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RESUMO

Introdugao: O pensamento critico € uma competéncia fundamental no ensino da Matematica, promovendo capacidades de
analise, interpretagdo e argumentagdo, essenciais na resolugdo de problemas. Para o desenvolvimento destas capacidades, sdo
necessarias disposicdes como mente aberta, procura da verdade e sistematicidade. As disposicdes de pensamento critico
orientam e sustentam o desenvolvimento de capacidades cognitivas, permitindo a analise e a interpretagdo de problemas de
forma critica e estruturada. A aprendizagem cooperativa emerge como uma abordagem pedagdgica eficaz, ao fomentar a
interacdo entre os alunos, contribuindo para o desenvolvimento de disposi¢cdes de pensamento critico. No entanto, a investigacdo
sobre o impacto na promogdo de disposicdes de pensamento critico, em particular em Matematica A, em Portugal, é ainda
limitada. O presente estudo visa colmatar esta lacuna, alinhando-se com o Perfil dos Alunos a Saida da Escolaridade Obrigatdria e
as Aprendizagens Essenciais.

Objetivo: Analisar o efeito da aprendizagem cooperativa no desenvolvimento de disposi¢cdes de pensamento critico em alunos do 11.2
ano de Matematica A, comparando-a com métodos de ensino tradicionais, e verificar se existem diferengas de género nesse contexto.
Métodos: Estudo quasi-experimental, com dois grupos intactos: um grupo experimental (70 alunos), que utilizou métodos de
aprendizagem cooperativa, e um grupo de controlo (49 alunos), que seguiu uma abordagem mais tradicional de ensino. A Escala
de Disposi¢des de Pensamento Critico foi aplicada em pré e pds-teste a ambos os grupos.

Resultados: Apenas o grupo experimental apresentou melhorias estatisticamente significativas do pré para o pos-teste.
Conclusdo: A aprendizagem cooperativa demonstrou ser mais eficaz do que o ensino tradicional no desenvolvimento das
disposicoes de pensamento critico avaliadas.

Palavras-chave: aprendizagem cooperativa; pensamento critico; disposi¢ées; matematica A

ABSTRACT

Introduction: Critical thinking is a fundamental skill in the teaching of mathematics, promoting skills of analysis, interpretation,
and argumentation, which are essential for solving problems. Developing these skills requires dispositions such as open-
mindedness, truth-seeking, and systematicity. Critical thinking dispositions guide and support the development of cognitive skills,
enabling the analysis and interpretation of problems in a critical and structured way. Cooperative learning emerges as a practical
pedagogical approach that fosters student interaction and contributes to developing critical thinking dispositions. However,
research on the impact of cooperative learning in promoting critical thinking skills, particularly in Mathematics A, in Portugal, is
still limited. This study aims to fill this gap, in line with the Profile of Students Leaving Compulsory Schooling and Essential Learning.
Objective: To analyze the effect of cooperative learning on the development of critical thinking skills in 11th-grade Mathematics
A students, comparing it with traditional teaching methods, and to see if gender differences exist in this context.

Methods: Quasi-experimental study, with two intact groups: an experimental group (70 students), which used cooperative
learning methods, and a control group (49 students), which followed a more traditional teaching approach. The Critical Thinking
Dispositions Scale was applied in pre and post-test to both groups.

Results: Only the experimental group showed statistically significant improvements from pre to post-test.

Conclusion: Cooperative learning proved to be more effective than traditional teaching in developing critical thinking dispositions
assessed.

Keywords: cooperative learning; critical thinking; dispositions; mathematics A

RESUMEN

Introduccion: El pensamiento critico es una habilidad fundamental en la ensefanza de las matematicas, ya que fomenta las
capacidades de andlisis, interpretacion y argumentacién, esenciales para resolver problemas. El desarrollo de estas habilidades
requiere disposiciones como la apertura mental, la busqueda de la verdad y la sistematicidad. Las disposiciones de pensamiento
critico guian y apoyan el desarrollo de las habilidades cognitivas, permitiendo analizar e interpretar los problemas de forma critica
y estructurada. El aprendizaje cooperativo surge como un enfoque pedagogico eficaz al fomentar la interaccion entre los
estudiantes, contribuyendo al desarrollo de las disposiciones de pensamiento critico. Sin embargo, la investigacién sobre el
impacto del aprendizaje cooperativo en la promocion de las habilidades de pensamiento critico, en particular en Matematicas A,
en Portugal, es todavia limitada. Este estudio pretende llenar este vacio, en consonancia con el Perfil de los Estudiantes que
Abandonan la Ensefianza Obligatoria y los Aprendizajes Esenciales.

Objetivo: Analizar el efecto del aprendizaje cooperativo en el desarrollo de habilidades de pensamiento critico en estudiantes de
119 curso de Matematicas A, comparandolo con los métodos tradicionales de ensefianza, y comprobar si existen diferencias de
género en este contexto.

Métodos: Estudio cuasiexperimental, con dos grupos intactos: un grupo experimental (70 estudiantes), que utilizé métodos de
aprendizaje cooperativo, y un grupo de control (49 estudiantes), que siguié un enfoque de ensefianza mas tradicional. La Escala
de Disposiciones de Pensamiento Critico se aplicé en pre-y post-test a ambos grupos.

Resultados: Sélo el grupo experimental mostré mejoras estadisticamente significativas entre el pre- y el post-test.

Conclusion: El aprendizaje cooperativo demostrd ser mas eficaz que la ensefianza tradicional en el desarrollo de disposiciones de
pensamiento critico evaluadas.

