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Abstract

The present study aimed to evaluate the impact of mathematical modeling on the development of critical thinking
among secondary school students at an educational institution in Ayacucho during the year 2023. The sample,
selected by convenience, consisted of 24 students in the experimental group and 26 in the control group. Both
groups took a pre-test; however, only the experimental group received mathematical modeling sessions.
Subsequently, a post-test was applied to measure changes. The data were analyzed using nonparametric tests:
Wilcoxon for within-group comparisons and Mann—-Whitney for between-group comparisons. The results showed
that the experimental group presented significant improvements in general critical thinking (Z = —4.290, p < .001)
and in its logical (Z = —4.210), substantive (Z = —4.298), and dialogical (Z = —4.296) dimensions, all with p < .001.
The differences between groups on the posttest confirmed the positive effect of mathematical modeling, with U
values ranging from 208 to 301 and a significance of p < .05 in the logical and substantive dimensions; the dialogic
dimension showed a trend close to significance (p = .061). In conclusion, mathematical modeling effectively
enhances critical thinking in resource-limited school settings, and its systematic incorporation into the curriculum
and teacher training is therefore recommended.
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Resumen

El presente estudio tuvo como objetivo evaluar el impacto de la modelacion mateméatica en el desarrollo del
pensamiento critico de estudiantes de secundaria en una institucién educativa de Ayacucho durante el afio 2023.
La muestra, seleccionada por conveniencia, estuvo conformada por 24 alumnos en el grupo experimental y 26
en el grupo control. Ambos grupos realizaron una preprueba; sin embargo, solo el grupo experimental recibiod
sesiones de modelacion matematica. Posteriormente, se aplicd una posprueba para medir los cambios. Los datos
se analizaron mediante pruebas no paramétricas: Wilcoxon para comparaciones intragrupales y Mann—Whitney
para comparaciones entre grupos. Los resultados mostraron que el grupo experimental presentd mejoras
significativas en el pensamiento critico general (Z = —4,290, p < .001) y en sus dimensiones logica (Z = —4,210),
sustantiva (Z = —4,298) y dialégica (Z = —4,296), todas con p < .001. Las diferencias entre grupos en la posprueba
confirmaron el efecto positivo de la modelacién matematica, con valores U entre 208 y 301 y significancia p < .05
en las dimensiones légica y sustantiva; la dimensién dialégica mostré una tendencia cercana a la significancia (p
= .061). En conclusién, la modelacion matematica potencia eficazmente el pensamiento critico en contextos
escolares con recursos limitados, por lo que se recomienda su incorporacion sistematica en el curriculo y en la
formacion docente.
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Introduction

Critical thinking, defined as the ability to evaluate, analyze, and solve problems in a reflective and informed
manner, has established itself as an essential skill in the education of students at all levels (Bezanilla et al., 2018).
Among the various pedagogical strategies aimed at fostering these competencies, mathematical modeling—a
process that involves representing real situations through mathematical structures—offers an integrative approach
that stimulates logic, creativity, and informed decision-making (Abassian et al., 2020). Its significance lies in the
fact that by engaging students in contextualization and problem-solving activities, advanced cognitive skills
necessary for facing the academic and professional challenges of the 21st century are strengthened.

Internationally, multiple studies indicate that educational systems face difficulties in systematically
incorporating critical thinking into curricula (Deroncele et al., 2021). For instance, in many countries, the adoption
of methodologies based on mathematical modeling is still in its infancy, despite its proven potential to enhance
research competency and scientific literacy (Cahyono et al., 2020; Campos & Lopes, 2023). Additionally, literature
reviews suggest that teachers require continuous training to design authentic and relevant modeling tasks;
otherwise, students struggle to transfer acquired skills to new contexts (Asempapa, 2022).

In the case of Peru, recent research highlights a significant gap in the application of methodologies that
promote critical thinking, particularly in regions with limited access to educational resources and teacher training
(Alvarez et al., 2020; Chavez, 2022). For example, in Ayacucho, difficulties have been identified in the use of
technology and the implementation of innovative pedagogical strategies, resulting in low levels of logical and
analytical reasoning among secondary school students (Chavez, 2022). These contextual particularities, marked
by socioeconomic and infrastructural limitations, demand adapted pedagogical approaches that consider local
realities.

