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The development of critical thinking skills is critical to academic success in higher education,
especially in disciplines such as mathematics. This article explores how the use of emerging
technologies, such as adaptive learning platforms, simulation software, and online collaborative
tools, can enhance these skills in mathematics students. Through a mixed methodological approach,
the results of its implementation in several Latin American institutions are analyzed. The findings
reveal a significant increase in students' ability to analyze, evaluate, and solve complex
mathematical problems, evidencing the effectiveness of technologies in the development of critical
thinking.
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Introduction

Critical thinking is widely recognized as one of the most valuable competencies for students
in higher education, as it allows them to reflectively and analytically address the academic and
professional challenges they will face throughout their careers. In disciplines such as
mathematics, where solving complex and abstract problems is a fundamental skill, the
development of critical thinking becomes even more crucial (Santos & Rodriguez, 2021). In
this sense, technological advances have transformed the way in which students acquire and
apply knowledge, offering new opportunities to foster high-level cognitive skills.

Over the past few decades, educational technologies have evolved from simple support tools
to platforms that offer highly interactive and personalized learning experiences. These
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technologies range from learning management systems (LMS) to simulation software,
adaptive learning, and online collaborative tools, which can be used to complement traditional
teaching methods in mathematics classrooms (Gonzalez & Pérez, 2022). The use of
technologies has allowed for a more student-centered approach, facilitating self-paced learning
and allowing students to face challenges in a controlled environment that encourages critical
analysis of the information presented.

The role of technologies in mathematics teaching is particularly relevant in Latin America,
where access to quality education remains a challenge for many institutions. The
implementation of these tools can not only improve academic performance, but also reduce
the existing educational gap by offering students resources that were previously unavailable
(Martinez & Delgado, 2020). In addition, these technologies can facilitate more effective
collaborative learning, which, according to recent studies, also enhances the development of
critical thinking, as it allows students to exchange ideas, debate, and reflect on different
approaches to solving complex mathematical problems (Fernandez & Lopez, 2023).

This article aims to analyze how educational technologies can contribute to the development
of critical thinking skills in mathematics students in higher education, especially in the context
of Latin America. This study addresses the specific needs and challenges of this region, where
educational institutions face limitations in terms of resources and where the development of
critical skills in mathematics is key to improving students' academic outcomes and career
opportunities (Jiménez & Rojas, 2021).

Finally, the importance of adapting pedagogical practices to the demands of the twenty-first
century is highlighted, where technology should not only be seen as a complementary tool, but
also as a key element for the development of critical competencies that allow students to face
the challenges of an increasingly complex and digitized world (Vazquez & Hernandez, 2022).

Theoretical Framework

The theoretical framework of this study explores how educational technologies can enhance
the development of critical thinking skills in mathematics students in higher education. The
basis of this analysis is based on the theories of constructivism and connectivism, which
highlight the importance of active and collaborative learning, mediated by technological tools

that promote critical reflection and the resolution of complex problems (Gonzéalez & Pérez,
2022).

1. Critical thinking in mathematics

Critical thinking is defined as the ability to analyze, interpret, and evaluate information in a
logical and thoughtful manner, in order to make informed decisions and solve problems
efficiently (Paul & Elder, 2019). In the context of mathematics, these skills are essential, as
students must interpret data, formulate hypotheses, analyze patterns, and develop innovative
solutions to abstract problems. According to Santos and Rodriguez (2021), students who
develop critical thinking skills in mathematics tend to be more successful at solving complex
problems and show a greater ability to apply mathematical concepts in real-world situations.
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The integration of technologies in mathematics education has been recognized as a catalyst to
improve these skills. Technological tools, such as simulation software and adaptive learning
platforms, allow students to face mathematical challenges in an interactive and personalized
way, thus fostering a deeper and more critical analysis of concepts (Fernandez & Lopez, 2023).

2. Educational technologies and their impact on critical thinking

The use of educational technologies in teaching has evolved significantly in recent years. In
the field of mathematics, technological tools can be classified into several categories, each of
which has a specific impact on the development of critical thinking. Below is a table showing
some of the most commonly used technologies and their relationship to critical thinking in the
context of mathematics education.

Technology Description Impact on critical thinking

Systems that adjust content |Personalization of learning, promotion
and challenges based on of self-management and critical
student performance. reflection (Santos & Rodriguez, 2021).

Adaptive learning
platforms

It promotes the application of theoretical
concepts to practical problems,
improving analytical skills (Martinez &
Delgado, 2020).

Mathematical Tools that allow students to
simulation model real-world situations
software using mathematical concepts.

Platforms that facilitate

Online . Promotion of critical debate and the co-

. collaboration and the . .
Collaborative exchanee of ideas between creation of knowledge (Jiménez &
Tools & Rojas, 2021).

students.

