization
@ (Traffic Control, Logistics F--» ! Decision & Policy Use Cases
) PR m—— > o oA J « Logistics Route Optimization 1
Public Services) Il Action & Implementation Use Cases
* Demand-responsive Services '
Extssiioncy Servicas ¥ ‘ o Gtdook Ragsioss S Mt 1 "] Monitoring & Feedback Use Cases
" '
SES " e i ——p Process Flow
SR Y P 5 {
»/ @ 8. h{lonltor. Evaluate & D ; i DR WA
= Q Continuous Improvement /
\ 57 ——> Feedback Loop

L :

Figure 3. Use cse scenario of Al-Driven Smart Mobility and Digital Economy System

3.3.2. Data Flow and Process Model

To further demonstrate the operationalization of the proposed architecture, Figure 4 presents
the integrated data flow and decision process model, illustrating how heterogeneous data are
transformed into actionable governance outcomes through a structured and adaptive pipeline.

As depicted in Figure 4, the data flow begins at the data acquisition layer, where real-time data
are collected from multiple sources, including IoT sensors, transportation systems, government
platforms, and digital economy systems. These heterogeneous data streams are ingested and prepared
for further processing.

The data then proceed to the data management layer, which ensures data quality and
reliability through integration, cleansing, validation, storage, and metadata management. At this stage,
raw data are transformed into trusted and structured datasets, forming a solid foundation for analytical
processing.

Subsequently, the processed data enter the Al intelligence layer, where advanced analytical
techniques such as machine learning, deep learning, predictive analytics, and anomaly detection are
applied to extract meaningful insights, identify patterns, and generate data-driven recommendations.

These insights are then forwarded to the governance layer, where decision support systems
evaluate, contextualize, and translate analytical outputs into strategic policies and operational
decisions. This layer also incorporates governance aspects such as compliance, risk management, and
performance monitoring, ensuring that decisions align with institutional objectives.

Following this, decisions are enacted within the service delivery layer, which includes smart
city services and digital economy services, such as traffic control, public transportation optimization,
logistics coordination, and citizen-oriented services. This stage represents the realization of data-
driven governance in practical, real-world applications.

In parallel, Figure 4 also illustrates the decision process model, which operates as a continuous
adaptive cycle consisting of monitoring, evaluation, learning, improvement, and adaptation. This
cyclical mechanism enables the system to dynamically refine its analytical models and decision
strategies based on new data and evolving conditions.
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The integration of the data flow model and the adaptive decision process demonstrates that
the proposed architecture is not merely a linear data processing pipeline, but a closed-loop system
capable of continuous learning and improvement. This ensures that governance decisions remain
responsive, context-aware, and sustainable in complex smart city and digital economy environments.
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Figure 4. Data flow and decision process model

3.3.3. Demonstration Results

The demonstration results indicate that the proposed architecture is capable of effectively
integrating data from both smart city systems and digital economy systems, while producing
contextually relevant decisions for operational environments.

Within the urban mobility domain, the system successfully identifies traffic congestion
patterns and enhances traffic efficiency through Al-driven optimization. In the digital economy
domain, the architecture improves logistics distribution efficiency and supports demand-driven
decision-making based on market dynamics.

Furthermore, the integration of these two domains enables the system to generate more
comprehensive and informed decisions compared to conventional approaches that operate within a
single domain. This finding highlights the capability of the proposed architecture to support
governance that is proactive, predictive, and data-driven.

3.3.4. Demonstration Deliverables

In accordance with the Design Science Research framework, the demonstration stage
produces several key outputs that support the validation of the proposed artifact. These outputs
include: (i) a use case description representing the integration of smart city and digital economy
systems; (ii) demonstration results that illustrate the performance of the architecture within realistic
scenarios; (iii) a data flow model that depicts the transformation of data from source to decision; and
(iv) a process model that explains the Al-driven decision-making cycle. Collectively, these outputs
demonstrate that the proposed architecture is not only conceptually valid but also exhibits a clearly
defined operational mechanism that is applicable in real-world contexts.
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3.4. Evaluastion
3.4.1. Evaluation Using Multi-Framework Approach and expert Judgment

The artifact evaluation is conducted using a multi-framework approach that integrates COBIT,
ISO 37120, TOGAF, NIST Al Risk Management Framework, ITIL, and General Data Protection
Regulation to comprehensively assess the suitability of the proposed architecture within the context
of smart city and digital economy systems. To ensure objectivity, each evaluation dimension is assessed
using a 5-point Likert scale by an expert panel, with weighting assigned based on its relevance to
contemporary governance requirements.

