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ABSTRACT The rapid advancement of artificial intelligence (AI) has brought about significant societal
changes, necessitating robust Al governance frameworks. This study analyzed the research trends in Al
governance within the framework of the European Union Artificial Intelligence Act (EU AI Act). This study
conducted a bibliometric analysis to examine the publications indexed in the Web of Science database. Our
findings reveal that research on Al governance, particularly concerning Al systems regulated by the EU
Al Act, remains relatively limited compared to the broader Al research landscape. Nonetheless, a growing
interdisciplinary interest in Al governance is evident, with notable contributions from multi-disciplinary
journals and open-access publications. Analysis of publications per country revealed that while the United
States and China dominate Al governance research, European countries, along with the United Kingdom,
also contribute significantly with a focus on specific systems restricted by the Act. Dominant research
themes include ethical considerations, privacy concerns, and the growing impact of generative Al, such
as ChatGPT. Notably, education, healthcare, and worker management are prominent application domains.
Keyword network analysis highlights education, ethics, and ChatGPT as central keywords, underscoring
the importance of these areas in current Al governance research. Subsequently, a comprehensive literature
review was undertaken based on the bibliometric analysis findings to identify research trends, challenges, and
insights within the categories of the EU Al Act. This review revealed critical gaps in research concerning
regulated Al systems, highlighting the need for more focused research aligned with the Act’s regulatory
framework. The findings provide valuable insights for researchers and policymakers, informing future
research directions and contributing to developing comprehensive Al governance frameworks beyond the
EU AI Act. Crucially, the study identifies a significant lag between Al technological advancement and the
development of policy and regulation, especially concerning specific Al systems categorized as high-risk by
the EU AI Act.

INDEX TERMS Artificial intelligence, bibliometric analysis, EU Al Act, governance, research trend, Web
of Science.

I. INTRODUCTION

Advancements in artificial intelligence (Al) technology have
progressed at an unprecedented pace. The proliferation of
generative Al models, such as ChatGPT, is accelerating
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transformations in daily life. Public interest initially centered
on industrial capabilities, such as efficient computation and
process optimization. Generative Al has gained prominence,
sparking both excitement and worries about its effects on
society [1].

While Al offers numerous benefits, including increased
industrial efficiency and enhanced convenience, it also poses
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novel risks, such as privacy violations and ethical dilem-
mas [2], [3]. Given the extensive influence and reach of
Al, experts increasingly warn that its unregulated prolifer-
ation, absent adequate societal oversight, could precipitate
irreversible societal disruption [2], [4].

According to Maslej et al. [5], the growing number of
Al misuse and abuse cases worldwide underscores the esca-
lating risks AI poses to society. These risks encompass a
range of concerns, including bias and discrimination, security
breaches, privacy violations, and overreliance [2], [4], [6].
A balanced approach, integrating policy and societal dis-
cussions alongside technological development, is therefore
essential. Consequently, the need for Al governance, which
involves the development of technical, policy, and social
solutions to address these risks, is rapidly increasing [4],
[7]. Méntyméki et al. [8] have defined Al governance as “a
system of rules, practices, processes, and technological tools
that are employed to ensure an organization’s use of Al tech-
nologies aligns with the organization’s strategies, objectives,
and values; fulfills legal requirements; and meets principles
of ethical Al followed by the organization.” Al governance,
therefore, plays a critical role in minimizing risks and ensur-
ing ethical, legal, and social responsibility throughout the Al
system lifecycle, from development to deployment and use.

The rapid evolution of AI has dramatically amplified
its impact across all societal sectors, fueling the demand
for robust ethical Al standards and regulatory frameworks.
Reflecting this urgency, international organizations such as
the United Nations have underscored the critical need for
global AI governance, calling for intensive international
action [7], [9]. In line with these global calls, leading nations
in Al technology, including the United States, Canada, and
the United Kingdom, are intensifying their efforts to estab-
lish regulations for AI’s safe development and application.
In the United States, the introduction of the Digital Equity
Act (2020) and Blueprint for an Al Bill of Rights (2023)
represent significant steps toward building a framework for
trustworthy and secure Al systems. The European Union
(EU) has adopted a proactive approach by proposing the Al
Act in April 2021, a legislative framework aimed at guiding
technological advancements to mitigate the potential societal
implications of Al Finalized in the second quarter of 2024,
the Act’s core principle is the restriction or prohibition of Al
systems that pose risks to human rights and ethical standards.

Despite the implementation of policies for the development
of safe and reliable Al systems, academic research on Al has
predominantly concentrated on technological development
and model optimization [4]. The technology-centric nature
of the field has resulted in relatively limited researcher inter-
est in safe and ethical AL This imbalance could widen the
gap between technological advancements and governance,
potentially creating a misalignment between technology and
societal norms.

To foster responsible and ethical Al development, research
into Al policy is urgently needed [10]. However, most studies
on its research trends still focus on technical aspects, with
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TABLE 1. Classification and description of prohibited and High-Risk Al
systems under the EU Al Act.

Al system Type

Prohibited Al Pl
Systems P2

Description

Subliminal manipulation
Al systems that exploit people’s vulnerabilities

P3 Al systems that evaluate or classify people
based on their social behavior or personal traits

P4 Al systems that predict a person's risk of
committing a crime

PS5  Untargeted scraping of facial images from the
internet or CCTV (Closed-Circuit Television)
footage

P6 Al systems that infer emotions in the workplace
or educational institutions

P7 Al systems that categorize people based on their
biometric data
P8  Real-time remote biometric identification in
publicly accessible spaces
High-risk Al H1
Systems H2

Biometric identification and categorization
Critical infrastructure management
H3  Educational and vocational training

H4  Employment, worker management, and access
to self-employment

H5  Access to essential private and public services
H6  Law enforcement
H7  Border control and migration management

H8  Administration of justice and democratic
processes

insufficient consideration for governance and policy impli-
cations. This gap hinders the development of effective and
ethical Al regulations. This study aims to bridge this gap
between Al technology and social norms by conducting a
bibliometric analysis combining a literature review of Al
governance research performed within the framework of the
EU AI Act. It specifically aims to find the dominant research
themes and trends within the relevant studies. The findings
will help researchers in various fields understand the trends
and key issues in Al governance research, providing a founda-
tion for further research on responsible Al development, and
insights into how Al-related governance and policies have
evolved in response to regulatory frameworks.

Il. THE EU Al ACT

The EU AI Act (Regulation (EU) 2024/1689) aims to ensure
the trustworthy development and deployment of Al sys-
tems for EU citizens while fostering a robust Al ecosystem.
Moreover, the Act strives to protect individual safety and
fundamental rights, strengthen transparency and account-
ability, promote innovation, and maintain a stable market
environment. The EU AI Act defines an Al system as
a machine-based system designed to operate with varying
degrees of autonomy and adaptability, and produces outputs
such as predictions, content, recommendations, or decisions,
influencing physical or virtual environments. The Act adopts
a risk-based regulatory framework, categorizing Al systems
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based on their potential risks to health, safety, and fundamen-
tal rights. Al systems with unacceptable risks are classified
as “‘prohibited Al systems,” while systems with higher but
acceptable levels of risk are categorized as ‘“‘high-risk Al
systems.” These two categories form the primary focus of the
regulation. The risk-based categorization within the EU Al
Act aligns conceptually with emerging international Al risk
management frameworks, such as the trustworthiness criteria
outlined in the NIST AIRMF [11]. However, a key distinction
lies in the Act’s binding legal status versus typically volun-
tary guidelines. Table 1 summarizes the types of Al systems
classified as prohibited or high-risk under the EU AI Act and
provides descriptions of each.