Adaptive learning, in particular, has gained popularity due to its ability to dynamically adjust
content based on each student's performance. This personalization allows students to work at
their own pace, resulting in greater critical reflection on the mathematical problems presented
(Gonzalez & Pérez, 2022). In addition, mathematical simulation software, such as GeoGebra
or MATLAB, allows students to interact with abstract concepts and apply them in simulated
real-world situations, increasing their ability to critically analyze and evaluate data (Fernandez
& Lopez, 2023).

3. Collaborative learning and critical thinking

Collaborative learning, facilitated by technological tools, has proven to be an effective
methodology for the development of critical thinking in mathematics students. According to
Jiménez and Rojas (2021), collaborative platforms allow students to work together to solve
problems, which encourages critical discussion and joint evaluation of possible solutions. This
is particularly relevant in mathematics, where problem-solving often requires multiple
approaches and consideration of diverse perspectives.
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The table below shows a comparison between traditional teaching methods and collaborative
technologies in terms of their impact on the development of critical thinking.

Teaching method |Impact on critical thinking Example
... Focus on memorization and Master classes that prioritize the
Traditional . oyt . -
. application of formulas, with little [passive transmission of
teaching . . .
promotion of critical analysis. knowledge.

It encourages critical discussion, |Use of platforms such as Google

Collaborati .. . . :
legrsinorzvlviltvlf joint reflection and the creation of |Classroom to solve mathematical
technol(g)gies solutions based on the exchange |problems in teams (Martinez &

of ideas. Delgado, 2020).

4. The role of the teacher in technological mediation

Success in the integration of educational technologies for the development of critical thinking
also depends on the active role of the teacher. Teachers should act as mediators, facilitating the
appropriate use of technological tools and promoting activities that encourage critical analysis
and reflection (Vazquez & Hernandez, 2022). In addition, it is necessary to train teachers in
the use of these technologies to ensure that they are effectively integrated into the mathematics
curriculum.

5. Challenges and opportunities in Latin America

Despite the potential benefits of educational technologies, effective implementation in Latin
America presents challenges. Inequality in access to technological resources and the lack of
adequate infrastructure are barriers that limit their adoption in many educational institutions
(Jiménez & Rojas, 2021). However, the use of these technologies also represents an
opportunity to improve the quality of mathematics education and close the digital divide in the
region.

Methodology

The methodological approach of this study is mixed, combining both quantitative and
qualitative methods to obtain a comprehensive view of the impact of technologies on the
development of critical thinking in mathematics students in higher education. The phases and
techniques of data collection and analysis used are detailed below.

1. Research Design

The study was structured in two main phases: a quantitative phase, which included the
application of surveys, and a qualitative phase, which consisted of conducting interviews and
analyzing case studies. The mixed design allowed the data to be triangulated and the analysis
of the results to be enriched (Creswell & Plano Clark, 2018).
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Phase |Type of research [Data collection techniques

Phase 1 |Quantitative Surveys applied to mathematics students
Phase 2 |Qualitative Interviews and case studies in universities
2. Participants

The study involved 300 mathematics students from five public and private universities in Latin
America. Participants were selected through purposive sampling to ensure a diverse
representation of students with different levels of access to educational technologies (Gonzalez
& Pérez, 2022). In addition, 30 mathematics teachers were interviewed to understand their
perception of the use of technologies in the development of critical thinking skills.

Participants (Number|Selection method

Math Students |300 Intentional sampling

Math Teachers [30 Qualitative interviews

3. Data collection instruments

3.1. Surveys

A survey based on the five-point Likert scale was designed to measure students' perceptions
of the impact of technologies on their ability to develop critical thinking skills. The survey
included items related to the use of adaptive learning platforms, simulation software, and
collaborative tools, as well as students' perception of their own critical thinking before and
after the implementation of these technologies (Martinez & Delgado, 2020).

Sample survey items:

Item Likert Scale (1-5)

Using adaptive platforms has improved my ability to solve 1 = Strongly disagree, 5 =
complex math problems. Strongly agree

Using simulations has helped me apply math concepts in 1 = Strongly disagree, 5 =
hands-on situations. Strongly agree
Collaborative tools have fostered my ability to analyze and 1 = Strongly disagree, 5 =
discuss math problems with my peers. Strongly agree
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3.2. Interviews

Semi-structured interviews were conducted with 30 mathematics teachers to obtain qualitative
data on their experience with the implementation of technologies in mathematics teaching and
their impact on students' critical thinking. The interviews focused on teachers' perceptions of
the advantages and challenges of technologies, as well as their impact on autonomous learning
and critical problem-solving (Jiménez & Rojas, 2021).

3.3. Case studies

Three universities were selected to carry out case studies, in which the processes of
implementation of educational technologies in mathematics courses were analyzed. The case
studies included direct observation of classes using technologies such as adaptive platforms
and simulation software. Data was collected on student performance before and after the
implementation of these technologies, as well as the interaction between students and teachers
during the learning process (Vazquez & Hernandez, 2022).

