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Article Info. Abstract

Blockchain applications have adopted various techniques over the past decade, and one revolutionary approach has been
the use of Artificial Intelligence (AI). They had crucial roles in the transparency and security of e-Governance applications.
In this paper, the interrelated impacts of Al techniques in enhancing Blockchain applications are illustrated to ensure
transparent and secure e-Governance services against forgery and intrusion. By reviewing available articles, this paper
discusses the role and capabilities of Al in influencing and manipulating large volumes of data related to Blockchains,
which build stubborn, robust, and stable e-governance. The conclusions of this paper reveal that adopting Al techniques

Article history:

Received
25 December 2025

Revised in Blockchain applications significantly enhances security and transparency by enabling simultaneous detection of system

21 May 2026 abnormalities. Concluded outcomes highlight major expectations for Blockchain Al Combination (BAIC) techniques to
enhance e-government frameworks and financial transactions, emphasizing their potential to support global achievements

Accepted by promoting greater transparency and security in economic environments. In this review, deeper and broader research

02 June 2026 into the scalability of Blockchain combined with Al techniques is proposed to address various aspects of e-governance.

Published

30 June 2026

This is an open-access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/)

Publisher: Middle Technical University

Keywords: Blockchain; Artificial Intelligence; Financial Transaction; e-Governance.

1. Introduction

The e-governance applications witnessed significant integrations by adopting state-of-the-art techniques such as Blockchain and different
applications of Artificial Intelligence (AI) [1]. Such versions were leveraged for serious e-governance applications, such as intrusion detection,
operational weaknesses, and financial transaction transparency at higher levels [2, 3]. As e-governance services continually expand, there is a
crucial need for transaction methods that offer higher security and efficiency [2, 4]. Transparency and security of e-governance applications
leveraging significant benefits from the Blockchain and AI Combination (BAIC), even when using each of them [5]. One of the most powerful
aspects of Al applications is their ability to handle large amounts of data in real time. Such attributes make Al applications active and efficient
at detecting forgery intrusions and estimating potential risks. On the other hand, Blockchain systems share common attributes, such as
decentralization and immutability, to ensure transparency and integrity of information in e-governance operations [6].

E-governance services handled different aspects and applications, yet financial services were the most closely related to blockchain, especially
since much of the literature connects Bitcoin and financial applications to Blockchain systems [7]. Discussing financial transparency has been
a focus since the most relevant applications were the financial ones [4]. Al was also adopted across various financial applications, especially
for future planning, fraud detection, and risk management [8, 9]. Such abilities enable states and financial centers to detect fraud and reduce
errors [7]. This paper reviews articles on Blockchain related to financial security, transparency, and authentication. Notably, ordinary systems
in financial services pose non-negligible challenges [8]. BAIC systems handled such challenges efficiently, and the next section discusses
BAIC's building structure. Specifically, this review intends to discuss BAIC articles on financial transactions and their transparency, security,
and efficiency, and to examine Blockchain applications across different aspects of e-governance.
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Nomenclature and Symbols

Al Artificial Intelligence ML Machine Learning

BAIC Blockchain and AI Combination DL Deep Learning

DLT Distributed Ledger Technology EMR Electronic Medical Record
CDBC Central Bank Digital Currencies

2. BLOCKCHALIN and AI Combination (BAIC)

In this section, a brief preview is provided to discuss the fundamentals, structure, and general aspects of BAIC, focusing on how combining
these technologies ensures secure, transparent, and robust financial services. Fig. 1 shows a theoretical taxonomy of how BAIC aspects are
connected to Al applications. Furthermore, Al techniques integrated financial applications and blockchains into risk management [10]. The
next sections discuss the general characteristics of Al and Blockchain, as well as their differences and similarities.
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Fig. 1. The general taxonomy that connects Al techniques with Blockchain applications
2.1. Blockchain