The prohibited systems, which are subject to the strictest
regulation, include those that deploy subliminal techniques
to manipulate human behavior, exploit human vulnerabili-
ties, or violate fundamental rights. These systems contravene
the EU’s core values of human dignity, freedom, equality,
non-discrimination, democracy, and respect for the rule of
law. Examples of prohibited systems include Al systems
that manipulate individuals through subliminal techniques
beyond their conscious awareness, systems exploiting spe-
cific vulnerabilities (e.g., age, disability, or socio-economic
status), general-purpose social scoring systems (e.g., Sys-
tems analogous to China’s Social Credit System), and
real-time remote biometric identification systems in publicly
accessible spaces. Additionally, systems that infer sensi-
tive information from biometric data, predict criminal risks,
indiscriminately collect biometric data from non-targeted
individuals, or automatically recognize the emotions of work-
ers or students are included in the prohibited category.

The EU AI Act clearly distinguishes between the concepts
of Foundation Models and General-Purpose Al Systems. Fol-
lowing the so-called “ChatGPT shock,” the regulation of
foundation models emerged as a priority. However, the EU
chose to regulate not the models themselves but the risks asso-
ciated with the Al systems and applications that integrate such
models. Accordingly, the EU Al Act explicitly incorporates
foundation models within its risk-based framework, focusing
on assessing and regulating risks at the system level rather
than targeting the models directly. This approach provides a
theoretical basis for this study’s analysis of governance trends
at the Al system level.

Globally, there is also a growing movement toward Al reg-
ulation, including UNESCO’s recommendation on the ethical
considerations of Al [3], [10]. In October 2023, the United
States issued an executive order aimed at the development
and risk management of Al systems, with state-level regula-
tions under active discussion. In California, home to leading
Al innovators, legislative proposals targeting Al developers
are being actively debated. However, following a change in
United States’ leadership in January 2025, the Trump admin-
istration swiftly repealed this executive order, signaling a shift
towards accelerating Al innovation with minimal regulatory
constraints. In China, the government has implemented direct
and strict regulations, including algorithm registration and
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review systems, Al content censorship, and data verification.
Specifically, China has implemented interim measures for
generative Al and adopted a vertical regulatory approach. The
European Union, in contrast, has adopted a structured, risk-
based strategy through its AI Act. These diverse approaches
reflect distinct philosophical underpinnings: market-driven
innovation in the United States, state control and economic
growth in China, and ethical considerations in the EU. Japan,
on the other hand, announced AI Governance Guidelines for
Business Version 1.0 (April 2024) and has established an
organization named “Al Safety” to review evaluation and
risk assessment methods for ensuring Al safety. South Korea,
on December 26, 2024, passed a comprehensive Al legislative
framework through its National Assembly plenary session,
becoming the second in the world after the EU to establish
such an overarching Al regulatory act. This global landscape
underscores the challenge of balancing Al advancement with
responsible governance on an international scale.

Based on the aforementioned background, this research
aims to analyze the trends in academic research related to Al
governance. Specifically, the study will focus on the research
trends for core Al systems regulated by the EU Al Act.
While the Act’s legal jurisdiction is limited to the EU, its
significant international implications and role as a leading
framework make it a valuable lens for examining global Al
governance research. To achieve this purpose, the following
research questions are posed:

1) What is the extent of progress made in research on
both overall AI governance and governance of prohibited and
high-risk Al systems covered by the EU AI Act?

2) Which countries are leading in researching Al gover-
nance related to the EU AI Act?

3) Through text mining, what are the predominant research
topics in the field of Al governance?

This study seeks to contribute by providing answers to
these questions and gaining insights into the current state and
challenges of Al governance research, as well as identifying
potential future research directions.

lll. METHODOLOGY

Bibliometric analysis offers a data-driven approach to
comprehensively understand a research field. It is effec-
tive for exploring interdisciplinary and convergent research
areas [12], [13]. Quantitatively assessing the metadata of
publications allows for the systematic organization of core
concepts and research methods embedded within a large
number of academic publications. It also facilitates the
effective sharing of synthesized scientific knowledge among
researchers. The sharing of systematically organized and
analyzed bibliographic metadata inspires other researchers,
serving as a driving force for knowledge dissemination [14],
[15], [16].

This study employed text mining-based keyword analyses
to examine which research topics have been assessed in the
context of Al governance research. The research trends of Al
governance studies relevant to the EU Al Act were analyzed
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FIGURE 1. Research flow summary.

based on the research framework shown in Fig. 1. This study
consists of: (1) data collection, (2) data screening, (3) data
preprocessing, (4) text mining, and (5) understanding of the
research trends.

Subsequently, a comprehensive literature review was
undertaken based on the bibliometric analysis findings to
identify research trends, challenges, and insights within the
categories of the EU Al Act.

A. DATA COLLECTION AND SCREENING
Relevant publications were collected from the Web of Science
(WOS) Core Collection database, utilizing the ““topic’’ search
option. The “Topic™ field in the Web of Science encom-
passes the title, abstract, author keywords, and Keywords
Plus. The search was conducted on October 11, 2024, with
no restrictions placed on the publication period. Using the
WOS Core Collection facilitates robust bibliometric analysis
due to its citation quality standards. Nonetheless, it should be
acknowledged that reliance on this single database restricts
coverage, particularly for non-English literature and preprints
often indexed in databases like Scopus or arXiv.

Search keywords were structured as “(Al OR “artifi-
cial intelligence”) AND (regulation OR governance) AND
System-Specific Keywords to ensure the retrieval of studies
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related to Al governance. These keywords were established
by referring to prior research and the provisions of the EU
Al Act [6], [17]. Upon reviewing the search keywords for
the 16 types of Al systems restricted by the Al Act, it was
found that the keywords for P7 and P8 of the Prohibited Al
Practices, and H1 of the High-Risk Al systems were identical.
Consequently, this study consolidated similar Al systems
into nine distinct categories. The research trends for each
redefined system were then searched. The specific search
keywords for each Al system are detailed in Table 2.

While the initial search aimed to include studies highly
relevant to Al governance based on the keywords, the col-
lected data might include studies with varying degrees of
relevance. Therefore, a screening process was conducted to
exclude studies with low relevance. The authors assessed the
relevance of the retrieved publications to relevant Al systems
based on titles and abstracts. Following this process, the final
papers for analysis were selected.

TABLE 2. WOS search keywords for Redefined Al Systems.

Redefined Al EU Search keywords
System Definition v
A. Subliminal Pl (subliminal OR manipul* OR decept*)
manipulation
B. Exploiting P2 (child* OR disab* OR elder*)

vulnerabilities

C. Social scoring P3 ("social behavior" OR "personal trait")
D. Predictive P4 (crime OR criminal)
policing H6  ("law enforcement")

H7 ("border control" OR visa OR asylum OR
immigra* OR emigra*)
H8 ("judicial authority" OR election OR
referendum OR vote)
E. Biometric P5
identification and P6
categorization

("facial recognition")

("emotion infer*" OR "emotion recog*"
OR "emotion identif*")

P7 ("biometric categor*" OR "biometric
P8 identif*")

H1
F. Critical H2 (critical infrastructure)
infrastructure
G. Education and H3 ("education" OR "vocational')
training
H. Worker H4 (employment OR employee* OR worker*
management OR recruit*)
1. Essential private H5 ("private services" OR "public services"

and public services OR "essential services" OR "triage" OR
"credit score" OR creditworthiness OR

insurance)

B. DATA PREPROCESSING

The present work performed data preprocessing to ensure that
the collected bibliographic information was appropriate for
text analysis. Data preprocessing was performed using the
R programming language. This process included lemmati-
zation and the removal of repetitive phrases and stopwords.
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Text refinement and analysis were conducted on the titles,
abstracts, and keywords, respectively. Each word was lem-
matized to its standardized form using the textstem package
in R. This process ensures that variations of a word, such as
plurals or different verb tenses, are treated as a single term,
thereby enhancing the efficiency of the analysis. Repetitive
phrases, such as copyright notices from publishers, were also
removed. Furthermore, a list of stopwords was added to the
basic stopwords list in the tm package to eliminate terms
related to Al technologies and models (Table 3 ). As this study
does not focus on Al research tools and techniques, additional
stopwords were incorporated based on prevalent Al research
tools and techniques found in existing studies [1], [6].

