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Abstract

Critical thinking is the ability to analyze, evaluate, and synthesize information objectively and logically. For this
reason, it involves questioning ideas, recognizing biases, and making informed decisions to effectively address
complex problems. The objective of this review was to examine the current state of knowledge on neural networks
and cognitive processes associated with critical thinking during the period from 2019 to 2024. To this end, a
systematic review was conducted following the PRISMA methodology. Several databases were consulted,
including ProQuest, Dialnet, ScienceDirect, and SciELO. After identifying relevant articles, they were categorized,
resulting in a total of 38 studies. The findings indicate that most of the research on neural networks and cognitive
processes related to critical thinking during this period originated in Asia (11%), with the highest number of
publications in 2023 (26%). Furthermore, the predominant study designs were quasi-experimental and descriptive,
both representing 26% of the reviewed articles. In conclusion, this review broadened our understanding of the
brain processes involved in critical thinking, encompassing everything from neural networks to the cognitive
functions that facilitate informed decision-making and the resolution of complex problems.
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Resumen

El pensamiento critico es la capacidad que permite analizar, evaluar y sintetizar informacién de manera objetiva
y logica. Por esta razoén, implica cuestionar ideas, reconocer sesgos y tomar decisiones informadas para abordar
problemas complejos con eficacia. El objetivo de esta revision fue examinar el estado actual del conocimiento
sobre las redes neuronales y los procesos cognitivos asociados al pensamiento critico durante el periodo
comprendido entre 2019 y 2024. Para ello, se llevd a cabo una revisién sistematica siguiendo la metodologia
PRISMA. Se consultaron diversas bases de datos, entre ellas ProQuest, Dialnet, ScienceDirect y SciELO. Luego
de identificar los articulos pertinentes, se procedié a categorizarlos, seleccionando un total de 38 estudios. Los
hallazgos indican que la mayoria de las investigaciones sobre redes neuronales y procesos cognitivos
relacionados con el pensamiento critico en este periodo se originaron en Asia (11%), con un mayor nimero de
publicaciones en el afio 2023 (26%). Ademas, los disefios de estudio predominantes fueron los
cuasiexperimentales y descriptivos, ambos representando un 26% de los articulos revisados. En conclusion, esta
revision permitid6 ampliar la comprension de los procesos cerebrales implicados en el pensamiento critico,
abarcando desde las redes neuronales hasta las funciones cognitivas que facilitan la toma de decisiones
informadas y la resolucién de problemas complejos.
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Introduction

Neuroscience is defined as the study of brain neurophysiology, encompassing its development from early
stages to full maturity. Currently, this field is rapidly expanding, involving research that encompasses both animal
and human subjects. In this context, the use of magnetic resonance imaging has played a crucial role in visualizing
the brain, thereby facilitating the analysis of active neural networks during various cognitive tasks (Pefia-Troncoso
etal.,, 2019).

Historically, thought has occupied a central place in disciplines such as philosophy and psychology, serving
as a principal engine for educational systems. Scientific and technological advances have propelled numerous
investigations into the nature of thought, with particular attention directed toward the intricate brain functions that
underlie it (Montes et al., 2018).

From an international perspective, educational quality policies have prioritized coverage, albeit with limited
focus on the effectiveness of critical thinking development and insufficient attention to the structural changes that
the system requires. For instance, in 2018, Colombia reported a 72.3% coverage rate in secondary education and
42.6% in upper secondary education, yet faced high dropout rates attributed to a lack of a critical approach to the
completion of studies (Zuluaga et al., 2022).

A study conducted at a university in southeastern Mexico investigated the impact of a training program
through the application of the California Critical Thinking Skills Test at the beginning and end of the semester. The
results demonstrated significant improvements in critical thinking and skills among students who received
guidance from trained tutors involved in the program (Nufez-Lopez et al., 2019).