Palabras clave: aprendizaje cooperativo; pensamiento critico; disposiciones; matematicas A
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INTRODUCTION

Critical thinking is widely recognized as an essential competence in teaching mathematics, and it plays a crucial role in the analysis,
interpretation, and resolution of complex problems (Facione, 2011; Paul & Elder, 2006). In Portugal, curricular guidelines, such as
the Profile of Students Leaving Compulsory Education (Martins et al., 2017) and Essential Learning (DGE, 2018), emphasize the
importance of promoting pedagogical strategies that stimulate the development of this skill to provide students with the ability
to make informed decisions and solve real problems. In critical thinking, capacities and dispositions coexist as fundamental
elements that complement each other in their development and application (Facione, 2011). While critical thinking skills
encompass interpretation, evaluation, and argumentation, dispositions reflect the propensity to apply these skills reflexively and
systematically in diverse contexts (Dwyer, 2017; Facione, 2011). Developing cognitive skills alone is insufficient to promote
effective critical thinking since, without adequate dispositions, students may face difficulties using critical thinking autonomously
and consistently (Facione, 2011). In this context, cooperative learning has been highlighted as a practical pedagogical approach to
foster critical thinking dispositions, since its application promotes learning environments that stimulate interaction,
argumentation, and the collective construction of knowledge (Loes & Pascarella, 2017).

Recent studies point to the fact that cooperative methodologies not only increase student engagement but also promote the
development of dispositions such as truth-seeking, open-mindedness, and systematicity, affective components that condition the
development of critical thinking skills (Erdogan, 2019; Klang et al., 2021; Lopes et al., 2021).

However, research on the impact of cooperative learning on the development of critical thinking dispositions in teaching
Mathematics A in secondary school is still limited. Recent studies reveal that, despite students demonstrating a positive
predisposition towards critical thinking, more traditional teaching methods are not always effective in systematically promoting it
(Morais et al., 2023). Thus, it is relevant to deepen the impact of cooperative practices, analyzing to what extent they influence
the development of critical thinking dispositions in the school context.

1. LITERATURE REVIEW

This section outlines the conceptual and theoretical foundations underpinning the study. It addresses the core principles of
cooperative learning, its relevance to mathematics education, and its potential for fostering critical thinking dispositions. Given
the increasing focus on active learning and the development of transversal competencies in contemporary curricula, it is essential
to examine how structured cooperative strategies contribute to both cognitive and affective domains of student learning. The
following subsections explore the pedagogical frameworks and empirical evidence that inform the present research.

1.1. Cooperative Learning: Concepts and Foundations

Cooperative learning is a pedagogical model that promotes interaction among students in small, heterogeneous groups,
facilitating the collective construction of knowledge. This approach encourages argumentation, the exchange of diverse
perspectives, and the synthesis of ideas, which are fundamental for critical thinking (Silva et al., 2022; Van Ryzin et al., 2020).
Applied in various subjects, including Mathematics, it has demonstrated effectiveness in developing higher cognitive skills (Loes
& Pascarella, 2017; Sutana et al., 2022).

The teacher plays a crucial role in structuring activities that foster debate and joint analysis of solutions (Lopes et al., 2020).
Cooperative groups are distinguished by five key elements (Figure 1): positive interdependence, individual and group
accountability, face-to-face promotive interaction, group evaluation, and social skills and group processing (Silva et al., 2022).
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Cooperative learning can be implemented using methods such as Student Teams—Achievement Divisions (STAD), where students
work in teams to understand the content and improve performance in individual assessments, promoting positive
interdependence and collective responsibility; Think-Pair-Share which enables divergent thinking through verbalization of
strategies used in problem-solving; Peer Review, which encourages mutual correction, enhancing cooperation in problem-solving;
and Cooperative Graffiti, where groups record ideas, discuss different contributions, and present conclusions, stimulating
creativity and confidence.

Another relevant structure is the Think Aloud Pairs Problem Solving (TAPPS) method, in which students work in dyads, alternating
between the roles of problem-solver and listener. The problem-solver verbalizes each step of the reasoning process, while the
listener monitors questions and supports the explanation without intervening directly. This method enhances metacognition,
clarity of thought, and justification of ideas, contributing to the development of critical thinking dispositions (Mashuri et al., 2018;
Silva et al., 2022).

These methods, by favoring cooperation, facilitate the development of critical thinking skills such as interpretation, analysis,
evaluation, inference, and explanation, as well as dispositions such as truth-seeking, open-mindedness, analyticity, systematicity,
self-confidence, inquisitiveness, and cognitive maturity (Harahap & Harahap, 2022; Lopes & Silva, 2022; Suryani & Mashuri, 2023).

1.2. Cooperative Learning in Mathematics Education

The teaching of Mathematics requires complex cognitive processes; however, many students resort to memorization without
deeply understanding the concepts (Mufiiz & Miranda, 2017). Cooperative learning emerges as an effective approach, promoting
interaction and a more active environment where exchanging ideas facilitates content comprehension (Lopes & Silva, 2022).
Studies show that cooperative practices improve critical thinking, academic performance, and motivation, strengthening
argumentation and problem-solving (Akinoso et al., 2021; Klang et al., 2021; Kovacs et al., 2020; Noviati & Sinaga, 2021; Yulianto
et al., 2023). Methods such as Student Teams—Achievement Divisions (STAD), Think-Pair-Share, Peer Review, and Cooperative
Graffiti encourage communication and analysis, which are fundamental for mathematical learning (Lopes & Silva, 2022). The Think-
Pair-Share has proven effective in teaching linear algebra, promoting more meaningful interaction and understanding of the
content (Mashuri et al.,, 2018). Additionally, cooperative methods contribute to creating a more equitable and inclusive
environment (Kovacs et al., 2020).