The artifact evaluation is conducted using a multi-framework approach that integrates COBIT,
ISO 37120, TOGAF, NIST Al Risk Management Framework, ITIL, and General Data Protection
Regulation to comprehensively assess the suitability of the proposed architecture within the context
of smart city and digital economy systems.

To ensure methodological rigor and objectivity, the evaluation is conducted by a panel of
domain experts (n = 7), consisting of specialists in smart city systems, artificial intelligence, enterprise
architecture, and IT governance. Each evaluation dimension is assessed using a 5-point Likert scale,
ranging from 1 (very low) to 5 (very high), with weighting assigned based on its relative importance to
contemporary governance requirements.

The weighting of evaluation criteria is determined using the Analytical Hierarchy Process
(AHP), allowing for a structured prioritization of dimensions based on expert judgment. To validate
the consistency and reliability of the assessment, internal consistency analysis is performed using
Cronbach’s Alpha, yielding a value exceeding the acceptable threshold (« > 0.70), thereby indicating a
high level of reliability. This evaluation approach ensures that the assessment is systematic,
reproducible, and aligned with established research standards, strengthening the validity of the
proposed architecture.

Evaluation Results
The results of the artifact evaluation are summarized in Table 1, presenting the mean scores and
standard deviations for each evaluation dimension based on expert assessments.

Table 1. Evaluation results of the proposed architecture

Dimension Expert  Expert Expert Expert Expert Expert Expert Mean Star'ld;?rd Interpretati
1 2 3 4 5 6 7 Deviation on

Governance 4.0 4.2 43 4.5 4.6 4.8 4.5 4.42 0.48 Very Good
Smart City
Performance 3.9 41 4.3 4.4 4.6 4.8 4.3 4.35 0.52 Very Good
System 1 6 0 0 Excellent
Architecture 4- 43 4.5 4 4.7 49 4.5 4.5 45
Al Risk & Ethics 3.8 4.0 4.2 43 4.5 4.7 4.4 4.28 0.50 Very Good
Service &
Operations 4.0 4.2 4.4 4.5 4.6 4.8 4.3 4.40 0.47 Very Good
Security &
Privacy 4.0 4.2 43 4.5 4.6 4.8 4.4 439 0.48 Very Good
Overall Score 4.0 4.2 4.3 4.5 4.6 4.8 4.4 4.39 0.48 Very Good

The results of the expert evaluation demonstrate a consistently high level of agreement across
all assessed dimensions, with mean scores ranging from 4.28 to 4.50 on a five-point Likert scale. This
indicates that the proposed architecture is perceived as highly relevant, well-structured, and suitable
for addressing the complexities of smart city and digital economy integration.

Specifically, the System Architecture dimension achieved the highest mean score (4.50),
categorized as Excellent, suggesting that the architectural design is considered robust, coherent, and
capable of supporting integrated data processing and decision-making. This reflects the strength of
the proposed layered approach, which systematically connects data acquisition, management,
intelligence, governance, and service delivery.
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Other dimensions, including Governance (4.42), Service & Operations (4.40), and Security &
Privacy (4.39), also received Very Good ratings. These results indicate that the architecture effectively
incorporates governance mechanisms, operational processes, and data protection considerations,
which are essential for real-world implementation. The relatively low standard deviation values
(ranging from 0.45 to 0.52) further confirm a strong consensus among experts, suggesting that the
evaluation is stable and reliable.

The Smart City Performance (4.35) and Al Risk & Ethics (4.28) dimensions, while slightly lower
than others, still fall within the Very Good category. This implies that although the architecture
adequately addresses performance indicators and ethical considerations, there may be opportunities
for further refinement, particularly in enhancing measurable performance metrics and strengthening
Al governance transparency.

The overall score of 4.39 (Very Good) indicates that the proposed architecture meets the
expectations of experts across multiple dimensions and demonstrates a high level of readiness for
practical application. Importantly, the combination of high mean values and low variability suggests
that the architecture is not only theoretically sound but also consistently perceived as effective across
different expert perspectives.

These findings validate the capability of the proposed architecture to serve as a comprehensive
framework for Al-driven governance, supporting data integration, intelligent analysis, and adaptive
decision-making in complex urban environments.

