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Abstract

This chapter analyzes the potential and challenges of adaptive learning in upper secondary education,
and its impact on academic performance, educational personalization, and equity. Through a literature
review, experiences, platforms, and pedagogical models were examined, with a special emphasis on Latin
American contexts. Key elements such as the role of the teacher, technological infrastructure, learning
analytics, and ethical implications were addressed. The findings show that adaptive learning can improve
performance in areas such as mathematics and reading comprehension, as well as strengthening student
motivation and autonomy. However, its effectiveness depends on teacher training, equitable access to
technology, and appropriate pedagogical design. Risks associated with limited personalization or
superficial automation were also identified. It is concluded that adaptive learning should be implemented
as a comprehensive strategy that combines technology, pedagogy, and inclusive policies.

Adaptive learning in upper
secondary education:
characteristics, benefits

and challenges

Adaptive learning, Upper Secondary Education, Learning analytics
Resumen

Este capitulo analiza el potencial y los desafios del aprendizaje adaptativo en la educacion secundaria
superior, asi como su impacto en el rendimiento académico, la personalizacion educativa y la equidad.
A través de una revision bibliogréfica, se examinaron experiencias, plataformas y modelos pedagdgicos,
con especial énfasis en los contextos latinoamericanos. Se abordaron elementos clave como el rol del
docente, la infraestructura tecnolégica, las analiticas de aprendizaje y las implicaciones éticas. Los
hallazgos muestran que el aprendizaje adaptativo puede mejorar el rendimiento en areas como
matematicas y comprension lectora, ademas de fortalecer la motivacion y la autonomia del alumnado.
Sin embargo, su efectividad depende de la formacion docente, el acceso equitativo a la tecnologia y un
disefio pedagdgico adecuado. También se identificaron los riesgos asociados a una personalizacion
limitada o una automatizacion superficial. Se concluye que el aprendizaje adaptativo debe implementarse
como una estrategia integral que combine tecnologia, pedagogia y politicas inclusivas.

Aprendizaje adaptativo, Educacion secundaria superior, Analitica de aprendizaje
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Introduction

Adaptive learning in secondary education is an important issue, especially in a context where students
transition from secondary education to higher education or the world of work. Similarly, this level of
education is characterized by a wide diversity of academic trajectories, levels of preparation, and learning
styles, which require more flexible and personalized teaching strategies.

In this sense, adaptive learning is presented as an innovative and necessary response to address
these differences, allowing each student to progress at their own pace and according to their specific
needs. Thus, adaptive learning emerges with the aim of personalizing learning through an educational
platform so that people can learn at their own pace and according to their own needs (Hernandez, 2022,
p. 11). (citation of fundamentals)

This educational approach uses technological tools that analyze student behavior and performance
in real time to adjust content, activities, and assessments. Through these mechanisms, it is possible to
offer more effective support, identify areas for improvement with greater precision, and strengthen
teaching and learning processes.

These characteristics of adaptive learning can be used in EMS, where dropout and lag rates are
still a concern, and this ability to personalize can make a significant difference in terms of retention,
motivation, and academic success.

From a critical review, it is important to highlight that there are different approaches within
adaptive learning, some favoring the use of automated platforms and complex algorithms, while others
promote greater teacher intervention supported by technology; both models have advantages and
limitations, and their effectiveness depends on the context, available resources, and teacher training. For
this reason, it is essential not to adopt these tools uncritically, but rather to reflect on their pedagogical,
social, and ethical implications.

Among the most significant benefits of adaptive learning at this educational level are the
strengthening of student autonomy, timely attention to specific difficulties, and the possibility of
improving academic results through differentiated strategies.

However, there are also significant challenges, including poor technological infrastructure, lack
of teacher training in the use of these tools, concerns about data privacy, and the risk of excessive
dependence on technology. This observation is supported by Naranjo-Sagfay et al., (2025), who state
the following: "(...) the main barriers to the effective implementation of adaptive systems, including
personalized content design, teacher training, technological infrastructure, and impact assessment (p.
452). (citation of fundamentals)

Given the versatility of adaptive learning features, there is currently a significant opportunity to
transform EMS and make it more inclusive, effective, and student-centered. However, its implementation
requires a critical vision, appropriate educational policies, and solid preparation on the part of all
stakeholders, only in this way can we ensure that this innovation truly contributes to improving
educational quality and closing existing gaps at this level of education.