1.3. Critical Thinking Dispositions in Mathematics

Critical thinking is a metacognitive process consisting of a set of abilities (cognitive dimension) and dispositions (affective
dimension) that, through intentional and self-regulatory reflective judgment, increase the likelihood of producing a logical solution
to a problem or a valid conclusion to an argument (Dwyer, 2017). Facione (2011) identifies six key competencies: interpretation,
analysis, evaluation, inference, explanation, and self-regulation, which are fundamental for understanding, analyzing, and
justifying information. In addition to cognitive competencies, critical thinking involves dispositions (Figure 2) such as open-
mindedness, systematicity, inquisitiveness, self-confidence, truth-seeking, analyticity, and cognitive maturity, which influence the
approach to problems and decision-making (Paul & Elder, 2006).
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In the teaching of Mathematics, critical thinking dispositions are fundamental for problem-solving, encouraging persistence and
autonomous application of concepts. Studies show that students involved in practices that emphasize problem analysis and
discussion exhibit higher levels of critical thinking than more traditional methods (Arisoy & Aybek, 2021; Morais et al., 2023).
Cooperative learning has proven particularly effective by promoting argumentation, the confrontation of perspectives, and
collaborative problem-solving (Hartsfield et al., 2021; Klang et al., 2021; Siagian et al., 2023; Silva et al., 2018). Strategies that
encourage mathematical communication and debate consolidate these dispositions, making teaching Mathematics more critical
and reflective (Wahyudi et al., 2022).

Despite the positive results of cooperative learning, research on its impact on developing critical thinking dispositions in
Mathematics A at the secondary education level remains scarce. Existing studies focus primarily on higher education contexts or
non-specific subjects, leaving the systematic exploration of the influence of cooperative practices on the consolidation of
dispositions in secondary school students largely unexplored (Aliu & Raheem, 2023; Arisoy & Aybek, 2021; Catarino et al., 2021;
Klang et al., 2021; Lopes et al., 2021; Silva et al., 2018). Furthermore, the Portuguese educational context has been scarcely
analyzed in this domain, creating a gap in understanding the role of cooperative learning in promoting critical thinking in
Mathematics A (Morais et al., 2023).

In this sense, the present study aims to fill this gap by analyzing how cooperative learning can contribute to the development of
critical thinking dispositions in secondary school students in Mathematics A, according to the Profile of Students at the End of
Compulsory Education and Essential Learnings (Martins et al., 2017; DGE, 2018).

2. METHODS

This quasi-experimental study (Euzébio et al., 2021) analyzed the impact of cooperative learning on critical thinking dispositions
in 11th-grade Mathematics A students in pre and post-test, comparing an experimental group subjected to cooperative
methodologies with a control group that followed a more traditional teaching method. The intervention took place between
January 15 and May 24, 2024, during 60 classes of 50 minutes each, over 13 weeks, covering the domains of Real Sequences and
Rational Functions in the 11th-grade Mathematics A curriculum.

At the beginning of the experiment, the Cooperative Learning Scale (CLS), the Critical and Creative Thinking Test (CCTT), the
Mathematics Knowledge Test (MKT), and the Critical Thinking Dispositions Scale (CTDS) were applied to both groups to assess
initial critical thinking abilities and dispositions. As per the initial objective of this communication, only the analysis of the results
obtained in the Critical Thinking Dispositions Scale (CTDS) will be carried out.

2.1 Sample

The sample included 119 students from a school located in the northern region of Portugal, divided into two equivalent groups:
an experimental group (70 students), who participated in cooperative activities, and a control group (49 students), who attended
more expository classes complemented by individual exercise solving.

2.2 Data collection instruments

Data collection focused on the results of the Critical Thinking Dispositions Scale (CTDS), validated for the Portuguese population
by Lopes et al. (2021). The assessment instrument in question includes 35 items organized into seven subscales: truth-seeking (4
items), open-mindedness (4 items), analyticity (4 items), systematicity (7 items), self-confidence (5 items), inquisitiveness (7
items), and cognitive maturity (4 items). Participants answered on a Likert scale from 1 (Totally disagree) to 5 (Totally agree), as
represented in Figure 2.

The score for each subscale varies between 10 and 50 points, and the total scores are between 70 and 350 points, with higher
values reflecting a greater predisposition to critical thinking.

The internal consistency of the scale, namely its reliability using Cronbach’s alpha, ranges from 0.62 to 0.93.

The interpretation of the results followed the criteria of Lopes et al. (2021), who classified the disposition levels into four
categories, both for the subscales and the total score of the Critical Thinking Dispositions Scale (Table 1).

Table 1 - Levels of dispositions for Critical Thinking (CT) on each subscale and in the total of the CTDS

Levels Subscales CTDS scores Total CTDS scores
High disposition to CT score 40 or higher score 280 or higher
Positive disposition to CT score between 30 and 39.9 score between 210 and 279.9
Ambivalent disposition to CT score between 20 and 29.9 score between 140 and 209.9
Low disposition to CT score less than 20 score less than 140

2.3 Statistical analysis

The data were subjected to descriptive analysis, followed by inferential analysis, to evaluate the effect of cooperative learning on
the development of critical thinking dispositions in 11th-grade Mathematics A students. Initially, a descriptive analysis of the
scores on the Critical Thinking Dispositions Scale (CTDS) was carried out, and the disposition levels were categorized.
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Tests for normality and homogeneity were conducted to assess the data distribution. Since most variables did not follow a normal
distribution, non-parametric analyses were applied. The Wilcoxon test was used for paired samples, while the Mann-Whitney test
was employed for independent samples to compare pre and post-test results within each group.

The analyses were carried out using the IBM SPSS Statistics 29.0 program, with a significant level of 5.0% (p<.05). The independent
variable “gender” was included to assess possible influences on the development of critical thinking dispositions.

2.3.1. Classification of Critical Thinking Disposition Levels

The initial analysis focused on classifying the levels of critical thinking disposition based on the Critical Thinking Dispositions Scale
(CTDS) scores, according to the criteria defined by Lopes et al. (2021). The levels of critical thinking disposition were classified as
high, positive, ambivalent, or low. Table 2 shows the distribution of students in experimental and control groups at each level of
disposition in the pre and post-test.