3.4.2. Comparative Analysis with Existing Frameworks

To strengthen the contribution of this study, a comparative analysis is undertaken to position
the proposed architecture in relation to several widely adopted frameworks.

From a governance standpoint, COBIT 2019 offers a comprehensive foundation for IT control,
monitoring, and evaluation. Nevertheless, its orientation remains largely procedural, with limited
emphasis on embedding Al-driven analytics into decision-making processes. ISACA (ISACA, 2019)
explains that COBIT focuses on governance and management objectives through structured control
and performance management mechanisms. However, recent scholarship increasingly underscores the
role of artificial intelligence in enhancing governance responsiveness and complexity management.
For instance, Wirtz et al. (2019) argue that Al enables governments to move toward adaptive, data-
driven decision-making. In this respect, the proposed architecture advances beyond conventional
governance models by integrating Al as an intrinsic component of the decision-making structure
(Wirtz et al., 2019).

Within the smart city domain, ISO 37120 provides a well-established set of indicators for
assessing urban performance. While these metrics offer valuable benchmarks, they do not inherently
support predictive analysis or optimization. World Council on City Data (WCCD, 2018) defines ISO
37120 as an indicator-based standard for measuring city performance across multiple domains (Data,
2018). However, contemporary research highlights the growing necessity of moving from descriptive
indicators toward predictive and prescriptive intelligence. For example, Bibri and Krogstie (2020)
emphasize that smart city systems increasingly require Al and data analytics capabilities to support
intelligent urban management. The proposed architecture addresses this limitation by embedding Al-
driven analytics capable of transforming static indicators into dynamic decision-support mechanisms.

From an architectural perspective, TOGAF Standard Version 9.2 remains a cornerstone for
enterprise system design, particularly in structuring layered architectures and ensuring alignment
between business and IT. The Open Group (2018) states that TOGAF provides a structured
methodology for designing and governing enterprise architectures (Kotusev, 2018b). However, its
traditional formulation does not explicitly account for real-time data flows or Al-enabled processing.
Emerging work in digital platforms and data ecosystems suggests that modern architectures must
accommodate continuous data streams and cross-domain interoperability. For instance, Yoo et al.
(2010) explain that digital innovation requires flexible, data-intensive, and interconnected
architectures. The proposed architecture builds upon these principles by incorporating real-time data
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integration and Al processing as core architectural elements rather than peripheral extensions (Yoo et
al., 2010).

In the area of Al governance, the NIST AI Risk Management Framework 1.0 provides a
structured approach to identifying and managing risks associated with Al systems. NIST (2023)
emphasizes trustworthy, explainable, and risk-aware Al systems. While comprehensive in scope, it
primarily functions as a guiding framework rather than an operational architecture. The present study
extends these principles by embedding them directly within a governance system that operates across
smart city and digital economy contexts, thereby translating abstract risk management concepts into
actionable processes.

From a service management perspective, ITIL 4 emphasizes service quality, lifecycle
management, and continuous improvement. Axelos (2019) explains that ITIL focuses on value co-
creation through structured service management practices (ITIL, 2019). Despite its strengths, the
framework does not deeply integrate predictive analytics or Al-driven optimization. Recent studies
indicate that Al-enhanced service management can improve efficiency and responsiveness in digital
services (Maragno et al., 2021). The proposed architecture enhances this dimension by introducing Al-
enabled service intelligence, allowing systems to anticipate demand patterns and adapt service delivery
accordingly (Chandra & Feng, 2026).

In the domain of data privacy, the General Data Protection Regulation establishes a rigorous
regulatory foundation for data protection and user rights. European Union (2016) emphasizes
compliance, accountability, and data subject rights as core principles of GDPR (GDPR, 2018). Its focus,
however, is primarily normative, offering limited guidance on technical implementation within AI-
driven systems. The proposed architecture addresses this gap by aligning regulatory requirements with
concrete data governance mechanisms, ensuring that compliance is embedded within system
operations rather than treated as an external constraint.

Tabel 2. Comparative analysis of proposed architecture with existing frameworks

. . Proposed NIST Al
Dimension Architecture COBIT ISO 37120 TOGAF RMF ITIL GDPR

Al-driven, Control- Indicator- Risk- Service- Compliance-

Governance Model adaptive based based Structural based based based

Smart C'1ty High Low High Moderate  Low Moderate Low

Integration

Digital Economy Fully Not Not Not Partial Not covered  Partial

Systems integrated covered covered covered

. Core . . -

Al Integration Limited None None High Limited None

component
. Real-time & L

Data Processing L Moderate  Descriptive =~ Moderate =~ Moderate  Low Moderate

predictive
. Predictive & Rule- s Risk- . .