The primary driver of Blockchain's evolution was the emergence of Bitcoin in the first decade of this century [11, 12]. From this, various
Distributed Ledger Technologies (DLTs) emerged as cornerstones of applications in Cybersecurity, Finance, Business, and Healthcare [13, 14].
Different e-governance systems leverage blockchain applications to enhance e-governance services with greater transparency and confidence
[6, 8, 15]. It was recently highlighted that most countries worldwide are adopting (or discussing adopting) Central Bank Digital Currencies
(CBDCs) [16], indicating the expanding application of blockchain technologies. Such adoption offers transformative abilities for financial
issues and other e-governance applications. Thus, different challenges like quick and smooth transactions, scalable applications, efficient energy
use, and dynamic adaptability [17]. In most of the blockchain applications, adopted techniques ensure efficient transaction tracking and
simultaneously update information over the whole Blockchain [18]. Using the decentralization concept, transactions are ensured to be trusted,
with their initialization, modification, or deletion requiring consensus among all chain participants using efficient error-reduction techniques
[19, 20]. Besides error reduction, strengthening the chain against intrusion attacks must also be ensured [21]. The term TRUST in blockchain
concepts includes free, intermediate, and secure transactions [5, 14, 21]. To build a successful blockchain system, some characteristics are
crucial to ensure for all distributed projects, such as:

=  Decentralization: This aspect ensures the creation of a distributed system that does not rely on a central point of authority to control the

whole system. This is to publicly spread user data across the chain to nodes [22]. Blockchain robustness against attacks is ensured using

specific network configurations and security protocols [19].

Anti-Censorship: In open blockchains, where no permissions are required for all participants, anti-censorship is crucial. All transactions

are recorded in the Blockchain ledger using a consensus mechanism, which, by design, makes it difficult to control the ledger's contents.

On the other hand, permissioned blockchains are constrained by a membership model, with varying levels of censorship resistance

depending on who is a member at the time [23, 24]. Yet, such a type offers greater robustness against Blockchain censorship than a

centralized ledger [25].

=  Stability: It is an essential blockchain attribute that combines a decentralized architecture with consensus mechanisms. Typical
decentralized consensus prevents intrusion modifications, whereas any modification to Blockchain data can be made only under the
consensus of all participants connected to the network [26, 27].

=  Secure ledger: In blockchain systems, security features are crucial, such as anti-counterfeiting and transaction tracing [28, 29]. Such
attributes provide efficient tools for data safety and integrity, particularly in sensitive domains such as medical records [30, 31]. Adopting
blockchain techniques, especially when combined with Al algorithms, provides significantly greater security for adopting organizations
by protecting transactions against tampering and intrusions.

=  Hidden Identity: Blockchain applications enable participants to access multiple addresses, enhancing network privacy and preventing third
parties from accessing personal information. Although it provides a significant level of anonymity, optimal privacy is not guaranteed due
to limitations of the Blockchain [32, 33].
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=  Transparency: Transaction details in Blockchain networks are mostly transparent to be viewed by network nodes [12, 34]. Due to the
decentralization concept, blockchain networks support the entire network, including all active nodes [S]. Transparency ensures that all
nodes can view transaction information. For node synchronization, announce their ledger and all of their transaction records over the
network. In this way, each node remains aware of up-to-date transactions occurring within the blockchain [6].

2.2. Artificial intelligence (Al)

Artificial intelligence (AI) approaches were adopted not only to enhance Blockchains but also for tasks previously performed by humans, such
as medical diagnosis [35], person identification [36], age and gender estimation [37], and farming and weed management [38]. In other words,
the primary goal of Al algorithms is to enable machines to simulate human intelligence and make decisions previously made only by humans.
Al can be briefly defined to accomplish the next goals [39]:

= Acting humanely and rationally
=  Thinking humanly and rationally

Al can also be referred to as providing machines with the ability to think like humans, as currently elucidated by [7]. Therefore, Al techniques
are recognized as distinct from traditional algorithms, as they can learn and adapt to data and results [40]. Such abilities enable Al techniques
to accomplish higher-complexity tasks. Recent developments in Al approaches that produced interactive applications (such as Chat GPT,
Gemini, and others) have recorded considerable abilities in collecting, analyzing, and handling huge amounts of information (data). Such
applications are built on complex architectures that enable them to store their information in unconventional ways [41]. Some of the Al
characteristics can be listed as follows [42]:

=  Data ingestion: The most powerful Al techniques are learning algorithms (Machine Learning and Deep Learning) [38, 43], which enable
Al to handle large volumes of data from different sources independently. Such attributes reduce (delete) errors made under human factors
to minimize any inaccuracy in handling Al data [6]

=  Machine Learning: Analyzing and learning from experiments is a major goal of Al-based systems, enabling them to handle future situations
and simulate human intelligence [40, 44]. Two different approaches of learning were adopted in different Al applications, Machine
Learning (ML) and Deep Learning (DL), where they have a common task of learning, yet ML algorithms depend on candidate
representatives to learn from, while DL algorithms exclude the representation stage and build their learning on a huge amount of the whole
object [45]. Different examples of learning results are observed in Autonomous Cars, Self-Driving cars, and smart games, among others
[46].

=  Free Style: Already-designed algorithms were widely adopted to provide a roadmap for the computer to follow, while new Al concepts
adopt an independent style in handling and solving problems. Such independence and free style provide more adaptive and dynamic
solutions due to the variety of problems [47].

= Reasoning: Far more advanced than ordinary computer algorithms, Al applications handle learned information rather than relying solely
on data, enabling meaningful conclusions and informed decisions [48]. Efficient reasoning enables Al applications to solve processes
designed by humans, which is pivotal for machine refinement [49].

=  Symbol-Based Algorithms: Most Al algorithms extract information from symbols rather than raw data, where symbols are widely used to
represent events and objects, which are first transformed into strings, then into symbols, before they are handled [50]. This explains the
symbol's relationship, where most modern Al-based learning, detection, and classification problems handle images, waves, or signals [51].

2.3. Limitations and contradictions against the BAIC combination

Besides considerable enhancements achieved with the BAIC combination, significant limitations also limited its performance. It is worth noting
that people share financial information, details, and transactions, thus it is reasonable to be cautious of potential loss. Some major limitations
are indicated in sharing financial transactions over traditional Blockchains or even BAIC applications [3, 52], such as:

= data storage and security

= interoperability of BAIC-based financial transactions
=  digital-transaction decentralizing

=  transaction trust and data transparency

It is widely known that most owners of financial transactions DONOT prefer to disclose their financial details [27], so most of the collected
information for the BAIC-model training [53] is inaccurate. To build a robust BAIC system that addresses such limitations, most applications
tend to balance information sensitivity, transaction protection, and public [8]. To guarantee the best possible standards worldwide and the
collection of data, optimal approaches must be defined [54]. Thus, a BAIC application can revolutionize financial transactions on the Blockchain
network if provided with transparent, secure data [30]. Using privacy-preserving (encryption) approaches, Al techniques enhance Blockchain
applications by improving transaction and data security, computational decentralization, and security against untrusted terminals [21].
Distributed ledgers in BAIC systems store and exchange encrypted data in an immutable, secure, and authenticated manner [30]. BAIC networks
are block-based, connected networks that continuously preserve transactions, with each document timestamped and unaltered [18]. As a result,
Al techniques enhance machines' ability to analyze, understand, and classify objects and events in their environment, enabling them to make
informed decisions and simulate human behavior.

3. Methodology

In this review, the PRISMA protocol was utilized to build a Systematic Literature Review (SLR) using software tools to combine Blockchain
Application with Al techniques (BAIC) to enhance financial operations in e-governance systems. PRISMA methodology [1] was proposed with
extensive searches on Google Scholar, Springer, Elsevier, and IEEE, producing the consideration of (113) different articles that are relevant to
the reviewed subject. Search keywords adopted in this work included “Financial operations in Blockchain,” “Blockchain and Al combination,”
“Blockchain supported by Al Techniques,” “Al enhancements on financial transparency,” “Blockchain and Al integration,” “Blockchain and
deep learning network,” “Deep Reinforcement Learning in Blockchain applications,” “Secure financial transaction in Blockchain,” “Financial
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transaction supply chain management,” “Adopting Al and Blockchain to enhance Bank operations and supply chain,” “Al techniques enhance
overseas Banking,” “Blockchain ignoring Al techniques,”. This review combined Narrative Literature Review (NLR) with bibliometric
approaches, with a main focus on comprehensive articles that advance understanding of the occurrence of financial transactions in Blockchain.
Irrelevant articles without analytical discussion were excluded (hypothetical discussions, posters, and conference abstracts). The PRISMA
methodology for reporting BAIC-related citations adopted in this review is illustrated in Fig. 2, which details the procedures used to select the
113 articles. The current strategy in the selection process can be overviewed in the following:

=  Google Scholar, Springer, Elsevier, and IEEE databases were adopted to download relevant articles.

