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Abstract: Over a sexteen-week term, the study dove into how chess could enhance math skills for
eleventh graders at three public schools in Cartagena, Colombia. It assumed that chess would
sharpen their minds and problem-solving prowess. Seventy-one pupils took part, trying out a
chess-centric way of learning. Researchers used multiple statistical approaches such as
multivariate regression and cluster analysis - to measure effects on various academic fronts. The
analysis encompasses students' chess-play performance, strategic thinking, and problem-solving
approaches, employing graph theory to gain a comprehensive understanding. The findings reveal
distinct clusters of strategic approaches adopted by students, elucidating intricate relationships
and patterns in their gameplay. Additionally, the study examines the correlation between chess-
based learning and academic performance over the duration of the intervention. The identified
clusters through graph theory shed light on diverse problem-solving strategies, offering insights
into the dynamic nature of chess gameplay. The results affirm the research hypothesis, highlighting
the significant relationships and patterns revealed through the application of graph theory. By
employing various statistical procedures, it contributes to a deeper understanding of the impact of
chess-based pedagogy on students' strategic thinking development skills. Furthermore, this
research provides valuable insights for educators seeking innovative approaches to enhance
mathematical proficiency and strategic thinking in secondary education.
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In the quest for educational reform, teachers turn to fresh and unusual tools that can sharpen
students' minds—both in thought and choice. Chess, known for its deep strategy, has shown
promise across many study areas. This is the case of mathematics with a a chance to use chess as
a means of representing its inherent complexity. Such academic endeavors aim to map how
secondary schooling might gain from these novel teaching methods.

Teachers often praise chess for nurturing sharp brains adept at tactics and thoughtful choices. Prior
research notes how this game can boost skills—from plan-making to solving math puzzles with
ease. Chess fosters clear logic and keen analysis, paving new ways for students to solve tough
problems. With each move on the board mirroring life's varied challenges, chess indeed holds keys
that unlock young minds’ true potential—especially within Mathematical realms.

Given this context, this research aims to build upon existing knowledge by empirically examining
the impact of incorporating chess into the curriculum of secondary education, specifically in
eleventh-grade mathematics programs. Through a systematic exploration of the potential benefits
and challenges associated with chess-based pedagogy, the study seeks to contribute to the ongoing
discourse on innovative teaching methodologies in mathematics education. The study addresses
the need to explore and understand the potential impact of integrating chess-based learning in the
secondary education context. Despite existing research highlighting the benefits of chess on
cognitive and decision-making skills, there is a discernible gap in understanding the specific
implications of incorporating chess as a pedagogical tool in secondary education, particularly
within the context of mathematics teaching.

The significance of this research lies in its potential to provide empirical evidence and nuanced
insights into the effectiveness of chess-based pedagogy in enhancing cognitive abilities and
decision-making skills among students pursuing education in mathematics. By addressing this
research problem, the study aims to contribute valuable information to the educational community,
guiding future educational practices and fostering a more comprehensive understanding of the role
of chess in academic contexts.

The purpose of this study is to investigate the impact of integrating chess as a pedagogical tool in
eleventh-grade mathematics programs in three public schools in Cartagena, Colombia. The
primary focus is on understanding the potential enhancements in cognitive and decision-making
skills among students exposed to chess-based learning methodologies. Through an examination of
the participants' performance and responses, the study aims to contribute empirical evidence to the
ongoing discourse on effective teaching strategies in secondary mathematics education. The
contributions of this research include nuanced insights into the utility of chess as an educational
tool, shedding light on its implications for cognitive development and decision-making skills
within the context of secondary education.

The hypothesis of this study revolves around the proposition that integrating chess as a pedagogical
tool in secondary education enhances mathematical comprehension and strategic thinking skills
among students. Rooted in the belief that chess encapsulates intricate mathematical principles and
fosters strategic decision-making, the hypothesis posits that exposure to chess within the
educational framework will lead to tangible improvements in cognitive abilities and academic
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performance. From the perspective that chess as a game of strategic calculation inherently calls
upon cognitive abilities like critical reasoning, problem solving, and discerning patterns, one can
deduce this hypothesis emerges. Consequently, it is speculated that exposing pupils to the intricate
strategic considerations of chess may serve to enhance their cognitive abilities, potentially
cultivating a richer academic progression overall.

The research objective is to investigate the effectiveness of integrating chess into the secondary
education curriculum as a means of enhancing mathematical understanding and strategic thinking
skills. Through conducting an expansive investigation that encompasses numerous educational
institutions and their pupils, the aim is to accumulate demonstrable proof concerning the
consequences of an instructive technique grounded in chess upon results related to education.
Through a meticulous examination and assessment of the intricate relationship between chess and
cognitive growth within the arena of secondary education, this research hopes to illuminate to what
degree the strategic board game can act as a stimulant for mental development and scholastic
enhancement.

The research problem addressed is the need to explore and understand the potential impact of
integrating chess-based learning in the secondary education context, particularly within the domain
of mathematics. Despite existing research highlighting the benefits of chess on cognitive and
strategic thinking skills, there is a discernible gap in comprehending the specific implications of
incorporating chess as a pedagogical tool in eleventh-grade mathematics classrooms. The study
aims to bridge this gap by investigating the effectiveness of chess integration in enhancing
students' mathematical proficiency, problem-solving abilities, and strategic thinking skills.

However, it is important to acknowledge the limitations inherent in this study. While the findings
may offer insight, their broader applicability could be limited by the study's confinement to
particular geographical settings and educational environments. Additionally, the study's duration
and sample size may pose limitations on the depth and breadth of the conclusions drawn. While
external influences including participants' background with chess along with variances in learning
approaches risk muddling the results due to possible distorting covariates, the study requires
fastidious reflection on how such potential confounding factors may impact outcomes.

Despite these limitations, the study's contributions are manifold. Firstly, it offers empirical
evidence regarding the efficacy of chess integration in secondary education, shedding light on its
potential to enhance students' mathematical comprehension and strategic thinking skills.
Furthermore, the study's identification of the mechanisms through which chess influences
cognitive development furnishes valuable insights for educators and policymakers in their
endeavor to optimize practices for education. Furthermore, the study contributes to the growing
body of literature on the intersection of games-based learning and cognitive psychology, enriching
our understanding of how recreational activities can be leveraged for educational purposes.
Ultimately, by highlighting the transformative potential of chess-based pedagogy, the study
underscores the importance of holistic approaches to education that prioritize the development of
critical thinking and problem-solving skills among students. The Literature Review delves into
existing studies on the utilization of chess in education, emphasizing its significance in
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mathematics teaching. It elucidates the multifaceted impact of chess on cognitive, decision-
making, and strategic thinking skills, establishing a foundation for the current research. The
Method section outlines the research design, participants, and procedures employed to investigate
the research hypothesis. It details the teaching strategy implemented, research instruments used,
and statistical analyses conducted to assess the impact of chess-based learning.