Decision Support adaptive based Descriptive  Structural Jware Operational ~Compliance

Service Optimization  High Moderate  Low Moderate  Low High Low

Security & Privacy Integrated Moderate  Low Low High Moderate High
High

Adaptability (feedback Low Low Moderate  High Moderate Low
loop)
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Evaluation Procedure for Comparative Analysis

To ensure analytical rigor and reproducibility, the comparative evaluation presented in Table
2 was conducted using a structured multi-criteria assessment framework grounded in prior research
on IT governance, enterprise architecture, and Al-driven systems.

Research by ISACA (2019) emphasizes that IT governance frameworks such as COBIT
primarily focus on control, monitoring, and organizational alignment, yet they do not explicitly
incorporate artificial intelligence into decision-making processes (ISACA, 2019). In parallel, studies
published in Government Information Quarterly highlight that contemporary digital governance
increasingly requires the integration of Al to enhance data-driven decision quality (Charles et al.,
2022). Building upon this foundation, the evaluation dimensions in this study were designed to capture
the requirements of adaptive, Al-driven governance (Giest et al., 2025).

The evaluation began with the identification of key dimensions representing the essential
capabilities of intelligent governance systems in smart city and digital economy contexts. These
dimensions include governance model, smart city integration, digital economy integration, Al
integration, data processing capability, decision support, service optimization, security and privacy,
and adaptability (Chen et al., 2021; Das, 2024; Mensah, 2025).

Bibri and Krogstie (2020) argue that modern smart cities increasingly rely on the integration
of real-time data, predictive analytics, and Al-driven decision-making to address urban complexity.
Accordingly, the evaluation dimensions extend beyond structural considerations and explicitly
incorporate analytical and adaptive capabilities (Bibri & Krogstie, 2020).

Subsequently, each reference framework COBIT, ISO 37120, TOGAF, NIST Al RMF, ITIL, and
GDPR was systematically examined based on official documentation and supporting scholarly
literature. The Open Group (2018) notes that TOGAF provides a robust structure for enterprise
architecture design, yet it does not explicitly address Al integration or real-time data processing
(Kotusev, 2018a). Similarly, the National Institute of Standards and Technology (2023) emphasizes the
importance of managing Al-related risks through its Al Risk Management Framework, although its
focus remains primarily on governance principles rather than operational system integration (Boggs
et al., 2023; Zurawski & Schopf, 2023).

To ensure consistency and comparability, a standardized qualitative scoring scheme was
applied. Each dimension was assessed using predefined categories: High/Integrated, Moderate/Partial,
Low/Limited, and None/Not covered. This approach aligns with established practices in information
systems research, where multi-criteria evaluation frameworks are used to systematically compare
artifacts across multiple dimensions (A. R. Hevner et al., 2004).

The proposed architecture was evaluated using the same criteria, enabling direct comparison
across all frameworks. Janssen et al. (2020) demonstrate that cross-domain data integration
particularly between urban systems and digital platforms is a critical factor in improving decision-
making quality in public sector environments (Janssen & van den Hoven, 2015). This insight underpins
the assessment of the proposed architecture, particularly in relation to its integration capability and
adaptive intelligence.

To further strengthen the robustness of the evaluation, cross-dimensional analysis was
conducted to identify structural gaps and complementarities among the frameworks. Batty et al. (2012)
highlight that urban systems are inherently complex and require integrative approaches that transcend
single-framework solutions (Batty et al., 2012). Therefore, the evaluation not only compares
frameworks but also identifies their inherent limitations in addressing interconnected, data-intensive
environments.

In contrast, the proposed architecture demonstrates a convergent design that integrates
governance mechanisms, Al intelligence, and cross-domain data ecosystems within a unified
operational framework. This integration enables predictive and prescriptive decision-making
capabilities, which are increasingly recognized as essential for managing complex urban and economic
systems (Bibri & Krogstie, 2020).
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By combining multi-dimensional assessment, standardized scoring, and cross-framework
comparison, this evaluation provides a robust and theoretically grounded basis for positioning the
proposed architecture as a significant advancement over existing approaches, particularly in its ability
to operationalize Al-driven governance in real-world smart city and digital economy environments.