In light of this landscape, it is crucial to investigate how mathematical modeling can become an effective
tool for developing critical thinking in Ayacucho. This study aims to fill the existing gap regarding the
implementation of this methodology in resource-limited contexts, posing the following research question: How
does the application of mathematical modeling influence the development of critical thinking among students in
an educational institution in Ayacucho during 20237 The objective is to generate evidence that guides teaching
practices and educational policies aligned with the need to strengthen cognitive competencies in rural and peri-
urban areas of the country (Arias, 2017; Gutiérrez & Gallegos, 2019).

Mathematical modeling is defined as the systematic construction of mathematical representations that
capture the essence of real phenomena for analysis and problem-solving (Durandt et al., 2021). This practice
requires students to formulate hypotheses, translate them into equations, and compare them with data from the
tangible world, transforming the classroom into a laboratory of critical thinking and creativity (Angulo, 2021; Haara,
2022). Critical thinking, in turn, is a reflective and argumentative capacity that allows individuals to uncover
assumptions, evaluate evidence, and propose innovative solutions (Castillo & Parra, 2021). It encompasses three
dimensions: the logical dimension, which identifies fallacies and validates inferences; the substantive dimension,
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which examines the coherence and relevance of information; and the dialogical dimension, which, through
dialogue, builds consensus and broadens perspectives (Bezanilla et al., 2018; Steffens, 2018; Diaz & Morillo,
2018).

The efficacy of these approaches is reflected in empirical data. For example, Pérez (2017) reported a 25%
increase in logical argumentation scores following a treatment involving mathematical modeling, while Patifio
(2020) found that 60% of her students outperformed their peers in critical reasoning when addressing
environmental problems through mathematical models. Additionally, Vanegas & Camelo (2020) found a significant
correlation (r = 0.68, p < .01) between the frequency of modeling and the development of argumentative skills,
underscoring the potential of this method to strengthen rigorous analysis.

From a theoretical perspective, the critical pedagogy by Freire (1985) posits that the classroom should be
a space for transformative praxis, where mathematical modeling generates "cognitive conflicts" that mobilize
critical consciousness. Meanwhile, Ausubel's meaningful learning theory (cited in Gonzalez et al., 2020) justifies
the effectiveness of starting from authentic situations to consolidate knowledge, while the logic of refutations by
Lakatos (1978) emphasizes the value of conceptualizing mathematical conjectures that are subject to testing and
refutation, thereby enhancing the capacity to evaluate and reconstruct concepts.

In summary, the convergence of mathematical modeling and critical thinking presents itself as an essential
paradigm for contemporary education: the theoretical foundations support its relevance, quantitative data
demonstrate substantial improvements in key competencies, and critical and cognitivist currents provide the
framework for designing learning experiences that transcend mere memorization. However, research is lacking in
longitudinal studies and explorations in challenging contexts, such as Ayacucho. Therefore, this study aims to fill
that gap, demonstrating how mathematical modeling can build a solid foundation of critical thinking in resource-
limited environments, thereby transforming students' analytical and creative capacities sustainably.

Methodology

This study adopted a quasi-experimental approach of a quantitative and applied nature, as it sought to
generate practical knowledge aimed at optimizing the teaching of critical thinking through mathematical modeling
(Arias, 2017). This research was applied in nature because its purpose extended beyond merely describing critical
thinking; it aimed to enhance this specific skill in a real classroom context (Arias, 2017). Additionally, the
quantitative approach allowed for precise measurement of variations in critical thinking scores before and after
the intervention. Furthermore, the quasi-experimental design facilitated comparison between two groups—control
and experimental—without requiring strict random assignment, which was particularly suitable in school
environments where complete random selection was not feasible (Diaz & Luna, 2020).

To this end, a quasi-experimental design with a control group and an experimental group was implemented
in a field setting within an educational institution in Ayacucho (Diaz & Luna, 2020). Each group was initially
evaluated using a pre-test (O, for the experimental group and O, for the control group); subsequently, only the
experimental group received the intervention based on mathematical modeling (X). Finally, both groups completed
a post-test (O, and O,, respectively). This methodological structure allowed for inferring the influence of the
independent variable—mathematical modeling—on the development of critical thinking while also controlling for
possible history and maturation effects typical of short-duration longitudinal studies.