TABLE 3. List of Additional Stopwords.

technology, good, new, analysis, internet of thing, systematic review,
literature review, scope review, large language model, natural language,
machine learn, neural network, deep learn, federate learn, reinforcement
learn, learn, model, ai, artificial, intelligence, differential, equation,
dynamic, datum, system, use, can, result, show, train, novel, algorithm,
linear, graph, ann, network, deep, code, real, world, e g, u s, et al, state, art,
time, large scale, open source, fine tune, long term, high, task, dataset,
recent, github, http, https, com, url, support vector machine, due, play, role,
make, base, much, one, two, work, may, demonstrate, need, will, first,
many, far, within, aim, end, predict, optimization, via, towards, propose,
process, approach, method, provide, paper, research, study, also, present,
however, include, aaai fss, proceeding, challenge

C. TEXT MINING

For descriptive analysis, statistics on the annual publi-
cation trends and the countries of corresponding authors
were compiled. Text analysis was performed by calcu-
lating keyword frequency. Furthermore, to determine the
context of key terms, network analysis was conducted
on the author-provided keywords. Network analysis is a
bibliometric method that interprets the connections and
interactions among various actors in a network structure,
analyzing relationships formed by interactions within com-
plex systems [18]. This study employed Gephi, an open-
source network analysis software, to perform the network
analysis [19].

A network consists of nodes and edges (links). In the con-
text of author keyword networks, nodes represent keywords
used in the studies, and edges represent the co-occurrence fre-
quency of keywords within the same study. The edge weight
is proportional to the number of co-occurrences between key-
words. For instance, if two keywords appear together in one
paper, an edge weight of one is assigned. The network was
designed as undirected, assuming no directionality between
keywords. The resulting network was analyzed using central-
ity measures and a community detection algorithm.

Centrality is a widely used method to assess the importance
of a node relative to others in the network [20]. Among
various centrality measures, this study focused on degree cen-
trality to gauge the overall research interest in specific topics.
Degree centrality indicates the number of connections a node
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has with other nodes. A higher degree centrality value sug-
gests that the node appears more frequently with other nodes.
Analyzing centrality values helps identify which research
topics are considered important in the network. Specifi-
cally, degree centrality quantifies direct research interest in
topics, offering a robust indicator of thematic prominence.
To explore connections between themes, betweenness cen-
trality was analyzed, which measures a keyword’s role as
a ‘bridge’ based on its position on shortest paths between
other nodes, thereby pinpointing keywords that act as vital
hubs linking different research domains. Identifying these
bridging keywords is particularly useful for highlighting
the interdisciplinary intersections inherent in Al governance
research. Important keywords were identified based on cen-
trality metrics. By examining the edge weights, which signify
the co-occurrence frequency between keywords, the main
research themes and the relationships between them in Al
governance research were identified.

Community clusters within the keyword network were
identified using modularity analysis, a technique that mea-
sures the strength of network division into modules [21], [22].
Modularity analysis was performed in Gephi, allowing for
the interpretation of each cluster and their interrelationships
based on their constituent keywords.

IV. RESULTS

A. DESCRIPTIVE ANALYSIS

As of October 2024, a search of the Web of Science database
using the keywords (“AI”” OR ‘artificial intelligence”)
yielded over 220,000 studies. When the search was refined
to “(AI OR *“artificial intelligence”) AND (governance OR
regulation),” approximately 6,000 studies were identified.

A search for research trends related to the 16 Al systems
defined in the EU AI Act identified 1,048 studies. After a
review of titles and abstracts, 490 studies with low relevance
were excluded. This process resulted in 558 studies related
to governance and regulation relevant to the EU Al Act.
After removing duplicates between each system, 510 unique
documents were identified. This represents approximately
7% of the research related to Al governance and regulation.
The 510 unique publications were analyzed for the overall
research trend analysis and network analysis. To understand
trends in each field, analyses were conducted separately for
each Al system.

The number of publications for each system is presented in
Table 4. The field with the most relevant literature was Type
G (186 studies), which involves the use of Al in education or
vocational training and learner assessment. This was followed
by Type A systems (86 studies), which influence individual
choices through Al. Type B systems, which target vulnerable
populations, and Type H systems, which are related to worker
management, also featured prominently, with 64 studies each.

Despite the recent surge in interest in Al-related research,
search results show that studies on Type C system were rela-
tively scarce. Only two studies on this system were identified
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TABLE 4. Number of publications for each Al system after screening.

Redefined Al System (?{Ijsp}:]s tzx;r:) Records

A. Subliminal manipulation P1 75
B. Exploiting vulnerabilities P2 64
C. Social scoring P3 2

D. Predictive policing P4, H6, H7, H8 47
23:;2;?222 r1ldent1ﬁcat10n and PS. P6, P7, P8, H1 40
F. Critical infrastructure H2 28
G. Education and training H3 186
H. Worker management H4 64
I. Essential private and public services H5 52

in this research. Due to this limited number of documents,
the authors determined that a keyword-based bibliometric
analysis would not be effective for this category. Thus, for
the system-specific analysis, research trends were examined
using 556 studies across the eight remaining Al systems.

Al governance-related literature began to be published in
significant numbers from 2017 onwards, with a notable surge
in the number of related studies in the 2020s (Fig. 2). Despite
the search results for 2024 spanning only from January to
October, the number of published studies in most fields has
already surpassed that of the previous year. Types A, B, G,
and H systems, in particular, have shown a consistent trend of
annual increases in the number of published studies. Notably,
Type B systems saw a significant jump in publications, with
28 papers published up to October 2024, compared to only
8 in the previous year. Similarly, for Type G systems, the
number of papers published more than doubled year over
year, from 37 to 95.

Table 5 presents the journals and publishers with the
highest number of publications related to this research.
Sustainability published the most studies, with a total of
14. Computer Law & Security Review (12 articles), IEEE
Access (7 articles), and Government Information Quarterly
(7 articles) also demonstrated significant interest in Al gov-
ernance research. These results indicate that research on Al
governance is being conducted across various disciplines,
including not only technical journals but also multidisci-
plinary journals, policy-focused journals, and journals spe-
cializing in education and healthcare. Notably, the proportion
of open-access journals and publishers was particularly high.

Table 6 displays the number of publications per country
based on the corresponding author’s affiliation. The analy-
sis of publication counts across countries reveals variations
in research directions and approaches to Al regulation and
governance, contingent upon specific national contexts.

The analysis of the number of publications by country gen-
erally shows that Al governance research is most active in the
United States (U.S.), followed by China, the United Kingdom
(U.K.), and Australia. The U.S. has published the most
publications in eight of the nine Al system categories, the
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FIGURE 2. Number of annual publications by Al Systems.

TABLE 5. Top journals and publishers publishing relevant research.

