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Abstract: This study aims to explore the evolution of the literature on the sociological implications
of integrating artificial intelligence (AI) as an educational tool, particularly its influence on digital
inequalities. While Al technologies, such as Al-based language models, have begun transforming ed-
ucational practices by personalizing learning, fostering student autonomy, and supporting educators,
concerns remain regarding access disparities, ethical implications, and the potential reinforcement
of existing social inequalities. To address these issues, a bibliometric analysis employing science
mapping was conducted on 1515 studies sourced from the Web of Science Core Collection. This
analysis traces the thematic evolution of social science perspectives on Al’s role in education and
its relationship with digital inequalities. The results indicate a growing academic interest in Al in
education, with a notable progression from understanding its basic impact to exploring complex
themes such as vulnerability, disability, bias, and community. The studies show that Al's application
has expanded from isolated research on specific populations to broader discussions on inclusivity,
equity, and the impact of Al on governance, policy, and community. However, the findings also
reveal a significant gap in sociological perspectives, particularly regarding issues like digital illiteracy
and socio-economic access disparities. Although Al holds promise for promoting more inclusive
education, further research is essential to address these sociological concerns and to guide the ethi-
cal, equitable implementation of Al as its influence on governance, policy, and community impact

continues to grow.

Keywords: artificial intelligence; sociology; education; social exclusion; digital inequalities

1. Introduction

Artificial Intelligence (Al) represents a potential revolution in all spheres of society,
the effects of which must be addressed scientifically: from computational science [1] to
ethics [2], to medicine [3], to work [4], to economics and management [5], and even in
the field of education [6]. A clear example of the wide range of risks and opportunities
of introducing Al in a complex context of social and environmental sustainability is the
management of water: from exploring better risk management for the sustainable use of
water [7] or constructing smart cities [8] to the high risk represented by the enormous
amount of water used for its production [9].

Digital innovations are a key pillar of our society’s identity, particularly with the
introduction of artificial intelligence (Al) into everyday life.

The risks and opportunities of Al in all fields of society need to be better understood,
particularly in terms of equity and social sustainability. In this sense, social science—
and particularly sociology—has the responsibility to explore and minimize the impact
of Al on the reproduction of inequalities and disparities in our society [10]. From a
sociological perspective, the role of new technologies is of crucial interest in the formation
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and development of both individual and community identity, focusing on the urban—
rural dichotomy [11,12]. These technologies, by enabling new forms of social interaction,
communication, and access to information, influence not only how individuals perceive
themselves but also how communities are formed and evolve. In this context, digital
platforms and Al-driven tools play a crucial role in mediating social relationships and
shaping collective narratives, profoundly impacting the dynamics of belonging and social
participation [13].

In the field of education, the impact of chatbots has been specifically evaluated [14-17].
It is important to consider that while applications like Al-based language models may
offer significant benefits, it is also crucial to be aware of the differences in the type of social
support provided through online chat services, as this can influence users’ perceptions
of service quality and well-being, in this case, students [18]. Al tools are transforming
education by enabling the potential of personalized learning through machine learning
algorithms (such as Carnegie Learning and Knewton). However, these systems can also in-
advertently reinforce existing societal biases, such as gender biases in tutoring or reflecting
historical inequalities in learning outcomes. Similarly, tools like speech-to-text software,
smart glasses, and predictive text systems (for example, Google’s Live Transcribe), improve
accessibility for students with disabilities, enabling better engagement in learning. In lower-
resource settings, services like Squirrel Al and Duolingo help bridge educational gaps,
offering personalized learning experiences. Additionally, platforms cater to students from
diverse family structures, including non-traditional environments, by providing flexible
learning options. Al also plays a role in the college admissions process, where tools may
assist minority and low-income students in gaining access to higher education, though
concerns about bias remain. Specialized apps, such as Autism Expressed, are designed to
support students with Autism Spectrum Disorder (ASD), helping them improve communi-
cation and social skills. Moreover, Al-driven grading tools aim to automate and streamline
assessment, yet these systems require continuous refinement to ensure fairness and equity
in educational evaluation.

Additionally, ethical and privacy concerns related to the use of chatbots in educa-
tional environments should be considered in this context [19]. Furthermore, technological
limitations, novelty effects, and cognitive load have been pointed out as challenges in
education [20]. Moreover, issues such as reliability [11,12] have also been discussed. All
these elements can contribute to the deepening of social inequalities, whether due to the
difficulties in accessing these technological tools or the quality of such tools, with certain
groups relying on less precise or equitable solutions.

Sociology must increasingly prioritize the study of new technologies and their impact,
especially as they reshape fundamental aspects of human interaction and identity. While
education research has started to address how technology influences learning and access,
sociology needs to investigate more deeply how these innovations transform social struc-
tures, shape personal identities, and alter community dynamics. Despite growing interest,
this area remains largely unexplored, underscoring the need for comprehensive studies
that examine the broader social implications of technology [21].

A sociological perspective enables an analysis not only of technologies themselves but
also of how they interact with social structures, reinforcing or challenging existing power
dynamics. Various theoretical frameworks—such as Critical Theory, Pierre Bourdieu’s
concept of cultural capital, digital divide theories, and Actor-Network Theory (ANT)—offer
valuable tools for critically assessing the introduction of Al in education and its broader
societal implications. These approaches allow for a nuanced understanding of how Al
technologies may shape educational experiences, influence social hierarchies, and impact
issues of equity and access. From Critical Theory, which invites ethical reflection on the
implementation of Al [22-26], to Bourdieu’s framework of cultural capital, which explains
disparities in access to and use of technology [27,28], and Actor-Network Theory (ANT),
which highlights the complex interactions between human and non-human actors, research
in this area continues to evolve [27,28].
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Critical Theory is particularly useful for analyzing how Al may reproduce existing
power dynamics in education [22,24]. The commodification of education through Al,
where learning becomes increasingly mechanized, risks alienating marginalized students
by disconnecting them from the human aspects of the educational experience [23,25].
Similarly, Bourdieu’s theory of cultural capital explains how students from different social
backgrounds interact with Al-based educational tools, valuing certain knowledge and skills
that could perpetuate generational inequalities [26,29]. Theories on the digital divide are
also relevant in this context, as they address both disparities in access to digital technologies
(first-level digital divide) and the unequal ability to effectively use these technologies
(second-level digital divide) [26].

Meanwhile, Actor-Network Theory (ANT) offers a broader perspective by positioning
Al not merely as a tool, but as an active participant within the network of educational
actors, including students, teachers, administrators, and policymakers. ANT suggests that
Al reshapes relationships, roles, and power dynamics within this network. By examining
how different actors interact with Al systems, a deeper understanding can be gained of how
educational practices and outcomes are reconfigured, and how inequalities are negotiated
or reinforced [27,28].

The evolution of sociology in its approach to technology also reflects a significant
shift. While sociological studies from the 1980s and 1990s primarily viewed Al as a field of
scientific knowledge, more recent studies tend to focus on its practical applications and how
they affect everyday life [25]. This shift implies an expansion in the way Al is understood,
now seen not only as a matter of academic research but as a technology with a direct impact
on social, cultural, and economic systems. For instance, the increasing commodification of
Al in education raises concerns about its role in the reproduction of inequalities [10,30].

Moreover, recent sociological research examines how people interact with Al tech-
nologies and how these technologies shape social behaviors [14,31]. An analysis from
the perspective of the sociology of technology allows for the observation not only of how
scientists develop Al but also of how the applications of this technology can transform or
reinforce power structures. Al can act as an agent of both transformation and perpetuation
of inequalities, depending on how it is implemented and regulated within society [10,32].

It is undeniable that the literature in the context of social sciences and social studies
reflects this dichotomy. The social impacts of these disparities show how, as these technolo-
gies become increasingly integrated into educational environments, new innovative ways
to enhance learning outcomes coexist with the risk of exacerbating existing inequalities,
particularly for vulnerable groups who face barriers such as lack of access to digital tools
and low levels of digital literacy.

For this reason, this research aims to explore the sociological perspective on the
introduction of Al as an educational tool and the risks associated with digital illiteracy, as
well as its impact on vulnerable populations through a bibliometric analysis of various
studies in the field that address this topic. The goal of this work is to go beyond and answer
questions about the type of research that has been conducted in sociology regarding the
impact of educational Als on vulnerable populations, the widening of the digital divide, or
the technological exclusion of certain social groups.

By analyzing these topics through the Web of Science Core Collection, extracting
1515 relevant studies, we can better understand how Al-driven educational practices
contribute both to the mitigation and the amplification of issues related to social exclusion,
fostering more equitable learning environments.

2. Methods

This study utilizes science mapping analysis to explore both the structural and dy-
namic aspects of scientific research, providing insights into the cognitive framework of
the academic field [33]. The chosen approach offers a rationale for using SciMAT GPLv3
and other bibliometric tools due to their capacity to provide a comprehensive analysis of
the scientific literature. SciMAT, in particular, offers unique features such as longitudinal
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mapping and thematic evolution analysis. SciMAT was selected precisely because it en-
ables a detailed analysis aligned with the study’s objectives. These functions enhance the
understanding of trends and developments within a specific field over time, allowing for a
richer, more nuanced view of how research evolves. By incorporating these features, we
can identify and visualize conceptual subdomains within the field and monitor its thematic
evolution over time [33,34].