= Initial results of the download included 319 articles from Springer, 586 from ELSEVIER, 231 from IEEE, and 736,622 from Google
Scholar, for a total of 736,758 articles.

= Each article was monitored for its Title and Abstract to apply exclusion criteria, resulting in the exclusion of 716247 records.

=  EndNote software (Clarivate Analytics) was adopted to exclude duplicates, using the “Find Duplicates” option [55], which removed 10620
records.

= Article Qualification: the remaining 9891articles were considered to exclude non-relevant ones, which excludes 8376 articles, and the
remaining 1515 articles were qualified to consider full text screening.

=  Data Sufficiency consideration: insufficient-data articles (lack of topic relevance) were excluded, resulting in the exclusion of 1402 articles
and the retention of 113 qualified articles that underwent further study to build this review.

Previously published articles on combining Blockchain applications with Al techniques have stated that such a combination is efficient and
robust against various challenges, including security, privacy, and reliability. This paper reviews published articles on BAIC applications,
providing a precise, efficient, and holistic investigation of the BAIC combination. Reviewed articles were published within the 2020- 2025
period. In-depth analysis was conducted in this review to provide a qualitative scientific approach for reviewing published articles and studies
that discussed BAIC integration to achieve successful financial transactions. This study qualitatively investigates academic and industrial
publications that examine the mutual effects of Al techniques and Blockchain applications. The major stated motivation for such a combination
was to ensure stable, transparent, and secure financial operations. In contrast, this review aims to analyse these publications to holistically
understand how BAIC enhancements are significant in this sector. This review enhances its methodology with analytical measures to deepen
the holistic understanding; in addition, quantitative results on performance with/without the BAIC combination highlight the mutual
enhancements between them. In the next sections, this review attempts to answer the following research questions:

=  What are the enhancements provided by combining them?

=  What are the conflicts between them?

=  What are the performance levels and characteristics of them with/ without combination?
= After their convergence, how will these two technologies be applied to the real world?

= What are the challenges and future trends?

Total number of downloaded articles (736,758)
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Fig. 2. Article exclusion and selection process depending on the PRISMA protocol
3.1. Resource collection

Data collection is an essential part of any BAIC system, where it is necessary for system transparency, stability, and security. To diversify, this
study reviewed various article types, including scientific papers, problem-solving reports, and case-study papers, to ensure a broad
understanding. All articles were verified to be from reputable sources to build this review on a solid foundation, enabling discussion of the most
recent enhancements, innovations, and solutions. On the other hand, this review discussed procedural understanding, theoretical analysis of
BIC developments, implementation challenges, and successful experiments conducted by various institutions in financial e-governance. A
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comprehensive view was built by combining analytical evidence with theoretical perspectives that explain significant BAIC enhancements in
e-governance systems. Different sources were used to feed this review, such as:

= Scientific Articles: journal papers that discussed the financial aspects of e-governance and yielded enhancements that occurred depending
on the BAIC combination.

=  Case Studies: different financial states and centers produce periodical manipulations of real cases that examine and integrate financial
transactions, where BAIC enhancements are significantly obvious.

=  Industrial Experiments: evaluation reports constructed depending on successful industrial experiments on e-governance institutions, where
such reports discuss PowerPoint, challenges, and weakness points of BAIC. Such reports indicate practical examples and real-world
impacts of transparency, security, and stability of financial transactions.

The selection parameters were enhanced to ensure efficient and precise discussion of case studies, where they were selected due to:

=  Combination level between Al and Blockchain.
=  Different circumstances and areas of BAIC applying.
= The ability to access data after implementation.

Table 1 presents the publications downloaded over the review period (2019-2025), grouped by publication year and publication type: scientific
articles, industrial reports, and case studies. Some of them were excluded because their subjects were too far away, while others were excluded
because their methodologies or results were unclear.

