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ABSTRACT:

The emergence of artificial intelligence (Al) in educational systems has radically transformed the dynamics of
learning, assessment, and pedagogical management in higher education. In recent decades, the use of intelligent
technologies has shifted from a futuristic promise to a tangible reality that directly influences the educational
experience of both instructors and students. This study aims to answer the following question: Does co-occurrence
network analysis allow for the identification of the challenges associated with the use of artificial intelligence in
higher education and its impact on educational quality and the learning experience? To address this, a bibliometric
co-occurrence network analysis was conducted on 1,642 conceptual terms proposed by 1,190 authors across 273
Q1-ranked journal articles. As a result, four main clusters were identified, each concentrating the majority of the
conceptual terms: Cluster 1: Educational transformation and diversity in clinical environments mediated by
artificial intelligence; Cluster 2: Language learning and emotional self-regulation supported by conversational Al;
Cluster 3: Immersive and gamified environments for pedagogical innovation mediated by Al; Cluster 4: Learning
analytics and intelligent algorithms applied to educational innovation in scientific disciplines. The findings
highlight emerging research gaps that scholars in these areas may explore through advanced quantitative
methodologies, such as factorial methods and structural equation modeling, as these clusters have the potential to
evolve into mature constructs depending on their application
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INTRODUCTION

In the era of accelerated digitalization, artificial intelligence (Al) and the Internet of Things (10T) have emerged
as transformative technologies with a disruptive impact across multiple sectors, including higher education [1].
Their convergence has given rise to the emerging field of Artificial Intelligence of Things (AloT), a powerful
integration that enables the collection of environmental and behavioral data through interconnected sensors, the
analysis of such data using intelligent algorithms, and the generation of automated, adaptive, and context-aware
responses [2], [3]. In university settings, this synergy enables the real-time reconfiguration of the learning
environment by integrating physical, cognitive, and emotional variables to enhance the educational experience
and promote student well-being [4], [5].

From personalized learning to the development of smart classrooms, the potential of AloT in higher education is
immense [6]. It facilitates a shift from traditional pedagogical models, focused on homogeneous content delivery,
toward responsive learning ecosystems, where devices monitor environmental quality (e.g., CO: levels, light,
humidity, temperature), interpret student behavior patterns, and generate automated recommendations that
optimize both teaching and learning [1], [7]. The study conducted by Tabuenca et al. (2024) demonstrates this
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approach in practice through the implementation of interactive dashboards, voice assistants, and gamified avatars
that support pedagogical decision-making and promote environmental sustainability within the university
classroom [5], [8].

However, the use of intelligent technologies in higher education is not without structural, ethical, and operational
challenges. The integration of complex systems such as AloT requires advanced technical competencies, adequate
digital infrastructure, and clear protocols for the responsible use of data [9], [10]. In addition, concerns arise
regarding student privacy, equitable access to technological resources, and the evolving role of educators in an
increasingly automated environment [11], [12]. Despite these concerns, findings from pilot cases reveal the great
potential of these technologies to foster personalized learning, environmental awareness, interdisciplinary
collaboration, and the development of key digital and emotional competencies for the 21st century [6], [13].

This article addresses the challenges and trends associated with the integration of artificial intelligence in higher
education, with particular emphasis on its impact on educational quality and the learning experience. Drawing on
the analysis of three case studies, it examines the pedagogical, technical, and ethical implications of these
advancements, as well as their practical applications in building more sustainable, interactive, and student-
centered learning environments. The following sections explore the key aspects of this educational transformation,
providing a critical framework for understanding how AloT can help redefine the future of university education.

Integration of AloT Systems in University Environments

The implementation of AloT systems in higher education represents a structural transformation in the way
learning spaces are conceived. These systems go beyond the use of conventional digital technologies by
integrating physical devices, environmental sensors, algorithmic analysis, and intelligent feedback mechanisms
within a single environment, as demonstrated in the university case study reported by Tabuenca et al. (2024) [5].
In this experiment, the Spike system was used to collect data over a three-month period on variables such as
temperature, humidity, CO: levels, light intensity, and even the electrical activity of plants. These data were
processed to anticipate potential risk conditions or environmental inefficiencies [14], [15].