The bibliometric analysis was conducted using the SciMAT software [33], which relies on
the H-index [35] and co-word analysis [36]. The methodology follows a four-phase process:

1. “Detection of research topics”: In this initial phase, a co-word network is created using
keywords extracted from the articles. A clustering algorithm [36] is then applied. This
phase helps identify and visualize the conceptual subdomains of a research field and
track its thematic evolution.

2. “Visualization of research topics and thematic network”: The second phase involves
representing the identified topics through diagrams and thematic networks, with
centrality (the relevance of a topic, calculated using ¢ = 10 x Xekh) and density
(internal cohesion of the network) as key dimensions.

3.  “Identification of thematic areas”: In the third phase, the analysis focuses on the
frequency of occurrences and thematic significance by examining the overlaps in
the clusters.

4. “Performance analysis”: In the final phase, the association between keywords and
thematic areas is examined using bibliometric indicators such as the number of
publications, citations, and variations of the H-index [35]. The similarity between
keywords is calculated using a word co-occurrence matrix and an equivalence index
function [36].

The following outlines the key steps involved in the bibliometric analysis conducted
in this study using the SciMAT tool. After selecting the relevant time periods, the next step
is to choose the analysis units (such as periods, documents, references, authors, or terms).
Data reduction techniques are applied to manage the massive and heterogeneous datasets
by reducing millions of variables to a manageable scale [37]. Co-occurrence analysis
follows, filtering the network using a minimum link weight threshold to highlight the most
significant links [38]. The process also includes network analysis, reduction, normalization,
grouping, document assignment, quality assessment, longitudinal analysis, visualization,
and interpretation.

Following data export, the focus shifts to data preprocessing. This stage involves
cleaning the data to remove duplicates and irrelevant entries, ensuring the dataset is
focused and reliable. Normalization is also crucial, as it standardizes author names, journal
titles, and keywords to eliminate inconsistencies that could affect the analysis. Researchers
may apply filtering criteria to further refine the dataset, such as limiting the scope to
publications within a specific date range or quality metrics.

After preprocessing, the cleaned and normalized dataset is imported into SciMAT,
which facilitates various analytical processes. One key feature is longitudinal mapping,
which allows researchers to create visual representations of the research landscape over
time. This involves mapping publications across different years to illustrate trends, such as
the growth of specific topics or research areas. Additionally, thematic evolution analysis
is conducted to identify key themes within the literature, clustering similar publications
and revealing dominant research themes while assessing how these themes have evolved
over time.

The next phase involves the interpretation of results, where visual outputs generated
by SciMAT are used to present findings clearly, including graphs and thematic maps.
This analysis is followed by a thorough discussion of the implications of the findings in
relation to the initial research questions, highlighting contributions to the existing body of
knowledge and identifying gaps or opportunities for future research.

Finally, it is crucial to document the methodology comprehensively, detailing each step
of the process from data collection to interpretation. This not only enhances the credibility
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of the research but also aids other scholars in replicating the study. In the conclusion,
researchers summarize the key findings, emphasizing the significance of methodological
rigor and the insights gained from the bibliometric analysis. Additionally, seeking peer
reviews can provide valuable feedback, allowing for further refinement of the analysis and
reporting to enhance clarity and impact. The methodology section should demonstrate the
dynamic nature of the research landscape.

The bibliometric analysis process in SciMAT starts with data collection, focusing on
the H-index [35] and co-word analysis [36]. A clear research topic is defined by specific
questions and scope within the field. Appropriate bibliographic databases such as Scopus,
Web of Science, or Google Scholar are selected to gather relevant publications. This involves
executing search queries with carefully chosen keywords, authors, and publication years,
utilizing Boolean operators to refine the results. Once the relevant literature is identified,
data exportation follows, typically in a format such as CSV or RIS for easy import into
SciMAT, including details like titles, abstracts, keywords, authors, publication years, and
citation counts [33]. Only works published in the Web of Science Core Collection are
selected in this study. This library offers a comprehensive and curated selection of academic
articles that ensures high-quality, peer-reviewed content. This approach allows us to
examine Al-related research trends, developments, and thematic evolution in a robust and
reliable database.

This approach is based on a broad, non-systematic review of the relevant literature,
which was subsequently validated by an expert panel in the field of Al, education, and social
exclusion (ALM, RSC, RGO [14]). The selection of keywords is driven by the main objectives
of the research project and is further supported by the literature, which underscores the
issue of the introduction of Al as an educational tool in vulnerable settings. Engaging
community members is vital for fostering genuine change in vulnerable environments,
positively impacting health and well-being in urban areas, and enhancing social cohesion.
Moreover, co-designing interventions with community members ensures that actions are
tailored to local needs, boosting involvement and ownership of the solutions.

The study focuses on the following keywords and research strategy: “artificial intel-
ligence” OR “educational innovation” OR “educational method” (Topic) AND exclusion
OR “social exclusion” OR “digital illiteracy” OR “digital inequalities” OR vulnerability
OR diversity OR “digital gap” (Topic) AND education (Topic) AND “social science” OR
“social studies” (Topic) within the Web of Science Core Collection. This keyword selection,
grounded in the main objectives of the project and supported by the existing literature,
underscores the link between Al and inequalities [10,28,30].

Following data export, data preprocessing takes place. This involves cleaning the data
to remove duplicates and irrelevant entries, ensuring the dataset is focused and reliable.
Normalization is crucial, as it standardizes author names, journal titles, and keywords to
eliminate inconsistencies that could affect the analysis. Researchers may apply additional
filtering criteria, such as limiting the dataset to publications within a specific date range or
by certain quality metrics, to further refine the dataset.

After preprocessing, the cleaned and normalized dataset is imported into SciMAT,
which enables various analytical processes. The longitudinal mapping feature, for instance,
allows researchers to create visual representations of the research landscape over time,
illustrating trends in the growth of specific topics or research areas. Additionally, thematic
evolution analysis identifies key themes in the literature, clustering similar publications to
reveal dominant research themes and assessing how these themes have evolved over time.

To further enhance clarity and interpretation, SciMAT identifies “research topics” by
creating a standardized co-word network from selected keywords and applying a clustering
algorithm [37]. Topics are analyzed in terms of centrality (level of interaction between
networks, calculated as ¢ = 10 x Xekh) and density (internal cohesion and strength of
the network). The frequency of occurrences and thematic relevance are then analyzed
within clusters, and bibliometric indicators (e.g., number of publications, citations, various
h-index types) are used to examine relationships between keywords and thematic areas [35].
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Additional detail regarding the steps within data processing (e.g., dimension reduction [38])
could help readers draw clearer conclusions about the analytical depth of this study.

Strategic diagrams are employed to examine the evolution of core themes, with central-
ity on the X-axis and density on the Y-axis (see Figure 1). The performance analysis assesses
literature production by analyzing centrality and density, with relationships graphically
represented in Cartesian coordinates. High centrality, for instance, may indicate a theme’s
strong relevance to various subfields, suggesting it is a point of convergence within the
broader research network. Conversely, themes with high density but lower centrality may
represent more specialized or isolated areas of inquiry that, while relevant, may have less
connectivity with broader research trends.

Density

Basic and
transversal
themes

Motor
themes

Centrality

Highly
developed and
1solated

themes

Emerging
or declining
themes

Figure 1. Adapted strategic diagram representing the cluster of a specific network, based on centrality
(X-axis) and density (Y-axis) [33].

Thematic evolution highlights research themes that maintain conceptual continuity
across different time periods. Solid lines between themes indicate the retention of the same
name, while dashed lines represent thematic connections under different names. Thematic
networks illustrate the clusters around specific networks. Although the Web of Science
(WoS) indexes a substantial number of journals related to the topics of our analysis (2217),
we have selected the top 10 journals with most papers in the research topic.

3. Results

The analysis of the data indicated a greater concentration of studies in “Education
Research” (654). It highlighted the lack of a social studies research approach in this field.
The most relevant journals publishing papers on this topic are the following (Figure 2):
Sustainability (22); BMC Public Health (17); Education Sciences (16); PLOS One (14); BMC
Medical Education (14); Bordon-Revista de Pedagogia (11); Physical Education and Sport Pedagogy
(11); International Journal of Inclusive Education (11); Teachers College Record (10); International
Journal of Sustainability in Higher Education (10).

The analysis was carried out across four defined periods (Figure 3): Period 1 (1996—
2010), Period 2 (2011-2015), Period 3 (2016-2019), and Period 4 (2020-2024). The first period
covers a longer time frame due to the lower volume of literature produced, whereas the
following three periods are divided into five-year intervals.
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Figure 2. Most relevant journals and number of papers published on the research topics using
SciMAT.

Documents per period

S00 1

250 1 |.
0.

1 2 3 4

Documents

Figure 3. Documents per period.

A total of 96, 191, 356, and 872 documents were recorded for the four periods, respectively.

The results highlight the increasing interest among researchers in investigating the
impact of artificial intelligence (Al) as an educational tool, particularly in relation to its
effects on vulnerable populations and the digital divide. Recent years have seen a significant
increase in technological innovation and the role of education in leveraging these tools to
enhance learning outcomes [21]. However, there is a lack of studies from a sociological
perspective that explore how these innovations could exacerbate existing inequalities.

Figure 4 illustrates the significant increase in the number of keywords and shared
words, as indicated by the index values (0.33, 0.46, 0.66). In the first period, there are
61 words. In the second period, there are 119 words, with 16 disappearing, 45 in common,
and 74 new words. The third period consists of 168 words, with 8 disappearing, 331 new
words, and 330 words in common. The last period includes 897 words, with 610 shared
from the previous period and 287 new words.