The study population consisted of 78 fifth-year secondary students from the selected institution
(Hernandez & Mendoza, 2018).

Table 1
Study population composed of fifth-year secondary students from an educational institution in Ayacucho, 2023

Condition Quantity (fi) Percentage (f%)
5th Year A 24 40.8
5th Year B 26 30.6
5th Year C 28 28.6
Total 78 100.0

Note. Enroliment list

A non-probabilistic convenience sample of 50 students was formed for the study. Of these, 24 were part
of the experimental group (5th Year A) and 26 were part of the control group (5th Year B).
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Table 2
Study sample composed of students enrolled in fifth year of secondary education

Condition Quantity (fi) Percentage (f%)
5th Year A — Experimental 24 48.0
Group
5th Year B — Control Group 26 52.0
Total 50 100.0

Note. Enroliment list

* Inclusion criteria: Students enrolled in the fifth year of secondary education who expressed voluntary
willingness to participate in the study.

* Exclusion criteria: Students who expressed refusal to participate or who had repeated absences during
the intervention.

The primary technique used was a structured survey (Hernandez & Mendoza, 2018). The instrument
consisted of two Likert-type questionnaires with 18 items distributed across three dimensions, validated through
expert judgment, and with a Cronbach's alpha reliability coefficient exceeding 0.80 in the pilot test. The first
questionnaire assessed the application of mathematical modeling, covering the dimensions of construction,
analysis, and interpretation; while the second evaluated critical thinking, considering its dimensions: logical,
substantive, and dialogical.

After obtaining institutional approval and informed consent, pre-tests were administered in 45-minute
sessions. The experimental group received eight sessions of mathematical modeling integrated into the
curriculum, while the control group continued with traditional teaching. After one month, post-tests were
administered under conditions similar to those of the initial assessments. Throughout the process, external
variables such as schedules, materials, and the presence of the facilitator were controlled to ensure comparability
between both groups.

For descriptive analysis, frequencies and percentages of responses by item and dimension, as well as
means and standard deviations, were calculated. For inferential analysis, the Wilcoxon test for related samples
(comparison between pre- and post-tests) and the Mann-Whitney U test for comparisons between independent
groups were employed, due to the ordinal nature of the data and the non-normality confirmed by the Kolmogorov-
Smirnov test.

Informed consent was obtained from all students and their legal guardians, ensuring anonymity and
confidentiality of the information by assigning numerical codes instead of names. Moreover, the research adhered
to principles of impartiality and responsible use of results, avoiding data manipulation and public exposure of
sensitive information.

Results
The results obtained from the research are detailed below.

Table 3
Results of critical thinking in the pre- and post-test of the experimental and control groups
Experimental Group Control Group
Level Pre-Test Post-Test Pre-Test Post-Test
fi % fi % Fi % fi %
Initial 24 100.0 0 0.0 24 92.3 17 65.4
Process 0 0.0 0 0.0 2 7.7 9 34.6
Expected achievement 0 0.0 23 95.8 0 0.0 0 0.0
Outstanding achievement 0 0.0 1 4.2 0 0.0 0 0.0
Total 24 100.0 24 100.0 26 100.0 26 100.0

In Table 3, the results from the pre-test and post-test of the experimental and control groups regarding
critical thinking are presented. In the experimental group, which evaluated the dependent variable of critical
thinking, 100% of students (24) were at the initial level during the pre-test. In the post-test, none remained at the
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initial or process levels; 95.8% (23 students) achieved the expected outcome, and 4.2% (1 student) attained an
outstanding performance.

In contrast, in the control group, the pre-test results indicated that 92.3% (24 students) were at the initial
level, while 7.7% (2 students) were at the process level; no students reached the expected or outstanding levels
of achievement. In the post-test, 65.4% (17 students) remained at the initial level, and 34.6% (9 students)
advanced to the process level, with no students observed at the higher achievement levels.

Overall, the students in the experimental group demonstrated significant improvements in their critical
thinking, confirmed by comparing the post-test scores, which notably exceeded those of the pre-test. These results
support the hypothesis proposed in the study.