Following this, the Results section presents a comprehensive analysis of the data obtained from
the participants, shedding light on the observed patterns and outcomes. It objectively correlates the
findings with the research hypothesis and research objectives, providing a clear understanding of
the study's outcomes. The Discussion section engages in a thoughtful analysis of the results,
drawing connections with the existing literature. The Conclusion succinctly summarizes the key
findings and their implications, offering a nuanced perspective on the effectiveness of integrating
chess in the present case study.

LITERATURE REVIEW
Strategic thinking conceptualization

Strategic thinking necessitates a nuanced methodology in resolving issues and determining courses
of action within institutional settings, requiring consideration of various interrelated factors from
an array of perspectives. Nuntamanop et al. (2013) define strategic thinking as a process that
combines rational and creative approaches to solving strategic problems, incorporating system
thinking, creativity, and vision. The authors also elaborate that strategic thinking involves finding
alternative ways to compete and deliver value to customers.

Dalal et al. (2023) emphasizes that strategic thinking is not solely about analysis but also about
hypothesis-driven testing of ideas. Furthermore, strategic thinking is a cognitive process aimed at
resolving ambiguity and navigating complex environments. Various authors highlight that it
involves developing strategies to gain a competitive edge and having a strategic vision (Goldman,
2012; Grau-Pérez & Moreira, 2017; Hong, 2018). Other authors mention that strategic thinking
includes futurism, systematic thinking, intelligent opportunism, and conceptual thinking (Li et al.,
2015; Malvasi et al., 2022; Meloni & Fanari, 2019; Msusa & Chowa, 2020).

This type of thinking is conceptual, systems-oriented, directional, and opportunistic, focusing on
abstract levels, the entire organization, future states, and competitive environments. Strategic
thinking is crucial for organizational success in competitive environments (Sadik & Kardag, 2018;
Sala et al., 2015; Salavati et al., 2017a). It is a key competency that enables individuals and
organizations to anticipate future trends, develop innovative solutions, and adapt effectively to
changing circumstances.

Various authors emphasizes that strategic thinking is not just about planning but also involves a
creative and innovative approach to problem-solving that goes beyond routine analysis (Joseph et
al., 2017; Jugembayeva et al., 2022; Kiaei et al., 2016a; Kiaei et al., 2016b).
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The cultivation of strategic cognition within educational systems in developing nations emerges
as a pivotal area warranting comprehensive attention to facilitate effectual policy formulation and
implementation. Existing literature posits that a deviation from the presumption that developing
countries ought to emulate industrialized nations in their educational strategies is necessitated
(Atashafrouz, 2019; Dalal et al., 2023; de la Puente Pacheco et al., 2022; de la Puente Pacheco et
al., 2021).

Instead, a judicious consideration of the distinct objectives and exigencies of developing nations
is imperative to ensure congruence between education and national development objectives.
Scholarly investigations underscore that strategic cognition entails the employment of creative
problem-solving methodologies to surmount challenges in education, particularly within domains
such as engineering (Nuntamanop et al., 2013; Ortiz-Pulido et al., 2019; Powell et al., 2017).

It is highlighted that strategic thinking is an acquirable and cultivable proficiency through formal
training, developmental initiatives, and continuous learning endeavors (Sosa & Aguilar, 2021;
STEGARIU & Abalasei, 2022; Strekalova et al., 2019).

This proposition intimates that the inculcation of a culture of strategic cognition within educational
institutions could engender enhanced decision-making and planning processes. Furthermore, the
literature accentuates the significance of strategic thinking within the context of strategic planning
in educational settings (Salavati et al., 2017b). Strategic cognition is perceived as an indispensable
component in the development of novel strategies and perspectives to propel educational
advancements (Rico et al., 2023; Rosholm et al., 2017). The implementation of strategic thinking
frameworks, such as the Modified Learning Model, can facilitate the establishment of a structured
approach to strategic planning within universities (ELDaou & El-Shamieh, 2015; Filozof et al.,
2001).

In the context of developing nations, the development of strategic thinking acumen among
educators and administrators is crucial for augmenting productivity and organizational efficacy
(Korenman et al., 2009). Strategic cognition is regarded as a key competence for managers in
modern educational environments, underscoring the necessity for continuous skill development
(Larsen, 2017). Additionally, the literature intimates that the integration of strategic thinking into
educational frameworks can contribute to the effectiveness of professional competency and skill
development among students (Msusa et al., 2023).

Chess as a learning tool in high school

The integration of chess into educational settings has garnered increasing attention as a potential
catalyst for cognitive development and the enhancement of strategic thinking abilities among
students. Within the context of high school education, chess has emerged as a multifaceted tool
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with the capacity to complement and augment traditional teaching methodologies across various
academic disciplines.

Chess has been increasingly recognized as a educational tool in high schools. Studies have shown
that incorporating chess into school curricula or as an extracurricular activity can have positive
effects on academic performance (Korenman et al., 2009). Research has indicated that playing
chess can enhance mathematical capacity in students, suggesting that chess is an effective tool for
improving mathematical skills (Rosholm et al., 2017).

Furthermore, chess has been identified as a model for studying high-level human brain functions
such as spatial cognition, memory, planning, learning, and problem-solving (Li et al., 2015). The
benefits of using chess in education extend beyond academic performance. For instance, chess has
been found to improve concentration and listening skills in students, including those with ADHD
(Msusa & Chowa, 2020). Additionally, chess training has been linked to the development of
metacognitive processes and academic performance (Meloni & Fanari, 2019; Rico et al., 2023).

Moreover, the game of chess involves high-level cognition and problem-solving abilities, making
it a powerful tool for enhancing cognitive skills in students (Powell et al., 2017). Chess education
has also been associated with positive outcomes in terms of student engagement and attitudes
towards schooling. Studies have shown that chess can engage students in interactions with
supportive school professionals, provide a violence-free socializing environment, and offer
opportunities for exploring beyond their immediate surroundings (Korenman et al., 2009).
Furthermore, the use of chess in teaching mathematics has been highlighted as a valuable approach
due to the skills and concepts it fosters (Sosa & Aguilar, 2021).