45 (0.33) 160 (0.66)

Figure 4. Incoming and outgoing keywords between sub-periods (1991-2023) using SciMAT.

As the graphs show, a clear evolution can be observed in both the complexity of the
problems being addressed and the clustering of the network across the four periods.

The first ten words that appear most often are the following: Education (294); Diversity
(133); Students (125); Higher Education (110); Children (82); Inclusion (74); Health (72);
Gender (64); Impact (57).
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Between positions 16 and 19 on the list of selected topics are those related to social
exclusion (42), equity (42), and social justice (41). Other topics that have also been explored,
highlighting the importance of artificial intelligence in community-related elements, include
disability (34), mental health (35), exclusion (27), and vulnerability (25).

As shown in Figure 5, each of the four periods selected for analysis includes the pri-
mary keywords, showing an increasing diversity of topics over time. A detailed description
of each analysis period follows.

INTERVENTION

. ISTUDENTS

' PERCEPTIONS

[SOCIAL-NETWORKS

DISABIUTY

OMPETENCE

NVIRONMENT

0 JU L JC JC L UL U JC It It b R

DICAL-SCHOOL

RSPECTIVES ERVICES

Figure 5. Thematic evolution in the field of Al as an educational tool across different periods using
SciMAT (from the left: Period 1 to Period 4).

3.1. Period 1 (1996-2010)

The motor theme is “impact” while “immigrants”, “school” and “students” are highly

developed and isolated themes, and “impact” is a basic theme. “Classroom”, “community”,
and “culture” are basic themes.
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During the first period (1996-2010), the analysis of thematic distribution according
to the clusters (Figure 6) reveals that the motor theme was “impact”, suggesting that
early research primarily focused on how Al influenced educational outcomes. Themes
such as “immigrants”, “school”, and “students” appear as well-developed but isolated
topics, indicating a focus on specific groups without broader contextual integration in
other educational contexts. The centrality of “school” and “students” highlights their
relevance during this period, reflecting the prominent role of Al in structured educational

environments, such as schools and with students.

density, 1@1
CUOR

Cluster Centrality

co Iy ISTUDENTS 28.81
W IMPACT 2.67
CLA M SCHOOL 13.47
W centeality CLASSROOM 0
mw@ms COMMUNITY 0
CULTURE 0
IMMIGRANTS 1

Figure 6. Strategic cluster diagram for Period 1 using SciMAT.

On the other hand, themes such as “classroom”, “community”, and “culture” are
less central but appear as basic themes. These represent the initial discussions about Al’s
influence in traditional educational settings and its broader social implications, which could
be expanded in future research.

The position of the theme “immigrants”, near the center but with low density, suggests
growing interest in this topic. However, it remains underexplored, highlighting its potential
for further development as research in this area progresses.

This first period shows the initial concerns of researchers about Al’s direct impact on
educational outcomes, suggesting that research on Al was more focused on the structural
aspects of formal education than on the broader social dynamics that can affect the overall
educational experience.

3.2. Period 2 (2011-2015)

The motor themes are “adolescents”, “students”, “school”, and “programs”, while
“experiences”, “vulnerability” and “behavior” are highly developed and isolated themes,
and “mobile phone”, “pedagogy” and “risk” are basic themes. Emerging themes are
“perspectives”, “educational policy” and “attitudes”.

During the second period, there was a shift in focus toward themes related to “ado-
lescents”, “students”, “school”, and “programs”, which became motor themes (Figure 7).
This indicates a broader integration of Al into educational environments, especially those
involving younger populations. The emergence of themes like “vulnerability” and “behav-
ior” as isolated but well-developed topics suggests that Al began to play a relevant role in

addressing student challenges.
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MOBIL?’HONE density

Cluster Centrality
ADOLESCENTS {45. 56

STUDENTS [48.19
SCHOOL 47.48

PREBRAM BEHAVIOR 35.92
TR EXPERIENCES  8.91
PROGRAM 130.31

VULNERRBILITY b !
VULNERABILITY  (20.14

BE@OR RISK 8.25

PERSREYTIVEP MOBILE-PHONE |0
EDUCATI@L-POLICY ATTITUDES 2 21
ATERPES EDUCATIONAL-... |3.83
PEDAGOGY 's
PERSPECTIVES  6.53

Figure 7. Strategic cluster diagram for Period 2 using SciMAT.

”u

Meanwhile, “mobile phones”, “pedagogy”, and “risk” emerged as basic and transver-
sal themes, highlighting a growing concern with integrating Al into educational practices
through technology.

Finally, the emergence of new themes such as “perspectives”, “educational policy”,
and “attitudes” suggests an increasingly broad conversation about how Al shapes and is
shaped by policies and societal views. These emerging themes reflect growing interest in
the social and regulatory impacts of Al in the field of education, which anticipates future
debates on its implementation and the ethical and social consequences of its use.

The distribution of the clusters in Period 2 shows a diversification of research, shifting
from a more structural and results-focused approach, as seen in the first period, toward a
deeper integration of Al into students’ daily lives. Additionally, it reveals growing interest
in how technological tools can both mitigate and exacerbate inequalities, also addressing
the ethical and political aspects of Al implementation in educational systems.

3.3. Period 3 (2016-2019)
The motor themes are “children”, “adults”, “university”, and “perception”, while “dis-

course” and “immigrants” are basic themes. Emerging themes are “literacy”, “innovation”
and “challenges”. A highly developed and isolated theme is “students”.

During Period 3, a notable shift in research focus is observed, especially with the emer-
gence of new motor themes such as “children”, “adults”, “university”, and “perception”.
This diversification reflects a growing interest in the role of artificial intelligence (AI) across
all educational stages and age groups, spanning from primary education to higher educa-
tion (Figure 8). As Al technology matured, discussions related to “literacy”, “innovation”,
and the “challenges” posed by Al implementation in educational contexts emerged.

The inclusion of literacy as a central theme highlights the increasing awareness of the
need to develop Al competencies among students and educators. This focus suggests that
research began to recognize that, to leverage the benefits of Al, it is essential for users—both
students and educators—to understand how this technology works and how it can be
effectively utilized in educational environments.

Furthermore, the emergence of “innovation” as a prominent theme indicates that
researchers were increasingly interested in how Al could transform educational practices,
from personalized learning to the automation of administrative processes. However, the
“challenges” associated with this transformation, which can range from ethical issues to

technological barriers, became an integral part of the academic conversation.
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density, @
IMMIQQNTS
DISC?)RSE

Cluster Centrality
PERCEPTIONS 37.21
CHILDREN 26.63
LITERACY UNIVERSITY 28.04
?Q STUDENTS 33.41
ADULTS 20.54
CHA CHALLENGES 18.75
IMMIGRANTS 14.27
INNOQTION DISCOURSE 2.57
INNOVATION 6.36
LITERACY 8.86

Figure 8. Strategic cluster diagram for Period 3 using SciMAT.

On the other hand, the themes of “discourse” and “immigrants” were classified as
basic transversal themes. This finding implies that the discussion surrounding inclusion
and equity in access to technology was still developing and could have been explored more
thoroughly in future research.

Period 3 reveals an evolution towards a more holistic and nuanced approach to Al in
education. There is a growing interest in how technology affects different demographic
groups and educational levels, reflecting an increasing awareness of the diversity in ed-
ucational experiences. Additionally, the focus on literacy and innovation suggests that
research is beginning to address not only the impacts of Al but also how to prepare future
generations for a world where artificial intelligence will be ubiquitous.

3.4. Period 4 (2020-2024)

The motor themes are “social networks”, “classroom”, “intervention”, “future”, “com-
petence” and “disability”, while “medical school”, “services” and “model” are basic themes.
Emerging themes are “environment”, “school”, “mixed methods”, “bias” and “community”
(returning themes). Highly developed and isolated themes are “impact” and “experiences”.

During Period 4, a significant shift is observed in the motor themes of research, now
including “social networks”, “classroom”, “intervention”, “future”, “competence”, and
“disability” (Figure 9). This evolution suggests that research began to explore the impact
of artificial intelligence (AI) in more nuanced contexts, such as its role in fostering social
networks, enhancing classroom interventions, and supporting students with disabilities.

The inclusion of “social networks” as a motor theme reflects a growing interest in how
Al can facilitate communication and collaboration among students, as well as how these
platforms can influence learning. On the other hand, the centrality of “classroom” and
“intervention” indicates a renewed focus on specific pedagogical strategies that may benefit
from Al, suggesting that researchers are considering not only the implementation of Al but
also how it can be effectively utilized in learning environments.

The emergence of themes like “environment”, “school”, “mixed methods”, “bias”,
and “community” introduces more complex issues, such as the Al-driven educational
environment, interdisciplinary research methods, and concerns over bias in Al This focus
highlights the need for more critical and reflective research on Al tools, ensuring they are

fair and equitable for all students.
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Figure 9. Strategic cluster diagram for Period 4 using SciMAT.

The presence of “impact” and “experiences” as highly developed but isolated themes
suggests that, while these areas have been well studied, they still require further integration
into broader discussions about Al’s evolving role in education. This indicates that, although
there is a solid knowledge base in these areas, it is crucial to continue investigating how
the impact of Al can intertwine with the experiences of students and educators in a wider
educational context.