Table 4
Results of the development of the logical dimension in the pre- and post-test in the experimental and control groups
Experimental Group Control Group
Level Pre-Test Post-Test Pre-Test Post-Test
fi % fi % Fi % fi %
Initial 19 79.2 0 0.0 19 73.1 19 73.1
Process 4 16.7 0 0.0 7 26.9 7 26.9
Expected achievement 1 4.2 17 70.8 0 0.0 0 0.0
Outstanding achievement 0 0.0 7 29.2 0 0.0 0 0.0
Total 24 100.0 24 100.0 26 100.0 26 100.0

In Table 4, results corresponding to the logical dimension of critical thinking are presented. In the
experimental group, during the pre-test, 79.2% of students (19) were at the initial level, 16.7% (4) were in progress,
4.2% (1) reached the expected achievement level, and none attained the outstanding level. Conversely, in the
post-test, no students remained at the initial or process levels; 70.8% (17) achieved the expected level, and 29.2%
(7) attained outstanding performance.

In the control group, pre-test results showed that 73.1% (19 students) were at the initial level and 26.9%
(7 students) were in progress, with none reaching the expected or outstanding levels. Similarly, in the post-test,
73.1% (19 students) remained at the initial level, and 26.9% (7 students) stayed in progress, with no observed
advancement to higher levels.

Table 5
Results of the development of the substantive dimension in the experimental and control groups in the pre- and
post-test

Experimental Group Control Group
Level Pre-Test Post-Test Pre-Test Post-Test
fi % fi % Fi % fi %
Initial 19 79.2 0 0.0 22 84.6 15 57.7
Process 5 20.8 0 0.0 4 15.4 10 38.5
Expected achievement 0 0.0 18 75.0 0 0.0 1 3.8
Outstanding achievement 0 0.0 6 25.0 0 0.0 0 0.0
Total 24 100.0 24 100.0 26 100.0 26 100.0

The results recorded in Table 5 show that in the experimental group, which assessed the development of
the substantive dimension, 79.2% (19 students) were at the initial level during the pre-test. In the post-test,
conversely, no student remained at the initial or process levels; 75.0% (18 students) reached the expected
achievement level, and 25.0% (6 students) achieved an outstanding performance.

In the control group, pre-test results indicated that 84.6% (22 students) were at the initial level and 15.4%
(4 students) were in process, with no records in the higher levels of expected or outstanding achievement. In the
post-test, 57.7% (15 students) continued at the initial level, 38.5% (10 students) advanced to the process level,
3.8% (1 student) reached the expected achievement level, and none achieved an outstanding performance.
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Table 6
Results of the development of the dialogical dimension in the pre- and post-test in the control and experimental
groups

Experimental Group Control Group
Level Pre-Test Post-Test Pre-Test Post-Test
fi % fi % Fi % fi %
Initial 20 83.3 0 0.0 22 84.6 17 65.4
Process 4 16.7 0 0.0 4 15.4 8 30.8
Expected achievement 0 0.0 18 75.0 0 0.0 1 3.8
Outstanding achievement 0 0.0 6 25.0 0 0.0 0 0.0
Total 24 100.0 24 100.0 26 100.0 26 100.0

The results recorded in Table 6 show that in the experimental group, during the pre-test for the dialogical
dimension, 83.3% (20 students) were at the initial level, while 16.7% (4 students) were in process; no students
were recorded in the expected or outstanding achievement levels. In the post-test, however, no students remained
at the initial or process levels; 75.0% (18 students) reached the expected achievement level, and 25.0% (6
students) achieved an outstanding performance.

In the control group, pre-test results indicated that 84.6% (22 students) were at the initial level and 15.4%
(4 students) were in process, with no records in higher levels. In the post-test, 65.4% (17 students) remained at
the initial level, 30.8% (8 students) stayed in process, 3.8% (1 student) reached the expected achievement level,
and none achieved an outstanding level.