The integration of these devices enabled the configuration of an interactive system composed of avatars
(Plantagotchi), voice assistants, and intelligent dashboards that not only responded to environmental conditions
but also generated real-time recommendations for students and instructors, such as opening windows, adjusting
lighting, or regulating the use of air conditioning [16], [17]. This smart classroom model introduces a new
dimension of educational sustainability by optimizing resources and promoting responsible behaviors through
technology [18]. However, its large-scale adoption in universities requires overcoming barriers such as the digital
skills gap among faculty, the need for continuous technical support, and the curricular integration of these tools
to ensure their pedagogical relevance rather than merely serving decorative purposes [9], [19].

Personalized Learning through Predictive Analytics

One of the most significant contributions of AloT in higher education is its ability to deliver personalized learning
experiences through predictive models built from contextual data [20]. In the study, the researchers employed
ARIMA models to anticipate the behavior of critical classroom variables, such as elevated carbon dioxide levels,
sudden temperature fluctuations, or inadequate humidity for the plants present. These predictions were translated
into concrete actions for students and instructors, such as ventilating the classroom, relocating plants, or reducing
energy consumption [21].

This approach not only impacts the sustainability of the physical environment but also enables the design of
differentiated learning pathways based on individual and group data collected by the sensors [22], [23]. For
example, alerts can be generated based on the behavior of a specific group, or personalized recommendations can
be configured according to each student’s learning pace [24]. In the university context, this holds substantial value,
as it respects students’ varying levels of autonomy, study habits, and cognitive needs. Moreover, the use of
interactive visualizations and voice assistants enhances data accessibility, allowing students to actively engage in
monitoring their own learning and well-being [16], [25]. In sum, AloT-based predictive analytics goes beyond
educational diagnostics and positions itself as an anticipatory tool that is key to the continuous improvement of
teaching and learning processes [14].
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Transforming the Learning Experience through Intelligent Interfaces

The design of intelligent interfaces within AloT systems is reshaping how students interact with their educational
environments. Rather than relying solely on the instructor or static digital content, learning is mediated through
conversational, visual, and affective tools that enhance and amplify the educational experience [26], [27]. The
article highlights the use of an avatar called Plantagotchi, designed as a virtual creature whose well-being depends
on the classroom’s environmental conditions. This avatar functions as an emotional and motivational agent,
encouraging students to adopt responsible attitudes toward the environment and establishing a symbolic
connection between their behavior and the well-being of the surrounding ecosystem [14], [15].

The system also incorporates a voice assistant that allows users to query historical data such as temperature or
light levels using natural language [28]. This component enhances accessibility, particularly for students with
visual impairments or auditory preferences, and fosters the development of communication skills and critical
thinking [29]. On the other hand, dashboard visualizations facilitate the understanding of patterns and trends,
promoting a culture of evidence-based learning and informed decision-making [30].

These interfaces not only enhance students’ cognitive and emotional engagement, but also position them as active
agents within the educational ecosystem—capable of interpreting, intervening in, and transforming their own
learning environments [31].

Ethical, Technical, and Pedagogical Challenges of Implementing Al in Higher Education

Despite its benefits, the implementation of AloT systems in university settings presents significant challenges that
must be addressed through institutional responsibility. First, there is growing concern regarding privacy and data
protection, as these systems continuously collect information on environmental variables and, in some cases, on
human presence or behavior within the classroom [10], [32]. Although the studies discussed in the article do not
explicitly focus on this dimension, they acknowledge the need to consider ethical principles in the design and
implementation of these technologies [12], [33].

Second, the effective use of these systems requires specialized technical training, which may pose a barrier for
instructors with only basic levels of digital competence [9], [20]. The article notes that in undergraduate and
graduate-level studies, instructors required external technical support to properly configure and use the system,
highlighting the need to strengthen institutional capacities for the autonomous and sustained integration of AloT
technologies [34].

From a pedagogical perspective, questions also arise regarding the role of educators in highly automated
environments: How can human intervention be balanced with decisions suggested by artificial intelligence? What
kind of support does a student need when learning in a sensor- and algorithm-driven environment? These questions
pave the way for a deeper reflection on the meaning, limitations, and possibilities of artificial intelligence in
education [35]. In this regard, the article suggests a progressive integration approach focused on student well-
being, environmental sustainability, and the development of critical digital competencies for contemporary society
[30].