In this final period, a more sophisticated and multifaceted approach to Al in education
is presented. Researchers are exploring how Al can influence various dimensions of
learning and teaching, reflecting a commitment to inclusion, equity, and innovation in
education. This also suggests a transition toward a more holistic approach that considers
not only the benefits of Al but also its ethical and social implications, which is crucial for
developing an inclusive and sustainable educational future.

When analyzing the four periods, it becomes evident that the emergence of new topics
and the increasing number of core themes represent a trend in the study of Al from a social
sciences perspective. A fundamental element is the role of the community, which stands as
one of the main subjects of sociological study (Figure 10). In this regard, there is a noticeable
evolution: from being a marginal topic in the first period, associated with underdeveloped
issues, to becoming an emerging theme connected to subtopics that directly address the
lived experience of school dropout, communication in social interaction, digital inequalities,
and, finally, the design and closure of unrelated subjects. Future studies should delve
deeper into the development of this emerging theme, and greater efforts should be made to
ensure that sociological issues surrounding inequality take on a more prominent role in
studies on education and technology.

Although the term Al does not appear directly in the clusters or nodes, they have been
carefully analyzed to better understand their underlying patterns and how they relate to
the overall search, uncovering potential connections that may not be immediately visible.
On the other hand, it is important to emphasize that all the findings are closely tied to
a sociological perspective. This approach highlights the broader social implications of
Al, particularly in terms of power dynamics, inequality, and the role of technology in
shaping human interactions. The sociological lens allows for a deeper exploration of how
Al systems influence educational practices, access to resources, and the reproduction of
social inequalities, making it essential for understanding the full impact of Al on education
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and society at large. Findings in these areas underscore the importance of addressing the
structural inequalities perpetuated through technology.
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Figure 10. Evolution of the topic of community in Period 1 and Period 4.

4. Discussion

The growing integration of Al in the educational realm not only presents opportunities
to enhance teaching and learning but also raises critical challenges that must be addressed.
As research continues to develop, educators, researchers, and policymakers need to collabo-
rate to ensure that Al is used equitably and accessibly for all students, especially those from
disadvantaged socioeconomic backgrounds. This will require a multifaceted approach that
considers both access to technology and the development of digital competencies necessary
to navigate an increasingly Al-mediated world.

The integration of Al technologies in educational environments raises significant
ethical and social concerns, particularly regarding how these systems can reinforce or
exacerbate inequities. For instance, Madianou [24] emphasizes that Al systems, often
designed with Eurocentric values, can perpetuate colonial power dynamics, suggesting
that the role of Al in education is not neutral but rather reflects inherent biases in its
design and implementation. This perspective aligns with Critical Theory’s emphasis on
understanding the sociopolitical contexts that shape the production and dissemination
of knowledge.

The capacity of Al to transform educational practices is also examined in the context
of personalized learning systems. Katiyar [39] discusses how Al-driven personalized
learning can optimize educational outcomes by tailoring instruction to individual needs.
However, this personalization can lead to a form of surveillance and control over students,
raising questions about privacy and autonomy. The lens of Critical Theory allows for
an examination of how these systems can inadvertently reinforce existing hierarchies by
privileging certain learning styles or backgrounds over others. Additionally, the integration
of Alin educational assessment, as explored by Du [25], reveals a gap between technological
capabilities and practical implementation, particularly in terms of equity and bias.

The ethical challenges associated with Al in education, as discussed by Akgiin and
Greenhow [23], underscore the need for educators to critically engage with the technologies
they employ. They argue that while Al can enhance learning experiences, it also presents
ethical dilemmas that must be addressed to prevent reinforcing existing inequalities. This
critical implication is essential for educators to navigate the complexities of Al integration
and ensure that these technologies empower students rather than marginalize them.

The cultural capital posited by Bourdieu encompasses the knowledge, skills, and
cultural competencies that individuals acquire through their education and upbringing,
significantly influencing their educational trajectories and interactions with technology.
Students from higher socioeconomic backgrounds often possess greater cultural capital,
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enabling them to navigate educational systems and technological tools more effectively.
Educational tracking systems, which classify students based on their perceived ability, can
exacerbate inequalities linked to cultural capital [40].

The evolution of the sociological perspective on artificial intelligence (Al) in education
has revealed multiple dimensions and dynamics at play. A total of 37 documents were
published with the Author keyword from 2012 to 2024, some of which are oriented to
digital health and patient care. The narrative of artificial intelligence (Al) research in educa-
tion has evolved significantly, reflecting growing integration across diverse educational
contexts and societal needs. Early studies, like Khan [41], emphasized expanding access to
learning for underserved populations using internet-based tools, laying the groundwork
for future Al-driven educational technologies. The introduction of Al into augmentative
communication for children with disabilities [42] further showcased the transformative
potential of Al in enhancing learning for marginalized groups. This trend of integrating
Al into education aligns with global goals, as highlighted by Galés and Gallon [43], who
tied technological advancements to the Sustainable Development Goals (SDGs), promoting
inclusive, equitable education worldwide.

As Al’s role in governance and educational policy became more evident [44], attention
turned to critical discussions on Al’s ethical implications and its influence on educational
practices [45]. Researchers like Kharbat et al. [46] identified gaps in Al's support for students
with intellectual disabilities, urging a more inclusive design of Al technologies. Digital
social innovations, particularly in Europe, started to reshape welfare systems, indicating a
broader societal impact [47]. By 2022, concerns over social implications, including biases
and ethical considerations in Al, were prominent in discussions [48], paralleled by the
examination of Al’s acceptance among younger learners [49].

In recent years, the intersection of Al and education has gained momentum with
emerging technologies like the Metaverse [20] and Al-driven health applications [50], rais-
ing questions about the role of Al in personalized learning and social determinants of health.
Chun and Elkins [51] responded to the “crisis” of Al by proposing a new digital humanities
curriculum centered around human values, while Lai et al. [52] explored Al’s impact on
adolescent emotional perception in China. As Al technologies continue to develop, con-
cerns about bias and equity remain central to discussions on best practices [53], along with
growing interest in Al’s role in higher education, particularly with the introduction of tools
like ChatGPT [54].

The study reveals a significant gap in the thematic focus on the effects of Al in the
field of education and the reproduction of inequality from a sociological perspective. This
gap is evident in the limited number of publications addressing this topic and the analysis
of clusters along their evolutionary lines. However, discussions on Al’s impact appear
transversally in studies from other fields, particularly within education. The results of
this study call for sociology to take a leading role in investigating this area, using its
essential tools to better understand the dynamics between new technologies, global society,
and education.

The thematic network for “community” expands from two nodes in earlier periods
to seven in later ones, indicating a broader engagement in integrating educational Al
within community services. Studies associated with community are on services for children
attending schools for the emotionally and behaviorally disturbed [55]. The research by
Lai et al. [52] explores whether interaction with generative artificial intelligence can en-
hance learning autonomy, comparing the effects of virtual companionship and knowledge
acquisition preferences over time.

The only study directly related to the research strategy is the study that explores
the identity and cognition of English language teachers instructing students with visual
impairments in Tiirkiye, examining how personal, social, cultural, and educational factors
shape these teachers’ experiences within the context of special education [56]. This aligns
with the broader trend in Al research towards inclusive approaches that support diverse
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needs within educational settings, highlighting the importance of sociocultural factors in
educational Al applications.

This work has explored various theoretical frameworks to tackle the issue of digital
inequalities. From the perspective of Critical Theory, the importance of questioning and
transforming power structures that limit human self-realization is emphasized, focusing on
emancipation and resistance to social inequalities, which is essential for understanding how
cultural capital influences access to and use of technologies like Al [22,24]. Bourdieu [57]
defines cultural capital as the knowledge, skills, and competencies individuals possess,
which are crucial for navigating educational and technological environments [58]. Students
with high cultural capital tend to benefit more from Al platforms, as they possess the
cognitive and social tools necessary to leverage these technologies effectively. In contrast,
those with lower cultural capital face greater obstacles, creating a gap in access to and use
of AI'[25,26,58].

The Actor-Network Theory (ANT) broadens the perspective by presenting Al not
only as a tool but also as an active participant in the educational ecosystem, reconfiguring
relationships, roles, and power dynamics among students, teachers, and institutions. ANT
considers both students and Al platforms as actors in a co-constructed network through
their interactions [59]. This theory allows for analyzing how relationships among students,
teachers, and Al technologies transform and evolve, highlighting the importance of connec-
tions and collaboration in learning [60]. Al platforms, far from being merely tools, influence
relationships and knowledge construction between students and teachers [61], reflecting a
dynamic and changing learning network in which cultural capital can either facilitate or
hinder students’ participation [62]. Thus, the theoretical framework provided by Critical
Theory and ANT is invaluable for exploring how Al reconfigures educational practices,
with profound implications for inequality and social justice [28,63].

A more detailed analysis of the challenges and benefits of Al, based on demographic
subgroups, shows evidence of greater access barriers among students from rural areas
due to limitations in technological infrastructure, while urban students can more readily
benefit from these tools, thus exacerbating digital divides [64]. It would also be relevant to
examine how Al could support students with disabilities or specific needs through adaptive
platforms that respond to their particular requirements. This approach provides a more
accurate picture of the various ways in which Al affects different populations, emphasizing
the need for policies that consider the diversity and particularity of students.

Artificial intelligence (Al) is transforming education by addressing inequities through
personalized learning experiences [30,65,66], early detection of learning difficulties [67],
and automating administrative tasks [17,19]. By leveraging tools like natural language
processing (NLP) and data analysis, Al enables educators to tailor resources to individual
needs, improve accessibility, and identify gaps in knowledge. It helps bridge disparities
across demographics and regions by optimizing teaching methods and making educa-
tion more inclusive [28]. Ethical implementation ensures Al remains a powerful tool for
fostering equity in education.