Given the versatility of adaptive learning features, there is currently a significant opportunity to
transform EMS and make it more inclusive, effective, and student-centered. However, its implementation
requires a critical vision, appropriate educational policies, and solid preparation on the part of all
stakeholders; only in this way can we ensure that this innovation truly contributes to improving
educational quality and closing existing gaps at this level of education.
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Theoretical references
Adaptive learning

Adaptive learning is considered an educational approach that focuses on personalizing each student's
learning experience by adjusting content, strategies, and teaching pace according to their needs, abilities,
interests, and learning styles. This methodology, supported by digital technologies and intelligent
systems, seeks to identify the student's level of understanding in real time in order to offer them resources
and activities tailored to their individual progress. In short, “Adaptive learning is a methodology that
personalizes the educational process according to the needs of each student, facilitated by platforms that
offer specific educational resources” (Vergara-Ruiz, and Mosquera-Albornoz, 2025, p. 2). (citation of
fundamentals)

Unlike traditional models in which students receive the same content at the same time, adaptive
learning proposes a flexible path that recognizes individual differences and promotes a more equitable
and effective education. To this end, adaptive learning uses algorithms, artificial intelligence, and data
analysis to monitor student performance and make informed pedagogical decisions (Gonzélez et al.,
2017). In this context, the student's learning process allows for the detection of knowledge gaps, the
reinforcement of specific areas, and/or the acceleration of progress based on demonstrated mastery.
(citation of fundamentals)

The use of virtual reality is increasing every day in different contexts of society, even from an
early age where it is used with children for the development of educational skills. At the EMS level, its
development is more profound and, over time, it has established itself as a way to facilitate and innovate
student learning, according to Morales-Cadena et al. (2024), "Virtual reality is not just an educational
tool; it is a vehicle for pedagogical innovation that has the potential to enrich education and empower
high school students for an increasingly innovative future (p. 217). (citation of fundamentals)

The development of virtual reality has led to research into methods and techniques for adapting
training systems for education. With the aim of achieving higher levels of motivation, the educational
context has seen the introduction of concepts such as gamification and adaptive learning in the
development of virtual learning environments.

Adaptive learning allows each student's learning to be personalized using the resources offered
on a platform, covering the content in depth in a rational manner and serving as a tool for both the
student and the teacher. These systems rely on data collection techniques to learn from each student and
provide adaptation to the content they display. (Alieski et al., 2021, para. 2). (citation of fundamentals)

The scope of adaptive learning is broad, and it is projected to be a transformative tool in both
formal educational settings and contexts of continuing education and autonomous learning. Its
application can be seen in online education platforms, digital tutoring programs, learning management
systems, and educational mobile applications. Similarly, it has the potential to support educational
inclusion, serve diverse populations, and significantly improve learning outcomes through a more
motivating, student-centered, and evidence-based experience.

Personalization of learning

The introduction of information and communication technologies in education has led to significant
changes in teaching and learning methods. This situation was accentuated during the pandemic, when
the integration of digital tools to support educational processes intensified with the aim of promoting the
search for technological solutions and the adaptation of virtual environments for distance learning.

In this context, e-learning, understood as an educational modality where teachers and students
interact at different times and in different places, has used technology as its main means of mediation
and has experienced significant growth in both academic offerings and enrollment. Currently, this
educational modality has been enriched with digital technologies. As a reference for its reach across the
three educational levels in Peru, the conclusions of the study conducted by Pizarro-Arancibia et al. (2025)
detailed the following:
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These results reflect students' perceptions of different aspects of e-learning as a learning tool.
The informational dimension, closely followed by the communicative dimension, is clearly identified as
crucial by the majority of respondents, while socio-emotional support appears to be the least valued
dimension. This suggests the importance of focusing on strengthening these priority areas to improve the
educational experience in e-learning environments and ensure effective and meaningful learning for
students. (p. 6) (citation of fundamentals)

In turn, virtual learning is defined as learning that takes place in an environment that uses digital
technologies to facilitate the educational process and can occur synchronously or asynchronously. On
the other hand, online education refers to an educational modality that is carried out entirely via the
internet, and includes the delivery of content, the completion of activities and assessments, and
interaction between students and teachers.