Table 1. Roadmap of downloaded publications for this review

Publication Year Scientific Articles Industrial Reports Case Studies Total
2019 9 3 0 12
2020 12 0 1 13
2021 11 3 3 17
2022 14 2 0 16
2023 17 4 3 24
2024 20 2 3 25
2025 9 3 2 14
Total 84 17 12 113

3.2. Challenge determination

Various challenges to the BAIC application were identified to assess BAIC efficiency, as these challenges affect the financial sector of e-
governance. Common challenges with BAIC usually arise from the complexity of Al and/or Blockchain techniques. Scalability, Stability, and
complexity are major sources of these challenges in applying BAIC systems. Practical challenges like time consumption and the required cost
for the BAIC application, which is also affected by other challenges related to data compliance and privacy. This is important to address due to
the ongoing development of BAIC legal legislation [1, 12]. Getting a sufficient overview of these challenges provides precise assessments of
the effects, benefits, and drawbacks of combining Al techniques with Blockchain systems. More details on the different challenges [56] BAIC
faces are illustrated in Fig. 3.

3.3. Analytical framework

This review uses a comparative analysis as the general framework, employing to assess all relative enhancements in the transparency, security,
and stability of data in BAIC financial-transaction systems.

3.4. Comparing case studies

Comparing different Case-Study publications indicates that e-governance systems worldwide have adopted a wide range of approaches to
implement BAIC systems [57]. Therefore, it was also noted that specific patterns were repeatedly emphasized, such as financial fraud detection
using Al algorithms. Investing in Al techniques in Blockchain systems has yielded notable improvements in stability, transparency, and security,
with some blockchain systems and centers having considerable BAIC investments [21, 58]. Such that noticeable improvements were achieved,
including enhanced auditability of financial transactions and greater confidence in detecting counterfeit blockchain records [59]. In addition,
various researchers have noted that Blockchain systems and centers have faced notable obstacles due to regulations and high costs [60], and
they suggested that achieving optimal success in secure blockchain transactions requires careful and thorough planning despite the benefits of
this field [61]. The next section presents a scientific analysis of the research's advantages/ disadvantages in terms of transaction security and
blockchain transparency, using the BAIC combination.

5 Lack in Legal
Challenges Legislations

Against BAIC

Ag:
Implementation

Concems

Lack of Awareness
and Expertise

Fig. 3. Different challenges to implementing BAIC systems
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4. Achievement Analysis

This section analyzes real-world case studies of BAIC systems for financial e-governance services to highlight the significant enhancements
achieved and the practical obstacles they faced. Using BAIC concepts and systems, distributed-branch banks recorded a significant reduction
in time and cost for their overseas payments, while simultaneously achieving robustness against expected counterfeiting [53]. In addition, some
hospitals and cosmetic and healthcare centers adopted the BAIC combination to manage patient information securely, and they used Al
capabilities in big data analysis to provide accurate diagnoses with significant treatment outcomes [62]. Such adoptions of BAIC systems
indicate future enhancements and the potential utility of Blockchain systems supported by Al techniques. Additionally, this section provides a
deeper exploration of scalability and the computational power required for BAIC systems. On the other hand, challenges are also discussed,
such as the required infrastructure, high-capacity computing power, and additional Al capabilities that must be added to traditional Blockchain
systems.

4.1. Secure-transaction enhancements

Integrating Al capabilities with financial Blockchain led to significantly greater improvements in transaction security. Al techniques such as
machine learning (or Deep Learning) provide accurate, real-time detection of anomalous transactions by analyzing large datasets [7]. An extra
level of protection is added to Blockchain ledgers by combining decentralization with Al techniques, which helps detect and block counterfeit
transactions and prevent them from being authorized in the system. Table 2 demonstrates the performance achieved by applying the BAIC
combination, with the results from ordinary Blockchain also listed. Table 2 relies on security performance as a criterion for measuring (or
digitizing) system performance, with their differences explaining enhancements between the two systems.