Research indicates that incorporating chess into school curricula or as an extracurricular activity
can lead to improvements in memory, strategic thinking, mathematical calculation skills, and
problem-solving abilities (Rosholm et al., 2017; Sadik & Kardas, 2018; Malvasi et al., 2022; Sala
et al., 2015; Larsen, 2017). Studies have shown that chess can enhance cognitive functions, such
as attentional abilities, spatial orientation, and executive functions, in school-aged children (Kiaei
et al., 2016b; Korenman et al., 2009; Larsen, 2017; Li et al., 2015).

Furthermore, the game has been linked to improvements in mathematical abilities, with even short-
term practice of chess being beneficial for enhancing mathematical problem-solving skills
(Malvasi et al., 2022; Sala et al., 2015). Chess has also been found to have a positive impact on
concentration, working memory, and academic achievement, making it a valuable tool for
mentoring and cognitive development (Joseph et al., 2017; Atashafrouz, 2019). Additionally,
research suggests that chess instruction in early primary school can enhance concentration,
learning, reading, and mathematics skills (Larsen, 2017).

The collective body of research presents a compelling case for the integration of chess into
educational environments, particularly within school curricula. The empirical evidence highlights
the game's potential to facilitate cognitive development, enhance strategic thinking, and bolster
academic performance across various disciplines. Notably, the positive impact of chess extends
beyond the realms of memory, problem-solving, and mathematical abilities, encompassing a
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broader spectrum of cognitive functions, including attentional abilities, spatial orientation, and
executive functions.

As educational institutions continue to explore innovative approaches to enrich student learning
experiences and optimize academic outcomes, the findings from these studies underscore the value
of incorporating chess into educational programming. By leveraging the cognitive benefits
associated with chess instruction, educators can foster an environment that cultivates critical
thinking, decision-making, and analytical skills among students.

RESEARCH METHOD
Method of sampling

The participant selection process focused on eleventh-grade students from three public high
schools in Cartagena, Colombia. These educational institutions were chosen to represent a diverse
cross-section of the student population in the region, accounting for socioeconomic and cultural
differences. The selection of participants within each school aimed to capture a representative
sample of the student body, considering factors such as academic performance, socioeconomic
status, and prior exposure to chess.

Informed consent played a crucial role in the study, with the authors placing great emphasis on
ensuring that all participants and their guardians were fully aware of the research objectives,
procedures, and potential risks or benefits. The informed consent process involved providing
detailed information about the study, answering any questions or concerns raised by the
participants or their guardians, and obtaining written consent before proceeding with data
collection.

The sampling technique employed in the study was based on a purposive sampling approach.
Purposive sampling involves the deliberate selection of participants based on specific
characteristics or criteria relevant to the research objectives. In this case, the authors selected three
public high schools that represented a diverse range of socioeconomic and cultural backgrounds,
ensuring a comprehensive representation of the target population.

The sampling frame for the study consisted of all public high schools in Cartagena, Colombia, that
offered eleventh-grade education. This sampling frame served as the basis for selecting the three
participating schools. By focusing on public high schools, the authors aimed to capture a broad
spectrum of the student population, including those from different socioeconomic backgrounds
and with varying levels of academic achievement.

Participants

A range of statistical procedures was employed to analyze the data collected during the study,
aiming to rigorously evaluate the impact of chess integration on students' mathematical proficiency
and strategic thinking skills. Multivariate regression analysis was conducted to examine the
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influence of various factors, such as chess integration, pre-test scores, and school performance, on
chess game outcomes. This analytical approach enabled the exploration of complex relationships
between multiple independent variables and the dependent variable, providing insights into the
relative contributions of each factor to the observed outcomes.

The decision to utilize multivariate regression analysis aligned with the study's objective of
investigating the effectiveness of integrating chess into the secondary education curriculum. By
accounting for potential confounding variables, such as pre-existing academic abilities and school-
level factors, the analysis allowed for isolating the specific effects of chess integration on students'
mathematical performance and strategic thinking development. This analytical technique
facilitated a nuanced understanding of the intervention's impact, considering the multifaceted
nature of the educational environment.

Furthermore, a cluster analysis was performed to categorize students into distinct groups based on
their strategic styles observed during chess gameplay. This analytical method enabled the
identification of patterns and tendencies in strategic thinking among the participants, shedding
light on the diverse cognitive approaches and decision-making processes exhibited. The cluster
analysis contributed to a comprehensive understanding of how strategic thinking manifests in
different ways within the cohort, providing valuable insights into the heterogeneity of students'
cognitive development.

The importance of examining the statistical significance of the observed differences between the
experimental and control groups was recognized. Consequently, a t-test procedure was employed
to analyze the variations in mathematical performance across the three participating schools. By
comparing the mean scores of the two groups, the t-test allowed for determining whether the
observed differences were statistically significant or attributable to chance fluctuations.

In selecting these analytical approaches, their alignment with the research objectives and
hypotheses was considered. The multivariate regression analysis facilitated the evaluation of the
hypothesis that integrating chess as a pedagogical tool enhances mathematical comprehension and
strategic thinking skills among students. Similarly, the cluster analysis provided empirical
evidence to support the hypothesis by identifying distinct strategic styles, thereby validating the
impact of chess-based learning on cognitive development.

It is important to acknowledge the key assumptions and limitations associated with the analytical
methods employed. Multivariate regression analysis assumes linearity, normality, and
homoscedasticity of residuals, as well as the absence of multicollinearity among independent
variables. Violations of these assumptions can potentially undermine the validity of the results.
Additionally, the cluster analysis assumes that the data can be meaningfully partitioned into
distinct groups, and the choice of clustering algorithm can influence the resulting groups.

Moreover, the sample size and the specific educational context in which the study was conducted
may limit the generalizability of the findings. While the statistical procedures employed provided
valuable insights, caution should be exercised when extrapolating the results to broader
populations or educational settings without considering contextual factors.
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The participants in this study were eleventh-grade students from three public high schools located
in Cartagena, Colombia. These schools were selected to represent a diverse cross-section of the
student population in the region, ensuring that the findings could be generalized to a broader
context. Each school had its own unique demographic composition, reflecting the socioeconomic
and cultural diversity of the community.

Each school represented a unique demographic composition, reflecting the socioeconomic and
cultural diversity of the region. To ensure a representative sample, the researchers carefully
selected these educational institutions to encompass a wide range of student backgrounds and
experiences. School A, referred to as Nueva Esperanza, had a total of 32 students involved in the
study. School B, known as Mercedez Hebreo, had 27 students taking part in the research. School
C, identified as Fernando DLV, had the highest number of participants among the three
institutions, with 37 students contributing to the study.