For decades, national educational policies have been anchored in a memorization-centered teaching
approach, prevalent at all levels. This enduring practice has been referred to as traditional learning, characterized
by the mere accumulation of knowledge (Benavides & Ruiz, 2022). Additionally, the Ministry of Education (Minedu)
in its 2016 document asserts that one of the eleven learning outcomes expected in the profile of graduates from
regular basic education is the promotion of autonomous learning processes. This approach aims for students to
achieve both individual and collaborative learning, emphasizing the importance of constructing knowledge and
experiences that foster critical thinking.

Moreover, neuroscience offers valuable insights for understanding human brain function, facilitating the
study of the complex cognitive processes that underpin thought and behavior. This discipline is fundamental for
comprehending the intricate nature of critical thinking and its relation to brain activity.

Essential cognitive functions of the brain are conceived as the functional and temporal outcomes of the
dynamic interaction between genetically determined brain structures and their environment. According to cognitive
psychologists and neuropsychologists, mental or cognitive activity directly reflects neural activity. Therefore, the
representation and storage of knowledge, as cognitive processes, must be closely tied to the activation of the
central nervous system (Escobar, 2024).

Although the relationship between cognitive processes and neuronal activity is crucial, much of the
research in cognitive neuroscience has focused on demonstrating the correlation between specific areas of the
central nervous system and certain cognitive activities (Araya-Pizarro & Espinoza, 2020).

In this regard, artificial neural networks present a significant advantage in their design and functioning, as
they emulate many characteristics inherent to the human brain. This allows them to learn from previous
experiences, abstract essential features, generalize information based on past cases, and adapt to new situations,
even when initial information is limited or irrelevant (Sanchez-Heredia & Alvarez-Medina, 2022).

According to Gagné (1986), interaction with the environment occurs through the senses, which are
integrated into cognitive processes that organize information. Just as external actions allow the manipulation of
objects, internal cognitive processes encode environmental information by means of encoding, synthesis, storage,
and retrieval of data. This phenomenon, known as metacognition, is defined as the capacity to process information,
influenced by personal needs, expectations, and values (Manrique, 2020).

Among the most relevant cognitive theories, constructivist learning theory, as posited by authors such as
Piaget (1973) and Vygotsky (1978), stands out for asserting that learning is an active process in which knowledge
is constructed from prior experiences. Complementarily, Bruner (1998), in his theory of discovery learning,
emphasizes the importance of acquiring knowledge through exploration and experimentation.

Current theoretical support also allows for the consideration of new perspectives in learning, such as
adaptive learning models grounded in constructivism. This model posits that cognitive processes must adjust to
individual needs and characteristics. Accordingly, knowledge is actively constructed through interaction with the
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environment and personal experience, enhancing motivation, retention, and content comprehension (Bolafo-
Garcia & Duarte-Acosta, 2024).

Critical thinking is described as the ability to reason with the aim of enhancing the quality of ideas related
to any topic or problem. This process results in an individual with developed critical thought, capable of formulating
essential questions clearly, gathering and evaluating relevant information, employing abstract concepts, and
reaching effective conclusions and solutions (Vendrell & Ramirez, 2020).

According to Fierro and Di Doménico (2017), critical thinking is an active metacognitive process that
combines skills, dispositions, and specific knowledge to make reflective judgments. This approach is oriented
toward action and the efficient resolution of problems. Kuhn (2018) emphasizes the importance of critical thinking
in both theoretical and pedagogical contexts.

To develop effective critical thinking, it is essential to establish a clear purpose and formulate appropriate
questions that define the problem to be resolved. The characteristics of a critically thinking individual manifest in
their intellectual resources, which include prior knowledge, understanding of standards for sound reasoning, and
mastery of fundamental critical concepts (Mackay et al., 2019).

For these reasons, this research aims to analyze the current state of the art regarding neural networks
and the cognitive processes involved in critical thinking during the period from 2019 to 2024.

Methodology

A systematic review of the scientific literature was conducted following the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) methodology, which guided the study's development. The
primary objective was to evaluate the current state of knowledge regarding neural networks and the cognitive
processes involved from 2019 to 2024.