Although the inferential analysis of the pre-test results did not show statistically significant differences between the experimental
and control groups (p>.05), descriptive data reveal that the proportion of students with high critical thinking dispositions was
higher in the experimental group, particularly in the total CTDS score (45.7% vs. 26.5%). These differences were acknowledged
and considered in the interpretation of the post-test results, in line with the nature of quasi-experimental designs.

Table 2 - Levels of disposition of the experimental and control groups in the pre and post-test of the Critical Thinking Dispositions Scale (CTDS)

CT Dispositions Groups Disposition levels Pre-test Post-test
N % N %
Ambivalent disposition 1 1.4 1 1.4
Experimental Positive disposition 18 25.7 8 11.5
. High disposition 51 72.9 61 87.1
Truth-seeking Ambivalent disposition 1 2.0 1 2.0
Control Positive disposition 21 42.9 15 30.6
High disposition 27 55.1 33 67.4
Ambivalent disposition 3 4.3 1 1.4
Experimental Positive disposition 33 47.1 13 18,6
) High disposition 34 48.6 56 80.0
Open-mindedness Ambivalent disposition 1 2.0 2 4.1
Control Positive disposition 30 61.2 20 40.8
High disposition 18 36.8 27 55.1
Ambivalent disposition 1 1.4 - -
Experimental Positive disposition 30 429 20 28.6
. High disposition 39 55.7 50 71.4
Analyticity Ambivalent disposition 4 8.1 3 6.1
Control Positive disposition 30 61.2 21 42.9
High disposition 15 30.6 25 51.0
Ambivalent disposition 1 1.4 - -
Experimental Positive disposition 22 31.5 12 17.1
. High disposition 47 67.1 58 82.9
Systematicity Ambivalent disposition - - 2 4.1
Control Positive disposition 28 57.1 17 34.7
High disposition 21 42.9 30 61.2
Ambivalent disposition 6 8.6 1 1.4
Experimental Positive disposition 42 60.0 32 45.7
) High disposition 22 31.4 37 52.9
Self-confidence Ambivalent disposition 3 6.1 7 14.3
Control Positive disposition 34 69.4 22 44.9
High disposition 12 24.5 20 40.8
Ambivalent disposition 2 2.9 1 1.4
Experimental Positive disposition 26 37.1 18 25.7
Inauisiti High disposition 42 60.0 51 72.9
nquisitiveness Ambivalent disposition - - 2 4.1
Control Positive disposition 31 63.3 20 40.8
High disposition 18 36.7 27 55.1
Ambivalent disposition 1 1.4 - -
Experimental Positive disposition 23 32.9 17 24.3
. . High disposition 46 65.7 53 75.7
Cognitive maturity Ambivalent disposition 1 2.0 2 4.1
Control Positive disposition 27 55.1 23 46.9
High disposition 21 429 24 49.0
Ambivalent disposition 1 1.4 - -
Experimental Positive disposition 37 52.9 21 30.0
High disposition 32 45.7 49 70.0
CTDS Total score Ambivalent disposition - - 1 2.0
Control Positive disposition 36 73.5 28 57.2

High disposition 13 26.5 20 40.8
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The analysis of Table 2, in the pre-test, shows a predominantly positive disposition in all the dimensions assessed, particularly
about truth-seeking, in which 72.9% of the students in the experimental group and 55.1% in the control group showed a high
disposition.

After the intervention, the experimental group showed a significant improvement in all the subscales, with an increase in high
disposition from 72.9% to 87.1% in truth-seeking, from 48.6% to 80.0% in open-mindedness and from 67.1% to 82.9% in
systematicity. In the total score of the Critical Thinking Dispositions Scale (CTDS), a high disposition was observed, which increased
from 45.7% in the pre-test to 70.0% in the post-test.

The control group had a less marked increase, with the high disposition rising from 26.5% to 40.8%. This result indicates a small
effect of the more traditional teaching methodology (z=.31 and p=.754), suggesting that the improvement is not statistically
significant.

Figure 3 provides a graphical representation of the overall results from the Critical Thinking Dispositions Scale (CTDS),
corresponding to the total scores reported in the last row of Table 3. It compares the distribution of pre and post-test results for
both the experimental and control groups.

In the experimental group, a statistically significant improvement was observed in the total CTDS score from pre-test (M=279.98;
SD=31.50) to post-test (M=297.64; SD=29.41), as indicated by the Wilcoxon test (z=3.52; p<.001; r=.42), suggesting a moderate
effect size. This increase was accompanied by a visible reduction in score variance, indicating greater homogeneity in student
performance after the intervention. The narrowing of differences suggests that students with initially lower levels of critical
thinking dispositions improved considerably, approaching the performance levels of their higher-scoring peers.
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Figure 3 — Distribution of pre and post-test scores on the Critical Thinking Dispositions Scale (CTDS) for experimental and control groups

In contrast, the control group showed no statistically significant change between the pre-test (M=267.18; SD=26.10) and the post-
test (M=267.82; SD=28.75), with the Wilcoxon test yielding non-significant results (z=.31; p=.754). These findings suggest that the
traditional teaching methodology did not lead to measurable improvements in students' critical thinking dispositions.

The increase in mean scores across several subscales, together with the reduction in performance disparities observed in the
experimental group, reinforces the potential of cooperative learning as an effective pedagogical approach for fostering critical
thinking dispositions among secondary school students.

2.3.2. Comparison of Levels of Critical Thinking Dispositions between the Experimental and Control Groups in Pre and Post-test
Means and standard deviations from pre-test and post-test data were used for group comparisons. To verify the initial equivalence
between groups, Mann—Whitney U tests were conducted on each subscale of the Critical Thinking Dispositions Scale (CTDS).