All these modalities share the mediation of learning through digital media, allowing institutions
to use each approach according to their objectives and available resources. However, the concept of
virtual learning encompasses any of these perspectives. One of the disadvantages of virtual education is
the result of the standardization and massification of training processes because all students learn in the
same way. In addition, institutions suppress diagnostics and lack pedagogical models for virtual teaching
(Mendizéabal and Flores, 2025). (citation of fundamentals)

In this regard, personalized adaptive learning is essentially based on the use of technology-
supported teaching strategies to enable the timely monitoring of student learning. This observation is
described as follows: In recent years, the concept of personalized adaptive learning (PAL) has been
coined, identified as a new pedagogical approach that goes beyond standard e-learning, facilitated by
intelligent learning technologies (Peng, 2019, as cited in Romero-Alonso et al., 2024, p. 4). (citation of
fundamentals)

Role of the teacher in adaptive learning

To achieve the goal of adaptive learning, the teacher's role focuses on implementing learning strategies
that contribute to student development and therefore must focus on addressing the specific needs of each
student. Similarly, teachers must have tools and infrastructure to analyze each student's knowledge and
offer personalized recommendations that enable student progress based on their learning pace.

For innovative technological systems integrated into the educational environment to be effective,
teachers must not only familiarize themselves with emerging tools and methodologies but also gain an
in-depth understanding of both the benefits and limitations inherent in technology. (Aparicio-Gomez and
Aparicio-Gomez, 2024, p. 355). (citation of fundamentals)

By analyzing student profiles and behavior, teachers can identify the most effective learning
activities for each student. This ensures that students have the opportunity to participate in activities that
match their learning preferences and strengths, which translates into better performance and retention.

Learning Analytics

Big data and learning analytics are a set of processes and tools that enable the collection, measurement,
analysis, and interpretation of data about students and their interaction with learning environments. Their
main purpose is to better understand how people learn, identify behavior patterns, anticipate difficulties,
and, consequently, make informed decisions that improve both teaching and academic results.

However, there are numerous barriers to the implementation and development of learning
analytics in the field of education, including: a) Policies that allow for proper implementation without
losing sight of the importance of ethics and security in the use of this data; b) Projects must be user-
centered, empowering users and placing them at the center of development in order to implement
applications that are sustainable over time; ¢) User education, so that teachers learn to incorporate them
into their educational dynamics and students adopt them as part of the tools to support the self-regulation
of their learning (Ruipérez-Valiente, 2020). (citation of fundamentals)
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Through these analytics, it is possible, for example, to find out which teaching materials are most
used, how much time students spend on certain tasks, how they participate in collaborative activities, or
what paths they follow to solve a problem. The data collected is analyzed and helps teachers personalize
their teaching and evaluate the effectiveness of their teaching methods.

In Learning Management Systems (LMS), learning analytics enable institutions to adopt
measures that improve teachers' teaching and learning processes, enhancing the personalization of
processes according to the particular needs of students. Depending on their purpose, learning analytics
can be classified as predictive or descriptive; the former reveal possible future scenarios, while the latter
show data or records of what has happened (Olvera and Garcia, 2019). (citation of fundamentals)

Adaptive Learning Infrastructure

Integrating artificial intelligence and learning systems with existing e-learning infrastructure is a
challenge, as it involves technological and service upgrades. In this process, schools would have to
manage the costs associated with the development, integration, and maintenance of Al-based systems,
and learning system models also require ongoing training and updates. The widespread adoption of these
technologies faces significant barriers, such as insufficient technological infrastructure, a lack of training
in digital skills, and resistance in some educational sectors (Herrera et al., 2024, as cited in Beltran et al.,
2025, p. 1886). (citation of fundamentals)

Aprendizaje adaptativo en Educacion Media Superior

To date, EMS teachers face various challenges when training in the use and practical application of
adaptive learning. One of the main barriers is the lack of specific training, as many teachers have not
received formal training in the use of advanced educational technologies, much less in adaptive platforms
that require a deeper technical and pedagogical understanding. This generates insecurity and resistance
to change, especially when technological tools are not integrated coherently with the curriculum or with
already established pedagogical strategies.