To ensure broad coverage, articles indexed in recognized databases in both Spanish and English were
included, such as ProQuest, Dialnet, ScienceDirect, and SciELO. Publications within the specified timeframe that
addressed topics related to neural networks and cognitive processes were selected, employing a range of
methodologies from descriptive and applied studies to quantitative, qualitative, and experimental approaches. This
diversity contributed to the construction of a robust and comprehensive reference framework.

Only indexed articles were considered, excluding books, theses, and reports. Articles that did not meet
the established objectives or lacked relevance, particularly those that failed to include keywords related to the
study variables, were also discarded. This selection was carried out through an exhaustive review of the texts
retrieved from the aforementioned databases.

The search was designed to generate relevant and specific results, utilizing keywords such as “brain,”
“cognition,” “education,” “neural networks,” and “critical thinking.” Combinations of these keywords were applied
using Boolean operators to refine the results: [("brain" OR "cognition") AND ("neural networks" OR "thinking") AND
("education" OR "cognition" OR "neural networks") AND ("brain")].

The retrieved articles were exported in Excel format to facilitate their organization, removal of duplicates,
and filtering of less relevant documents. The search and selection process took place between October and
December 2024.

After rigorously applying the eligibility criteria and search strategy, 38 articles were selected for analysis,
all sourced from indexed databases and conforming to the established parameters.

Finally, data collection was carried out systematically, combining retrieval, organization, and consultation
of the aforementioned academic databases. To optimize the process, specific filters based on the initially defined
criteria were applied.

The flow diagram according to the PRISMA methodology employed in the article collection is presented

below.
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Figure 1
PRISMA flow diagram
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Results

Following a thorough systematic literature review, a total of 38 articles from various countries were
selected. These works met the previously established inclusion and exclusion criteria, ensuring the relevance and
quality of the sources chosen for analysis.

To facilitate the organization and comprehension of the data, the articles were categorized according to
authorship and year of publication, ABI (Bibliometric Analysis of Information) modality, and institutional context,
including the university and country of origin. This categorization allowed for the identification of geographical,
methodological, and temporal trends in research on neural networks and cognitive processes related to critical
thinking.

Table 1 outlines the articles included in the systematic review, highlighting the diversity and scope of the
analyzed studies.

Table 1
Articles included in the systematic review

No. Authors ABI Modality University/Country
1 Amin et al. (2020) Research-based Universitas Negeri Malang / Indonesia
2 Gulbahor & Surayo (2021) Research-based Bukhara State University / Uzbekistan
3 Lapuz & Fulgencio (2020) Research-based Ramon Magsaysay State University / Philippines
4 Makhrus & Hidayatullah (2021) Research-based Universitas Mataram / Indonesia
5 Mundt et al. (2023) Research-based Goethe U”i"ersity’ggfn?gfl;'w’p‘domo'matz/
6 Sari et al. (2021) Research-based Samudra University / Indonesia
7 Groyecka, et al. (2020) Research-based University of Leeds / United Kingdom
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8 Varveris et al. (2023) Research-based Hellenic International University / Greece

9 Yu et al. (2019) Research-based National Normal University of Taiwan / Taiwan
10 Malfert (2023) Research-based Tomas Frias Autonomous University / Bolivia
11 Phérez et al. (2020) Research-based Adventist University Corporation / Colombia
12 Lin et al. (2022) Research-based Columbia University / United States

13 Zorzos et al. (2023) Research-based University of Athens / Greece

14 Pedraza et al. (2023) Research-based University of Atlantico / Colombia

15 Quimi et al. (2023) Research-based University of Zaragoza / Spain

16 Gomez-Leodn (2020) Research-based International University of La Rioja / Spain
17 Simon & Rodriguez (2021) Research-based Libertador Expig;\iﬂr;?t/a\I/eP::Z?;gical University
18 Escribano et al. (2024) Research-based University of Manizales / Colombia