As shown in Table 3, the results revealed no statistically significant differences between the experimental and control groups at
pre-test (p>.05), suggesting comparable baseline levels across all dimensions. Wilcoxon non-parametric tests, based on data ranks,
were employed to assess changes between pre and post-test assessments within each group. These tests indicated significant
improvements in the experimental group's CTDS subscale scores and total score following the intervention.
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Table 3 - Pre and post-test results of the Critical Thinking Dispositions Scale (CTDS) for experimental and control groups

CT Dispositions Groups Tests N Average SD z p r
. Pre-test 42.07 5.60
rutheseekin Experimental Post-test 70 2425 522 2.91 .004 .35
: Control pre-test 49 98 287 21 838 -
Post-test 39.64 5.18 ' ’
. Pre-test 39.39 5.97
Ooenrindednoss Experimental Post-test 70 42.86 5.29 3.64 <.001 .44
P Control Pre-test 20 38.42 5.17 " 81
Post-test 38.57 5.42 ' ’
. Pre-test 39.61 5.31
pnslyticity Experimental Post-test 70 011 51 2.76 .006 .33
Pre-test 36.99 5.30
Control Post-test 49 37.29 5.59 5 583 )
. Pre-test 41.37 4.77
S erermatici Experimental Post-test 70 43.45 424 2.51 .012 .30
Y Y Control Pre-test 40 39.42 4.36 - g1
Post-test 39.24 4.84 ' ’
. Pre-test 36.51 6.00
' Experimental Post-test 70 3997 566 3.23 .001 .39
Self-confidence
Control Pre-test 49 35.63 5.04 61 542 .
Post-test 36.86 10.16 ' ’
. Pre-test 40.49 5.54
A Experimental Post-test 70 4237 6.11 2.12 .034 .25
4 Control Pre-test 20 38.44 4.70 e oy
ontro Post-test 38.51 4.62 ' ’
. Pre-test 40.54 5.09
Comnitve matuit Experimental Post-test 70 42,64 4.92 2.83 .005 .34
& v Control Pre-test 20 38.42 4.47 as 628
Post-test 37.70 4.64 ' ’
. Pre-test 279.98 31.50
Experimental Post-test 70 297.64 29.41 3.52 <.001 .42
CTDS Total score Pre-test 267.18 26.10
Control 49 31 754 -
Post-test 267.82 28.75

Note: SD=Standard deviation; z=Wilkoson test; p=Statistical significance; r=Magnitude of effect

After the intervention, the results of the post-test in the experimental group indicate a statistically significant improvement in the
total score of the CTDS score, with the average increasing from 279.98 (SD=31.50) to 297.64 (SD=29.41), as indicated by the
Wilcoxon test (z=3.52; p<.001; r=.42). Additionally, significant improvements were found in several subscales: truth-seeking
(z=2.91; p=.004; r=.35), open-mindedness (z=3.64; p<.001; r=.44), analyticity (z=2.76; p=.006; r=.33), and inquisitiveness (z=2.83;
p=.005; r=.34). These results reflect moderate effect sizes in most dimensions.

On the other hand, the control group showed no statistically significant changes between pre-and post-test scores. The total CTDS
score remained virtually unchanged, with an average of 267.18 (SD=26.10) in the pre-test and 267.82 (SD=28.75) in the post-test
(z=.31; p=.754), indicating that the traditional methodology did not lead to meaningful improvements in students' critical thinking
dispositions.

2.3.3. Gender Differences in Critical Thinking Dispositions in Pre and Pos-Test

The analysis of the influence of gender on critical thinking dispositions, based on the means and standard deviation in the two
assessment moments (pre and post-test), showed statistically significant differences in the experimental group, with the female
students showing a more marked evolution compared to the male students (Table 4).

The results of the post-test indicate that, in the experimental group, female students obtained significant improvements in
subscales such as open-mindedness (from 38.57 to 43.21; z=3.316; p<.001; r=.63), inquisitiveness (from 38.98 to 42.20; z=2.347;
p=.019; r=.44), and cognitive maturity (from 40.00 to 43.48; z=3.051; p=.002; r=.58). Additionally, the total score on the Critical
Thinking Dispositions Scale (CTDS) increased from 274.37 to 301.06 (z=3.644; p<.001; r=.69), reflecting a statistically significant
evolution.
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Table 4 — Pre and post-test results of the Critical Thinking Dispositions Scale (CTDS) for experimental and control groups by gender