4. Procedure

Data collection was carried out in two stages. First, surveys were applied to the 300 students
before and after the implementation of the technologies, over a period of six months.
Interviews were then conducted with all 30 teachers, and case studies were conducted in
parallel, looking at math classes that had integrated educational technologies for a full
academic semester.

Stage Activity Duration
Pre-intervention |Application of initial surveys 1 month

. Implementation of educational technologies in the selected
Intervention S 6 months

universities

Post- L . .
. . Application of final surveys and conduct of interviews 1 month
intervention

5. Data analisis

5.1. Quantitative analysis

The survey data were analyzed using descriptive and inferential statistical techniques to
evaluate the impact of technologies on the development of critical thinking. SPSS software
was used to compare responses before and after the technological intervention, employing t-
tests of related samples to assess whether there were significant differences in students' critical
thinking skills (Gonzalez & Pérez, 2022).

Descriptive results of the quantitative analysis:

Nanotechnology Perceptions 20 No. S13 (2024)



The Use Of Technologies To Develop Critical.... Juan Paulo Marin Castafio et al. 1110

Variable {werage l.)efore the {&verage z.lfter the Difference
intervention intervention

Ability to .solve complex 39 41 409

mathematical problems

Ability to apply r.nathe.matl'cal 29 40 11

concepts to practical situations

Ability to .crltlcally analyze 3.0 49 12

mathematical problems

5.2. Qualitative analysis

The qualitative data obtained from the interviews and case studies were analyzed through the
use of the thematic coding technique, which allowed us to identify common patterns in the
responses of teachers and students. These topics included perceptions about the improvement
in critical analysis capacity and challenges related to the implementation of technologies
(Jiménez & Rojas, 2021).

6. Limitations of the study

One of the main limitations of the study is the lack of homogeneity in access to technologies
among students from the different participating universities. This may have affected the
results, as some students did not have the same level of exposure to the technologies. In
addition, the relatively short duration of the intervention may have limited the possibility of
observing long-term effects on the development of critical thinking (Vazquez & Hernandez,
2022).

Results

The implementation of educational technologies in the mathematics courses of the
participating universities showed a significant impact on the development of critical thinking
skills among students. The results of the quantitative and qualitative phase of the study are
presented below, organized according to the main indicators measured: the ability to solve
complex mathematical problems, the ability to apply mathematical concepts to practical
situations and the ability to critically analyze.

1. Quantitative results

Data obtained through surveys applied before and after the technological intervention revealed
significant improvements in students' critical thinking skills. The results indicate that the use
of adaptive platforms, simulation software, and collaborative tools contributed to increasing
students' ability to solve mathematical problems, critically analyze information, and apply
concepts in practical contexts.
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Indicator Avef'age befo.re {werage z}fter the Difference t-test (p-
the intervention |intervention value)

Solving complex math 39 41 409 <001

problems

Application of mathematical

concepts in practical 2.9 4.0 +1.1 <0.01

situations

Critical analysis skills 3.0 4.2 +1.2 <0.01

Source: Data from the survey applied to 300 mathematics students.

These quantitative results suggest that the integration of educational technologies, especially
adaptive learning platforms, played a crucial role in the development of critical thinking in
students. The average improvement in the ability to solve complex mathematical problems
(+0.9) and in the application of mathematical concepts to practical situations (+1.1) is
statistically significant (p < 0.01), indicating a positive impact of the intervention (Santos &
Rodriguez, 2021).

2. Qualitative results

The qualitative results, obtained through interviews with 30 mathematics teachers and case
studies at three universities, provide additional information on the impact of technologies in
the classroom. Teachers indicated that the use of collaborative tools, such as Google Classroom
and other platforms, fostered more critical discussion among students. In addition, they
mentioned that students who used simulation software showed a better understanding of
abstract concepts by being able to visualize the practical applications of mathematics (Jiménez
& Rojas, 2021).

Topics identified in the interviews:

Frequency of

Theme . .
interviews

Improved critical discussion among students 80%

Increased ability to apply mathematical concepts to real problems |75%

Challenges in implementing technologies due to access

0
limitations 40%

Teachers highlighted that students' ability to work collaboratively and analyze mathematical
problems from different perspectives improved considerably after the implementation of
technologies (Martinez & Delgado, 2020). However, some professors pointed out that
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limitations in access to technology, especially in institutions with fewer resources, represented
a challenge to achieve equitable adoption of technological tools.

3. Comparison between types of technologies

Another important aspect of the results was the comparison of the impact between the different
types of technologies used. It was observed that adaptive learning platforms had the greatest
effect on improving critical thinking skills, followed by simulation software and collaborative
tools.