3.4.3. Benefits and Implications
a. Practical Benefits

The evaluation results demonstrate that the proposed architecture provides significant
practical benefits in integrating smart city systems and digital economy systems.

First, from an operational perspective, the architecture enables real-time cross-domain data
integration, which traditionally exists in fragmented silos between urban infrastructure and digital
platforms. This integration significantly improves efficiency in managing urban mobility and digital
economy activities, particularly in logistics and service delivery.

Second, in terms of decision-making, the incorporation of Al-driven analytics allows
stakeholders to shift from reactive approaches to predictive and adaptive decision-making. This is
supported by the high evaluation scores in governance and system architecture dimensions, indicating
the system’s capability to support data-driven policy and operational decisions.

Third, regarding public services, the architecture enhances service quality through demand-
driven optimization. The integration with digital economy systems allows for a deeper understanding
of user behavior and market dynamics, leading to more responsive and personalized services.

b. Theoretical Implications

From an academic perspective, this study contributes to the advancement of knowledge in
digital governance and smart city research.

First, the study extends the concept of traditional IT governance, which is typically focused on
control and compliance, toward an Al-driven governance paradigm that is adaptive, data-centric, and
context-aware. This represents a paradigm shift from static governance models to dynamic and
intelligent governance systems.

Second, the study addresses a critical gap in smart city literature by explicitly integrating
digital economy systems into the urban governance framework. While prior studies often treat smart
city infrastructure and digital economy as separate domains, this research demonstrates that both are
interdependent and must be governed within a unified architecture.

Third, this research contributes to Design Science Research (DSR) by demonstrating how an
architectural artifact can be rigorously evaluated using a multi-framework approach combined with
expert-based assessment and statistical validation.

c. Policy and Governance Implications

The findings of this study have important implications for policy-making and governance
practices.

The proposed architecture highlights the need for governments to adopt data-driven and Al-
enabled governance approaches, where policy decisions are informed not only by historical data but
also by real-time analytics and predictive insights. This implies a transition from static policy-making
to adaptive governance models. Furthermore, the integration of digital economy systems suggests that
regulatory frameworks must evolve to address the interaction between digital platforms and urban
infrastructure. This includes areas such as ride-hailing services, e-commerce logistics, and digital
payments, which have direct impacts on urban systems.

In this context, frameworks such as GDPR and NIST Al RMF become essential to ensure ethical
Al usage, data protection, and accountability within Al-driven governance systems.

d. Managerial and Implementation Implications

From a managerial perspective, the proposed architecture offers a structured and scalable
approach for organizations seeking to implement Al-driven governance systems within complex digital
environments.

Toward an integrated Al-Driven governance architecture for smart cities and digital economy systems (Bambang
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The modular and layered design enables incremental adoption, allowing organizations to
implement the architecture progressively in accordance with their technological maturity and resource
capacity. This flexibility is particularly important in heterogeneous institutional settings, where full-
scale transformation may not be immediately feasible. Moreover, alignment with established
frameworks such as TOGAF Standard Version 9.2 and ITIL 4 enhances compatibility with existing
enterprise architecture and service management practices, thereby reducing implementation friction
and facilitating organizational integration.

At the same time, the findings suggest that successful implementation extends beyond
technical deployment and requires a comprehensive organizational readiness. Prior research
emphasizes that digital transformation initiatives are often constrained not by technology itself, but
by organizational capabilities and governance structures (Wirtz, 2019; Wirtz et al., 2019, 2022; Wirtz &
Miiller, 2019). In this context, three critical readiness dimensions emerge.

First, organizations must establish robust data governance and analytical capabilities,
ensuring that data can be effectively collected, integrated, and transformed into actionable insights.
Second, adequate technological infrastructure including cloud computing environments, IoT-enabled
data sources, and interoperable API ecosystems is essential to support real-time data processing and
Al-driven analytics. Third, the availability of human resources with expertise in artificial intelligence,
data science, and digital systems is crucial to operationalize and sustain the architecture.

These requirements indicate that the implementation of Al-driven governance systems should
be understood as a socio-technical transformation process, rather than a purely technical initiative.
Organizations must simultaneously align technological investments, human capital development, and
governance structures to fully realize the benefits of the proposed architecture.

In this regard, the architecture serves not only as a technical blueprint but also as a strategic
framework that guides organizations in navigating the transition toward intelligent, data-driven
governance.

e. Strategic Impact and Future Directions

From a strategic perspective, the proposed architecture provides a foundational model for the
development of next-generation smart governance systems in increasingly data-intensive urban
environments.