Subscales Groups Gender  Pre-Test Post-Teste
Average Standard Deviation Average SD z p r
M (42) 42.20 4.88 44.17 5.02 2.001 .045 31
Experimental
Truth-seeking F(28) 41.88 6.62 44.38 5.59 2.093 .036 .40
M (22) 39.66 5.25 40.00 5.93 470 .638 -
Control
F(27) 40.00 6.43 39.35 4.58 .585 .559 -
M (42) 39.94 5.45 42.62 4.88 2.124 .034 .33
Experimental
) F(28) 38.57 6.68 43.21 5.93 3.316 <.001 .63
Open-mindedness
M (22) 37.50 5.54 39.12 6.46 1.142 .253 -
Control
F(27) 38.80 4.92 37.96 4.44 .849 .396 -
M (42) 39.76 4.74 41.07 5.39 1.067 .286 -
Experimental
- F(28) 39.38 6.15 43.66 4.59 2.961 .003 .56
Analyticity
M (22) 36.02 5.33 36.25 6.93 .643 .520 -
Control
F(27) 37.78 5.25 38.15 4.14 .246 .806 -
M (42) 41.56 4.63 43.12 4.60 1.511 131 -
. Experimental
Systematicity F(28) 41.08 5.05 43.94 3.66 2.349 .019 A4
M (22) 38.38 4.47 39.16 5.53 .940 347 -
Control
F(27) 40.27 4.15 39.31 4.31 .607 .544 -
. M (42) 37.86 6.13 39.81 5.67 1.411 .158 -
Experimental
) F(28) 34.50 5.30 40.21 5.74 3.234 .001 .61
Self-confidence
Control M (22) 37.27 5.22 37.55 14.07 .593 .553 -
ontro
F(27) 34.30 4.56 36.30 5.45 1.817 .069 .35
i M (42) 41.50 5.01 42.28 5.33 .798 425 12
L Experimental
Inquisitiveness F (28) 38.98 6.03 42.20 7.23 2.347 .019 44
M (22) 38.89 4.97 38.57 5.84 .000 1.000 -
Control
F(27) 38.08 4.53 38.46 3.43 324 .746 -
i M (42) 40.89 5.02 42.08 491 1.035 .301 -
. . Experimental
Cognitive maturity F (28) 40.00 5.23 43.48 4.97 3.051 .002 .58
M (22) 37.95 3.98 37.73 5.17 122 .903 -
Control
F(27) 38.80 4.87 37.69 4.27 .749 454 -
. M (42) 283.72 29.06 295.36 29.59 1.707 .088 .26
Experimental
F (28) 274.37 34.62 301.06 29.32 3.644 <.001 .69
CTDS Total score
Control M (22) 266.15 25.50 268.57 36.84 455 .649 -
ontro
F(27) 268.03 27.04 267.22 20.71 .060 .952 -

Note: M=Male; F=Female; SD=Standard deviation; z= Wilkoson test; p=Statistical significance; r= Effect size

Male students in the experimental group also showed statistically significant, though more moderate, improvements, particularly
in truth-seeking (from 42.20 to 44.17; z=2.001; p=.045; r=.31) and open-mindedness (from 39.76 to 41.07; z=2.124; p=.034; r=.33).
In the control group, there were no statistically significant differences between genders in any of the subscales or the total score
of the Critical Thinking Dispositions Scale (p>.05), indicating that the traditional methodology did not influence the development
of critical thinking dispositions in either gender.

3. RESULTS

This study compared the effectiveness of cooperative learning with traditional teaching methods in promoting critical thinking
skills in 11th-grade Math A students. Initially, the analysis of the pre-tests indicated similar conditions between the experimental
and control groups. However, after the intervention, the experimental group showed significant improvements in the truth-
seeking, open-mindedness, and systematicity subscales, with the total score on the Critical Thinking Dispositions Scale (CTDS)
increasing from 279.98 to 297.64, showing a statistically significant improvement in critical thinking dispositions. The control group
remained stable throughout the experiment.

The influence of gender proved statistically significant in the experimental group, with female students showing more marked
improvements, particularly in open-mindedness, inquisitiveness, and cognitive maturity, and male students improving especially
in truth-seeking. These results are detailed in Table 4.
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The longitudinal study of dispositions towards critical thinking showed a trend towards homogenization in the experimental group,
with a substantial increase in the number of students achieving high levels of disposition, from 45.7% to 70.0%. The control group
also recorded an increase, from 26.5% to 40.8%. Although both groups showed a similar relative growth (approximately 53%), the
experimental group maintained a higher overall proportion of students with high levels of critical thinking disposition.

4. DISCUSSION

The results of this study corroborate the relevance of cooperative learning for the development of critical thinking skills in 11th-
grade Math A students, validating the effectiveness of this methodology (Erdogan, 2019; Klang et al., 2021; Lopes et al., 2021).
The intervention showed substantial gains in all subscales of the Critical Thinking Dispositions Scale (CTDS), especially in truth-
seeking, open-mindedness, and systematicity.

Statistical analysis using the Mann—Whitney U test showed no significant differences (p>.05) between the experimental and
control groups in the pre-test, confirming equivalent initial conditions for the study (Zakaria et al., 2010). The significant evolution
in critical thinking dispositions observed in the experimental group after the intervention points to the effectiveness of cooperative
learning in promoting these dispositions, in line with studies that highlight the benefits of cooperative methodologies such as
STAD, Think Aloud Pairs, and Cooperative Graffiti (Harahap & Harahap, 2022; Lopes & Silva, 2022; Suryani & Mashuri, 2023).

The application of the Think Aloud Pairs Problem Solving (TAPPS) method, in which one student verbalizes their reasoning while
the other listens, monitors, and questions, when necessary, allowed students to make their thinking explicit and reflect on it,
strengthening metacognition and the ability to justify solutions (Mashuri et al., 2018; Silva et al., 2022). Meanwhile, the STAD
method reinforced individual and collective responsibility, creating an environment conducive to sharing and critically evaluating
solutions (Silva et al., 2022).

Regarding gender, the results indicated a statistically more significant improvement in female students in the experimental group,
especially in open-mindedness and inquisitiveness (Klang et al., 2021; Kovacs et al., 2022;). The exchange of arguments and the
confrontation of ideas in a cooperative context seem to favor female students more, facilitating the development of critical
thinking dispositions essential for mobilizing reasoning, argumentation, and problem-solving skills (Mashuri et al., 2018). In male
students, the gains were less expressive but still statistically significant, reinforcing the idea that cooperative learning promotes
critical thinking dispositions across genders (Arisoy & Aybek, 2021).

These results confirm that cooperative learning is an effective pedagogical strategy for developing critical thinking skills in
mathematics, reinforcing the contribution of this methodology to academic success and the construction of logical and structured
reasoning (Erdogan, 2019; Klang et al., 2021; Lopes & Silva, 2022).