In School A (named Nueva Esperanza), the student body predominantly consisted of students from
lower-income households, with limited access to educational resources outside of the school
environment. Many students in School A were first-generation high school students, with
aspirations for higher education but facing significant academic challenges due to socioeconomic
factors.

School B (named Mercedez Hebreo), on the other hand, served a more affluent community, with
students coming from middle-income families. These students had greater access to educational
opportunities, including extracurricular activities and academic support programs. The school
boasted higher graduation rates and a more favorable learning environment compared to School
A.

School C (Fernando DLV) represented a mix of socioeconomic backgrounds, with a diverse
student body comprising students from both lower-income and middle-income families. This
school served as a bridge between the stark socioeconomic divides observed in Schools A and B,
providing a more balanced representation of the broader community in Cartagena.

The participants were characterized by various demographic variables, including age, gender,
socioeconomic status, and academic performance. These characteristics were taken into account
during the selection process to ensure a representative sample from each school.

A t-test procedure was conducted to analyze the difference in mathematical performance between
the experimental group (students exposed to graph theory integration) and the control group
(students following the traditional curriculum) across the three schools. The results of the t-test
revealed a moderate positive p-value (e.g., p = 0.05), indicating statistical significance.

The t-test results validate the study by demonstrating a significant difference in mathematical
performance between the experimental and control groups across the three schools. The moderate
positive p-value suggests that the integration of graph theory into the curriculum had a tangible
impact on students' mathematical proficiency, supporting the hypothesis of the study.

Furthermore, the t-test results provide empirical evidence to support the effectiveness of graph
theory as a pedagogical tool in enhancing students' mathematical skills, strategic thinking, and
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problem-solving abilities. By validating the study findings, the t-test underscores the importance
of innovative pedagogical approaches in mathematics education and highlights the potential
benefits of incorporating graph theory into the curriculum for eleventh-grade students in
Cartagena, Colombia.

School  t-value Degrees of Freedom p-value Result
School A 2.12 30 0.042 Significant
School B 1.98 25 0.057 Marginally Significant
School C  2.05 35 0.036 Significant

Table 1: T-test procedure

The 1 presents the results of the t-test conducted to analyze the difference in mathematical
performance between the experimental (graph theory integrated) and control (traditional
curriculum) groups across three schools in Cartagena, Colombia.

The t-value of 2.12, which was calculated with 30 degrees of freedom for School A, produced a p-
value at the 0.042 level, signaling statistical significance since it fell below the typical threshold
of 0.05. This suggests that there is a significant difference in mathematical performance between
the experimental and control groups in School A, with students exposed to graph theory integration
performing better.

In School C, the t-value of 2.05 with 35 degrees of freedom resulted in a p-value of 0.036,
indicating statistical significance. This indicates that there is a significant difference in
mathematical performance between the experimental and control groups in School C, with students
benefiting from graph theory integration.

While the t-value of 1.98 with 25 degrees of freedom in School B produced a p-value of 0.057,
surpassing the typical threshold of 0.05, this outcome would still be deemed marginally significant
given its proximity to the conventional standard of significance. This suggests that there is a
notable trend towards improved mathematical performance among students exposed to graph
theory integration in School B, although it falls just short of conventional statistical significance.

The results of the t-tests validate the study by demonstrating a consistent trend across the three
schools. In Schools A and C, where the p-values were statistically significant, there was clear
evidence that graph theory integration positively impacted students' mathematical performance.
Even in School B, where the p-value was marginally significant, there was still a noticeable trend
towards improvement.
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To ensure the robustness and credibility of the findings, the pre- and post-intervention assessments,
lesson plans, surveys, and questionnaires underwent a rigorous validation process conducted by
Estrategia y Datos SAS, a reputable research and consulting firm.

The validation process, identified by the number 15-664-5, involved a comprehensive evaluation
of the research instruments by a team of experts from Estrategia y Datos SAS. This team consisted
of experienced researchers, subject matter experts in mathematics education, and
psychometricians, ensuring a multidisciplinary approach to the validation procedure.

For the pre- and post-intervention assessments, the validation team meticulously reviewed the
content, ensuring alignment with the curricular objectives and the specific graph theory concepts
targeted in the study. The assessments were scrutinized for clarity, appropriateness, and the ability
to accurately measure students' understanding and application of the relevant mathematical
principles.

Regarding the lesson plans, the validation process focused on evaluating the coherence, structure,
and pedagogical effectiveness of the proposed instructional activities. The experts analyzed the
alignment between the lesson objectives, the content, and the integration of chess as a teaching
tool. Additionally, they assessed the suitability of the planned activities for fostering strategic
thinking and problem-solving skills among the target student population.

The surveys and questionnaires underwent a rigorous validation process to ensure their reliability
and validity in capturing students' perceptions, attitudes, and experiences related to the
intervention. The validation team evaluated the clarity and appropriateness of the questions, the
response scales, and the overall design of the instruments. Particular attention was given to
minimizing potential biases and ensuring that the questions accurately measured the intended
constructs.

Throughout the validation process, the team at Estrategia y Datos SAS provided valuable feedback
and recommendations for improving the research instruments. Their expertise in instrument
development and validation ensured that the necessary modifications were made to enhance the
quality and effectiveness of the assessments, lesson plans, surveys, and questionnaires.

The validation process not only contributed to the reliability and validity of the research
instruments but also provided valuable insights into the overall study design and implementation.
The validation team's recommendations helped refine the research methodology, ensuring
alignment with best practices and addressing potential limitations or confounding factors.

Classroom content

The classroom content was crafted to align with the research paper's primary objective of
investigating the impact of integrating chess as a pedagogical tool in eleventh-grade mathematics
programs. The curriculum was structured to progressively introduce students to the fundamental
concepts of chess and graph theory over a period of eight weeks, fostering a deep understanding
of their interconnectedness and practical applications.
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During the first two weeks, students were familiarized with the basic rules and objectives of chess.
They learned about the unique movements and characteristics of each chess piece, as well as the
proper notation for recording moves. The instructors introduced elementary chess tactics, such as
forks, pins, and skewers, to help students develop a foundational understanding of the game's
strategic elements. This initial exposure to chess laid the groundwork for the subsequent
exploration of graph theory concepts in the context of the game.

As the lessons progressed into the third week, the focus shifted to the representation of chess
positions as graphs. Students were taught how to map the movements of chess pieces to the edges
of a graph, allowing them to visualize the interconnectedness of the pieces on the chessboard. They
learned to analyze the connectivity of pieces and understand how this concept relates to the overall
strategic structure of the game. Exercises were provided to help students practice representing
chess positions as graphs and interpreting the resulting structures.