. Number of
Journal (Publisher) articles

Sustainability (MDPI) 14
Computer law & security review (Elsevier) 12
IEEE Access (IEEE) 7
Government information quarterly (Elsevier) 7
British Journal of Educational Technology (Wiley) 6
Frontiers in Public Health (Frontiers) 6
Learning Media and Technology (Taylor & Francis) 6
Technology in Society (Wiley) 5
Applied Sciences-Basel (MDPI) 4
Education and Information Technologies (Springer) 4
International Journal of Educational Technology in 4
Higher Education (Springer)

Journal of Computer Assisted Learning (Wiley) 4
Journal of Medical Internet Research (JMIR) 4
Policy And Internet (Elsevier) 4

exception being Type G. China shared the top position with
the U.S. for Type B and E systems and published the most
studies in Type G systems. The U.K. is one of the countries
with a high level of interest in Al research in general. It tied
with the U.S. for the highest number of publications on Type
D systems and had the third-highest number of publications
on Type B, H, and I systems, after the U.S. and China. For
Type G systems, the order of publication count was China,
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TABLE 6. Number of publications per country based on the
Corresponding Author’s Affiliation.

Al System Top publication countries (n. of publications) Records
A. Subliminal ~ USA (11), China (9), Italy (5), England, 75
manipulation Germany, South Korea (4), Malaysia,

Netherlands, Scotland, Spain, Wales (3),
Australia, Canada, Israel, Japan, Russia (2)

B. Exploiting China (13), USA (13), England (8), Greece 64

vulnerabilities  (4), Canada, Italy, Netherlands, Norway,

Portugal, Singapore, Sweden, Wales (2)
C. Social scoring Germany, USA (1) 2
D. Predictive England, USA (7), China, Netherlands (4), 47
policing Russia, Spain (3), Germany, South Korea (2)
E. Biometric China, USA (7), Belgium, Canada, England, 40
identification and Netherlands, Portugal (2)
categorization
F. Critical USA (5), China, India (3), Italy (2) 28
infrastructure
G. Education and China (35), USA (32), Australia, England 186
training (13), Germany (9), Canada, Italy, South

Africa, Sweden (5), Greece, India, Scotland,

Spain, Switzerland (4)
H. Worker USA (10), China (7), England, Spain (4), 64
management Australia, Poland, Taiwan (3), Germany,

Romania, Serbia, South Africa, Ukraine (2)

USA (7), Australia, England (6), India, Italy, 52
Taiwan (3), China, Estonia, Finland, France,
Germany, Netherlands, Spain (2)

Total USA (84), China (76), England (40), 510
Australia (27), Germany (20), Italy (18),
Spain (15), Netherlands (14), Canada (12),
India (12), Taiwan (9)

1. Essential
private and
public services

the U.S., Australia, and the U.K., which is consistent with
the findings of previous research on Al in education [23].
Regarding Type I systems, the U.S. published seven studies,
while China published only two, indicating a difference in the
level of interest. In the case of Type I systems, several studies
were also published in Australia and the U.K., in addition to
the U.S.

B. RESEARCH TRENDS OF Al SYSTEMS

1) KEYWORD ANALYSIS

To identify the primary areas of interest in the relevant
research, this study analyzed frequently occurring key-
words. Table 7 presents the list of the most frequent
keywords in titles, abstracts, and author-provided keywords
after the removal of stopwords. As revealed in the search
results of the relevant literature, studies related to educa-
tion were prevalent across titles, abstracts, and keywords.
Key AI governance-related keywords identified include risk,
ethic(al), policy, and privacy.

The prominence of terms such as generative Al and Chat-
GPT indicates that alongside the expanding application scope
of Al systems, there is a growing body of research focused
on the ethical considerations and potential side effects of
their deployment. In particular, the keyword analysis high-
lighted a significant interest in Al ethics, alongside numerous
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education-related keywords. Furthermore, frequent mentions
of the EU’s General Data Protection Regulation (GDPR)
and related terms, as well as transparency, were observed in
relation to potential privacy infringements associated with Al
technology use.

TABLE 7. Most frequent words in Titles, Abstracts, and Keywords of Al
Governance studies related to the EU Al Act.

Rank Title Abstract Author keywords
Word Freq  Word  Freq Word Freq
1 education 72 education 358 ethic 27
2 future 29 development 276 education 26
3 public 29 human 265 chatgpt 23
4 human 28 application 234 big_data 14
5 application 26  potential 233  generative ai 13
6 health 26 digital 230 chatbot 13
7 digital 25 public 221  high_education 13
8 framework 24 risk 210 privacy 13
9 healthcare 21 service 208 data protection 12
10 ethical 20 ethical 206 gdpr 9
11 service 19 health 204  transparency 9
12 generative 18 policy 204 learn analytics 8
13 policy 18 framework 201 self-regulate learn 8
14 social 18 design 197  self-regulation 8
15 chatgpt 17 healthcare 196 child 7
16 design 17 decision 194  explainable ai 7
17 self 17 develop 187 innovation 7
18 law 16 tool 181  public_service 7

Table 8 presents the top 10 author keywords for each sys-
tem type, excluding common keywords (e.g., Al, regulation,
governance) and system-specific keywords (e.g., insurance,
education, employee) used for the search.

In Type A systems (Subliminal Manipulation), keywords
such as human, market, design, and image appeared fre-
quently. This suggests active research into marketing appli-
cations of this technology and image-focused techniques for
influencing the subconscious. The frequent appearance of the
keyword ethical also indicates that the ethical considerations
of this technology are being raised.

For Type B systems (Exploiting Vulnerabilities), keywords
such as healthcare, social, and design appeared frequently,
reflecting a high level of interest in medical technologies for
vulnerable populations, including the elderly and children.
Although not shown in Table 8 due to the removal of the
search terms, the primary subjects of research in this area
were children (appearing 84 times) and the elderly (appearing
31 times). The main research topics also included Al-based
education methods for children and personalized services for
vulnerable populations. The keyword risk reflects concerns
about the potential dangers and safety of Al systems targeting
vulnerable groups.

System A: Subliminal manipulation, B: Exploiting vulner-
abilities, D: Predictive policing, E: Biometric identification
and categorization, F: Critical infrastructure, G: Education
and training, H: Worker management, I: Essential private and
public services.
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TABLE 8. Frequently used terms in abstract by Al Systems.

System A System B System D System E
Word Freq Word Freq Word Freq Word Freq
ethical 26

human 65 care 60 legal 50
market 41 social 54 risk 36  privacy 23

1

2

3 development 38 design 47 framework 31 social 23
4 activity 35 development 44 digital 30  human 21
5 ethical 34 healthcare 41 public 28 information 21
6  potential 34 health 38

7

8

9

human 38

human 27 development 20
design 33 decision 26 law 19
application 31 policy 37 policy 26

image 31 risk 35 social 26 application 18

0  control 30

service 19

—_

develop 34 development 24 right 18

System F System G System H System [
Word Freq Word Freq Word Freq Word  Freq
digital 31 student 175 human 57 health 50
chatgpt 129  digital 48 government 43

1

2 service 25

3 solution 21 development 108 management 48 healthcare 43
4 control 20 application 106  health 35 patient 40
5 transformation 20  potential 106 potential 32 sector 37
6 public 19 healthcare 95 safety 32 risk 34
7

8

9

quality 19  ethical 89 job 31 information 28
information 18  support 89 labor 30 policy 28
integrate 17  practice 87 decision 28 enable 27

10 decision 16 tool 83 framework 28 framework 27

System A: Subliminal manipulation, B: Exploiting vulnerabilities, D:
Predictive policing, E: Biometric identification and categorization, F:
Critical infrastructure, G: Education and training, H: Worker management,
I: Essential private and public services.

In Type D systems (Predictive Policing), keywords such
as legal, risk, framework, digital, and policy were frequently
used. This relates to active discussions on the ethical and
legal risks, including decision-making and legal accountabil-
ity when using Al in law enforcement and judicial systems.
It also reflects scholarly interest in the digital transformation
of the judicial system, policy changes, and societal impacts.