19 Bati (2022) Research-based National University of Tucuman / Argentina
20 Pazos-Yerov(iz&OéOZq)uiIar-Gordc’m Research-based Armed Forces University ESPE / Ecuador
21 Lépez (2020) Research-based Metropolitan University of Guayaquil / Ecuador
22 CifuentGez;i(;?rsetzzar"zzegg 48)‘_ > Research-based Catholic University of Uruguay / Uruguay
23 Rivas et al. (2022) Research-based University of Bio Bio / Chile

24 Warsah et al. (2021) Research-based State Islamic UniverTri]t()j/OSnL;I;?: Syarif Kasim Riau /
25 Derseh & Shifere (2020) Research-based University of Woldia / Ethiopia

26 Campo et al. (2023) Research-based University of Deusto / Spain

27 Suryana & Yulia (2021) Research-based Universitas Negeri Padang / Indonesia

28 Ossa et al. (2023) Research-based Diego Portales University / Chile

29 Lestari & Setyarsih (2021) Research-based Universitas Negeri Surabaya / Indonesia
30 ilaslan et al. (2023) Research-based Akdeniz University / Turkey

31 Putra et al. (2023) Research-based De La Salle University

32 Demir (2022) Research-based Bandirma Onyedi Eylil University / Turkey
33 Susetyarini & Fauzi (2020) Research-based Muhammadiyah University of Malang / Indonesia
34 Luoise (2019) Research-based AU Ta_irv(;/(e:rr:nlélr;i\g/;r/silt_gi\?vfaicience Clils
35 Septiany et al. (2024) Research-based State University of Surabaya / Indonesia

36 Chesire et al. (2022) Research-based Norwegian Institute of Public Health / Norway
37 Putri et al. (2023) Research-based Universitas Negeri Medan / Indonesia

38 Isvida et al. (2024) Research-based Universitas PGRI Madiun / Indonesia
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Figure 2
Percentage of publication years of analyzed articles
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As shown in Figure 2, in 2019, 3% (1 out of 38) of the reviewed articles were recorded. This percentage
increased to 18% (7 out of 38) in 2020. The highest percentage was observed in 2021, with 32% (12 out of 38),
followed by 2022 with 21% (8 out of 38), and finally, 2023 with 26% (10 out of 38).

Table 2
Cognitive strategies of the reviewed articles
Strategies Quantity Percentage
Analysis of cognitive tasks 10 26%
Argument analysis 9 24%
Metacognitive analysis 12 32%
Cognitive flexibility 7 18%
Total 38 100%

Regarding the information presented in Table 2, the data are distributed among cognitive strategies such
as analysis of cognitive tasks (26%), argument analysis (24%), metacognitive analysis (32%), and cognitive
flexibility (18%). These results indicate that metacognitive analysis is the most predominant strategy, followed by
the analysis of cognitive tasks and argument analysis, while cognitive flexibility is the least frequent. This suggests
a tendency to prioritize reflection on one's mental processes and organization of tasks, rather than focusing on
flexible adaptation to new circumstances.

Table 3
Cognitive processes of the reviewed articles
Processes Quantity Percentage
Evaluation of arguments and evidence 10 26%
Identification and understanding of the problem 13 34%
Communication and argumentation 8 21%
Problem-solving 7 18%
Total 38 100%

In relation to the information reflected in Table 3, it can be observed that the distribution includes evaluation
of arguments and evidence (26%), identification and understanding of the problem (34%), communication and
argumentation (21%), and problem-solving (18%). The predominance of activities oriented toward identifying and
understanding the problem (34%) and evaluating arguments and evidence (26%) highlights a preliminary and
foundational focus, establishing the basis for sound decision-making and effective resolution. Therefore,
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deepening the understanding of the problem and assessing the available evidence are essential steps before
progressing to argumentation or conflict resolution.