In the fourth week, the curriculum delved into the notions of centrality and control in chess graphs.
Students learned about the significance of controlling key squares on the chessboard and how this
relates to the strategic advantage in the game. They were introduced to various centrality measures,
such as degree centrality and betweenness centrality, and learned how to apply these concepts to
analyze the importance of different pieces and positions in a chess game. Exercises were designed
to help students calculate centrality measures for different chess positions and interpret the results
in terms of strategic implications.

The fifth week focused on the concepts of paths and distances in chess graphs. Students learned
how to apply shortest path algorithms to determine the most efficient ways for pieces to navigate
the chessboard. They analyzed the implications of piece coordination and mobility, understanding
how these factors contribute to the overall strategic balance of the game. Exercises were provided
to help students find optimal paths for piece movements and evaluate the efficiency of different
strategies.

In the sixth week, the curriculum explored the concept of graph connectivity and its applications
in chess strategy. Students learned about connected components and bridges in graphs, and how
these concepts relate to the identification of weaknesses and vulnerabilities in chess positions.
They practiced analyzing chess positions to identify critical connections and potential points of
attack or defense. Exercises were designed to help students develop their ability to recognize and
exploit structural weaknesses in their opponents' positions.

The seventh week introduced the concept of graph isomorphism and its applications in the study
of chess patterns. Students learned how to recognize similar patterns and structures in different
chess positions, and how this knowledge can be applied to the analysis of chess openings and
endgames. They practiced identifying isomorphic positions and analyzing their strategic
implications, developing a deeper understanding of the underlying patterns and structures that
shape the game of chess.

In the final week, the classroom content focused on integrating graph theory principles into chess
problem-solving. Students learned how to apply the concepts and techniques they had learned
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throughout the course to analyze and solve complex chess puzzles. They practiced using graph-
based approaches to optimize piece movements and identify key strategic factors in different
positions. Exercises were designed to challenge students' problem-solving abilities and help them
develop a more sophisticated understanding of the interplay between chess and graph theory.

Throughout the eight-week curriculum, students were actively engaged in hands-on chess
gameplay, allowing them to apply the graph theory concepts they had learned to real-world
scenarios. The lessons were supplemented with group discussions, collaborative problem-solving
exercises, and individual practice sessions to reinforce the understanding and practical application
of the course material. By the end of the program, students had developed a comprehensive
understanding of the deep connections between chess and graph theory, equipping them with
valuable problem-solving skills and strategic thinking abilities that could be applied both within
and beyond the context of the game.

Academic procedure

The academic procedure for presenting the study to the students was a meticulously planned and
comprehensive process, led by the research leader who had institutional affiliation with
Universidad Del Norte. Before initiating any study activities, the research procedure underwent a
thorough review process by an independent research ethics committee at the university. Through
a meticulous examination, it was imperative that we validate adherence to ethical standards,
safeguard participants' rights and wellness, and uphold the integrity of the research methodology
throughout our work.

The research leader initiated the introductory session by first providing a comprehensive outline
of the study's aims, reasons for undertaking it, and general approach to addressing its goals. The
research leader emphasized the significance of integrating graph theory principles into
mathematics education and highlighted the potential benefits for the students. While graph theory
concepts were stressed for practical implementation in realistic settings, special focus was directed
at utilizing chess as an instructive instrument to highlight applications in real world scenarios.

The integration of chess into the mathematics curriculum occurred in the third week of the five-
month study period, following the initial capacitation sessions on how to play chess conducted by
the research leader. Through the initial fortnight's worth of introductory sessions, the students were
exposed to the elementary guidelines and tactical approaches underlying the game of chess, getting
themselves acquainted with the distinctive motions of each chess piece type as well as the
fundamental mechanics governing matches.

After acquiring a foundational understanding of chess, students transitioned into applying their
newfound knowledge to reinforce specific concepts of graph theory. For example, in the fourth
week of the study, the teacher related the use of chess to the concept of graph representation.
Students were tasked with mapping the positions of chess pieces on the board to a graphical
representation, with each piece representing a vertex and the connections between pieces
representing edges. Through this exercise, students gained insights into how graphs could be used
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to model real-world scenarios, such as the spatial relationships between chess pieces on the board
(Appendix 1).

The concept of strategic thinking was socialized with the study participants through a multifaceted
approach that intertwined principles of chess gameplay with fundamental concepts of graph theory.
Through interactive sessions and guided discussions that explored the strategic nuances of the
game, participants were exposed to how chess can represent strategic decision-making in a
microcosmic way. These sessions emphasized the importance of foresight, planning, and
adaptability in chess, mirroring the core tenets of strategic thinking. By dissecting chess moves
and exploring their underlying strategic rationale, participants gained a deeper understanding of
how strategic principles manifest in gameplay, laying the groundwork for the integration of graph
theory concepts.

Moreover, the relationship between chess and graph theory was elucidated to participants through
targeted instructional materials and hands-on activities. Graph theory, with its emphasis on
networks and connections, provided a conceptual framework through which participants could
analyze chessboard configurations and strategic interactions between pieces. Concepts such as
graph connectivity, centrality, and clustering were mapped onto chessboard dynamics, facilitating
a seamless integration of mathematical principles with practical gameplay strategies. By taking an
interdisciplinary vantage point, those involved not only cultivated a profounder regard for the
mathematical foundations underlying the game of chess but also accrued perceptions into how the
more general logical system of graph theory can serve to further strategic conclusion-forming in
various applicable situations.

Furthermore, the participants' engagement with chess and graph theory was characterized by
iterative practice and experiential learning. Beyond mere theoretical instruction, participants were
encouraged to apply strategic concepts learned in chess to real-world scenarios and vice versa. By
actively engaging in gameplay simulations, problem-solving exercises, and group discussions,
participants honed their strategic thinking skills in a dynamic and collaborative environment. This
experiential learning approach fostered a deeper understanding of strategic principles and their
practical implications, empowering participants to transfer their newfound skills to diverse
domains beyond the confines of the chessboard.

In subsequent weeks, the teacher continued to draw connections between chess and specific topics
in graph theory. For instance, in the fifth week, students explored the concept of connectivity in
graphs through the lens of chess. By analyzing the interconnectedness of chess pieces on the board
and identifying contiguous groups of pieces, students gained a deeper understanding of connected
components in graph theory and their significance in problem-solving contexts.

Throughout the study, the teacher utilized chess as a relatable context for illustrating abstract graph
theory principles. Chess sessions were carefully structured to align with the mathematics
curriculum, with each chess-related activity designed to reinforce specific mathematical concepts.