Simultaneously, Al has the potential to widen global inequality due to three main
factors: economic divergence, where wealthier nations have better access to Al technology
and its benefits; disparities in Al research resources, with leading countries dominating
development; and the reinforcement of existing biases, as Al systems trained on biased data
can perpetuate inequalities. Addressing these issues will require international cooperation
and ethical frameworks to ensure Al advancements benefit lower-income countries and
vulnerable populations [28,68].

The combination of Critical Theory and ANT enables a deeper understanding of
inequalities in access to education and technology. Critical Theory invites questioning of
the structures that perpetuate these inequalities, while ANT provides a framework for
observing how these structures manifest in daily interactions [69]. For instance, students
from disadvantaged socioeconomic backgrounds may have less access to technological and
educational resources, limiting their ability to benefit from Al platforms [64]. ANT helps to
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make these dynamics visible by considering how relationships between different actors
(students, teachers, technologies) are configured and affect learning [70].

Finally, the intersection between Bourdieu’s theory of cultural capital and the concept
of the digital divide offers a nuanced understanding of how generational inequalities are
perpetuated in the context of Al-based educational tools. The digital divide is generally
categorized into two levels: the first-level digital divide, which refers to disparities in access
to digital technologies, and the second-level digital divide, which refers to the unequal
ability to effectively use these technologies.

The first-level digital divide highlights disparities in access to technology, which can
be influenced by socioeconomic status, geographical location, and educational resources.
Students from lower socioeconomic backgrounds often lack access to essential digital tools,
which can create significant educational disadvantages. According to van Dijk [63], access
to technology is not just about physical availability, but also about the social and economic
conditions that facilitate or hinder that access.

The second-level digital divide focuses on disparities in the ability to effectively use
digital technologies. Even when students have access to technology, their capacity to use it
effectively may vary significantly based on their cultural capital. Hargittai [71] emphasizes
that digital literacy is a crucial component of the second-level digital divide. Students
with higher levels of cultural capital tend to be more competent in using technology for
educational purposes, as they are typically exposed to digital tools and resources from an
early age.

The integration of Al in educational environments transforms the relationships among
various actors. For example, educators may see their roles shift from knowledge providers
to facilitators of Al-driven learning experiences. This change can create new power dynam-
ics, where Al systems have significant influence over curriculum design and assessment
methods. Selwyn [27] emphasizes that discussions about Al in education should be seen as
inherently political, intertwined with issues of power, disadvantage, and marginalization.

To ensure that Al use in education benefits all students, especially those in vulnerable
situations, various studies propose a set of practical recommendations for policymakers
and educational institutions. First, it is necessary to establish clear privacy standards
that regulate the use of Al in educational settings, protecting students’ personal data and
preventing misuse of information [23].

Different authors [12,13,64] highlight the importance of creating funding opportunities
that allow under-resourced schools, particularly in rural or vulnerable areas, to access Al
technologies. In addition to resources, it is crucial to implement training programs to
ensure that teachers are equipped with the skills needed for appropriate and pedagogical
use of Al tools, ensuring inclusive and responsible implementation.

Finally, a line of research has focused on promoting the availability of Al platforms
that offer personalized learning, allowing students to progress at their own pace and
meeting the needs of those requiring additional support [6,32]. These practical measures
seek not only to improve access to Al but also to ensure that its implementation in the
educational sector aligns with principles of equity and social justice. Furthermore, they
call for educators, researchers, and policymakers to work together in developing an Al
framework in education that is inclusive and accessible.

The evolution of sociology towards a more complex approach to technology, marked
by the emergence of digital sociology, also reflects a significant shift. This branch seeks
to understand how digital technologies influence human behavior, relationships, and
social norms. The integration of Al across various sectors raises ethical considerations
regarding accessibility and equity in education, highlighting the need for a sociological
lens to navigate these challenges.

Policymakers have a crucial role in harnessing Al to foster equity in education, and
several actionable strategies can guide their efforts. First, ensuring equitable access to
technology is essential. This includes allocating funding to provide underserved schools
with the necessary infrastructure to access Al tools, as well as implementing subsidized
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programs or partnerships with technology companies to offer Al-based educational tools
at reduced costs for low-income families.

Promoting digital literacy and cultural capital is another important strategy. Policy-
makers should focus on developing curricula that integrate digital literacy and Al education
from an early age, teaching students not only how to use Al tools but also how to critically
evaluate and engage with these technologies. Additionally, community-based programs
that educate families about Al can help build cultural capital and empower students to
navigate Al-based platforms effectively.

Supporting teacher training and development is also vital. Policymakers should
provide ongoing professional development for educators on effectively integrating Al
tools into their teaching practices. This training should emphasize understanding diverse
cultural backgrounds and fostering positive student—teacher relationships. Establishing
mentorship programs that connect experienced educators with those new to Al technologies
can further promote knowledge sharing and collaborative learning.

It is equally important to foster inclusive Al development. Policymakers should
engage stakeholders, including educators, students, and community members, in the
development and selection of Al tools to ensure these technologies are relevant and effec-
tive. Creating ethical guidelines for Al implementation in education that prioritize equity,
transparency, and accountability will help address biases in algorithms that could impact
student outcomes.

Implementing data-informed policies is crucial for driving meaningful change. Policy-
makers should fund research that evaluates the impact of Al on various student populations,
focusing on how these tools affect equity in educational outcomes. Additionally, establish-
ing feedback mechanisms for collecting insights from students and teachers about their
experiences with Al tools can help inform policy decisions and improve the effectiveness
of resources.

Encouraging collaboration across sectors will enhance the impact of Al in education.
Policymakers should promote partnerships between educational institutions and technol-
ogy companies to develop tailored Al solutions that meet the specific needs of diverse
student populations. Fostering collaboration between schools and community organiza-
tions can also create support networks for students and families, leveraging Al tools to
enhance learning opportunities beyond the classroom.

Finally, policymakers should address existing barriers through policy revisions and
exploring new funding models that support equitable Al integration. By reviewing and
revising education policies to remove obstacles to effective Al use and ensuring that finan-
cial resources are allocated based on need rather than uniform distribution, policymakers
can create an educational landscape where Al tools enhance learning opportunities equi-
tably. Through these strategies, all students can be empowered to thrive in a technology-
driven world.

In summary, sociological theory allows for the identification of risks in the imple-
mentation of Als, considering various mitigation strategies (Table 1), as has been outlined
throughout the work.

This study has several limitations that should be acknowledged to contextualize the
findings and guide future research. Firstly, the bibliometric analysis was confined to the
Web of Science Core Collection, which, while comprehensive, may exclude relevant studies
published in other databases or grey literature. This limitation could result in an incomplete
representation of the existing research landscape on Al in education and digital inequali-
ties. Additionally, the reliance on bibliometric methods inherently focuses on quantitative
metrics, potentially overlooking the qualitative nuances and deeper sociological insights
that qualitative analyses might capture. The so-called “grey literature”, including reports
or innovation projects shared on blogs or other platforms, was not included in this phase.
Such applied work is usually integrated into the academic literature with some delay and
is expected to become available in indexed bibliographic databases soon. Additionally,
the practical application examples provided lack reinforcement through studies demon-
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strating evidence of their efficacy and effectiveness. The thematic categorization, although
systematically approached, is subject to the subjective interpretations of the researchers,
which may influence the identification and evolution of themes. Language bias is another
consideration, as the analysis likely prioritizes English-language publications, thereby
neglecting valuable perspectives from non-English scholarly work. Lastly, while the study
identifies gaps in sociological perspectives, particularly concerning digital illiteracy and
socio-economic access disparities, it does not empirically investigate these issues. Future
research should incorporate diverse methodologies, including qualitative approaches and
cross-cultural studies, to address these gaps and provide a more comprehensive under-
standing of the sociological implications of Al integration in education.

Table 1. Sociological insights for mitigating risks in Al implementation.

Risk

Mitigation Strategy

Relevant Sociological Theory

Bias in Al Systems: Reinforces
existing social and
economic inequalities.

Implement diverse data sourcing,
unbiased algorithm design, and regular
auditing for fairness.

Critical Race Theory: Examines how systemic
biases in technology perpetuate
societal inequalities.

Data Ownership and Privacy:
Favors entities with access to
digital infrastructure.

Establish global regulations on data
privacy and promote open data access for
marginalized groups.

Actor-Network Theory (Latour): Considers how
networks of technology and human actors shape
power dynamics and control over data.

Educational Inequities: Access
to personalized Al tools varies
across regions.

Deploy Al in education to personalize
learning, improve accessibility, and
identify knowledge gaps.

Cultural Reproduction Theory: Focuses on how
unequal access to education perpetuates
social inequalities.

Diversity in Family Structures
and Socio-
environmental Factors.

Integrate person-centered methods in Al
tools to account for diverse family
backgrounds and

socio-environmental factors.

Cultural Capital: Supporting diverse family
structures and socio-environmental contexts in
education, ensuring that Al tools respect and adapt
to these variations to improve student outcomes.

Challenges in Addressing
Diversity with Digital Tools.

Focus on ethical AI deployment, teacher
training, and collaboration with
policymakers to ensure inclusivity.

Actor-Network Theory: Promoting collaboration
between educators, policymakers, and
technologists to ensure Al tools are designed to be
inclusive and meet the needs of diverse student
populations.