Added to this limitation is the excessive workload faced by many teachers, who must comply
with long hours of teaching, planning, assessment, and administrative tasks, leaving little room for
participation in continuing education processes. Even when courses or workshops are offered, they are
often superficial, decontextualized, or fail to provide the necessary support to ensure effective
implementation in the classroom.

Another important factor is the technological gap between schools, especially in rural or low-
income areas, where the technological infrastructure does not allow for the implementation of adaptive
tools, which discourages teachers from training in something they will find difficult to apply. In addition,
the lack of institutional support or clear policies that promote educational innovation contributes to
training efforts being isolated and unsustainable. The main problem with the EMS system and subsystems
in our country was low coverage and terminal efficiency, high failure and dropout rates (Schleicher,
2007). (citation of fundamentals)

The results of educational indicators have fluctuated, but overall, they have remained low over
the years (INEE, 2010): (citation of fundamentals)

(...) the total dropout rate in secondary education has been declining over the last two decades.
In the 1996-1997 cycle, it reached a peak of 19.8%, and after 13 years, in 2009-2010, it fell by just under
5 percentage points to 14.9%, representing a loss of 605,567 young people. (p. 64)

Adaptive learning has begun to show an impact on EMS, especially in contexts where student
diversity requires more personalized and effective strategies. Its practical use has made it possible to
cater to students' different paces, styles, and levels of knowledge through technological platforms that
automatically adjust content according to individual performance and needs.
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In some cases, it has served as a valuable tool for reinforcing key skills in subjects such as
mathematics and science, where learning gaps tend to be more evident, given the context in which the
wide variety of EMS systems and subsystems are developed, as Luna (2025) points out: (citation of
fundamentals)

First, it is imperative to recognize the heterogeneity of students entering high school, some of
whom carry significant deficiencies from previous stages. Consequently, a uniform teaching approach
in high school inevitably creates even greater learning gaps. This is where adaptive learning proves its
incalculable value, as it allows for the precise identification of individual knowledge gaps. (parr. 2)

In the field of education, it is clear that its implementation can provide teachers with more
accurate, real-time feedback on their students' progress, which can have a positive impact on their
teaching practices. However, it is recognized that challenges remain in this educational environment,
such as teacher training and uneven technological infrastructure.

Taken together, these issues reflect that, although adaptive learning offers great benefits,
including effective adoption in EMS, it also requires appropriate structural conditions, time, resources,
and an institutional vision that supports change with well-designed training policies.

Extensive literature review

In recent years, various studies have been published proposing adaptive or personalized learning models
or systems based on the study of learning styles, cognitive abilities, or student interaction with learning
objects.

In accordance with the purpose of this research project, it was decided to consult extensive
bibliographic information, which included studies conducted on adaptive learning at all educational
levels, as described in this section.

A bibliographic study based on quantitative analysis entitled “Technological Models of Adaptive
Learning Applied to Education: A Systematic Review of the Literature” was conducted at the
Universidad Auténoma de Querétaro, Querétaro, Mexico (Quintanar-Casillas and Hernandez-Lépez,
2022). The objective of the research was to conduct a systematic review of the adaptive learning models
or systems proposed during the period 2012-2021, considering authors of Hispanic American origin and
without focusing on any specific educational level.

To carry out this study, we used the analytical method, under the positivist paradigm, with a
descriptive quantitative approach, considering a sample of 50 studies selected from different scientific
databases that proposed adaptive learning models or systems. The variables under study were described
as follows: a) Regarding the type of proposal in the 50 studies analyzed, 31 corresponded to adaptive
learning systems, 16 to adaptive learning models, 2 to personalized learning systems, and 1 to a
personalized learning model; b) For the construction of their object of study, 34 papers considered the
study of learning objects, 28 took into account an LMS, 18 focused on the study of learning styles, while
14 considered studying learning competencies and 7 cognitive skills; ¢) Regarding the context to which
the proposed models or systems were applied, 45 focused on a school environment and 5 on a work
environment. The results of the study indicated the following: a) In recent years, there has been a steady
increase in the number of studies on adaptive learning; b) The most commonly used approach in the
student model is that of learning styles; ¢) There is little research on cognitive skills in relation to adaptive
learning; d) The use of artificial intelligence techniques in adaptive learning models and systems is
frequent and clearly growing; e) The distribution of the artificial intelligence techniques used is almost
uniform, making it difficult to establish a pattern of predominance; however, there is an emerging trend
toward greater use of neural networks and reinforcement learning. Consistent with the results obtained,
the authors describe the importance of developing future work that focuses more on the study of students'
cognitive skills and competencies than on classic learning style models. (background citation)