For Type E systems (Biometric Recognition), keywords
such as ethical and privacy were predominantly featured.
This indicates ongoing discussions regarding potential pri-
vacy violations, ethical issues, and legal regulations related
to the use of biometric recognition technologies. The frequent
appearance of keywords like social and human suggests that
emotion recognition technology is mainly used for analyzing
social interactions.

In Type F systems (Critical Infrastructure), keywords such
as digital, public, and service appeared frequently, indicating
that this system category includes research related to digital
transformation such as smart cities, public service improve-
ment, and infrastructure management. Research has primarily
focused on the application of Al systems in public policy,
public services, and urban infrastructure.

In Type G systems (Education), keywords such as student,
chatgpt, and tool appeared frequently. This suggests that Al
systems in this field are mainly used in Al-based educa-
tional tools, learner assessment, and personalized learning
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support. Notably, the keyword healthcare appeared fre-
quently, demonstrating significant interest in the application
of Al technology in medical education. The keyword ethical
also appeared frequently.

In Type H systems (Worker Management), keywords such
as human, digital, health, safety, and management ranked
highly, indicating active research on Al-based management
systems for worker safety, health management, and work
efficiency improvement.

Finally, in Type I systems (Essential Private and Public
Services), keywords related to healthcare, such as health,
healthcare, and patient, appeared frequently. The frequent
appearance of these healthcare-related terms indicates a high
level of interest in the application of Al in essential public
services, particularly in healthcare and insurance. It also sug-
gests that patient privacy protection is a major issue in the
deployment of such Al systems.

2) NETWORK ANALYSIS

To provide a comprehensive view of the knowledge struc-
ture across the Al governance research, a network analysis
based on author keywords was conducted (Fig. 3). Due to the
insufficient number of studies in each specific field, publica-
tions from all system types were combined for analysis. The
co-occurrence analysis of author keywords reveals that Al
ethics and privacy concerns related to the use of Al technol-
ogy, along with research in the field of education, are major
areas of interest in the related research. Analyzing 510 pub-
lications (excluding duplicates between systems) identified
4,730 co-occurrence relationships among 1,478 keywords.
The network was visualized based on relationships between
keywords that co-occurred at least twice, to simplify the
network structure and highlight the most important keywords.
As a result, a network of 75 keywords and 132 connections
were derived, with a maximum co-occurrence frequency of
five.

In the network, the size of the nodes was set to be propor-
tional to their weighted degree centrality. The thickness of the
edges was configured to be proportional to the co-occurrence
frequency of the two nodes.

The top keywords based on degree centrality were edu-
cation, ethic, ChatGPT, regulation, governance, privacy,
chatbot, and GDPR (Table 9 ). Excluding the keywords
used in the search, ChatGPT, privacy, chatbot, GDPR, big
data, transparency, and generative Al exhibited high degree
centralities. Notably, big data and ethic were the keywords
with the highest betweenness centrality (0.073 and 0.067,
respectively), indicating they are central themes in recent Al
governance research. High betweenness centrality identifies
keywords that bridge different research areas, emphasizing
the interdisciplinary connections in Al governance.

There are ten pairs that showed a co-occurrence frequency
of four or more. The most frequent co-occurring keyword
pairs were AR-VR (Augmented Reality-Virtual Reality) (5
times), ChatGPT-Education (5), Generative AI-ChatGPT (5),
regulation-ethic (5), GDPR-privacy (4), ChatGPT-ethic (4),
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FIGURE 3. Keywords network of Al governance publications. Node size
represents weighted degree centrality, and edges represent co-occurrence
relationships. Node color represents each cluster detected by modularity:
green (Education), red (Ethics), yellow (Generative Al), purple (Digital
environment), and blue (Governance).

TABLE 9. Top 20 keywords based on weighted degree centrality (WDC).

Rank Keyword DC WDC BC EC
1 education 102 121 0.097 1.000
2 ethic 82 103 0.067 0.546
3 chatgpt 74 101 0.062 0.825
4 regulation 91 99 0.074 0.117
5 governance 75 83 0.064 0.083
6 privacy 60 77 0.027 0.893
7 chatbot 64 76 0.034 0.734
8 gdpr 58 70 0.038 0.806
9 big data 63 64 0.073 0.005
10 transparency 46 59 0.016 0.839
11 generative ai 44 51 0.029 0.157
12 virtual reality 34 47 0.006 0.536
13 self-regulation 43 46 0.023 0.130
14 child 38 46 0.016 0.795
15 data protection 40 44 0.021 0.188
16 augment reality 32 44 0.005 0.536
17 high education 35 40 0.016 0.127
18 covid-19 39 39 0.021 0.000
19 internet of thing 31 39 0.024 0.545
20 mental health 34 37 0.009 0.182

DC: Degree centrality, WDC: Weighted degree centrality, BC:
Betweenness centrality, EC: Eigenvector centrality.

high education-ChatGPT (4), law-ethic (4), metaverse-VR
(4), and transparency-privacy (4). ChatGPT showed high
co-occurrence with keywords such as education, generative
Al, ethic, and high education, suggesting active discussions
related to the use and regulation of generative Al technology
in those fields.

Community analysis, based on modularity, identified five
major clusters. In Fig. 3, each keyword is color-coded
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according to its cluster. The main clusters were related to
education, ethical, and generative Al (ChatGPT), which cor-
respond to the keywords with the highest weighted degree
centrality. Additional clusters were identified related to
Al-related digital environments, including chatbot, AR, VR,
and IoT, as well as a governance-related cluster.

The ‘“‘education” cluster was centered around the key-
word education, the most frequently occurring keyword, and
included terms such as GDPR, privacy, transparency, and
consent. This indicates that the main topics of discussion in
the application of Al in education include student privacy and
the need for informed consent.

In the “ethics” cluster, keywords used in the search, such
as regulation, data protection, and mental health, appeared.
Although the connectivity between the ethics and other key-
words in this cluster was low, it suggests that data protection,
regulatory compliance, and the protection of vulnerable pop-
ulations are being considered in relation to Al ethics. The
connection between the keywords Al Act and data protection
indicates that while direct mentions of the EU Al Act in cur-
rent research are relatively infrequent, when it is discussed,
it is in relation to data protection.

The “‘generative AI” cluster, led by ChatGPT, included
keywords such as generative Al, higher education, and
self-regulated learning, indicating a close relationship with
the field of education. This suggests that generative Al is
being actively used in education, particularly to support
self-regulated learning among higher education students.

The “digital environment”™ cluster mainly featured tech-
nologies enabling digital environments, such as chatbot, VR,
AR, and metaverse. These keywords were closely linked to
ChatGPT, indicating they appeared in the context of genera-
tive Al implementation.

Finally, the “‘governance” cluster was relatively small,
despite governance being included as a search term for con-
structing the dataset. This cluster included keywords such
as policy and data science, suggesting discussions on poli-
cies and methodologies for Al governance. Additionally, the
accountability appeared alongside these terms, which was
in turn connected to the transparency. This implies that key
issues in Al governance include ensuring the transparency
and explainability of Al systems and clarifying the account-
ability for the impacts caused by these systems.

V. DISCUSSION

This study comprehensively analyzes trends in Al governance
research based on the EU Al Act framework. A search of the
Web of Science database revealed that studies addressing Al
governance and regulation are relatively scarce, particularly
in the context of policies related to Al systems regulated by
the EU AI Act. This supports the global discourse that policy
and institutional discussions lag behind the rapid pace of
Al technological advancement [9]. Following the risk-based
approach outlined in the EU AI Act, the study categorized
Al systems by type and analyzed research trends for each
category. Findings indicate that interdisciplinary journals and
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TABLE 10. Summary of literature review by Al systems.