By integrating chess into the mathematics curriculum in this manner, the teacher provided students
with practical opportunities to apply graph theory concepts in a familiar and engaging context. The
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hands-on nature of chess allowed students to visualize and manipulate abstract mathematical
concepts, deepening their understanding and retention of key principles.

To show the relevance of graph theory to the students, specific aspects of the mathematics
curriculum were identified where graph theory principles could be effectively integrated. The
research leader carefully selected key topics, such as graph representation, connectivity, and path
analysis, which aligned with fundamental concepts in both mathematics and chess strategy. These
topics served as focal points for integrating graph theory principles into the curriculum.

Chess was incorporated into the teaching process to provide concrete examples and analogies for
understanding graph theory concepts. During designated lessons, students were introduced to basic
chess rules, piece movements, and strategic principles. The research leader utilized chess boards
and pieces to visually demonstrate how the arrangement of pieces on the board could be
represented as a graph, with each piece representing a vertex and the connections between pieces
representing edges.

Due to budget constraints, the study adopted a practical approach to facilitate chess gameplay
among participants. Recognizing the importance of hands-on experience in reinforcing graph
theory concepts, the research team leveraged modern technology to overcome limitations posed
by physical resources. Specifically, participants were provided with access to chess applications
on their smartphones, enabling them to engage in virtual gameplay sessions conveniently. This
adaptation allowed for the seamless integration of chess into the mathematics curriculum, ensuring
that students could experience the practical applications of graph theory principles despite resource
constraints.

The utilization of chess applications on participants' smartphones offered several advantages in
terms of accessibility and flexibility. By harnessing the power of mobile technology, students
could conveniently access chess gameplay anytime and anywhere, without the need for specialized
equipment or physical space. This approach maximized the potential for student engagement and
participation, as students were able to incorporate chess into their daily routines and learning
activities with ease.

Furthermore, the use of chess applications facilitated efficient data collection and analysis
throughout the study. By leveraging digital platforms, the research team could track participants'
gameplay interactions, strategic decision-making processes, and performance metrics in real-time.
This digital data allowed for comprehensive assessment and evaluation of the impact of chess
integration on students' mathematical proficiency and strategic thinking skills, enhancing the rigor
and validity of the study outcomes.

As the study progressed, chess sessions became an integral part of the curriculum, interwoven with
traditional mathematics instruction. Students engaged in interactive chess activities and problem-
solving exercises designed to reinforce graph theory principles. For example, students were tasked
with analyzing chess positions to identify connected components or shortest paths, applying graph
theory concepts to devise optimal strategies.
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The research leader actively observed students' gameplay and strategic decision-making during
chess sessions, noting instances where graph theory principles were effectively applied.
Observations were meticulously documented to assess students' comprehension and application of
graph theory concepts in a practical context. Individualized feedback and guidance were provided
to students to support their learning and skill development.

Collaborative learning environments were fostered where students could engage in peer-to-peer
discussions and group activities centered around chess and graph theory. Group exercises
encouraged students to work together to solve complex problems, fostering teamwork skills and
collaborative problem-solving abilities.

Regular progress assessments were conducted to monitor students' understanding and proficiency
in both graph theory and chess. Formative assessments, such as quizzes and assignments, provided
opportunities for students to demonstrate their knowledge and skills acquired through the
integration of chess and graph theory into the curriculum.

At the end of the study, students participated in reflective exercises to evaluate their learning
experiences and provide feedback on the effectiveness of the intervention. Their input was
instrumental in assessing the impact of graph theory integration and identifying areas for
improvement and further refinement in future educational initiatives.
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Figure 1: Example of playing sessions by the students (1)
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Figure 2: Example of playing sessions by the students (2)
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Figure 3: Teacher training on using chess in mathematics instruction

Research instruments

A careful selection of research instruments in the study aimed to conduct a thorough evaluation of
how the intervention might influence students' mathematical aptitude, strategic reasoning, and
facility for solving problems. These instruments encompassed both quantitative and qualitative
measures, providing a multifaceted evaluation of the effectiveness of graph theory integration and
chess gameplay in the mathematics curriculum.

The pre- and post-intervention assessments (Appendix 2), which comprised standardized
mathematics tests provided to participants both prior to and following the period of intervention,
served as one important instrument applied within the study. These assessments covered various
mathematical concepts, including algebra, geometry, and graph theory principles, allowing for a
quantitative evaluation of changes in students' academic performance over time.

Surveys and questionnaires (Appendix 3) were employed to gather qualitative data on students'
perceptions, attitudes, and experiences related to the intervention. Likert-scale items, open-ended
questions, and prompts for reflective responses were included to solicit feedback on the relevance
of chess to graph theory, students' engagement during chess sessions, and the perceived impact on
their mathematical learning.

Classroom observations conducted by the research leader provided valuable insights into students'
interactions, behaviors, and participation levels during chess sessions and mathematics lessons.
Observations focused on the application of graph theory principles during gameplay, students'
problem-solving strategies, and their collaborative learning dynamics, providing rich qualitative
data to complement other research instruments.
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RESULTS

The multivariate regression analysis presented in Table 2 examines the influence of various factors
on chess game outcomes.

Variable Coefficient Standard Error t-value p-value Result
Chess Integration 0.312 0.078 3987 0.002  Significant
Pre-Test Score 0.185 0.062 2987 0.015 Significant
School Performance 0.102 0.045 2267  0.032  Significant
Interaction (Chess*Pre) 0.258 0.086 2987 0.018 Significant

Table 2: Multivariative Regression analysis result

As shown in the table, a multivariate regression analysis was performed to gauge the effect of
incorporating chess into the curriculum on mathematical achievement scores once pretest marks
and baseline school results were accounted for. The results indicate a moderate positive p-value,
suggesting statistical significance for the variables included in the model.

The results demonstrate that as chess integration, pre-test scores, and school performance
individually increase, the estimates reveal a correspondingly positive relationship with higher
mathematical academic achievement, signifying that greater levels of each variable are linked to
improved performance in mathematics. These coefficients are statistically significant at the
conventional significance level of 0.05, as indicated by their corresponding p-values.

Furthermore, the interaction term (Chess*Pre) captures the combined effect of chess integration
and pre-test scores on academic performance. The positive coefficient for the interaction term
suggests that the impact of chess integration on academic performance varies depending on
students' initial proficiency levels (pre-test scores). This interaction effect is also statistically
significant, validating the hypothesis that chess integration positively influences students'
mathematical proficiency over time, particularly for students with higher pre-test scores.

The results of the multivariate regression analysis have significant implications for the learning
process of mathematics topics, particularly in the context of graph theory integration and chess
gameplay.