Applications of the PRISMA Methodology in the Field of Artificial Intelligence, Higher Education, and Its
Impact on Educational Quality and Learning Experience

The PRISMA methodology (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) has gained
wide recognition as a rigorous tool for the collection, selection, and analysis of scientific literature in complex
and multidisciplinary contexts [36]. In the emerging field that integrates artificial intelligence (Al), higher
education, and educational quality, PRISMA enables the structuring of systematic reviews that ensure
transparency, reproducibility, and traceability in the identification of relevant studies [37]. This is particularly
crucial given the growing proliferation of research on Al applications in the university context, ranging from
recommendation systems for adaptive learning to intelligent assessment platforms and predictive analytics for
academic performance [38].

Applying PRISMA in this context not only facilitates the organization and synthesis of available empirical
evidence, but also enables the identification of gaps in the literature and emerging trends, such as personalized
learning through educational analytics and the impact of virtual assistants on the student experience [39].
According to the bibliographic analysis of the base document, PRISMA has been instrumental in mapping how
Al has established itself as a transformative tool in higher education, driving pedagogical innovation and reshaping
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teaching and learning environments [40]. Moreover, the use of PRISMA enables the comparison of interventions
and the measurement of their impact in terms of improving educational quality, accessibility, student satisfaction,
and skills development. In this regard, it becomes a strategic methodology for informing decision-making in
educational policy and technological development within higher education institutions [41].

Previous Bibliometric Studies Related to Artificial Intelligence, Higher Education, and Their Impact on
Educational Quality and Learning Experience

Bibliometric research has increasingly enabled the mapping of the development of artificial intelligence (Al)
within the field of higher education, evaluating both the volume of publications and the emerging thematic foci,
as well as their impact on educational quality [42]. Several studies have employed bibliometric methodologies to
identify the main lines of research, the most influential authors, collaboration networks, and the chronological
evolution of scientific production within this interdisciplinary field [43]. One of the recurring findings is the
centrality of topics such as personalized learning, intelligent tutoring systems, virtual assistants, and the use of big
data for pedagogical decision-making.

For example, some of the analyzed abstracts highlight the proliferation of publications on Al-based tools aimed
at improving academic performance and reducing university dropout rates [44]. Other studies emphasize
sentiment analysis and text mining applied to teaching platforms as a means to optimize student feedback and
monitor the learning experience in real time. Additionally, thematic clusters have been identified around Al ethics
in educational settings, the design of adaptive environments, and the automated assessment of learning.

Taken together, these bibliometric studies provide a solid foundation for understanding how artificial intelligence
is shaping educational practices in universities, while also allowing for the identification of research gaps and new
opportunities to develop more efficient, personalized, and student-centered pedagogical approaches.

Therefore, this study poses the following research question: Can co-occurrence network analysis identify the
challenges associated with the use of artificial intelligence in higher education and its impact on educational
quality and the learning experience? Based on this question, we propose the following hypothesis:

H1: Co-occurrence network analysis of terms enables the identification of the challenges in the use of artificial
intelligence in higher education, as well as its impact on educational quality and the learning experience.

In the context of the growing digitalization of higher education, artificial intelligence (Al) has emerged as a
strategic tool for transforming teaching and learning processes. Its applications range from content personalization
to the automation of assessment, directly impacting educational quality and the student experience. However, this
adoption also presents significant challenges that must be systematically identified and understood to ensure its
effective and ethical implementation.

The hypothesis of the present study that co-occurrence network analysis enables the identification of challenges
associated with the use of artificial intelligence in higher education, as well as its impact on educational quality
and the learning experience is grounded in the capacity of bibliometric methodologies to systematically map
scientific knowledge. Co-occurrence analysis, in particular, allows for the visualization of emerging patterns in
academic literature by clustering concepts that frequently appear together in titles, abstracts, and keywords,
thereby revealing meaningful thematic connections.