EU AI Act Category Key Research Areas Major Concerns Future Research
A. Subliminal Vulnerable group protection Unintentional manipulation Tailored regulations (vulnerable groups,
Manipulation Care bot ethics Algorithm transparency chatbots, deepfakes)

B. Law Enforcement

C. Biometric
Identification

D. Critical Infrastructure

E. Education & Training

F. Worker Management

G. Essential Services
(Public & Private)

Consumer transparency &
Conversational Al

Biometric ID (border control)
Predictive policing

Al in court & democracy

Human-computer interaction
Emotion recognition

Digital infrastructure
Transportation
Energy

Healthcare

Higher education
Medical training
Generative Al (ChatGPT)

Automated HR decisions (hiring,

promoting, firing)

Public service (e-government)

Private service (insurance, finance,

healthcare)

Deepfake misuse

Al bias & human rights

Judicial authority & political
misuse

False information & privacy

Privacy & data misuse
Security & explainability

Cyber security
Human surveillance

Academic misconduct of
Generative Al

Hindered critical thinking
Transparency of Al based
assessment

Ethical issue in hiring
Equity and transparency
Worker consent & rights
Workplace data

Reliability and ethics issues
Data protection
Trust & citizen engagement

Enhance Al transparency & explainability
Multi-stakeholder governance collaboration
New regulations for biometric ID & predictive
policing

Transparency & accountability of algorithms
Ethical, legal, & accountability research on Al
crime & military Al

Enhance reliability & public acceptance
Robust data protection & legal frameworks

Governance-focused risk analysis
Al impact assessment tools
Risk assessment aligned with EU Al Act

Analysis of AI’s effects on learning
Utilizing Al in vocational training
Ensuring assessment transparency

Worker-Al interactions
Protection of worker rights
Development of safety standards in labor law

Institutional measures for ethical use &
reliability for Al services

Ethical and legal regulation for Al use

Balance tech & human interaction
Public-private collaboration

open-access platforms have published a significant number
of Al governance studies, highlighting the field’s cross-
disciplinary nature and the importance of rapid dissemination
of research.

Furthermore, while the U.S. and China dominate Al gover-
nance research, cultural and national backgrounds were found
to influence research trends. The observation that the absolute
publication volume from EU member states is not predom-
inant, despite the EU Al Act being a leading regulatory
framework, raises an interesting question. This finding sug-
gests that the regulation may not have significantly boosted
related research activities in the short term, or perhaps that
it might have even inadvertently hindered certain academic
explorations. However, it is crucial to acknowledge that the
effects of the EU AI Act might not yet be fully reflected in
publication metrics due to potential time lags. Furthermore,
this interpretation does not account for baseline differences in
national research capacities, underscoring the need for more
nuanced analysis of national research trends in future studies.

Text mining and network analysis identified key themes
such as ethical considerations, data protection (e.g., GDPR),
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and generative Al (e.g., ChatGPT), underscoring growing
academic interest in ethical issues and privacy concerns.
Notably, the prominence of educational applications and the
strong network centrality of ChatGPT signal that generative
Al is a focal point in recent governance research.

Building upon these general findings, the following sub-
sections present a more granular qualitative literature review
of research pertaining to each specific Al system category,
extracting valuable insights and identifying future research
directions for each.

A. SUBLIMINAL MANIPULATION AND EXPLOITATION OF
VULNERABILITIES

The findings of this study indicate that current research on
Al systems focuses primarily on safeguarding vulnerable
groups, such as children, seniors, and individuals with dis-
abilities, from subliminal manipulation and exploitation [24],
[25], [26], [27], [28], [29], [30]. Researchers have empha-
sized the need for stringent regulations for Al systems tar-
geting vulnerable groups, ethical considerations in the design
and use of care bots [25], [31], transparency in consumer
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decision-making support systems [32], and potential risks
associated with conversational Al [33], [34]. Furthermore,
the possibility of Al systems unintentionally manipulating
humans has been raised [35], underscoring the urgent need
for sustainable regulatory measures to enhance algorithm
transparency [30], [36].

Several key concerns have been raised regarding the poten-
tial harms of AI systems. Studies have highlighted the
negative impacts of media and Al exposure on children [26],
underscoring the need for Al literacy education tailored to
young children [29]. In healthcare, research emphasizes the
importance of incorporating the perspectives of child and
adolescent patients when implementing Al technologies [27].
Further research has stressed the need for ethical guidelines
on using intelligent assistive technology for the elderly and
individuals with disabilities, particularly addressing issues of
autonomy, data management, and distributive justice [28].
The negative potential for deepfake technology, especially by
facilitating online abuse and violating women’s rights, has
also been identified as a significant concern [30].

Overall, to minimize the risks of subconscious manipula-
tion and exploitation of vulnerabilities, Al systems must be
designed with greater transparency and explainability [30],
[36]. Furthermore, it is essential to adhere to principles of
personal data protection and non-discrimination. Tailored
regulations are also needed to address the specific charac-
teristics of different fields, including protecting vulnerable
populations, establishing ethical guidelines for chatbots, safe-
guarding consumers, and regulating deepfakes. To achieve
this, collaboration among various stakeholders, including
technology developers, policy makers, ethicists, and citizen
groups, is imperative in order to reach a social consensus and
establish a sustainable Al governance system.

B. LAW ENFORCEMENT AND POLICING

In this study, we comprehensively reviewed the fields of
Al-based law enforcement and policing (including predictive
policing). This is because public safety and law enforcement
discussions exhibit parallel trends and often encompass con-
tinuous processes.

The most prominent issues in the field of public safety
were the potential ethical problems such as Al bias and
human rights violations [37], [38], [39]. These discussions
were frequently raised as issues in the field of remote bio-
metric identification (RBI) systems using Al [40]. Al-based
biometric identification technology is most commonly used
in border control, such as passport screening for foreigners.
However, using Al for border control has also raised ethical
concerns [41], [42], [43]. To address these concerns, new
regulations should be created and Al algorithms should be
made transparent and accountable [44].

Biometric identification and predictive policing using Al
naturally lead to subsequent law enforcement issues, and
this discussion can be divided into optimistic claims that
utilizing Al can improve the effectiveness and fairness of
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court rulings [45], [46], [47], and concerns about exacerbat-
ing inequality, weakening judicial authority, increasing the
possibility of political exploitation, and strengthening digital
authoritarianism [47], [48]. This eventually extends to the
impact of Al systems on political systems, that is, the impact
on democratic systems. Analyses of experimental democratic
systems using Al technology [49], [50], [51] show the possi-
bility of a new democratic methods using Al technology, but
there may also be various side effects such as the problem
of false information in the election process [48], [52], and
illegal use of personal information [53]. It shows that Al
can be an important opportunity for future democracy while
also posing a serious threat, which will be a very important
research opportunity in the future.

Last but not least, there is a field that is highly underex-
plored. It is the field of malicious use of Al. This refers to
crimes using Al (AIC; Artificial Intelligence Crime) [54], and
discussions on the military use of Al [55], [56]. Technologies
utilizing Al to attack other individuals or nations are being
secretly researched in many countries and are even being used
in actual battlefields, but there is a lack of academic research
on this topic. Areas such as autonomous weapon systems
(AWS) without human intervention, Al-based surveillance
systems, and cyber warfare that maliciously utilize Al will
occupy a very important domain of future national security,
echoing concerns from the UN about their legal, secu-
rity, and humanitarian implications [9]. However, academic
discussions on related ethical issues, accountability, and inter-
national law are relatively lacking. Moreover, even the EU
Al Act, known as the world’s strongest law, does not address
these issues. In the future, academia needs to approach this
problem more proactively. To ensure safer utilization of Al
technology in future society, it is essential to establish a new
normative system for the malicious use of Al.