In 2025, authors Sandoval et al., from the Ministerio de Educacion de Ecuador, conducted
research entitled “The Role of Adaptive Learning in Hybrid Education: Emerging Technologies to
Enhance Student Autonomy.”
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The objective of the study was to examine how mathematical models and simulations facilitate
the optimization of learning abstract concepts in hybrid contexts, promoting personalized and dynamic
pedagogy. The methodological approach was mixed; quantitative analysis was performed based on data
collected through adaptive learning platforms to assess academic performance and learning progression
in a group of 150 secondary school students in Ecuador, and qualitative research was conducted based
on the analysis of data obtained from interviews with teachers and students, with the aim of understanding
perceptions of the effectiveness of the tools used in personalizing learning and promoting student
autonomy. The results of the study indicated the following: a) Quantitative results showed a significant
improvement in student academic performance in all areas assessed following the adaptive learning
intervention.

The largest increase was observed in mathematics, with a 21.9% increase in performance,
suggesting that the use of adaptive technologies and the hybrid approach had a positive impact on content
comprehension and application. Similarly, the results of the analysis of the variation in pre- and post-
averages confirmed the hypothesis that adaptive learning enhances student autonomy, allowing them to
advance at their own pace and according to their individual needs, as expected based on the research
design. b) The qualitative findings reinforced the quantitative results by showing that students
experienced an improvement in their understanding of concepts, an increase in motivation, and a higher
level of participation in activities. Likewise, an increase in student autonomy was observed, which is
consistent with the hypothesis that adaptive learning fosters self-direction in the learning process and that
students positively value the flexibility of the hybrid model, arguing that it allowed them to learn at their
own pace and access personalized resources according to their needs. (background citation)

The study conducted by Lopez and Bedolla (2020), entitled “Adaptive learning for the academic
regularization of new students: the experience in a remedial mathematics course,” was carried out at the
Instituto Tecnologico y de Estudios Superiores de Monterrey, in coordination with the Universidad
Auténoma de Nuevo Ledn, Mexico. The research was conducted with the aim of analyzing the impact
of adaptive learning on the academic experience and performance of students in a remedial Introduction
to Mathematics course, which was implemented with the purpose of regularizing the basic knowledge of
new students during the August-December 2018 semester. The methodological approach used in the
research was descriptive cross-sectional with a mixed approach. In the quantitative approach, the sample
was non-probabilistic for convenience, with the participation of 919 students who were also given a
qualitative-quantitative survey.

The results of the study indicated that students perceive the integration of adaptive learning in the
remedial course positively, since among the comments collected from 136 of the 919 students surveyed,
47% are in favor of the educational model, technological platform, and role of the teacher, in addition to
the fact that 30.4% took this course to strengthen their knowledge of mathematics. This means that they
are satisfied with a personalized learning pace and study content provided according to their profile and
cognitive level, thanks to interactions with the platform, class dynamics, and the support they receive
from their peers and teachers regarding academic and individual questions, thus facilitating their
integration into the university and their academic performance. (background citation)

Results

Given the versatility and scope of adaptive learning features, their application in EMS represents a
powerful pedagogical strategy that allows for a more effective response to student diversity. Thus, by
considering variables such as learning styles, cognitive abilities, and interaction with learning objects, a
more personalized, motivating, and meaningful educational experience is promoted.

The integration of learning styles into instructional design can enable teachers to adapt content
and activities to individual preferences and promote greater understanding and retention of knowledge.
Similarly, recognizing and strengthening both basic and higher-order cognitive skills enhances critical
thinking, problem solving, and student autonomy.