Recent publications reflect a growing interest within the scientific community in topics such as educational
automation, Al ethics, algorithm-mediated curricular adaptation, learning analytics, and the enhancement of
pedagogical interaction through intelligent agents. The recurrent and co-occurring presence of these elements
alongside terms such as educational quality, engagement, student experience, and institutional challenges
confirms the relevance of co-occurrence analysis as a technique for identifying key issues.

Moreover, preliminary data indicate that the challenges associated with the use of Al are not solely technological
in nature, but also pedagogical, ethical, and organizational. Network analysis enables the identification of how
these challenges are interrelated and how they are positioned within the current academic discourse based on their
connections to dimensions such as equitable access, algorithmic transparency, teacher training, and the critical
evaluation of Al-mediated learning.

4 2025 #9751 53 [FE 3 DOI: 10.46121/pspc.53.3.6



https://pspac.info/index.php/dlbh/article/view/94

-
N

ISSN:1674-3415

‘ A_,‘...AKA_ Al il

Therefore, this hypothesis is not only valid but also necessary, as the bibliometric approach using co-occurrence
analysis allows not only for the quantification of scientific output but also for the qualification of the conceptual
relationships underlying the main challenges and opportunities that Al presents for the future of higher education.

o

METHODOLOGY

Document Selection

The selection of documents was carried out following the best practices outlined in the PRISMA methodology
(see Figure 1). Two of the most prestigious databases Scopus and Web of Science were defined as the sources for
the documents.To extract the relevant literature, search equations were structured according to the research topic
and the technical requirements specified by each database (see Table 1).

E: ios Identificacion en los regi de base de datos
$
o ) ) . Registros eliminados antes de la evaluacion:
Registros identificados *: —
E Base de datos (n=2) > Eigmdﬁf%{ 14)
£ Registros (n = 783) Registros eliminados por otras razones (n =0)
o
Registros examinados o | Registros excluidos
(n=T756) | in=27my
Recuperados o | No recuperados
g (n =755) =1
Elegibles (Cuartil Q1) Reports excluded (son de los
(n =306) —*| otros cuartiles o que no esta
vigente su registro):
Q2= (n= 203)
Q3= (n=74)
Q4= (n=41)
— v
Estudios incluidos en la revision
(n=0)
Informes de estudios incluidos
n=0)
Figure 1. PRISMA Flow diagram
Table 1. Search Equiation
Data base Search Equation T. Doc
Scopus TITLE-ABS-KEY ( ( "artificial intelligence” OR "Al") 490

AND ( "higher education" OR "university" ) AND (
"learning experience" OR "educational quality" ) ) AND (
LIMIT-TO ( DOCTYPE , "ar"))
"artificial intelligence” OR "Al" (All Fields) and 293
"higher education” OR "university" ) (All Fields) And
"learning experience” OR "educational quality” (All
Fields) Document Type: Article

Total 783

Workflow Developed for the Bibliometric Analysis
To conduct the co-occurrence analysis of conceptual terms defined by the authors, the following workflow was
developed:

1. Documents were extracted from the selected databases in .bib format, resulting in a total of 783 records.
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2. A Python script was developed to integrate and clean duplicate records, generating a single .bib file.

3. Another Python script was used to extract records corresponding to journals ranked in Q1, yielding a total of
273 documents.

4. To explore the main bibliometric indicators, the Bibliometrix package version 5.0 for R (version 4.5.1) was
employed.

5. To generate the co-occurrence network graph, the software VOSviewer version 1.6.20 was used.

6. A Python script was developed to extract the clusters defined by the co-occurrence network in. json format
and convert them to Excel.

7. Finally, a Python script was used to select the articles associated with the top four clusters concentrating the
conceptual terms, in order to conduct the literature review.

RESULTS

Analysis of Key Bibliometric Indicators

The bibliometric analysis of the collected body of literature on artificial intelligence (Al) in the context of higher
education reveals a sustained growth trend and increasing interest in the scientific production within this field.
The study covers the period from 2000 to 2025 (see Figure 2A), during which a total of 273 documents were
identified, originating from 112 sources.