Disability and Inclusion
in Education.

Create accessible Al tools and resources
that support students with disabilities,
such as those affected by autism
spectrum disorder (ASD).

Cultural Capital: Providing personalized learning
experiences that account for disabilities and
diverse learning needs, fostering inclusion through
Al tools that adapt to individual

students’ challenges.

Al’s Potential to Perpetuate Bias
in Education.

Develop Al systems for education that
are regularly updated to address racial,
ethnic, and gender biases, ensuring
fairness in admissions and assessments.

Critical Theory: Examining how biases embedded
in Al systems can reproduce societal inequalities,
advocating for continuous refinement to ensure
fairness in educational systems.

5. Conclusions

The progression of Al research in education demonstrates a shift from understand-
ing basic impacts on educational outcomes to addressing more nuanced themes such as
vulnerability, digital literacy, bias, and community inclusion. This evolution is evident in
studies that move from isolated analyses of specific populations to more comprehensive
considerations of Al’s potential to foster inclusive and equitable educational environments.
The thematic clusters and networked connections reflect increasing complexity, with inter-
related topics like adolescent intervention, autism spectrum disorders, behavioral support,
and services for children with disabilities. Each period demonstrates an expansion of
Al’s application, moving from isolated studies on specific populations to broader con-
siderations of how Al can foster inclusive, innovative educational environments while
addressing challenges like bias and inequity. Research emphasizes the necessity of frame-
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works that ensure Al respects students’ agency, promoting autonomy within Al-supported
educational environments.

Delving deeper into the results, it is found that there are 133 documents with the key-
word “diversity” since 2002, although a direct link on how to address diversity with digital
tools is only observed in 2023. Lea et al. [72] mentions diversity in digital literacy, but it was
only in 2023 that AI's role in addressing diversity in education directly emerged, as seen in
studies exploring Al for formative assessments and personalized learning. This integration
can help address diverse student needs by automating analysis and providing insights
while addressing challenges like algorithmic bias. However, it stresses the importance of
teacher training and ethical Al use for inclusivity. Roshanaei [32] highlights Al’s impact on
education through personalized learning paths and data analytics, but also acknowledges
the risk of bias in admissions and other processes, particularly for underrepresented groups,
underlining the need for continuous refinement of Al systems for fairness.

It is important to underline that diversity without the digital element is still difficult
to embrace from an educational point of view [65]. Diversity is still a factor that education,
especially formal education, struggles to address with a positive approach to inclusion.
Instead, it is often treated as something to be managed, rather than embraced as a potential
asset. In this sense, many of the limitations of artificial intelligence reflect patterns of
exclusion that perpetuate existing forms of diversity, further reinforcing inequalities rather
than promoting inclusivity.

A similar pattern is exhibited by the term “inclusion”, which is present in 74 documents
since 2007, mostly related to special education [73] and minorities [66], and only in the latest
period appears with a clear reference to digital education [74]. In this study, Wang et al. [74]
examine how the use of digital devices affects adolescents’ academic performance, finding
that educational use improves outcomes, while social or gaming use has a negative effect.
The study highlights the importance of how devices are used rather than the type of device
itself. Home use, with parental support, enhances academic performance, while school use
tends to lower it. Factors such as nationality, age, and gender play a role, emphasizing the
need to promote positive device usage, particularly among girls and younger students.

From 2012 to 2024, Al research in education has evolved from expanding access to
learning for underserved populations to addressing ethical concerns, bias, and equity. Inno-
vations such as the Metaverse and Al-driven health applications offer new possibilities for
personalized learning, yet they also prompt significant ethical debates regarding inclusivity
and the risk of reinforcing social inequalities. As Al’s influence on governance and policy
increases, ethical concerns, such as privacy, bias, and equitable access, have become central,
requiring frameworks that prioritize student rights and inclusive access to technology.

Approaches from sociology through Bourdieu’s concept of cultural capital highlight
how disparities in students” backgrounds influence their ability to effectively use Al-based
educational tools. Access to and effective use of these technologies remains unevenly
distributed, with students from lower socioeconomic backgrounds facing significant bar-
riers due to both limited technological infrastructure and gaps in digital literacy. This
emphasizes the need for inclusive educational policies and targeted support that address
both the first-level digital divide (access) and the second-level digital divide (competency
in using technology).

Collectively, these studies reflect a continuous evolution from the initial application of
Al in expanding educational access to more intricate analyses of digital equity, technological
literacy, and ethical implications. The sociological perspective, particularly through the
lenses of Critical Theory and Actor-Network Theory (ANT), is increasingly recognized as
essential to understanding Al’s transformative potential in reshaping educational practices
on a global scale. This approach allows for a critical exploration of Al’s role in either
addressing or exacerbating social inequalities, emphasizing the need for thoughtful and
inclusive strategies as Al becomes embedded in educational systems worldwide.

Author Contributions: Conceptualization, LM.F,, EL.M. and E.-M.G.-A.; methodology, IM.E;
software, LM.F,; validation, LM.F. and E.-M.G.-A.; formal analysis, LM.F,, EL.M. and E.-M.G.-



Multimodal Technol. Interact. 2024, 8, 106 20 of 22

A.; investigation, LM.F. and E.-M.G.-A; writing—original draft preparation, LM.F. and E.-M.G.-A;
writing—review and editing, LM.F,, E.LL.M. and E.-M.G.-A; visualization, LM.FE. and E.-M.G.-A ;
supervision, LM.E, E.L.M. and E.-M.G.-A. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Rutkowski, L. Computational Intelligence; Springer: Berlin/Heidelberg, Germany, 2008. ISBN 978-3-540-76287-4 /978-3-540-76288-1.

2. Bostrom, N.; Yudkowsky, E. The Ethics of Artificial Intelligence. In Artificial Intelligence Safety and Security, 1st ed.; Yampolskiy,
R.V,, Ed.; Chapman and Hall/CRC Artificial Intelligence and Robotics Series; CRC Press/Taylor & Francis Group: Boca Raton,
FL, USA, 2018; pp. 57-69. ISBN 978-1-351-25138-9.

3. Holzinger, A; Langs, G.; Denk, H.; Zatloukal, K.; Miiller, H. Causability and Explainability of Artificial Intelligence in Medicine.
WIREs Data Min. Knowl. Discov. 2019, 9, €1312. [CrossRef] [PubMed]

4. Howard, ]. Artificial Intelligence: Implications for the Future of Work. Am. |. Ind. Med. 2019, 62, 917-926. [CrossRef] [PubMed]

5. Aghion, P; Jones, B.F.; Jones, C. Artificial Intelligence and Economic Growth. In The Economics of Artificial Intelligence; National
Bureau of Economic Research: Cambridge, MA, USA, 2019; Volume 23928. [CrossRef]

6. Chen, L.; Chen, P; Lin, Z. Artificial Intelligence in Education: A Review. IEEE Access 2020, 8, 75264-75278. [CrossRef]

7. Xiang, X.; Li, Q.; Khan, S.; Khalaf, O.I. Urban Water Resource Management for Sustainable Environment Planning Using Artificial
Intelligence Techniques. Environ. Impact Assess. Rev. 2021, 86, 106515. [CrossRef]

8. Szpilko, D.; Naharro, EJ.; Lazéroiu, G.; Nica, E.; Gallegos, A.D.L.T. Artificial Intelligence in the Smart City—A Literature Review.
Eng. Manag. Prod. Serv. 2023, 15, 53-75. [CrossRef]

9.  Ren, S. How Much Water Does AI Consume? The Public Deserves to Know. OECD AI Policy Observatory. 2023. Available online:
https://oecd.ai/en/wonk/how-much-water-does-ai-consume (accessed on 30 November 2023).

10. Lutz, C. Digital Inequalities in the Age of Artificial Intelligence and Big Data. Hum. Behav. Emerg. Technol. 2019, 1, 141-148.
[CrossRef]

11. Dautenhahn, K. Socially Intelligent Robots: Dimensions of Human—Robot Interaction. Philos. Trans. R. Soc. B Biol. Sci.
2007, 362, 679-704. [CrossRef]

12.  Salemink, K,; Strijker, D.; Bosworth, G. Rural Development in the Digital Age: A Systematic Literature Review on Unequal ICT
Availability, Adoption, and Use in Rural Areas. |. Rural Stud. 2017, 54, 360-371. [CrossRef]

13.  Fahmi, FZ,; Arifianto, A. Digitalization and Social Innovation in Rural Areas: A Case Study from Indonesia. Rural Sociol.
2022, 87, 339-369. [CrossRef]

14. Garcia-Alonso, E.M.; Ledn-Mejia, A.C.; Sanchez-Cabrero, R.; Guzman-Ordaz, R. Training and Technology Acceptance of ChatGPT
in University Students of Social Sciences: A Netcoincidental Analysis. Behav. Sci. 2024, 14, 612. [CrossRef]

15.  Firat, M. How Chat GPT Can Transform Autodidactic Experiences and Open Education? OSF Preprints. Available online:
https:/ /osf.io/preprints/osf/9ge8m (accessed on 12 January 2023).