CONCLUSION

The results prove the positive impact of cooperative learning on the development of critical thinking skills in 11th-grade Math A students,
with more significant gains in truth-seeking, open-mindedness, systematicity, fundamental problem-solving, and logical reasoning skills.
The experimental group showed substantial improvements compared to the control group, which, using a more conventional teaching
methodology, showed no significant changes. These results reinforce the effectiveness of cooperative learning in promoting critical thinking
skills and highlight the limitations of traditional teaching focused on theoretical exposition.

The intervention also reduced inequalities in performance, allowing students with lower results to keep up with their peers' progress.
These results validate cooperative learning as a promoter of critical thinking skills as an effective strategy for teaching Mathematics A, as it
stimulates interaction, collaboration, and critical analysis, in line with the recommendations of the Profile of Students Leaving Compulsory
Schooling and Essential Learning.

Given that female students obtained better results than male students in the study, further research is needed to ascertain the reasons for
these results and to create more favorable and equitable conditions.

ACKNOWLEDGEMENTS

The authors would like to thank the participants for their contribution to this research.

AUTHORS' CONTRIBUTION

Conceptualization, M.M, H.S. and J.L.; data curation, M.M, H.S. and J.L..; formal analysis, M.M, H.S. and J.L.; investigation, M.M,
H.S. and J.L.; methodology, M.M, H.S. and J.L.; resources, M.M, H.S. and J.L.; software, M.M, H.S. and J.L.; supervision, M.M, H.S.
and J.L.; validation, M.M, H.S. and J.L.; visualization, M.M, H.S. and J.L.; writing-original draft, M.M, H.S. and J.L.; writing-review
and editing, M.M., H.S. and J.L.



Magalhdes, M., Silva, M. H., & Lopes, J. (2025). Effect of cooperative learning on critical thinking skills in mathematics A students. 10
Millenium - Journal of Education, Technologies, and Health, 2(ed. espec. n220), 41265

DOI: https://doi.org/10.29352/mill0220e.41265

CONFLICT OF INTERESTS

The authors declare no conflict of interests.

REFERENCES

Akinoso, S. 0., Olafare, F. 0., & Oye-Akinoso, Z. B. (2021). Effect of collaborative teaching on secondary school students’
achievement in and attitude towards Mathematics. International Journal of Research and Innovation in Applied
Science, 6(08), 01-05. https://doi.org/10.51584/1JRIAS.2021.6801

Aliu, H. O., & Raheem, H. O. (2023). Relationship between teaching styles and mathematics achievement of Ibadan North
secondary school students: Practical application of peer-cooperative learning to improve retention of STEM
majors. European Journal of Mathematics and Science Education, 4(4), 269-283.
https://doi.org/10.12973/ejmse.4.4.269

Arisoy, B., & Aybek, B. (2021). The effects of subject-based critical thinking education in mathematics on students' critical thinking
skills and virtues. Eurasian Journal of Educational Research, 92, 99-119. https://doi.org/10.14689/ejer.2021.92.6

Catarino, P., Vasco, P., Lopes, J., Silva, H., & Morais, E. (2019). Cooperative learning on promoting creative thinking and
mathematical creativity in higher education. REICE. Revista Iberoamericana Sobre Calidad, Eficacia y Cambio En
Educacion, 17(3), 5-22. https://doi.org/10.15366/reice2019.17.3.001

Dwyer, C. P. (2017). Critical thinking: Conceptual perspectives and practical guidelines. Cambridge University Press.

Erdogan, F. (2019). Effect of cooperative learning supported by reflective thinking activities on students’ critical thinking
skills. Eurasian journal of educational research, 19(80), 89-112. https://doi.org/10.14689/ejer.2019.80.5

Euzébio, C., Soares, D., & Soares, T. (2021). Reflexdo critica sobre estudos quasi-experimentais. In A. Moreira, P. S3, & A. P. Costa
(Coords.), Volume 1. Reflexdes em torno da metodologias de investigagdo — Métodos (pp. 81-92). UA Editora -
Universidade de Aveiro. https://ria.ua.pt/handle/10773/30770

Facione, P. A. (2011). Critical thinking: What it is and why it counts. Insight assessment, 1(1), 1-23.

Fonseca, M. G., & Gontijo, C. H. (2020). Pensamento critico e criativo em Matematica em diretrizes curriculares nacionais, Ensino
em Revista, 27(3), 956-978. https://doi.org/10.14393/er-v27n3a2020-8

Harahap, K., & Harahap, N. A. (2022). Improving students’ ability to understand mathematical concepts through peer tutor type
cooperative learning models in PP. Syariful Hidayah. International Journal of Trends in Mathematics Education
Research, 5(4), 343-347. https://doi.org/10.33122/ijtmer.v5i4.189

Hartsfield, D. E., Maxwell, N., Jones, J. L., & Hilaski, D. (2021). Cooperative discussions for critical thinking: Protocols for the pre-
service classroom. In Research Anthology on Developing Critical Thinking Skills in Students (pp. 712-735). IGI Global
Scientific Publishing. https://doi.org/10.4018/978-1-5225-7823-9.ch004

Klang, N., Karlsson, N., Kilborn, W., Eriksson, P., & Karlberg, M. (2021). Mathematical problem-solving through cooperative
learning—The importance of peer acceptance and friendships. Frontiers in Education, 6, 710296. Frontiers Media SA.
https://doi.org/10.3389/feduc.2021.710296

Kovacs, E., Kreki¢, V. P., lvanovi¢, J. (2020). Stavovi ucenika o vaznosti suradnickoga ucenja u nastavi matematike u nizim
razredima osnovne Skole. Croatian Journal of Education: Hrvatski casopis za odgoj i obrazovanje, 22 (2), 331-356.
https://doi.org/10.15516/cje.v22i2.3286

Loes, C. N., & Pascarella, E. T. (2017). Collaborative learning and critical thinking: Testing the link. The Journal of Higher
Education, 88(5), 726-753. https://doi.org/10.1080/00221546.2017.1291257

Lopes, J. P., Silva, H. S., Dominguez, C., & Nascimento, M. M. (2020). Educar para o Pensamento Critico na sala de aula. Planificagdo,
Estratégias e Avaliagdo (2.2 ed.). PACTOR — Edi¢des de Ciéncias Sociais, Forenses e da Educacao.