The annual growth rate of scientific production is 21.03%, indicating a significant increase in publications on the
topic, particularly over the past decade. This growth pattern can be attributed to the accelerated integration of Al-
based technologies in educational settings, as well as to the global debate surrounding their impact on the quality
and equity of learning (see Figure 2B).

The average age of the documents is just 1.4 years, reflecting the high recency of the studies analyzed. This
indicates that the field is both emerging and dynamic, with a growing body of recent literature. Additionally, the
average number of citations per document is 13.48, demonstrating a considerable degree of academic impact and
visibility (see Figure 2C).

The analyzed documents cite a total of 7,189 references, reinforcing the robustness of the corpus and its connection
to prior research, while also indicating an active scientific dialogue. From a thematic perspective, the analysis
revealed 1,085 indexed terms (Keywords Plus) and 1,642 author-provided keywords (see Figure 2D), suggesting
significant conceptual diversity. This terminological variety reflects an interdisciplinary field where perspectives
from pedagogy, technology, ethics, institutional management, and learning analytics converge.

Regarding authorship, a total of 1,190 authors were identified, with only 29 single-authored documents, resulting
in an average of 4.94 co-authors per publication. This pattern reflects a strong tendency toward collaborative
research; however, it is noteworthy that no international collaborations were reported (0%), which may be
considered a limitation in terms of geographic diversity and global inter-institutional cooperation.

Taken together, these bibliometric indicators suggest that the study of artificial intelligence in higher education
represents a rapidly expanding field, characterized by a solid foundation of scientific production, a predominantly
collaborative approach, and a strong focus on current and innovative themes. This quantitative foundation will be
essential for the subsequent qualitative analyses—such as co-occurrence networks—which will help identify the
main challenges, approaches, and trends shaping the contemporary academic discourse on the impact of Al on
educational quality and the learning experience.

Figure 2. Analisis de las medidas bibliométricas

Timespan
2000:2025

A

Documents Annual Growth Rate

03 %

International Co-Authorship Co-Authors per Doc
0 % 4.94
Document Average Age Average citations per doc
13.48

4 2025 8% 53 1 3 DOI: 10.46121/pspc.53.3.6

Authors Authors of single-authored d
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Author's Keywords (DE) References
1642 7189
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Co-Occurrence Network Analysis of Conceptual Terms

The co-occurrence network analysis of conceptual terms was constructed from 1,642 terms identified across 273
articles (see Figure 3). Based on the network-defined clusters, four clusters were selected that concentrated the
majority of the terms. The first cluster was labeled: Educational Transformation and Diversity in Clinical Settings
Mediated by Artificial Intelligence. The second cluster was titled: Language Learning and Emotional Self-
Regulation Mediated by Conversational Artificial Intelligence. The third cluster was named: Immersive and
Gamified Environments for Pedagogical Innovation Mediated by Artificial Intelligence. The fourth cluster was
defined as: Learning Analytics and Intelligent Algorithms Applied to Educational Innovation in Scientific
Disciplines. The following section presents a literature review for each of these clusters.

Figure 3. Red de co ocurrencia de términos

PlacHing LeAgniNG ==
CHCONTRAS Iw LEANNING

[[[[[

BEHMAVIOR

Fe. vosviewer

Cluster 1: Educational Transformation and Diversity in Clinical Settings Mediated by Artificial
Intelligence

This cluster includes studies examining how artificial intelligence (Al) is being integrated into higher education
in fields such as medicine, nursing, and pharmacy, through formats that promote clinical simulation, problem-
based learning, and automated decision-making. Additionally, the presence of terms such as diversity, minority
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groups, and psychological distress indicates a growing interest in the impact of Al on diverse student populations
and their well-being.

In this regard, Al represents not only a tool for optimizing clinical teaching but also a challenge in terms of equity,
personalization, and educational ethics (see Figure 4A).

Cluster 1 encompasses research focused on the convergence of medical education, artificial intelligence (Al), and
diversity in clinical settings, revealing a significant shift from traditional training models. In this context, there is
a growing interest in the use of intelligent technologies to enhance the quality of clinical learning, promote
educational equity, and ensure the inclusion of diverse populations. The analyzed studies demonstrate how Al is
being used as a supportive tool for both students and healthcare professionals, offering personalized resources,
advanced clinical simulations, and adaptive assessment systems that enable more efficient, accurate, and
culturally, cognitively, and gender-sensitive teaching [45], [46].