C. BIOMETRIC IDENTIFICATION AND CLASSIFICATION
Al-based biometric recognition and classification technolo-
gies are advancing human-computer interaction (HCI) by
enabling the recognition and analysis of user facial features
or emotions. Key applications include assisting individuals
with autism in understanding others’ emotions [57], enabling
customer service to respond based on identified customer
emotions [58], and developing affective tutoring systems that
adapt to learners’ emotions to enhance motivation [59].
However, the use of Al-based biometric recognition raises
significant ethical and privacy concerns due to its reliance
on sensitive personal data. Insufficient security, transparency,
reliability, and explainability in processing sensitive infor-
mation like emotions and facial features can lead to privacy
violations and data misuse [60]. Collecting biometric data in
public spaces poses particular challenges, such as difficul-
ties in fulfilling user notification requirements and potential
public resistance. The retraction of a facial recognition
system for security by a Japanese railway company due
to privacy concerns [61], and the potential for misuse of
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biometric identification exemplified by the EU’s iBorderCtrl
system [62], underscore these concerns.

While Al-based biometric recognition technologies are
being actively developed across various fields, in-depth dis-
cussions regarding their application in public sectors and
policy-making remain scarce. This is reflected in the reser-
vations of regulatory experts who oppose the adoption of
these technologies due to concerns over privacy violations
and ethical issues [63]. Consequently, to facilitate the smooth
integration of Al-based biometric systems into the public
sphere, efforts are needed to enhance their reliability and pub-
lic acceptance. In conclusion, resolving the ethical challenges
of Al-based biometric systems and ensuring their safe deploy-
ment in the public sector urgently requires advancements in
explainable AI (XAI) to ensure transparency and account-
ability, the establishment of robust personal data protection
mechanisms, and the development of clear legal regulations
on the scope and methods of biometric data utilization.

D. CRITICAL INFRASTRUCTURE

The EU AI Act designates Al systems designed for safety
components in critical infrastructure sectors, including dig-
ital infrastructure, transportation, energy, and healthcare,
as high-risk.

In the digital infrastructure field, there is a strong focus
on incorporating Al into the cyber world [64], developing
control systems for biometric authentication in infrastruc-
ture security [65], implementing generative Al in the service
industry [66], and addressing Al security in cloud environ-
ments [67]. These topics primarily pertain to the adoption of
Al and the corresponding security concerns in the context
of digital transformation. The transportation industry has
placed particular emphasis on utilizing Al for automation
and conducting research on cyber security. This includes
the implementation of Al for monitoring intelligent railway
infrastructure [68], the implementation of autonomous shuttle
services [69], the utilization of autonomous aviation sys-
tems [70], and the adoption of cyber security standards to
protect infrastructure [71]. In the energy sector, research has
been conducted on the use of Al for transmission network
design [72], power quality management [73], and protection
of infrastructure against extreme weather conditions [74].
The medical field has focused on researching the implemen-
tation of Al in public healthcare [75] and Al-based elderly
healthcare assistance [76].

The study of Al governance within critical infrastructure
has received less attention compared to other fields, and has
focused more on exploring the potential applications of Al
rather than regulation. Particularly, the intelligent railway
infrastructure monitoring system in the transportation sector
poses a risk of unintended human surveillance. Therefore,
further research is necessary to establish a governance-based
framework for analyzing potential risks associated with Al
use in critical infrastructure, develop Al impact assessment
tools, and conduct risk assessment aligned with EU Al Act.
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E. EDUCATION AND TRAINING

The use of Al in education and vocational training has been
one of the most active areas of research among the Al systems
covered in this study. Notably, higher education [77], [78] and
the medical field [79], [80] have shown significant interest in
Al technology.

As revealed in the text analysis, in higher education, studies
have investigated student perceptions of Al adoption [78]
and explored how AI can enhance learning outcomes and
improve educational governance [77]. Alongside these inves-
tigations, there is a strong interest in utilizing generative Al,
particularly ChatGPT. Over 30 studies mentioned ChatGPT
or generative Al, with a significant portion focusing on how
these technologies can be used to enhance students’ self-
regulated learning abilities [81], [82]. However, concerns
have also been raised regarding the potential for generative Al
to facilitate academic misconduct and hinder the development
of critical thinking skills [83]. Therefore, further research is
needed to analyze the multifaceted effects of Al technology
on learning outcomes, motivation, and attitudes.

In the medical field, studies have aimed to improve the
efficiency of training involving complex and advanced inter-
pretive skills (e.g., X-ray, computed tomography (CT), and
magnetic resonance imaging (MRI) image interpretation)
through the use of Al [79], [80]. In contrast, research on Al
applications in vocational training and workplace education
has been relatively scarce. With few exceptions, such as
research on Al-based safety training in manufacturing [84],
vocational training was generally mentioned as one of pos-
sible applications of Al on improving industrial process
efficiency.

Furthermore, only a few studies mentioned generative Al
tools other than ChatGPT (e.g., Perplexity, Claude, and Gem-
ini). The multimodal capabilities of generative Al were also
rarely mentioned. This lack of mention reveals the perspec-
tive gap between governance research and technical research.

The EU Al Act regulates the use of Al in education,
particularly in areas such as admissions, grading, educa-
tional assessment, and plagiarism detection. While few of
the analyzed papers directly addressed the specific regulatory
scope of the EU Al Act, many covered indirectly related
topics, such as enhancing educational outcomes through Al
and personalizing education. However, these areas are indi-
rectly associated with assessments of grades and educational
attainment. Thus, future efforts must focus on securing trans-
parency in assessment processes as stipulated by the EU Al
Act, developing specific measures to enhance the reliability
of Al systems. Furthermore, it is crucial to perform detailed
risk assessments on various generative Al, taking into account
their multimodal capabilities and active use in the field of
education.

F. WORKER MANAGEMENT

Al has been used in managing employees to make decisions
like hiring, promoting, and firing automatically [85], [86],
[87]. However, it is crucial to establish governance protocols

144137



IEEE Access

B.-J. Kim et al.: Al Governance in the Context of the EU Al Act

to safeguard workplace data [85] as there are potential ethi-
cal issues, such as discrimination. In particular, establishing
an audit framework is required to enhance the equity and
transparency of Al-based hiring systems [86]. Additionally,
concerted efforts and strategies are necessary to mitigate
potential human biases throughout the hiring process [87].

Research has demonstrated that Al-based management can
lead to negative psychological and ethical consequences for
workers [88]. Therefore, it is imperative to prioritize worker
consent and rights when implementing AI [89]. In the era
of Al, discussions are underway on the direction of changes
in labor laws to protect workers’ rights [90]. In addition,
there are proposals to include obligations for labor groups
to participate in the implementation process of Al in the
workplace and develop safety standards in labor law [91].

Al tools can contribute to increased worker productivity
and demonstrate the potential for human-Al collabora-
tion [92]. While Al-based human resource management
system can enhance organizational performance [93], its
acceptance may vary based on the employee’s locus of con-
trol [94]. Employees with an internal locus of control may
view the implementation of Al as a potential threat to their
employment.

In conclusion, Al-based worker management necessitates
discourse on multifaceted aspects, including ethical decision-
making, worker-Al interactions, protecting worker rights, and
productivity enhancements. Comprehensive research on legal
and institutional frameworks is crucial to mitigate ethical and
rights-infringement concerns.