The analysis of scientific production reveals a growing global interest in research as a driver of knowledge
advancement. In Asia, there is a notable concentration of studies, particularly in Indonesia, where authors such as
Amin et al. (2020), Makhrus and Hidayatullah (2021), Sari et al. (2021), Warsah et al. (2021), Suryana and Yulia
(2021), Lestari and Setyarsih (2021), Susetyarini and Fauzi (2022), Septiany et al. (2024), Putri et al. (2023), and
Isvida et al. (2024) have developed significant research. Other Asian countries contribute relevant findings, such
as Gulbahor and Surayo (2021) from Uzbekistan, Lapuz and Fulgencio (2020) in the Philippines, and Yu et al.
(2019) and Luoise (2019) in Taiwan. This production reflects a sustained commitment to empirical research across
various fields of knowledge.

In Europe, scientific output exhibits considerable geographic and institutional diversity. Germany is
represented by Mundt et al. (2023), while the United Kingdom has contributions from Groyecka et al. (2020).
Greece stands out with the research activities of Varveris et al. (2023) and Zorzos et al. (2023). Spain contributes
with the works of Quimi et al. (2023), Gémez-Ledn (2020), and Campo et al. (2023), while Turkey offers research
from ilaslan et al. (2023) and Demir (2022). Moreover, Lin et al. (2022) from the United States and Chesire et al.
(2022) from Norway broaden the spectrum to North America and Scandinavia, demonstrating the global reach of
this type of research.

Latin America also makes significant contributions to the global landscape. Bolivia is represented by
Malfert (2023), while Colombia stands out with works by Phérez et al. (2020), Pedraza et al. (2023), and Escribano
et al. (2023). Argentina contributes with Bati (2022), Ecuador with Pazos-Yerovi and Aguilar-Gordon (2024) and
Lépez (2020), and Uruguay with Cifuentes-Castafieda and Marin-Gutierrez (2024). Chile features contributions
from Rivas et al. (2022) and Ossa et al. (2023), while Venezuela is represented by Simon and Rodriguez (2021).
Lastly, Putra et al. (2023) from De La Salle University complement the Latin American panorama. Finally, Africa is
represented by Wale and Bishaw (2020) from Ethiopia, showcasing how evidence-based research transcends
continental boundaries.

This geographic and cultural diversity enriches research on critical thinking. "Research-based" studies
allow exploration of the neural networks involved in key processes such as analysis, inference, and evaluation,
fundamental elements of critical thinking. For example, the mentioned studies could analyze how various research-
based teaching methodologies influence the activation of the prefrontal cortex, a brain area central to decision-
making and complex thought. Similarly, these researchers provide empirical data from their respective cultural
contexts and areas of study, illustrating how educational, sociocultural, and methodological variables affect
cognitive processes. This perspective enhances this systematic review of the brain in critical thinking.

Ultimately, scientific production in the "research-based" modality constitutes a broad and solid foundation
for the systematic study of neural networks and cognitive processes linked to critical thinking. The convergence of
research from multiple regions and perspectives, as evidenced by the cited authors, facilitates the construction of
more robust and comprehensive knowledge in this fascinating field.

Discussion

Critical thinking is recognized as one of the most valued cognitive skills for solving complex problems,
making informed decisions, and evaluating information in a data-saturated world (Amin et al., 2020). However,
understanding the underlying processes that sustain this type of reasoning remains a challenge within cognitive
neuroscience. In recent years, advances in research on neural networks and their interactions have begun to
clarify how the brain organizes and regulates processes associated with critical thinking (Gulbahor & Surayo, 2021;
Chesire et al., 2022).

According to the review conducted, the regions with the highest scientific output related to neural networks
and cognitive processes of critical thinking are Asia (26%) and Europe (11%). In this regard, Simon de Astudillo
and Rodriguez (2021) point out that research in neuroeducation, particularly that developed in Europe, transcends
traditional perspectives of pedagogy and didactics. These disciplines recognize that learning is not merely an
intellectual process; rather, understanding is fully enriched through experience and emotion, akin to how language
functions.