A notable trend within this cluster is the use of machine learning algorithms and natural language processing
systems to analyze clinical performance data, identify knowledge gaps, and recommend individualized learning
pathways. This approach not only optimizes training time but also addresses the specific needs of students with
varying levels of experience, technical skills, and learning styles [47], [11]. Moreover, the integration of
immersive technologies, such as augmented reality and virtual reality, facilitates the recreation of complex and
varied clinical scenarios, which is essential for preparing future professionals to face the diverse healthcare
contexts they will encounter in real-world practice [48], [49].

The inclusive dimension of this cluster is also reflected in studies that highlight the role of Al in detecting biases
and inequalities in clinical education. For instance, some works apply predictive models to assess the impact of
sociocultural factors on academic performance and student engagement, proposing data-driven strategies to ensure
equitable opportunities for access, retention, and academic success [50], [51]. This analytical approach paves the
way for more equitable and transparent educational systems, aligned with the principles of social justice and
medical ethics.

In addition, interdisciplinary initiatives have been identified that integrate engineering, medicine, pedagogy, and
data science to design hybrid clinical-educational environments. These proposals aim to transform training spaces
into dynamic, adaptive, and intelligent environments where students acquire not only technical competencies but
also soft skills, critical thinking, and intercultural sensitivity [52], [53].

Taken together, Cluster 1 reveals a paradigmatic transformation in clinical education, in which artificial
intelligence serves as a catalyst for innovation, inclusion, and educational quality. This new training model,
grounded in empirical evidence and the analytical potential of Al, contributes to the development of healthcare
professionals who are better prepared, more empathetic, and highly competent in increasingly diverse and
demanding contexts.

Cluster 2: Language Learning and Emotional Self-Regulation Mediated by Conversational Artificial
Intelligence

This cluster comprises studies that explore how Al-based technologies particularly conversational chatbots and
generative Al tools are transforming foreign language learning in school and university settings. Concepts such
as self-efficacy, motivation, anxiety, and satisfaction emerge as key factors in the impact of these technologies,
reflecting a focus on the emotional dimension of the learning experience.

A mixed-methods approach is also observed, with an emphasis on student perceptions, language performance,
and the development of communicative skills. This points to a research trend centered on the student as an active
agent mediated by Al (see Figure 4B).

Cluster 2 brings together studies focused on the intersection of foreign language learning, the development of
emotional skills, and the use of conversational artificial intelligence as a pedagogical mediator. This thematic line
emerges as an innovative response to contemporary challenges in language instruction, by integrating technologies
that personalize the learning experience, enhance intrinsic motivation, and foster emotional self-regulation
particularly in digitized and multicultural educational contexts [54], [55].
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One of the main contributions of this cluster is the integration of intelligent conversational agents chatbots that
interact with students in real time facilitating learning through structured dialogues, personalized
recommendations, and emotional feedback. These platforms, powered by natural language processing algorithms,
not only correct grammatical or pronunciation errors but also monitor affective indicators such as frustration,
anxiety, or lack of motivation, dynamically adjusting the interaction to sustain student engagement [56], [57].
Thus, conversational artificial intelligence emerges as a tool that supports both linguistic progress and the user's
emotional well-being.

In addition, the studies within this cluster highlight the value of Al-mediated virtual environments for language
practice in simulated contexts. Through immersive scenarios, students can engage in authentic communicative
situations without fear of external judgment, thereby reducing affective barriers and reinforcing confidence in
using the new language [11], [15]. This socio-emotional dimension is closely linked to autonomous learning
strategies, in which students regulate their own pace, select relevant content, and monitor their performance key
aspects for meaningful learning in non-presential environments.

On the other hand, there is an emphasis on the emotionally sensitive design of conversational systems. Several
studies address the development of empathetic chatbots capable of recognizing emotional patterns in user
language and responding adaptively, integrating principles of positive psychology and affective learning [58],
[59]. This trend points toward the creation of educational assistants that are not only functional but also human-
centered in their interactions, capable of fostering trust and providing support throughout the learning process.