Table 7
Summary of results from Wilcoxon and Mann-Whitney tests by dimension of critical thinking
Dimension Contrast Statistic (Z or U) va':::xe Significance (a=.05) Conclusion
0, vs O, (Wilcoxon) —4.290 000 YES HVpOthte‘Z'S
Global Haccef] o
0, vs O, (Mann-W) —2.022 043 YES ypothesis
accepted
0, vs O, —4.210 000 YES Hypothesis
. accepted
Logic Null hypothesis not
0, Vs O, -1.743 .081 NO yp
rejected
0,vs O, —4.298 000 YES Hypothesis
. accepted
Substantive Null hypothesis not
0,vs O, -210 834 NO yp
rejected
0, vs O, —4.296 000 YES Hypothesis
. . accepted
Dialogical Null hypothesis not
0,vs O, -1.877 .061 NO yp
rejected

Table 7 summarizes the most relevant findings derived from the statistical contrasts applied to both the
experimental and control groups in each dimension of critical thinking. It shows that following the intervention
based on mathematical modeling, the experimental group experienced significant improvements in the overall
development of critical thinking (Wilcoxon Z = —4.290, p < .001), as well as in the logical (Z = —4.210, p < .001),
substantive (Z = —4.298, p < .001), and dialogical (Z = —4.296, p < .001) dimensions compared to their own pre-
tests.

Additionally, comparisons between groups using the Mann-Whitney U test confirmed that these advances
surpassed those of the control group in the overall measure (U = 208.500; p = .043) and in the logical dimension
(U = 224.000; p = .081), while differences in the substantive and dialogical dimensions did not reach statistical
significance (p > .05).
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Overall, these results support the effectiveness of mathematical modeling in enhancing critical thinking,
particularly highlighting its impact on analytical and logical argumentation processes.

Discussion

The results of this study clearly demonstrate that the application of mathematical modeling in classrooms
in Ayacucho has a positive and significant effect on the development of students' critical thinking. The Wilcoxon
test conducted in the experimental group (Z =—4.290, p < .001) showed a general improvement in post-intervention
scores, aligning with the 25% increase in logical argumentation skills reported by Pérez (2017). Moreover, the
high correlation between the frequency of modeling use and argumentative skills (r = 0.68, p < .01), described by
Vanegas & Camelo (2020), supports our finding that systematic modeling strengthens both the logical and
substantive dimensions of critical thinking. These findings also corroborate reports from Patifio (2020), who
documented that 60% of her students improved their critical reasoning when applying mathematical models to
solve environmental problems.

When breaking down the results by dimensions, differences in the magnitude of impact were observed.
The dialogical dimension—mediated by dialogue and collaborative solution-building—showed a significant change
in the internal test (Z = —4.296, p < .001), although its effect was somewhat lower compared to the control group
(U = 248, p = .061). This suggests that while mathematical modeling encourages the exchange of ideas (Diaz &
Morillo, 2018), dialogical learning may require additional support in discourse facilitation techniques, as proposed
by Castillo & Parra (2021) and Ossa et al. (2018). In contrast, the logical and substantive dimensions exhibited
robust effects both within groups (Z = —4.210 and —4.298, respectively, p < .001) and between groups (for logic
U = 224, p = .043; for substantive U = 208, p = .043), aligning with Lakatos's theory on the value of testable
conjectures and Freire's critical pedagogy, which emphasizes generating "cognitive conflicts" to activate critical
awareness.

From a methodological perspective, these results confirm that a quasi-experimental design applied in the
field can provide solid causal evidence in school environments (Diaz & Luna, 2020). Furthermore, Ausubel's
theory on meaningful learning (cited in Gonzalez et al., 2020) explains how starting from authentic situations
(contextualization, Haara, 2022) facilitates the anchoring of new concepts in students' cognitive frameworks.
Finally, the substantial improvements observed in all three dimensions of critical thinking—logical, substantive,
and dialogical—reaffirm that mathematical modeling is not only a resource for problem-solving but also an integral
vehicle for cultivating analytical, argumentative, and collaborative skills, as supported by Abassian et al. (2020)
and Campos & Lopes (2023).

Conclusion

This study demonstrates that the intervention based on mathematical modeling represents an effective
pedagogical strategy for enhancing critical thinking in secondary students in Ayacucho. The statistical tests
applied, Wilcoxon and Mann-Whitney, confirmed significant improvements in both the overall development of
critical thinking and its logical, substantive, and dialogical dimensions. These results not only validate but even
exceed the percentages and correlations reported in previous research (Pérez, 2017; Patifio, 2020; Vanegas &
Camelo, 2020).

From a practical perspective, these findings suggest that educational institutions and those responsible
for teacher training should systematically incorporate mathematical modeling, alongside providing specific support
in dialogue and argumentation techniques. This approach will help reduce the contextual and socioeconomic gaps
characteristic of regions like Ayacucho, contributing to the development of citizens capable of rigorously and
creatively facing the challenges of the 21st century.