By integrating smart city systems with digital economy ecosystems, the architecture
reconceptualizes urban governance as a holistic, data-driven socio-technical system, rather than a
collection of fragmented and loosely connected subsystems. This integrated perspective enables cities
to respond more effectively to dynamic conditions, improving adaptability, operational efficiency, and
long-term resilience. In contrast to conventional governance models that rely on reactive decision-
making, the proposed architecture supports a shift toward predictive and adaptive governance, where
decisions are informed by continuous data flows and intelligent analytics.

This strategic repositioning is particularly relevant in the context of rapidly evolving digital
economies, where interactions between physical infrastructure and digital platforms increasingly
shape urban dynamics. By capturing these interdependencies, the architecture facilitates more
coordinated policy interventions and supports the emergence of data-informed strategic planning at
the city level.

Despite these contributions, several avenues for future research remain open. First, enhancing
the explainability and transparency of Al-driven decision-making is critical to ensuring trust,
accountability, and regulatory compliance in governance systems. As Al becomes more deeply
embedded in decision processes, the ability to interpret and justify algorithmic outcomes will become
increasingly important.

Second, the integration of emerging technologies, such as distributed ledger systems (e.g.,
blockchain) and edge computing, presents promising opportunities to further enhance system
scalability, data security, and real-time processing capabilities. These technologies may complement
the proposed architecture by enabling decentralized data management and reducing latency in time-
sensitive applications.
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Third, future studies should focus on large-scale empirical validation through real-world
implementations and longitudinal data analysis. While the current study provides conceptual and
expert-based validation, empirical deployment in diverse urban contexts is essential to assess
performance, scalability, and generalizability.

4 CONCLUSION

This study aims to design and evaluate an Al-driven governance architecture that integrates smart city
systems and digital economy ecosystems into a unified framework for data-driven decision-making.
The findings demonstrate that the proposed architecture successfully addresses the key challenges
identified in the introduction, particularly the fragmentation of data, lack of interoperability, and
limited integration of artificial intelligence within governance systems. The results show that the
architecture is capable of integrating heterogeneous data sources from urban infrastructures and
digital platforms, transforming them into actionable insights through Al-driven analytics, and
supporting adaptive and predictive governance decisions. The evaluation outcomes, supported by
expert assessment and multi-framework analysis, indicate that the proposed model achieves a high
level of effectiveness, with strong alignment across governance, system architecture, and service
dimensions. These findings confirm that the proposed architecture is both theoretically sound and
practically feasible for implementation in complex urban environments. From a research contribution
perspective, this study advances the field in several significant ways. First, it introduces an integrated
governance architecture that unifies data management, artificial intelligence, and decision-making
processes within a single framework. Second, it extends the concept of smart city governance by
explicitly incorporating digital economy systems as a core component of urban ecosystems. Third, the
study contributes to Design Science Research by demonstrating a rigorous evaluation approach that
combines multi-framework assessment, expert judgment, and statistical validation. Collectively, these
contributions position the proposed architecture as a next-generation governance model that goes
beyond traditional, fragmented approaches. In terms of research implications, the study highlights the
importance of adopting Al-driven and data-centric governance models in modern cities. The
integration of smart city systems and digital economy ecosystems suggests that future governance
frameworks must be capable of managing cross-domain data flows and supporting real-time, adaptive
decision-making. The findings also emphasize the need for aligning technological innovation with
governance principles, including transparency, accountability, and data protection. Despite its
contributions, this study has several limitations. First, the evaluation is primarily based on expert
judgment and conceptual validation, which may not fully capture the complexities of real-world
implementation. Second, the study does not include large-scale empirical testing using real urban data,
which limits the generalizability of the findings. Third, certain aspects of Al governance, such as
explainability and ethical transparency, are addressed at a conceptual level and require further
operational development. Future research should focus on empirical validation through real-world
case studies and large-scale data analysis to assess the performance and scalability of the proposed
architecture. Additionally, further investigation is needed to enhance explainability and transparency
in Al-driven decision-making processes. The integration of emerging technologies such as blockchain
and edge computing also presents promising directions for improving data security, decentralization,
and real-time processing capabilities. By addressing these areas, future studies can further strengthen
the applicability and impact of Al-driven governance architectures in smart city and digital economy
environments.
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