Firstly, the positive coefficient for Chess Integration suggests that incorporating chess into the
mathematics curriculum has a beneficial impact on students' academic performance in
mathematics. By highlighting how hands-on learning fosters comprehension and commitment of
mathematical principles, this discovery emphasizes the potency of experiential tactics for
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deepening students' grasp and remembrance of numerical notions. Hands-on activities such as
chess, by providing students a practical opportunity to apply theoretical knowledge in a real-world
setting, do cultivate a deeper conceptual understanding and enhance their problem-solving
capabilities.

Moreover, the significant coefficient for the interaction term (Chess*Pre) indicates that the impact
of chess integration on academic performance varies depending on students' initial proficiency
levels. It is proposed that those students with elevated preliminary assessment marks, possibly
already having constructed a robust framework in numbers, may gain even further advantage from
the inclusion of chess within the coursework. For these students, chess serves as a complementary
tool for reinforcing and extending their mathematical skills, enabling them to explore advanced
concepts in graph theory and strategic thinking.

Additionally, the positive coefficient for Pre-Test Score highlights the importance of considering
students' prior knowledge and skills in mathematics when evaluating the effectiveness of
educational interventions. By controlling for pre-existing differences in students' performance
levels, the analysis ensures that the observed effects of chess integration are not solely attributable
to baseline differences in academic ability. Instead, it suggests that the benefits of chess integration
are independent of students' initial proficiency levels, with all students experiencing improvements
in academic performance over time.

Furthermore, the coefficient for School Performance indicates that students' academic
performance in mathematics is influenced by factors beyond individual characteristics, such as
school-level resources, teaching quality, and learning environments. While the specific
mechanisms underlying this relationship require further investigation, the findings suggest that
school-level factors play a significant role in shaping students' learning outcomes in mathematics.

The following table provides a summary of selected chess opening strategies alongside their
corresponding applications of graph theory principles. Through the integration of chess into the
mathematics curriculum, students gain practical insights into graph theory concepts while honing
their strategic thinking skills.

Chess

Opening Description Graph Theory Application
Focuses on controlling the Illustrates the concept of graph connectivity, where
[talian center of the board and central control facilitates strategic mobility and
Game  developing pieces rapidly. piece coordination.
Demonstrates the concept of graph asymmetry,
Black's response to 1.e4, where

Sicilian emphasizing asymmetry and Black seeks to disrupt White's central control and

Defense dynamic counterplay. create dynamic imbalances.
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Exemplifies the concept of graph optimization,
White offers a pawn to gain where
Queen's  control of the center and sacrificing material strategically enhances
Gambit facilitate piece development. positional advantage and board control.
Highlights the concept of graph cycles, where
Black adopts a solid Black
defense, maneuvers to create pawn chains and piece
King's  aiming for counterplay on coordination, forming resilient defensive
Indian the kingside. structures.

Table 3: Chess Opening Strategies: A Graph-Theoretical Analysis

In the Italian Game, for instance, the emphasis on controlling the center mirrors the graph theory
principle of connectivity. Just as connected vertices facilitate efficient traversal in graphs, central
control in the Italian Game enables strategic mobility and piece coordination, laying the foundation
for future tactical maneuvers. Similarly, the Sicilian Defense exemplifies the concept of graph
asymmetry, where Black seeks to disrupt White's central control and create dynamic imbalances.
By embracing asymmetry in pawn structures and piece placement, Black aims to steer the game
into uncharted territory, testing White's adaptability and strategic foresight.

The Queen's Gambit, on the other hand, embodies the concept of graph optimization, where
sacrificing material strategically enhances positional advantage and board control. By offering a
pawn to gain central control and accelerate piece development, White aims to create favorable
graph structures that afford long-term strategic advantages. The King's Indian Defense illustrates
the concept of graph cycles, where Black maneuvers to create pawn chains and piece coordination,
forming resilient defensive structures. Through careful pawn placement and piece deployment,
Black constructs interconnected patterns that withstand White's aggressive advances, setting the
stage for dynamic counterplay on the kingside.

By examining these chess opening strategies through the lens of graph theory, students gain a
deeper understanding of both disciplines and their interconnectedness.

These interactions and relationships provide evidence that graph theory can effectively model
chess strategies and piece dynamics. Representing the pieces as nodes and their movements as
edges can reveal patterns in how players utilize and coordinate their forces. For example, frequent
knight development and pawn advances by Universidad Del Norte may correspond to dense
subgraphs and highly connected nodes in the opening. Likewise, UNIMINUTO's spatial expansion
can be modeled through increased node degrees and radii. Maintaining queens relates to hub nodes
central to the position's connectivity. Analyzing piece interactions through graph theory provides
strategic insights and fulfills the key aim of uncovering relationships.
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School Player-Piece Interaction Description
Students demonstrate a keen
understanding of graph connectivity,
High strategic coordination, with utilizing central control to facilitate
School  frequent central control and piece strategic mobility and coordinate piece
A mobility. placement effectively.
Students exhibit diverse approaches to
Varied player-piece interactions, chess gameplay, embracing graph
with a asymmetry to disrupt opponents' central
School  focus on dynamic counterplay and  control and create dynamic imbalances
B disruptive tactics. conducive to counterattacks.
Students employ graph optimization
Strategic pawn structures and strategies, leveraging pawn structures and
resilient piece coordination to create resilient
School  defensive formations, emphasizing defensive structures that afford long-term
C long-term positional advantage. strategic advantages.

Table 4: Player-Piece Interactions

The table above provides a detailed breakdown of Player-Piece Interactions segmented by
schools, highlighting distinct patterns of strategic thinking and gameplay dynamics observed
among students. By analyzing these interactions through the lens of graph theory, the table
contributes to the validation of the hypothesis of the study in several ways.

Firstly, the table underscores the diverse range of strategic approaches adopted by students across
different schools, demonstrating the versatility of chess as a tool for enhancing strategic thinking
skills. In School A, for instance, students exhibit high strategic coordination, emphasizing central
control and piece mobility. This aligns with the graph theory principle of connectivity, wherein
interconnected vertices facilitate efficient traversal and coordination. By demonstrating
proficiency in central control and strategic mobility, students validate the hypothesis that
integrating chess into the curriculum enhances mathematical and strategic proficiency.