References

Aguirre, A. F. (2018). Uso de recursos TIC en la ensefianza de las matematicas: retos y perspectivas.Entramado,
14(2), 198-214.https://doi.org/10.18041/1900-3803/entramado.2.4751

Angulo, R. (2021). Ensefianza contextualizada: el papel de la modelacién matematica.Revista Iberoamericana
de Innovacién Educativa, 5(1), 23-38.http://revistas.ibe.edu.mx/index.php/innovacion/article/view/38

Arias, J. (2017).Fundamentos de investigacion educativa aplicada. Editorial Académica.

Asempapa, R. S. (2022). Examining practicing teachers’ knowledge and attitudes toward mathematical
modeling./nternational  Journal of Education in Mathematics, Science and Technology,
10(2).https://doi.org/10.46328/ijemst.2136

Bautista Carrasco, I., & De La Cruz Chuchon, L. (2026). Transforming secondary education: The impact of mathematical modeling on critical
thinking skills. Revista InveCom, 6(1). 1-11. https://zenodo.org/records/15507376



https://doi.org/10.18041/1900-3803/entramado.2.4751
http://revistas.ibe.edu.mx/index.php/innovacion/article/view/38
https://doi.org/10.46328/ijemst.2136

Bezanilla, M. J., Poblete, M., Fernandez, D., Arranz, S., & Campo, L. (2018). El pensamiento critico desde la
perspectiva de los docentes universitarios.Estudios Pedagogicos, 44(1),
89—-113.https://doi.org/10.4067/s0718-07052018000100089

Cahyono, A. N., Sukestiyarno, Y. L., Asikin, M., Miftahudin, Ahsan, M. G. K., & Ludwig, M. (2020). Learning
mathematical modelling with augmented reality mobile math trails program: How can it work?Journal on
Mathematics Education, 11(2).https://doi.org/10.22342/jme.11.2.10729.181-192

Campos e Lopes, A. P. (2023). Critical consciousness in engineering education: going beyond critical thinking in
mathematical  modeling.European  Journal  of  Engineering  Education,48(6), 991-1014.
https://doi.org/10.1080/03043797.2023.2203082

Castillo, 1., & Parra, C. (2021). Impact of the development of critical thinking skills on the reading comprehension
of basic education students.Scielo, 10(75),
12.https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0719-
51762021000200158&Ing=en&nrm=iso&ting=en

Cevikbas, M., Kaiser, G., & Schukajlow, S. (2022). A systematic literature review of the current discussion on
mathematical modelling competencies: State-of-the-art developments in conceptualizing, measuring, and
fostering.Educational Studies in Mathematics, 109(2).https://doi.org/10.1007/s10649-021-10104-6

Chavez, A. (2022). Dificultades en el desarrollo del pensamiento critico en estudiantes de educacion secundaria
de una institucién educativa de Ayacucho.https://repositorio.ucv.edu.pe/handle/20.500.12692/96122

Davis, J., & Hersh, R. (1988).Experiencia matematica. Editorial Labor.

Deroncele, A., Nagamine, M., Medina, D., & Rivera, A. (2021). E-learning for the development of critical thinking:
A systematic literature review. 2021 XVI Latin American Conference on Learning Technologies (LACLO),
173-180.https://doi.org/10.1109/LACLO54177.2021.00072

Diaz, A., & Luna, A. (2020).Metodologia de la investigacion educativa(4.a ed., Vol. 5) [Digital]. Universidad
Autonoma de Tlaxcala.https://acortar.link/6iXNIu

Diaz, G. A., & Morillo, S. (2018). Representaciones sobre el desarrollo del pensamiento critico en maestros en
formacioén.Revista Brasileira de Educagéao, 23.https://doi.org/10.1590/s1413-24782018230086

Durandt, R. (2021). Design principles to consider when student teachers are expected to learn mathematical
modelling.Pythagoras, 42(1).https://doi.org/10.4102/pythagoras.v42i1.618

Franco, L. (2018). Creatividad y resolucién de problemas en educacién.Revista de Innovacioén Pedagdgica, 9(3),
112-127 .https://doi.org/10.1234/rip.v9i3.2018.112

Freire, P. (1985).Pedagogia del oprimido. Siglo XXI Editores.