Finally, Cluster 2 evidences a shift toward student-centered teaching models, where artificial intelligence does not
replace the instructor but rather amplifies their capabilities and facilitates more inclusive, interactive, and
emotionally balanced education. Within this framework, language learning is reconfigured as a comprehensive
process encompassing not only linguistic competence but also emotional regulation, autonomy, and resilience in
the face of digital learning challenges.

Cluster 3: Immersive and Gamified Environments for Pedagogical Innovation Mediated by Artificial
Intelligence

This cluster represents a convergence of immersive technology, innovative instructional design, and Al-based
pedagogical assessment. The prominent presence of terms such as virtual reality, game-based learning, formative
assessments, and learning performance reflects a rapidly evolving field in which artificial intelligence integrates
with simulated environments, multisensory experiences, and gamification dynamics to optimize learning and
enable more interactive and adaptive assessment.

These approaches address both technical challenges such as cognitive load and technological suitability and
pedagogical challenges such as motivation, feedback, and student-centered design (see Figure 4C).

Cluster 3 groups research focused on the integration of immersive environments and educational gamification,
powered by artificial intelligence (Al), as key strategies to promote pedagogical innovation in digital teaching and
learning contexts. This interdisciplinary approach highlights AI’s capacity to energize active methodologies,
enrich student interaction, and personalize learning experiences through emerging technologies such as virtual
reality (VR), augmented reality (AR), and adaptive learning systems [11], [60].

A prominent trend within this cluster is the development of gamified educational platforms that utilize intelligent
algorithms to adjust difficulty levels, suggest personalized challenges, and monitor student progress in real time.
These platforms not only enhance extrinsic motivation through virtual rewards and leaderboards but also reinforce
intrinsic motivation by offering immersive scenarios that simulate real or fantastical situations, where errors
become opportunities for learning and exploration [19], [50], [61].

Al-mediated immersive environments enable a break from the linearity of traditional curricula, offering flexible
learning pathways where students can make decisions, explore multiple solutions, and receive immediate
feedback. This structure fosters critical thinking, creative problem-solving, and meaningful learning skills
especially valued in 21st-century competency development [47], [48]. Additionally, the adaptive design of these
experiences accommodates diverse cognitive styles and prior knowledge levels, thereby enhancing educational
inclusion.
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From a technological perspective, studies within the cluster emphasize the role of Al in analyzing behavioral
patterns within gamified environments. Intelligent systems collect data on choices, response times, navigation
paths, and engagement levels to generate learning profiles and automatically adjust proposed challenges. This
continuous feedback mechanism enhances pedagogical personalization and promotes student-centered learning
[18], [62].

Successful experiences in primary, secondary, and higher education are also highlighted, where virtual worlds,
3D simulations, and Al-powered avatars capable of interacting with, guiding, and non-intrusively assessing
students are implemented. These scenarios increase social presence, sense of agency, and emotional immersion
key factors for achieving lasting learning outcomes [63], [34].

In summary, Cluster 3 demonstrates how immersive and gamified environments powered by artificial intelligence
represent not only a transformation in teaching methods but also in the way learning occurs. This technological-
pedagogical convergence inaugurates a new educational paradigm based on experience, adaptability, emotion,
and play, responding to the demands of an ever-evolving educational ecosystem.

Cluster 4: Learning Analytics and Intelligent Algorithms Applied to Educational Innovation in Scientific
Disciplines

This cluster reflects a clear intersection between advanced artificial intelligence (Al, adaptive algorithms, neural
networks, data mining) and its direct application in higher education within science and technology fields. The
use of tools such as learning analytics and data mining enables the transformation of instructional design, the
evaluation of student performance, the personalization of learning strategies, and the enhancement of evidence-
based teaching.

Moreover, the presence of fields such as bioinformatics, chemistry, epidemiology, pharmacoeconomics, and water
management suggests that Al is being utilized not only as a subject of study but also as a cross-cutting tool for
pedagogical innovation in STEM (Science, Technology, Engineering, and Mathematics) education (see Figure
4D).