Table 2. Enhancements yielded by BAIC combinations versus ordinary Blockchain systems

Financial Transaction Ordinary Blockchain BAIC
True Counterfeit Detection 69.84% 92.07%
False Counterfeit Detection 25.18% 9.95%

Detection Time 31.28 seconds 13.16 seconds
Yearly Intrusion Accidents 4 1

Table 2 shows that constructing a BAIC yields higher performance in counterfeit-transaction detection, a considerably lower false-detection
rate, lower time consumption, and a significant reduction in the number of successful attacks. Generally, recent publications adopting BAIC
systems have shown that this combination reduces processing time for completing a financial transaction by 40%; in the same context,
operational costs were reduced by 30%, whereas error rates decreased by 25% [63]. Such results emphasize the efficiency of BAIC systems
and justify the growing number of authors adopting it to improve their financial transaction performance.

4.2. Enhancements in transparency

The public ledger of traditional Blockchain is combined with real-time Al techniques to enhance transparency in Blockchain operations.
Decentralization concepts in Blockchain emphasize recording all financial operations in an accessible ledger, where each involved node can
trace its transactions, and there is no need for an intermediary node to access them. To enhance Blockchain transparency, Al techniques analyze
and process all blockchain transactions simultaneously, which ensures that all information is accurate and dynamically updated. For example,
BAIC systems can simultaneously monitor for unusual activity or Blockchain conflicts and indicate any transactions requiring further
verification. Continuous monitoring provides strong assurance and trust in transaction data recorded on the blockchain by all parties, which is
highly demanded for Blockchain transparency.

Fig. 4 depicts that integrating BAIC systems provides more transparency and higher security for blockchain transactions. It shows the triangular
cooperation among transactions, Al enhancements, and secure Blockchain operations [64], where Al techniques capture, analyze, and process
incoming data to make timely, accurate, and secure decisions. Such techniques leverage their ability to handle large volumes of data to enable
real-time processing for highly accurate transaction monitoring. The triangular relationship among Blockchain security, Al techniques, and
entry transactions forms a continuous cycle through which data is exchanged. In such cooperation, Blockchain nodes connect to form a robust
network that resists fraudulent transactions and counterfeit entries.

Secure Blockchain

Hundreds of
Dhata Centers

Thousands
of Nodes Fogs

Cyber System
Transactions &

Data Enter
Enhancement ¥

Fig. 4. Triangular relationship in BAIC systems to ensure secure transactions
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4.2.1. Al techniques and smart contracts

In common situations, most financial institutions rely on Al-based smart contracts on Blockchain platforms to automate and verify financial
agreements. Such contracts use smart contracts and are programmed to execute automatically upon preset conditions; meanwhile, Al techniques
monitor preset security conditions and verify that they are met. Such an auto-process eliminates the need for an intermediary, thereby reducing
transaction processing time and costs. Whereas contract conditions are stored as Blockchain records, each node on the network can easily verify
agreement status, ensuring that the entire process is auditable and transparent [5]. A summary of published results illustrated that processing
time recorded a decrement by about (40%) regarding financial contracts and an increment by about (30%) regarding user satisfaction, where
different users noticed higher Blockchain efficiency and transparency.

4.2.2. BAIC combination in principal banks

In another application of BAIC, global banks successfully integrated BAIC for counterfeit detection to increase transaction security, especially
across international records [65]. In ordinary Blockchain systems, such banks have faced several instances of counterfeit transactions, especially
in international payments. Using BAIC systems, successful banks controlled, monitored, and analyzed such payments in real time and flagged
all suspicious activities for further inspection. Adopting traditional Blockchain systems ensures that, by verifying a transaction as a record, it is
shared on a decentralized ledger without the ability to manipulate it. The Islamic Bank in Iraq adopted BAIC-enhanced Blockchain for
international payments and financial transactions, reducing the risk of forgery and errors, improving security indicators, and streamlining
financial processes [66].

In the same context, medical Blockchain systems were used to digitize a patient's medical information to create an Electronic Medical Record
(EMR), which various hospitals and medical companies adopted to leverage BAIC systems for cost reduction, traceability, and data accuracy
[67]. Such adoption cases highlight the significant utility of BAIC integration, with recorded forgery decrements exceeding 55%. On the other
hand, verification efficiency for BAIC-based banks increased significantly, with verification time reduced to half of the standard Blockchain
verification time (on average). In addition, adopting BAIC integration provided greater transparency, enabling them to track their international
transactions overall and exchange [68].