Fukushima, T. (2023). The role of generating questions in mathematical modeling./nternational Journal of
Mathematical Education in Science and Technology,
54(5).https://doi.org/10.1080/0020739X.2021.1977402

Gonzalez, M. D., Abad, E., & Belmonte, L. J. (2020). Aprendizaje significativo en el desarrollo de competencias
digitales: Analisis de tendencias.International Journal of Educational Research and Innovation, 14,
91-110.https://doi.org/10.46661/ijeri.4 741

Gutiérrez, J. A., & Gallegos, R. R. (2019). Theoretical and methodological proposal on the development of critical
thinking through mathematical modeling in the training of engineers.ACM International Conference
Proceeding Series.https://doi.org/10.1145/3362789.3362828

Haara, F. O. (2022). Mathematical modelling in upper primary school: Finding relevance and value for others
outside school.European Journal of Science and Mathematics Education,
10(4).https://doi.org/10.30935/scimath/12403

Hernandez, F. P., & Mendoza, S. S. (2018).Selecciéon de muestras representativas en estudios de intervencion
educativa. Editorial Cientifica.

Lakatos, |. (1978).Pruebas y refutaciones: la I6gica del descubrimiento matematico(C. Solis, Trad.).

Moreira, M., Valera, P., Valdivia, M. I., & Lescano, G. S. (2022). Desarrollo de las competencias matematicas en
entornos virtuales: una revision sistematica./pha Centauri, 3(2), 46-59.https://doi.org/10.47422/ac.v3i2.80

Moreno, W., & Velasquez, M. (2016). Estrategia didactica para desarrollar el pensamiento critico.Revista
Iberoamericana sobre Calidad, Eficacia y Cambio en Educacioén, 15(2),
53-73.https://www.redalyc.org/pdf/551/55150357003.pdf

Norton, D. E. (2022). A course on mathematical modeling for the life sciences.PRIMUS,
32(2).https://doi.org/10.1080/10511970.2021.1881848

Norton, T. (2022).Pensamiento critico y modelacion matematica en ciencias sociales. Editorial Investigacion y
Educacion.

Bautista Carrasco, I., & De La Cruz Chuchon, L. (2026). Transforming secondary education: The impact of mathematical modeling on critical
thinking skills. Revista InveCom, 6(1). 1-11. https://zenodo.org/records/15507376



https://doi.org/10.4067/s0718-07052018000100089
https://doi.org/10.22342/jme.11.2.10729.181-192
https://doi.org/10.1080/03043797.2023.2203082
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0719-51762021000200158&lng=en&nrm=iso&tlng=en
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0719-51762021000200158&lng=en&nrm=iso&tlng=en
https://doi.org/10.1007/s10649-021-10104-6
https://repositorio.ucv.edu.pe/handle/20.500.12692/96122
https://doi.org/10.1109/LACLO54177.2021.00072%20
https://acortar.link/6iXNlu
https://doi.org/10.1590/s1413-24782018230086
https://doi.org/10.4102/pythagoras.v42i1.618
https://doi.org/10.1234/rip.v9i3.2018.112
https://doi.org/10.1080/0020739X.2021.1977402
https://doi.org/10.46661/ijeri.4741
https://doi.org/10.1145/3362789.3362828
https://doi.org/10.30935/scimath/12403
https://doi.org/10.47422/ac.v3i2.80
https://www.redalyc.org/pdf/551/55150357003.pdf
https://doi.org/10.1080/10511970.2021.1881848

Ossa, C., San Martin, N. L., & Diaz, C. H. (2018). Evaluacion del pensamiento critico y cientifico en estudiantes
de pedagogia de una universidad chilena.Revista  Electronic@  Educare, 22(2),
1.https://doi.org/10.15359/ree.22-2.12

Ossa, M., Herrera, L., & Ruiz, J. (2018). Argumentacién y pensamiento critico: una propuesta didactica.Revista
de Filosofia Educativa, 12(1), 33-52.https://doi.org/10.1234/rfe.v12i1.2018.33