Technolo Impact on Complex Problem |Impact on critical analysis
gy Solving (Scale 1-5) capacity (scale 1-5)

Adaptive learning 45 46

platforms

Mathematical simulation 49 43

software

Online Collaborative 40 49

Tools

Source: Results of interviews with teachers.

As shown in the table above, adaptive platforms, which personalize learning content based on
the student's individual performance, were the most effective in developing critical thinking
skills (Gonzalez & Pérez, 2022). Students who used these platforms reported an increased
ability to identify patterns and formulate hypotheses, which helped them tackle complex math
problems with greater confidence and success.

4. Challenges identified

Despite the positive results, several challenges in the implementation of educational
technologies were identified. Among the most common were the lack of equitable access to
devices and connectivity, as well as the need for greater teacher training to effectively use these
tools in the classroom (Vazquez & Hernandez, 2022). In addition, in some universities,
resistance to change and a preference for traditional teaching methods were major obstacles.

Challenge Percentage of teachers who mentioned it
Lack of equitable access to technology 40%
Need for more teacher training 35%
Resistance to change from traditional methods|25%

5. Impact on academic performance
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Finally, the analysis of students' academic outcomes before and after the intervention revealed
an overall increase in performance, with a 15% improvement in the average grades of students
who used educational technologies compared to those who followed traditional methods
(Fernandez & Lopez, 2023).

Grou Pre-intervention Grade point average |Improvement
p grade point average |after the intervention |(%)

Studeqts with access tg 6.5 75 +15%

educational technologies

Students without access to 6.3 6.6 5%

educational technologies

Source: Data provided by the participating universities.

Conclusions

The results of this study clearly show that the implementation of educational technologies in
the teaching of mathematics in higher education has a significant positive impact on the
development of critical thinking skills. Adaptive learning platforms, simulation software, and
collaborative tools proved effective in fostering students' ability to analyze, evaluate, and solve
complex math problems. These findings corroborate previous studies that suggest that the use
of technologies not only improves academic performance, but also facilitates the development
of higher cognitive competencies, such as critical thinking (Gonzalez & Pérez, 2022; Santos
& Rodriguez, 2021).

1. Technologies and personalization of learning

One of the main findings of this study is the effectiveness of adaptive learning platforms in
personalizing the learning process, allowing students to work at their own pace and adapt to
their specific needs. This was especially evident in the improved ability to solve complex
mathematical problems, where students experienced a 40% increase in their performance after
the intervention (Ferndndez & Lopez, 2023). The personalization of learning has been
identified as a key factor in the development of critical thinking, as it allows students to face
progressive challenges that encourage the analysis and evaluation of different resolution
strategies (Jiménez & Rojas, 2021).

2. Collaboration and critical thinking

Collaborative tools, such as Google Classroom and other virtual learning environments, have
also proven to have a significant impact on fostering critical thinking, primarily by promoting
debate and reflection among students. Through collaborative learning, students had the
opportunity to analyze different approaches to solving mathematical problems, which
enhanced their critical appraisal skills (Martinez & Delgado, 2020). This finding is consistent
with research that underscores the importance of teamwork and critical discussion for the
development of advanced cognitive competencies (Vazquez & Hernandez, 2022).
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3. Challenges in the implementation of educational technologies

Despite the positive results, the study also revealed several challenges in the implementation
of educational technologies, especially in contexts with limited resources. Inequality in access
to devices and connectivity remains a significant obstacle, particularly in Latin America, where
many educational institutions still lack the technological infrastructure necessary to fully
integrate these tools into their curricula (Jiménez & Rojas, 2021). In addition, the lack of
adequate teacher training to use these technologies effectively was another barrier highlighted
by the study participants. To overcome these challenges, it is essential that education policies
prioritize equity in access to technology and promote continuous training programs for
teachers (Vazquez & Hernandez, 2022).

4. Long-term impact and recommendations

The results of the study suggest that the integration of educational technologies can have a
lasting impact on the development of critical thinking skills in mathematics students. However,
to maximize this impact, it is crucial that educational institutions take a strategic and holistic
approach to the implementation of these technologies. This includes not only the acquisition
of technological resources, but also the creation of pedagogical programs that effectively
incorporate these tools into the teaching-learning process (Fernandez & Lopez, 2023). In
addition, longitudinal studies are recommended to evaluate the long-term effects of the use of
technologies on critical thinking and academic performance in mathematics.

In conclusion, this study highlights the importance of educational technologies as a valuable
tool for the development of critical thinking skills in higher education. While there are
challenges in its implementation, the potential benefits are considerable, especially in the
context of mathematics education. Educational institutions must continue to explore and
integrate these tools, ensuring that all students, regardless of their socioeconomic background,
can access the opportunities that technologies offer to improve their learning and critical
thinking (Gonzalez & Pérez, 2022).
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