4.2.3. Administrative effects

Integrating BAIC systems showed significant benefits, with enhanced Blockchain systems powered by Al techniques and algorithms providing
considerable improvements in transparency, stability, and security for all financial transactions [26, 69]. Real-time detection of counterfeit
transactions was enabled by Al techniques, combined with anomaly identification and anticipatory analysis, to help financial institutions
proactively manage expected risks. On the other hand, this is supported by Blockchains, which provide a decentralized, immutable ledger for
transparent, integrated transactions [5]. A BAIC combination then creates a sturdy defense against security challenges facing a financial
administration, ensuring efficient and reliable transactions. Practical case studies provided by industrial administrations showed that
implementing BAIC integration reduced counterfeit transactions, simplified record verification, and ensured compliance with legislative
standards. This situation provides BAIC integration as an inter-stage development in the global financial field [53, 70].

The financial administration perspective presents this review from different critical perspectives in the financial field. The integration of BAIC
systems requires holistic support for Blockchain protocols to enable pre-detection of expected attacks. Administrations have all the motivation
to analyze anticipated technologies to support Blockchain efficiency, as well as compliance with legislation, strict standards, and transparency
to ensure transaction integrity [53]. Furthermore, integrating BAIC systems encourages cultural innovation, requiring administrations to update
their strategies regularly to keep pace with evolving challenges. For future suggestions, researchers are encouraged to propose dynamic solutions
to meet broader demands.

4.3.4. Research gap in previous works

Despite the considerable achievements, previous works still have some limitations. Firstly, they relied on published articles and empirical
evidence to treat financial transactions as fully secure operations. They lacked questioning about the possibility of recording data under incorrect
or falsified conditions. On the other hand, forged data may be injected into ledgers by data network participants or intruders, affecting
Blockchain security and transparency. Such situations provide significant opportunities for future work. In addition, although all BAIC
transactions are transparent, secured, and decentralized, the possibility of data hacking must still be considered. Thus, this review suggests that
more attention should be paid to security issues (especially privacy protection), since absolute security can occur only in idealized, theoretical
cases.

5. Conclusions

This review paper presented a comprehensive discussion of published papers in the field of Blockchain systems and their support with Artificial
Intelligence (Al) techniques to form Blockchain-Al Combination (BAIC). Combining BAIC systems has raised significant expectations for the
development of e-governance financial transactions in terms of transparency, stability, and security. Al techniques contribute to transaction
security by enabling real-time counterfeit detection, pre-analysis, and the identification of unauthorized attacks, thereby creating a robust system
for financial institutions against expected risks. On the other hand, Blockchain systems provided a decentralized, immutable ledger that enhances
transaction transparency and integrity. Such a combination of BAIC builds robust Blockchain systems that address security challenges widely
faced by traditional e-governance systems in the financial sector and provide reliable, effective solutions.

Implementing BAIC systems for e-governance-based institutions is crucial, efficient, and supportive. Supporting Blockchain systems with Al
techniques increases the processing capabilities of data exchanged across Blockchain nodes. This is accomplished through a secure institution's
infrastructure to reduce counterfeit transaction rates, reduce resource consumption for transaction verification, and support compliance with
legislative requirements. Furthermore, BAIC combination integration simplifies processes, reduces the need for intermediaries, and decreases
operational costs. Scientific papers, industrial reports, and Case studies discussed by this review indicated how BAIC-based institutions benefit
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from significant enhancements in transaction transparency and security. This demonstrated the holistic expectations of BAIC combinations for
supporting e-governance systems.

With clear benefits, a wide range of challenges is still expected, especially regarding computational demands, scalability, and legislation
changes. Implementing BAIC solutions requires a significant investment to ensure suitable infrastructure and compatibility with legislation.
For future suggestions, researchers are advised to focus on developing adaptive solutions to create enhanced frameworks suitable for broader
development. In general, integrating BAIC systems presents an encouraging roadmap for building a higher-security, more transparent e-
governance framework, achieving future targets for economic enhancements and greater system transparency.
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