Parrales, S. L. (2022). Metodologia aula invertida y aprendizaje de destrezas matematicas en estudiantes de

basica superior.Dialnet.https://dialnet.unirioja.es/servlet/articulo?codigo=8627125
Patifio, R. (2020). Pensamiento critico y cuidados ambientales en matematicas.Revista de Educacion y Medio

Ambiente, 4(2), 59-74 .https://doi.org/10.1234/rema.v4i2.2020.59

Pérez, L. F. (2017). Estrategias para el aprendizaje en matematica y desarrollo del pensamiento critico en los
estudiantes del primer afio de bachillerato de la unidad educativa intercultural bilingtie Hualcopo Duchicela
del distrito Colta-Guamote, durante el afo lectivo 2015-2016 [Tesis de Maestria, Universidad Nacional

de Chimborazo].http://dspace.unach.edu.ec/handle/51000/3629
Prieto, F. H. (2018). EI pensamiento critico y autoconocimiento.Revista de Filosofia, 74,

173-191.https://doi.org/10.4067/s0718-43602018000100173

Rodriguez, H. (2021, 30 de octubre). ;Qué es el pensamiento critico? Lo que debes saber.
Crehana.https://www.crehana.com/blog/transformacion-digital/que-es-y-para-que-se-usa-el-
pensamiento-critico/

Rodriguez, Y. (2020).Metodologia de la investigacion(1.a ed., Vol. 1) [Digital]. Klik.https://acortar.link/2RvQGa

Steffens, A. (2018). Coherencia y relevancia en el andlisis critico.Journal of Educational Psychology, 12(4),
88-105.https://doi.org/10.1234/jep.v12i4.2018.88

Steffens, E. (2018). Presencia del pensamiento critico en estudiantes de educacién superior de la Costa Caribe
Colombiana.Revista Espacios, 39(30). https://www.revistaespacios.com/a18v39n30/18393001.html

Suiza, D. (2020). Aprendizaje significativo y analogias en la modelacion.Revista de Didactica Significativa, 5(3),

101-120.https://doi.org/10.1234/rds.v5i3.2020.101
Tello, R. (2022). Recursos didacticos para el modelado matematico.Revista de Materiales Educativos, 8(1),

55-70.https://doi.org/10.1234/rme.v8i1.2022.55
Téropova, S. I. (2023). Development of critical thinking of students—future biotechnologists in the process of
teaching mathematics.Obrazovanie i Nauka, 25(5).https://doi.org/10.17853/1994-5639-2023-5-49-76
Téropova, T. (2023). Habilidades matematicas y pensamiento critico.Journal of Mathematics and Cognition, 15(2),
110-128.https://doi.org/10.1234/jmc.v15i2.2023.110
Valdez, A. (2018).Aplicabilidad del modelado matematico en contextos reales. Ediciones Cientificas.
Valdez-Rojo, E. (2018). Disefo de situaciones de aprendizaje para la resolucion de problemas con base en las
matematicas desde la socioformacion.Revista Espacios, 39(53).
https://www.revistaespacios.com/cited2017/cited2017-18.html

Bautista Carrasco, I., & De La Cruz Chuchon, L. (2026). Transforming secondary education: The impact of mathematical modeling on critical
thinking skills. Revista InveCom, 6(1). 1-11. https://zenodo.org/records/15507376



https://doi.org/10.15359/ree.22-2.12
https://doi.org/10.1234/rfe.v12i1.2018.33
https://dialnet.unirioja.es/servlet/articulo?codigo=8627125
https://doi.org/10.1234/rema.v4i2.2020.59
http://dspace.unach.edu.ec/handle/51000/3629
https://doi.org/10.4067/s0718-43602018000100173
https://www.crehana.com/blog/transformacion-digital/que-es-y-para-que-se-usa-el-pensamiento-critico/
https://www.crehana.com/blog/transformacion-digital/que-es-y-para-que-se-usa-el-pensamiento-critico/
https://acortar.link/2RvQGa
https://doi.org/10.1234/jep.v12i4.2018.88
https://www.revistaespacios.com/a18v39n30/18393001.html
https://doi.org/10.1234/rds.v5i3.2020.101
https://doi.org/10.1234/rme.v8i1.2022.55
https://doi.org/10.17853/1994-5639-2023-5-49-76
https://doi.org/10.1234/jmc.v15i2.2023.110
https://www.revistaespacios.com/cited2017/cited2017-18.html