Cluster 4 centers on the use of learning analytics and intelligent algorithms as catalysts for pedagogical innovation
in scientific fields such as biology, chemistry, physics, mathematics, and computer science. This line of research
demonstrates how leveraging large datasets generated by virtual learning environments, combined with the
predictive capabilities of artificial intelligence (Al), enables the transformation of traditional educational models
into more precise, adaptive, and student performance-oriented approaches [1], [10], [64].

A central focus of this cluster is the design of educational analytics platforms that process information on
interactions, response times, navigation paths, and achievement levels to generate individualized feedback for
both instructors and students. This data-driven approach enables the identification of learning patterns, the
anticipation of low-performance risks, and the design of timely and contextualized pedagogical interventions [65],
[50]. In particular, the use of intelligent dashboards has gained prominence as a real-time decision-making visual
tool, thereby enhancing instructors’ capacity for personalized support.

Asimismo, el cluster incluye investigaciones que aplican algoritmos de aprendizaje automatico (machine learning)
para evaluar y predecir el desempefio en disciplinas cientificas, donde los niveles de abstraccion y la complejidad
de los contenidos suelen ser altos. Mediante modelos supervisados y no supervisados, los sistemas pueden
clasificar perfiles de estudiantes, sugerir recursos didacticos adecuados y hasta simular trayectorias educativas
personalizadas que potencien el aprendizaje autbnomo y significativo [11], [19], [66].

Another notable contribution of this cluster is the use of expert systems and Al-powered virtual assistants that
support students in solving scientific problems, explain complex concepts through natural language, and provide
activities tailored to the learner’s level of understanding. These solutions, integrated within digital platforms,
promote equitable access to scientific content and foster the development of key competencies such as logical
reasoning, scientific argumentation, and virtual experimentation [7], [54].

Furthermore, the studies reflect how learning analytics integrates with innovative pedagogical frameworks such
as project-based learning, flipped classrooms, and collaborative learning, enhancing their effectiveness by
providing empirical evidence of their impact. Artificial intelligence thus becomes not only a technological tool
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but also an epistemological support that redefines the role of the instructor as a mediator and the student as an
active knowledge constructor [2], [9].

Taken together, Cluster 4 highlights a substantive transformation in the teaching of scientific disciplines,
characterized by the strategic use of data and algorithms to personalize instruction, optimize assessment processes,
and elevate learning quality. This trend positions artificial intelligence as a key ally in the evolution of 21st-
century STEM educational models.
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Note: A) Educational Transformation and Diversity in Clinical Settings Mediated by Artificial Intelligence, B)
Language Learning and Emotional Self-Regulation Mediated by Conversational Artificial Intelligence, C)
Immersive and Gamified Environments for Pedagogical Innovation Mediated by Artificial Intelligence, D)
Learning Analytics and Intelligent Algorithms Applied to Educational Innovation in Scientific Disciplines

CONCLUSION

The incorporation of artificial intelligence in higher education, especially through AloT systems, represents a
structural, pedagogical, and technological revolution in how university learning environments are conceived,
designed, and managed. This study has demonstrated that the combined use of sensors, intelligent algorithms, and
adaptive platforms not only optimizes the physical classroom environment but also personalizes educational
processes, enriches the student experience, and fosters key 21st-century competencies such as emotional self-
regulation, critical thinking, environmental awareness, and digital literacy.

Findings derived from the bibliometric and co-occurrence analyses reveal four emerging thematic clusters that
frame the contemporary academic debate: educational transformation in diverse clinical contexts; emotionally
mediated language learning; pedagogical innovation based on immersive and gamified environments; and the use
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of learning analytics and intelligent algorithms in scientific disciplines. These clusters not only reflect the practical
applications of Al in education but also highlight the ethical, technical, and training challenges that must be
addressed to ensure effective, equitable, and sustainable implementation.

Furthermore, the application of systematic methodologies such as PRISMA and bibliometric analysis techniques
has allowed for the clear identification of research trends, conceptual gaps, and future opportunities in this field.
The co-occurrence network approach proves to be a strategic tool for mapping knowledge and supporting
academic, institutional, and educational policy decisions. Collectively, the results of this research offer a
comprehensive framework to understand and guide the Al-driven educational transformation, promoting a more
inclusive, adaptive, and student-centered university model.
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