16. Hakiki, M,; Fadli, R.; Samala, A.D.; Fricticarani, A.; Dayurni, P.; Rahmadani, K.; Astiti, A.D. Exploring the Impact of Using
Chat-GPT on Student Learning Outcomes in Technology Learning: The Comprehensive Experiment. Adv. Mob. Learn. Educ. Res.
2023, 3, 859-872. [CrossRef]

17.  Abdillah, H.Z.; Partino, P.; Madjid, A. Enhancing Student Well-Being through AI Chat GPT in the Smart Education University
Learning Environment: A Preliminary Review of Research Literature. E3S Web Conf. 2023, 440, 05005. [CrossRef]

18.  Van Dolen, W.; Weinberg, C.B. Child Helplines: How Social Support and Controllability Influence Service Quality and Well-Being.
J. Serv. Mark. 2017, 31, 385-396. [CrossRef]

19. Cotton, D.R.E.; Cotton, P.A.; Shipway, ].R. Chatting and Cheating: Ensuring Academic Integrity in the Era of ChatGPT. Innov.
Educ. Teach. Int. 2023, 61, 228-639. [CrossRef]

20. TIili, A.; Huang, R.; Shehata, B.; Liu, D.; Zhao, J.; Metwally, A.H.S.; Wang, H.; Denden, M.; Bozkurt, A.; Lee, L.-H.; et al. Is
Metaverse in Education a Blessing or a Curse: A Combined Content and Bibliometric Analysis. Smart Learn. Environ. 2022, 9, 24.
[CrossRef]

21. Durak, G,; Cankaya, S.; Ozdemir, D.; Can, S. Artificial Intelligence in Education: A Bibliometric Study on Its Role in Transforming
Teaching and Learning. Int. Rev. Res. Open Distrib. Learn. 2024, 25, 219-244. [CrossRef]

22. Leander, KM.; Burriss, S.K. Critical Literacy for a Posthuman World: When People Read, and Become, with Machines. Br. J. Educ.

Technol. 2020, 51, 1262-1276. [CrossRef]


https://doi.org/10.1002/widm.1312
https://www.ncbi.nlm.nih.gov/pubmed/32089788
https://doi.org/10.1002/ajim.23037
https://www.ncbi.nlm.nih.gov/pubmed/31436850
https://doi.org/10.7208/9780226613475-011
https://doi.org/10.1109/ACCESS.2020.2988510
https://doi.org/10.1016/j.eiar.2020.106515
https://doi.org/10.2478/emj-2023-0028
https://oecd.ai/en/wonk/how-much-water-does-ai-consume
https://doi.org/10.1002/hbe2.140
https://doi.org/10.1098/rstb.2006.2004
https://doi.org/10.1016/j.jrurstud.2015.09.001
https://doi.org/10.1111/ruso.12418
https://doi.org/10.3390/bs14070612
https://osf.io/preprints/osf/9ge8m
https://doi.org/10.25082/AMLER.2023.02.013
https://doi.org/10.1051/e3sconf/202344005005
https://doi.org/10.1108/JSM-07-2016-0254
https://doi.org/10.1080/14703297.2023.2190148
https://doi.org/10.1186/s40561-022-00205-x
https://doi.org/10.19173/irrodl.v25i3.7757
https://doi.org/10.1111/bjet.12924

Multimodal Technol. Interact. 2024, 8, 106 21 of 22

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Akgun, S.; Greenhow, C. Artificial Intelligence in Education: Addressing Ethical Challenges in K-12 Settings. AI Ethics
2022, 2, 431-440. [CrossRef]

Madianou, M. Nonhuman Humanitarianism: When “Al for Good” Can Be Harmful. Inf. Commun. Soc. 2021, 24, 850-868.
[CrossRef]

Du, K; Geiger, J.; Killen, T.; Porta, A.E.; O’Brien, T. The Paradigm Shift in Education in Big Data Era: Exploring the Intersection
of Historical Assessment Frameworks and Al-Powered Assessment Methods in Education. J. Educ. Train. Stud. 2024, 12, 22.
[CrossRef]

Breinholt, A.; Jeeger, M.M. How Does Cultural Capital Affect Educational Performance: Signals or Skills? Br. ]. Sociol.
2020, 71, 28-46. [CrossRef] [PubMed]

Selwyn, N. The Future of Al and Education: Some Cautionary Notes. Eur. J. Educ. 2022, 57, 620-631. [CrossRef]

Li, H. Al in Education: Bridging the Divide or Widening the Gap? Exploring Equity, Opportunities, and Challenges in the Digital
Age. Adv. Educ. Humanit. Soc. Sci. Res. 2023, 8, 355. [CrossRef]

Hart, C.S. Education, Inequality and Social Justice: A Critical Analysis Applying the Sen-Bourdieu Analytical Framework. Policy
Futures Educ. 2019, 17, 582-598. [CrossRef]

Ansor, F; Zulkifli, N.A.; Jannah, D.S.M.; Krisnaresanti, A. Adaptive Learning Based on Artificial Intelligence to Overcome Student
Academic Inequalities. J. Soc. Sci. Util. Technol. 2023, 1, 202-213. [CrossRef]

Kuhail, M.A.; Thomas, J.; Alramlawi, S.; Shah, S.J.H.; Thornquist, E. Interacting with a Chatbot-Based Advising System:
Understanding the Effect of Chatbot Personality and User Gender on Behavior. Informatics 2022, 9, 81. [CrossRef]

Roshanaei, M.; Olivares, H.; Lopez, R.R. Harnessing Al to Foster Equity in Education: Opportunities, Challenges, and Emerging
Strategies. J. Intell. Learn. Syst. Appl. 2023, 15, 123-143. [CrossRef]

Cobo, M.J.; Lopez-Herrera, A.G.; Herrera-Viedma, E.; Herrera, F. SciMAT: A New Science Mapping Analysis Software Tool. ]. Am.
Soc. Inf. Sci. Technol. 2012, 63, 1609-1630. [CrossRef]

Mac Fadden, I.; Santana, M.; Vazquez-Cano, E.; Lopez-Meneses, E. A Science Mapping Analysis of ‘Marginality, Stigmatization
and Social Cohesion’ in WoS (1963-2019). Qual. Quant. 2021, 55, 275-293. [CrossRef]

Hirsch, J.E. An Index to Quantify an Individual’s Scientific Research Output. Proc. Natl. Acad. Sci. USA 2005, 102, 16569-16572.
[CrossRef]

Callon, M.; Courtial, J.-P.; Turner, W.A.; Bauin, S. From Translations to Problematic Networks: An Introduction to Co-Word
Analysis. Soc. Sci. Inf. 1983, 22, 191-235. [CrossRef]

Ward, R.M.; Schmieder, R.; Highnam, G.; Mittelman, D. Big Data Challenges and Opportunities in High-Throughput Sequencing.
Syst. Biomed. 2013, 1, 29-34. [CrossRef]

Eck, N.J.v.; Waltman, L. How to Normalize Cooccurrence Data? An Analysis of Some Well-known Similarity Measures. J. Am.
Soc. Inf. Sci. Technol. 2009, 60, 1635-1651. [CrossRef]

Katiyar, N.; Awasthi, M.V.; Pratap, R.; Mishra, M.K.; Shukla, M.N.; Tiwari, M. Ai-Driven Personalized Learning Systems:
Enhancing Educational Effectiveness. Educ. Adm. Theory Pract. 2024, 30, 11514-11524. [CrossRef]

Zamfir, A.-M.; Aldea, A.B.; Molea, R.-M. Stratification and Inequality in the Secondary Education System in Romania. Systems
2024, 12, 15. [CrossRef]

Khan, E. Education for the Base of the Pyramid People (BOP) Using Voice Internet e-Learning. Procedia Soc. Behav. Sci.
2012, 64, 474-483. [CrossRef]

Neamtu, R.; Camara, A.; Pereira, C.; Ferreira, R. Using Artificial Intelligence for Augmentative Alternative Communication
for Children with Disabilities. In Human-Computer Interaction—INTERACT 2019; Lamas, D., Loizides, F,, Nacke, L., Petrie, H.,
Winckler, M., Zaphiris, P., Eds.; Springer International Publishing: Cham, Switzerland, 2019; Volume 11746, pp. 234-243. ISBN
978-3-030-29380-2 /978-3-030-29381-9.

Universitat Auténoma de Barcelona Spain; Galés, N.L.; Gallon, R.; Universitat de Barcelona Spain. Integrating Education,
Technology, and SDG’s: A Three-Pronged Collaboration. In Innovations, Technologies and Research in Education; LU Akadémiskais
apgads; University of Latvia Press: Riga, Latvia, 2019; pp. 10-22.

Sharma, G.D.; Yadav, A.; Chopra, R. Artificial Intelligence and Effective Governance: A Review, Critique and Research Agenda.
Sustain. Futures 2020, 2, 100004. [CrossRef]

Ekstrom, S.; Fuentes, A. New critical imaginaries and reflections on robots and artificial intelligence: How teachers’ programming
knowledge could affect future educational technology. In Proceedings of the 14th International Technology, Education and
Development Conference, Valencia, Spain, 2-4 March 2020; pp. 3475-3483.

Kharbat, FF,; Alshawabkeh, A.; Woolsey, M.L. Identifying Gaps in Using Artificial Intelligence to Support Students with
Intellectual Disabilities from Education and Health Perspectives. Aslib J. Inf. Manag. 2020, 73, 101-128. [CrossRef]

Davide, F; Gaggioli, A.; Misuraca, G. (Eds.) Perspectives for Digital Social Innovation to Reshape the European Welfare Systems; 10S
Press: Amsterdam, The Netherlands, 2021. ISBN 978-1-64368-157-3.