Lopes, J., Silva, H., & Morais, E. (2021). Construgdo e validagdo de uma escala de disposicdes de pensamento critico para
estudantes universitarios (EDPC). Revista Lusoéfona de Educagdo, 53(53), 119-138. https://doi.org/10.24140/issn.1645-
7250.rle53.07

Martins, G., Gomes, C., Brocardo, J., Pedroso, J., Carrillo, J., Silva, L., Encarna¢do, M. Horta, M., Calcada, M., Nery, R., & Rodrigues,
S. (2017). Perfil dos alunos a saida da escolaridade obrigatoria. Ministério da Educacdo/Dire¢do-Geral da Educacdo (DGE).
https://comum.rcaap.pt/bitstream/10400.26/22377/1/perfil_dos_alunos.pdf

Mashuri, M., Nitoviani, N. D., & Hendikawati, P. (2018). The mathematical problem solving ability of student on learning with
Thinking Aloud Pair Problem Solving (TAPPS) model in term of student learning style. UNNES Journal of Mathematics
Education, 7(1), 1-7. https://doi.org/10.15294/ujme.v7i1.18870



Magalhdes, M., Silva, M. H., & Lopes, J. (2025). Effect of cooperative learning on critical thinking skills in mathematics A students. 11
Millenium - Journal of Education, Technologies, and Health, 2(ed. espec. n220), 41265

DOI: https://doi.org/10.29352/mill0220e.41265

Morais, E., Lopes, J., Silva, H., Dominguez, C., Cristina, R. P., Maria, I., & Santos, J. (2023). Dispositions toward Critical Thinking in
Portuguese Undergraduate Students. Educational Process: International Journal, 12(1), 19-35.
https://www.ceeol.com/search/article-detail?id=1109516

Muiiiz, J. C. I., & Miranda, T. H. L. (2017). Matemdticas. In J. C. I. Muiiiz, L. F. G. Garcia & J. F. Rio (Coord.), Aprendizaje cooperativo:
Teoria y prdctica en las diferentes dreas y materias del curriculum (pp.265-299). Ediciones Pirdmide.

Noviati, D. A., & Sinaga, B. (2021). Differences in increasing mathematical critical thinking ability of students using the STAD and
Jigsaw cooperative learning model for junior high school students. In 6th Annual International Seminar on
Transformative Education and Educational Leadership (AISTEEL 2021) (pp. 361-371). Atlantis Press.
https://doi.org/10.2991/assehr.k.211110.110

Paul, R., & Elder, L. (2006). Critical thinking: The nature of critical and creative thought. Journal of Developmental Education, 30(2),
34-35.

Sarikaya, A., & Egmir, E. (2023). The effect of cooperative learning method on academic achievement, attitude and critical thinking
disposition in the 7th grade mathematics lesson. International Journal of Educational Research Review, 8(4), 740-757.
https://doi.org/10.24331/ijere.1309484

Siagian, Q. A., Darhim, D., & Juandi, D. (2023). The effect of cooperative learning models on the students’ mathematical critical
and creative thinking ability: Meta-analysis study. Jurnal Cendekia: Jurnal Pendidikan Matematika, 7(1), 969-990.
https://doi.org/10.31004/cendekia.v7i1.2281

Silva, H., Lopes, J., & Dominguez, C. (2018). Enhancing college students’ critical thinking skills in cooperative groups.
In International conference on technology and innovation in learning, teaching and education (pp. 181-192). Springer
International Publishing.

Silva, H., Lopes, J., Dominguez, C., & Morais, E. (2022). Lecture, cooperative learning and concept mapping: Any differences on
critical and creative thinking development? International Journal of Instruction, 15(1), 765-780. https://e-
iji.net/ats/index.php/pub/article/view/474

Suryani, F., & Mashuri, M. (2023). Students’ mathematical representation ability in cooperative learning type of reciprocal peer
tutoring from learning style. Unnes Journal of Mathematics Education, 12(1), 13-22.
https://doi.org/10.15294/ujme.v12i1.67545

Sutama, S., Fuadi, D., Narimo, S., Hafida, S. H. N., Novitasari, M., Anif, S., Prayitno, J. H., Sunanih, S., & Adnan, M. (2022).
Collaborative mathematics learning management: Critical thinking skills in problem solving. International Journal of
Evaluation and Research in Education, 11(3), 1015-1027. https://doi.org/10.11591/ijere.v11i3.22193

Van Ryzin, M. J., Roseth, C. J., & McClure, H. (2020). The effects of cooperative learning on peer relations, academic support, and
engagement in learning among students of color. The Journal of Educational Research, 113(4), 283-291.
https://doi.org/10.1080/00220671.2020.1806016

Wahyudi, T., Noerhasmalina, N., Desmayanasari, D., & Lestari, F. (2022). Collaborative learning on mathematical critical thinking
skills. Hipotenusa Journal of Research Mathematics Education (HIRME), 5(1), 32-45.
https://doi.org/10.36269/hjrme.v5i1.769

Yulianto, D., Ainun, N, Pratiwi, E. Y. R., Nugroho, I. H., & Lia, N. F. A. (2023). Meta-analysis of the relationship between mathematics
learning and cooperative learning models with the object of elementary school students. Journal of Childhood
Development, 3(1), 30-37. https://doi.org/10.25217/jcd.v1i2.1833



	41265-CAPA-EN (1)
	41265_versão final