Finally, the incorporation of adaptive technologies and interactive learning objects opens up new
possibilities for students to learn at their own pace, accessing relevant content according to their level,
progress, and learning style.
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Together, these variables allow learning to move away from being a uniform process and become
a dynamic, student-centered experience focused on the comprehensive development of their abilities.
While recognizing the benefits that adaptive learning can bring, it is also important to acknowledge that
studies and practice of adaptive learning in EMS are very scarce, and at this educational level, its
implementation is required to try to tackle the enormous educational problems that exist in this
educational system and subsystems.

Conclusions

By conducting a systematic and critical analysis of the existing literature, this research made it possible
to standardize current knowledge about the characteristics of adaptive learning, its proven benefits, and
the challenges facing its implementation in EMS contexts.

Another relevant aspect of his scientific contribution lies in his thoughtful assessment of the
benefits of adaptive learning, such as the personalization of the teaching-learning process, increased
student engagement, and improved academic performance, in light of the challenges it poses, such as the
technology gap, insufficient teacher training, and ethical issues related to data use (Nufez-Michuy,
2025). (discussion appointment)

Bibliographic research represents a valuable contribution to the generation of universal
knowledge, offering a comprehensive and up-to-date overview of one of the most relevant trends in
contemporary educational transformation, specifically at the EMS educational level, a key segment in
the academic training of young people.

This research not only systematizes what has been produced so far in the field, also reveals
limitations in the methodologies used and underexplored areas, which stimulates new research questions.
In this way, the documentary review contributes to the advancement of global knowledge by highlighting
what is known, what is not known, and what should be further investigated.

Furthermore, by reviewing and documenting information on the benefits of adaptive learning,
such as improved performance, personalized learning, and empowerment of students in the face of
challenges posed by its implementation, such as technological barriers, institutional resistance, and the
need for teacher training, the study offers a useful framework for understanding for both educators and
educational researchers.

Studies on adaptive learning in EMS are still very scarce, highlighting a significant gap in the
development and research of this educational modality. However, its implementation is increasingly
necessary, as it offers a viable path to address and mitigate the enormous educational problems facing
this system and its subsystems. By incorporating adaptive strategies, we can better respond to students'
individual needs, improve teaching and learning processes, and contribute to more equitable and effective
training at this educational level, which today demands profound transformations.

Methodology

The study was framed within a qualitative approach, focusing on the interpretation and critical analysis
of concepts, experiences, and perspectives related to adaptive learning, with the aim of gaining a deeper
understanding of the theoretical and practical dimensions of the educational phenomenon in specific
upper secondary education contexts.

The methodology used is documentary (Corona, 2018), which involves the collection, selection,
organization, and analysis of various documentary sources. This allowed for a critical review of the
different approaches that support adaptive learning, as well as the identification of its benefits and the
challenges posed by its implementation. (Supporting citation)

The methodological process included:

=

Selection of relevant and up-to-date literature on adaptive learning.
Thematic categorization of theoretical approaches observed benefits, and main obstacles.
3. Comparative analysis of findings from various sources to identify convergences and divergences.

no
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4, Critical synthesis that allowed for the construction of an interpretive framework on the feasibility
and limitations of adaptive learning in upper secondary education.

The variables involved in the study are described as follows:

1. Adaptive Learning: An educational strategy based on the use of technologies and algorithms to
personalize the teaching-learning process according to the individual characteristics, progress,
and needs of the student.

2. Upper Secondary Education: An educational level that encompasses the transition between basic
education and higher education, generally corresponding to high school or preparatory school,
where key academic and personal competencies are developed.

3. Benefits: Positive outcomes associated with the application of adaptive learning, such as
improved academic performance, attention to diversity, increased motivation, and the
development of more meaningful and personalized learning.

4. Challenges: Obstacles or limitations that hinder the effective implementation of adaptive
learning, such as a lack of technological infrastructure, limited teacher training in digital tools, or
dependence on commercial platforms.
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Carrera, Celia: The first author wrote the introductory section and the theoretical framework.
Ochoa, Oscar Luis: The second author wrote the extensive literature review and the results section.
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