Tsvyk, V.A; Tsvyk, I.V. Social Issues in the Development and Application of Artificial Intelligence. RUDN J. Sociol. 2022, 22, 58—69.
[CrossRef]

Li, E,; Li, S.; Yuan, X. Adoption and Perception of Artificial Intelligence Technologies by Children and Teens in Education. In
Artificial Intelligence in HCI; Degen, H., Ntoa, S., Eds.; Springer International Publishing: Cham, Switzerland, 2022; Volume 13336,
pp. 69-79. ISBN 978-3-031-05642-0/978-3-031-05643-7.


https://doi.org/10.1007/s43681-021-00096-7
https://doi.org/10.1080/1369118X.2021.1909100
https://doi.org/10.11114/jets.v12i2.6582
https://doi.org/10.1111/1468-4446.12711
https://www.ncbi.nlm.nih.gov/pubmed/31903604
https://doi.org/10.1111/ejed.12532
https://doi.org/10.56028/aehssr.8.1.355.2023
https://doi.org/10.1177/1478210318809758
https://doi.org/10.55849/jssut.v1i4.663
https://doi.org/10.3390/informatics9040081
https://doi.org/10.4236/jilsa.2023.154009
https://doi.org/10.1002/asi.22688
https://doi.org/10.1007/s11135-020-01004-7
https://doi.org/10.1073/pnas.0507655102
https://doi.org/10.1177/053901883022002003
https://doi.org/10.4161/sysb.24470
https://doi.org/10.1002/asi.21075
https://doi.org/10.53555/kuey.v30i5.4961
https://doi.org/10.3390/systems12010015
https://doi.org/10.1016/j.sbspro.2012.11.056
https://doi.org/10.1016/j.sftr.2019.100004
https://doi.org/10.1108/AJIM-02-2020-0054
https://doi.org/10.22363/2313-2272-2022-22-1-58-69

Multimodal Technol. Interact. 2024, 8, 106 22 of 22

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.
72.

73.

74.

Snowdon, J.L.; Scheufele, E.L.; Pritts, J.; Le, P-T.; Mensah, G.A.; Zhang, X.; Dankwa-Mullan, I. Evaluating Social Determinants of
Health Variables in Advanced Analytic and Artificial Intelligence Models for Cardiovascular Disease Risk and Outcomes: A
Targeted Review. Ethn. Dis. 2023, 33, 33-43. [CrossRef]

Chun, J.; Elkins, K. The Crisis of Artificial Intelligence: A New Digital Humanities Curriculum for Human-Centred Al Int. ].
Humanit. Arts Comput. 2023, 17, 147-167. [CrossRef]

Lai, T.; Zeng, X.; Xu, B.; Xie, C; Liu, Y.; Wang, Z.; Lu, H.; Fu, S. The Application of Artificial Intelligence Technology in Education
Influences Chinese Adolescent’s Emotional Perception. Curr. Psychol. 2024, 43, 5309-5317. [CrossRef] [PubMed]

Roshanaei, M. Towards Best Practices for Mitigating Artificial Intelligence Implicit Bias in Shaping Diversity, Inclusion and Equity
in Higher Education. Educ. Inf. Technol. 2024, 29, 18959-18984. [CrossRef]

Vartiainen, H.; Valtonen, T.; Kahila, J.; Tedre, M. ChatGPT and Imaginaries of the Future of Education: Insights of Finnish Teacher
Educators. Inf. Learn. Sci. 2024. ahead-of-print. [CrossRef]

Crawford, T.; Simonoff, E. Parental Views about Services for Children Attending Schools for the Emotionally and Behaviourally
Disturbed (EBD): A Qualitative Analysis. Child Care Health Dev. 2003, 29, 481-491. [CrossRef]

Cinarbas, H.I.; Daloglu, A. Promoting Inclusivity: Exploring Turkish Language Teacher Identity and Cognition in Special
Education for Students with Visual Impairments. Qual. Assur. Educ. 2024, 32, 611-627. [CrossRef]

Bourdieu, P; Passeron, J.-C. Reproduction in Education, Society and Culture; Sage: Thousand Oaks, CA, USA, 1990; Volume 4. ISBN
0803983204.

Pecourt Gracia, J.; Martinez Morales, I.; Bernad i Garcia, J.C. Hacia Una Concepcién Critica de La Sociologia de La Educacién: El
Debate Entre Bourdieu y Boltanski. Rev. Sociol. Educ.-RASE 2022, 15, 184-200. [CrossRef]

Monterroza Rios, A. Una Revisién Critica a La Teoria Del Actor-Red Para El Estudio de Los Artefactos. Trilogia Cienc. Tecnol. Soc.
2017, 9, 49-62. [CrossRef]

Hernandez Gémez, C.A.; Vargas Aldana, C.M. Agua y Procesos de Educaciéon Ambiental En Bogota. Rev. Educ. Ciudad
2021, 40, 49-63. [CrossRef]

Leodn, E.A. Latour, Deleuze y Harman Hacia Una Nueva Concepcion de La Teoria Del Actor Red. Isegoria 2022, 66, €23. [CrossRef]
Pfeilstetter, R. Bourdieu y Luhmann. Diferencias, Similitudes, Sinergias. Rev. Int. Sociol. 2012, 70, 489-510. [CrossRef]

Van Dijk, ].A.G.M. The Evolution of the Digital Divide-The Digital Divide Turns to Inequality of Skills and Usage; 10S Press: Amsterdam,
The Netherlands, 2012.

Flores Nufiez, A.; Enriquez Garcia, F. Educacion Del México Rural y El Enfoque Autogestivo. Rev. Biol. Agropecu. Tuxpan
2023, 11, 29-44. [CrossRef]

Pawlik, S.; RzeZnicka-Krupa, ].; Gierczyk, M.; Hornby, G. The Voices of Autistic Adolescents on Diversity, Education and School
Learning in Poland. Educ. Sci. 2023, 13, 368. [CrossRef]

Ghergut, A. Education of Children with Special Needs in Romania; Attitudes and Experiences. Procedia Soc. Behav. Sci.
2011, 12, 595-599. [CrossRef]

Giménez, A.; Bordoy, S.; Sanchez, A.; Lépez-Zamora, M.; Sopena, ].M.; Luque, ].L. A Supplemental computer-assisted Intervention
Programme to Prevent Early Reading Difficulties in Spanish Learners: A Stratified Random Control Trial. . Comput. Assist. Learn.
2021, 37, 510-520. [CrossRef]

Grashof, N.; Kopka, A. Artificial Intelligence and Radical Innovation: An Opportunity for All Companies? Small Bus. Econ.
2023, 61, 771-797. [CrossRef]

Carrasco-Aguilar, C.L.; Baltar-de Andrade, M.]. La Psicologia y Las Metodologias Criticas de Investigacién Educativa. Memorias
2015, 12, 21. [CrossRef]

Callén, B.; Domeénech, M.; Lépez, D.; Rodriguez Giralt, I.; Sanchez-Criado, T.; Tirado Serrano, F.J. Diasporas and Transitions in
Actor-Network Theory. Athenea Digital Rev. Pensam. Investig. Soc. 2011, 11, 3. [CrossRef]

Hargittai, E. Second-Level Digital Divide: Differences in People’s Online Skills. First Monday 2002, 7. [CrossRef]

Lea, M.R.; Goodfellow, R.; Jones, S. Digital Literacies Inhigher Education. In Proceedings of the 3rd International Conference on
e-Learning; Remenyi, D., Ed.; Academic Publishing Limited: Reading, UK, 2008; pp. 255-260.

Kalambouka, A.; Farrell, P.; Dyson, A.; Kaplan, I. The Impact of Placing Pupils with Special Educational Needs in Mainstream
Schools on the Achievement of Their Peers. Educ. Res. 2007, 49, 365-382. [CrossRef]

Wang, F; Ni, X.; Zhang, M.; Zhang, J. Educational Digital Inequality: A Meta-Analysis of the Relationship between Digital Device
Use and Academic Performance in Adolescents. Comput. Educ. 2024, 213, 105003. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.18865/1704
https://doi.org/10.3366/ijhac.2023.0310
https://doi.org/10.1007/s12144-023-04727-6
https://www.ncbi.nlm.nih.gov/pubmed/37359676
https://doi.org/10.1007/s10639-024-12605-2
https://doi.org/10.1108/ILS-10-2023-0146
https://doi.org/10.1046/j.1365-2214.2003.00368.x
https://doi.org/10.1108/QAE-01-2024-0013
https://doi.org/10.7203/RASE.15.2.24121
https://doi.org/10.22430/21457778.616
https://doi.org/10.36737/01230425.n40.2021.2456
https://doi.org/10.3989/isegoria.2022.66.23
https://doi.org/10.3989/ris.2010.05.21
https://doi.org/10.47808/revistabioagro.v11i1.458
https://doi.org/10.3390/educsci13040368
https://doi.org/10.1016/j.sbspro.2011.02.073
https://doi.org/10.1111/jcal.12504
https://doi.org/10.1007/s11187-022-00698-3
https://doi.org/10.16925/me.v12i21.862
https://doi.org/10.5565/rev/athenead/v11n1.852
https://doi.org/10.5210/fm.v7i4.942
https://doi.org/10.1080/00131880701717222
https://doi.org/10.1016/j.compedu.2024.105003

	Introduction 
	Methods 
	Results 
	Period 1 (1996–2010) 
	Period 2 (2011–2015) 
	Period 3 (2016–2019) 
	Period 4 (2020–2024) 

	Discussion 
	Conclusions 
	References