G. ESSENTIAL PRIVATE AND PUBLIC SERVICES

Al research in essential public services centers on improving
quality of public services, enhancing citizen interactions,
addressing ethical and reliability concerns in the public sec-
tor, and exploring legal and policy implications. Al has the
potential to improve the effectiveness of public services [95]
and enhance data-driven decision-making [96]. Al-based
electronic government systems can strengthen local democ-
racy [97]. In European countries, research has been conducted
on the implementation of Al-based public services [98] and
the trust and acceptance of citizens [99]. While the introduc-
tion of Al can bring about positive impacts, it is crucial to
establish institutional measures to ensure ethical use [100]
and reliability [49]. Furthermore, it is important to estab-
lish legal responsibility and framework for the use of Al
[101], [102].

Active research explores the applications of Al in critical
private services, including insurance, finance, and healthcare.
Al has demonstrated enhanced reliability and customer sat-
isfaction in insurance and financial services [103], [104].
Technological advancements enabled by Al have contributed
to improved efficiency within the insurance and finance sec-
tors [105]. In healthcare, Al holds significant promise for
service optimization [106], patient flow management [107],
and advancements in disease prevention and treatment [108].
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The utilization of Al technology is rapidly increasing in
both the public and private sectors; however, it is imperative
to address critical concerns such as reliability, ethics, and data
protection. For electronic government and Al-based public
services, a policy-based foundation is crucial to enhance trust
and citizen engagement. Ignoring security and ethical issues
could hinder the private sector’s long-term growth. It’s essen-
tial to balance technology and human interaction, enforce
ethical and legal regulations, and encourage collaboration and
complementary development strategies between the public
and private sectors.

VI. LIMITATIONS OF THE STUDY

Despite its contributions, this study has several limitations
that simultaneously highlight key areas for future research.
First, the scarcity of research on Type C systems (social scor-
ing) precluded an in-depth analysis of this specific system.
This may be attributed to the limited scope of the definitions
of “social behavior”” and ‘“‘personal characteristics” within
the EU AI Act. Future research should employ more com-
prehensive search terms to capture a wider range of relevant
studies on this topic. Furthermore, the limited research on
social scoring could be due to factors beyond the definitional
scope, such as its political sensitivity, ethical concerns (e.g.,
China’s Social Credit System), or potentially the EU Al Act’s
prohibition limiting academic work. It remains an open ques-
tion for future investigation whether this scarcity is mainly
due to regulatory discouragement or the methodological
obstacles associated with studying forbidden technologies.

Second, the reliance on the Web of Science database
means that studies indexed in other databases, such as Scopus
and arXiv, were not included. Although WOS is recog-
nized for maintaining citation quality standards, it provides
limited coverage of publications not in English as well
as preprints. Consequently, our findings might be skewed
towards peer-reviewed research originating predominantly
from Western countries, potentially failing to capture emerg-
ing developments from non-EU regions or within rapidly
advancing technical fields. Future research should utilize
multiple databases to provide a more holistic view of research
trends. This is particularly important in the rapidly evolving
field of AI, where many studies are shared as preprints rather
than through traditional peer-reviewed outlets [6].

Third, because the regulatory landscape for Al is con-
stantly evolving, future research could supplement the static
perspective offered by bibliometric analysis with real-time
monitoring of policy shifts, utilizing resources such as
OpenAl’s policy tracker or EU Commission updates. Fur-
thermore, as noted earlier, the reliance on the peer-reviewed
database might have limited the ability of this study to capture
the most recent trends in Al research. Building on the impli-
cations of this study, future research should leverage preprint
databases like arXiv along with real-time policy tracker to
analyze the latest developments in Al and thereby contribute
to practical policy-making.
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VIi. CONCLUSION

This study employed bibliometric analysis and text min-
ing techniques to comprehensively analyze recent research
trends in Al governance, specifically within the context of
the emerging EU AI Act framework. The analysis reveals
that research on Al governance and regulation constitutes a
relatively small portion of the overall Al research landscape.
Notably, studies focusing on policy aspects related to Al
systems regulated under the EU Al Act are even more limited.
This indicates that the development of relevant policies and
regulations is lagging behind the rapid pace of Al technolog-
ical advancement. Despite this, the study confirms that Al
governance research is expanding across various academic
disciplines, with ethics, privacy, and generative Al-related
topics emerging as major areas of interest. Although our
analysis primarily detected discussion surrounding ChatGPT
in the existing literature, the Al landscape now includes other
significant models like Gemini, Claude, Grok, and DeepSeek;
considering their unique capabilities and societal influence,
these emerging models, alongside the established presence
of ChatGPT, are expected to be central to future governance
considerations.

Furthermore, the prominence of multidisciplinary jour-
nals and open-access publications in Al governance research
underscores the importance of rapid dissemination and shar-
ing of findings in this nascent field.

The analysis also reaffirms that while the U.S. and China
are leading in Al governance research, variations exist in
research themes and approaches, influenced by national con-
texts, cultural factors, and specific policy priorities. Our
findings highlight significant contributions from European
countries, like the U.K., Germany, and Italy. This suggests a
potential catalytic effect of the Act in fostering Al governance
research, particularly given the comparatively fewer publica-
tions from Europe in broader Al research fields, as observed
in prior studies [1], [23]. This study holds significance as it
systematically analyzes Al governance research trends based
on the concrete regulatory framework of the EU Al Act
and provides a comprehensive overview of major research
themes, keywords, and national research trends.

This study aimed to contribute to the existing literature by
adopting the EU Al Act’s classification system as an analyt-
ical framework. This approach allowed us to identify core
areas where policy and governance discussions lag behind
rapid Al advancements and to propose urgent tasks for future
Al governance research. These tasks underscore the growing
importance of ensuring transparency, explainability (XAI),
and reliability in Al systems amidst increasing technological
complexity. Furthermore, they highlight the urgent need for
research into specific technical and institutional solutions,
such as algorithm audits, fair assessment process design, and
robust data quality management.

Specifically, our analysis diagnosed a relative scarcity
of in-depth governance research focused on high-risk Al
systems designated by the EU AI Act, particularly when com-
pared to the academic attention given to data protection and
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privacy issues. We also confirmed that legal/regulatory dis-
cussions and international consensus concerning the potential
for malicious use of AI remain underdeveloped. Conse-
quently, there is an urgent need for research focused on devel-
oping risk assessment methodologies, establishing regulatory
compliance measures, and analyzing the potential societal
impacts of Al systems within these high-risk domains. More-
over, as rapidly evolving generative Al, including multimodal
capabilities, can amplify the risks of malicious use propor-
tionate with its performance and functional improvements,
research that evaluates the potential and risks of these new
technologies in a balanced manner and seeks preemptive and
adaptive governance measures emerges as a critical future
task.

Furthermore, this study suggests the need for critical
reflection on the potential tension between strengthening Al
ethics and promoting the utilization of Al technology for vul-
nerable groups. The EU AI Act maintains a notably cautious
stance regarding Al applications targeting these populations,
which could lead towards restricting technology deployment
for protective reasons. Yet, the potential for Al technology
to help these groups overcome their specific vulnerabilities
is also evident. Therefore, critical examination and societal
discussion are required regarding whether stringent protec-
tive regulations might inadvertently restrain relevant research
or limit opportunities for vulnerable groups to benefit from
Al technologies. This remains an important question to be
continuously explored within the broader context of AI’s
ethical implications and human rights protection.

Finally, our findings suggest a persistent gap in research
concerning the design of governance frameworks and insti-
tutional mechanisms aimed at fostering and supporting
practical cooperation and communication among diverse
stakeholders including technology developers, policymakers,
users, and civil society. This is a crucial element for estab-
lishing effective Al governance, as governance should be
delivered through an ecosystem of critical functions where
stakeholder engagement is a key component [7]. Addressing
these challenges through in-depth research and concerted
societal efforts is essential for cultivating a responsible and
trustworthy Al ecosystem.
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