Thus, while classical perspectives consider learning as a strictly intellectual process aimed at acquiring
knowledge and skills, neuroeducation harmoniously integrates cognitive, emotional, and social aspects, offering a
more comprehensive approach to the educational process.

Concerning the strategies employed to identify the cognitive processes associated with critical thinking, it
was found that metacognitive analysis was predominant among the reviewed articles. According to Rivas et al.
(2022), critical thinking significantly depends on the proper functioning of metacognitive mechanisms, which
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involves greater awareness of one’s own processes, actions, and emotions. Additionally, Putra et al. (2023)
highlight that metacognitive aspects are fundamental for developing transversal competencies, facilitating problem
identification in various situations and underscoring the importance of recognizing the limitations individuals face
when resolving them.

Hence, the most prominent strategies for identifying cognitive processes related to critical thinking include
metacognitive analysis, establishing itself as the prevailing approach in the selected studies, promoting a fuller
awareness of the elements involved in critical reasoning, essential for tackling and resolving complex problems.

Regarding the temporal distribution of the articles, a higher number of publications was observed in 2021
(32%) and 2023 (26%). In this context, Gomez-Ledn (2020) reviewed 116 articles published between 2014 and
2019, of which 81% corresponded to original studies and the remaining to reviews. Of these, 40 works were
selected, including 34 originals and 6 reviews; 29 of them related creativity to psychobiological aspects, while the
other 11 primarily addressed cognitive, behavioral, and emotional factors.

Moreover, among the primary cognitive processes reported in the articles, problem identification and
understanding were the most frequently addressed, regardless of study design. In line with this, Lapuz and
Fulgencio (2020) noted that during formative assessment, significant progress in students' critical abilities was
observed, attributed to problem-based learning, which evidenced better academic performance. Conversely,
Pedraza et al. (2023) indicated that while weaknesses were detected at the inferential level and in the critical
analysis of narrative texts, such activities could strengthen foundational cognitive processes like attention and
memory, aiding students in maintaining focus and retaining more information.

In conclusion, the most relevant cognitive processes identified in this review are problem identification and
understanding, which are frequently utilized in the analyzed studies. Additionally, it is noteworthy that these
activities strengthen essential cognitive functions that enhance concentration and information retention, key
aspects for the development of critical thinking.

Conclusions

The literature review on neural networks and cognitive processes associated with critical thinking, covering
the period from 2019 to 2024, demonstrates a dynamic landscape with clear geographical and methodological
trends. A significant finding is the notable concentration of scientific output in Asia, particularly in Indonesia, which
accounts for 26% of the studies analyzed. Europe also emerges as a significant hub, with Spain leading 11% of
this activity. This geographical distribution indicates that strengthening critical thinking skills is a priority in the
educational systems of these regions.

The temporal analysis reveals a growing interest in the field, with peaks in production in 2021 (32%) and
2023 (26%). Methodologically, quasi-experimental and descriptive designs are predominant, each representing
26%, reflecting a trend toward evaluating specific interventions and characterizing the current state of cognitive
skills in various student groups.

As for pedagogical strategies, metacognitive analysis (32%) and cognitive task analysis (26%) are
highlighted as the primary tools for identifying and enhancing critical thinking. This underscores the importance of
metacognition, understood as the student’s ability to reflect on their mental processes, an essential aspect for
recognizing problems and transferring solutions to new contexts. Within this framework, problem-based learning
(PBL) emerges as one of the most effective methodologies.

Finally, when breaking down specific cognitive processes, it is confirmed that most research focuses on
problem identification and understanding (34%) and evaluating arguments and evidence (26%). The results
support that PBL has a positive and significant impact on enhancing students' critical capacity. Although some
weaknesses are identified, such as in the analysis of narrative texts, the activities associated with this approach
show great potential for strengthening essential cognitive processes, such as attention and memory, thereby
solidifying itself as a promising pathway for developing sharper and more reflective thinkers.
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