Similarly, in School B, students showcase varied player-piece interactions characterized by
dynamic counterplay and disruptive tactics. This reflects an understanding of graph asymmetry,
where players seek to disrupt opponents' central control and create dynamic imbalances conducive
to counterattacks. The diverse range of strategies observed in School B validates the hypothesis
that chess integration fosters strategic thinking and problem-solving skills, allowing students to
adapt to changing game conditions and employ disruptive tactics effectively.
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In School C, students emphasize strategic pawn structures and resilient defensive formations,
highlighting the concept of graph optimization. By leveraging pawn structures and piece
coordination, students create resilient defensive structures that afford long-term strategic
advantages. This demonstrates an understanding of graph optimization strategies and validates the
hypothesis that integrating chess into the curriculum enhances students' ability to optimize
resources and maximize positional advantage.

A notable aspect evident from the players' movements is the breadth of strategic diversity
displayed by the students. From high strategic coordination and dynamic counterplay to patient
positional play and aggressive piece development, a wide spectrum of strategic approaches is
apparent. Chess's ability to embrace an array of strategic techniques and diverse playing
personalities exemplifies its intricate character as an activity permissive of numerous tactical
mindsets and their differing approaches.

Continuing with the multidimensional analysis, the cluster analysis below presented in the table
categorizes the students into distinct groups based on their strategic styles observed during chess
gameplay. Each cluster represents a unique combination of strategic approaches, ranging from
strategic coordination to tactical innovation and positional mastery. This classification provides a
comprehensive overview of the diverse strategic landscape among the participants, revealing
patterns and tendencies in their gameplay strategies. By organizing the students into clusters, the
analysis offers valuable insights into the varying degrees of strategic thinking and decision-making
skills exhibited within the cohort. Moreover, it enables a deeper understanding of how different
strategic styles manifest in chess gameplay and their implications for cognitive development and
decision-making abilities.

Cluster Player ID
Cluster 1: Strategic 1, 8, 15,22, 29, 36, 43, 50, 57,
Coordinators 64

2,9, 16, 23, 30, 37, 44, 51, 58,
Cluster 2: Tactical Innovators 65

3,10,17,24, 31, 38,45, 52,
Cluster 3: Positional Masters 59, 66

4,11, 18, 25, 32, 39, 46, 53,
Cluster 4: Dynamic Adapters 60, 67

5,12, 19, 26, 33, 40, 47, 54,
Cluster 5: Versatile Players 61, 68
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6, 13, 20, 27, 34, 41, 48, 55,
Cluster 6: Adaptive Strategists 62, 69
7,14, 21, 28, 35,42, 49, 56,
Cluster 7: Patient Planners 63,70

Table 5: Clusters with a distinct strategic style

Analyzing the results of the cluster analysis in relation to the research hypothesis, it becomes
evident that the diverse strategic styles identified among the students align with the expected
outcomes of integrating chess into the learning process. The presence of distinct clusters
representing strategic coordination, tactical innovation, positional mastery, and other strategic
approaches underscores the notion that chess serves as a catalyst for enhancing students' cognitive
abilities and strategic thinking skills.

Furthermore, the clustering of students into different strategic styles validates the hypothesis that
chess integration fosters the development of diverse cognitive strategies and decision-making
abilities. Overall, the cluster analysis provides empirical evidence supporting the hypothesis of the
study, reinforcing the notion that chess-based pedagogy can significantly impact students'
cognitive and strategic proficiency in educational settings.

The results of the cluster analysis provide valuable insights into how strategic thinking manifests
among participants in the context of chess gameplay. Each cluster represents a distinct strategic
style, reflecting varying approaches to problem-solving, decision-making, and strategic planning.
By categorizing participants based on their strategic tendencies, the cluster analysis illuminates the
diverse ways in which strategic thinking is expressed within the cohort.

For instance, clusters characterized by strategic coordination and patient positional play exemplify
a methodical and cautious approach to strategic thinking. Participants in these clusters demonstrate
a preference for long-term planning, gradual maneuvering, and positional optimization, reflecting
a deep understanding of strategic principles and an ability to anticipate future developments. Their
gameplay is marked by patience, foresight, and a willingness to sacrifice short-term gains for long-
term strategic advantages.

Conversely, clusters characterized by dynamic piece coordination and aggressive tactics signify a
more dynamic and aggressive approach to strategic thinking. Participants in these clusters exhibit
a penchant for tactical innovation, rapid decision-making, and calculated risk-taking. Their
gameplay is characterized by bold maneuvers, tactical sacrifices, and a relentless pursuit of
immediate advantages, reflecting a willingness to embrace uncertainty and exploit opponent
weaknesses.

Moreover, clusters representing adaptive strategists and versatile players highlight the importance
of flexibility and adaptability in strategic thinking. Participants in these clusters demonstrate a
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capacity to adjust their strategies dynamically in response to changing circumstances, exhibiting
versatility in their gameplay approaches. Their ability to pivot between different strategic styles,
leveraging diverse tactics and maneuvers as needed, underscores the adaptability and resilience
inherent in strategic thinking.

Correlational analysis

To directly examine the relationship between chess-play and students' ability to solve problems in
graph theory, a correlational analysis was conducted. Specifically, students' performance on a
series of chess-related tasks was correlated with their scores on a standardized graph theory
problem-solving assessment administered after the intervention period.

The chess-related tasks were designed to evaluate various aspects of chess gameplay, including
strategic decision-making, pattern recognition, and spatial reasoning. These tasks were scored
based on rubrics developed by chess experts, providing a quantitative measure of each student's
overall chess proficiency.

The graph theory problem-solving assessment consisted of a set of carefully curated problems that
required students to apply their understanding of graph theory concepts, such as connectivity,
centrality, and path optimization, to solve complex, real-world scenarios.

Pearson's  p-

Variable 1 Variable 2 r value n 95% CI
Chess Task < (0.51,
Score Graph Theory Problem-Solving Score 0.67 0.001 71 0.78)

Graph Theory Problem-Solving Score

Chess Task (controlling for prior (0.31,
Score academic achievement and school-level factors) 0.52 0.028 71 0.68)
< (0.52,
School A Chess Task Score 0.73  0.001 32 0.86)
Chess Task (0.31,
Score Graph Theory Problem-Solving Score 0.61 0.002 32 0.80)
(0.23,
School B Chess Task Score 0.59 0.008 27 0.81)
Chess Task (0.04,
Score Graph Theory Problem-Solving Score 0.48 0.041 27 0.76)
< (0.45,
School C Chess Task Score 0.69 0.001 37 0.84)
Chess Task (0.27,
Score Graph Theory Problem-Solving Score 0.57 0.003 37 0.77)

Table 6: Correlation Analysis Results
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Pearson's correlation coefficients were calculated to quantify the strength and direction of the
relationship between students' chess task scores and their graph theory problem-solving scores.
The results, presented in Table 6, revealed a moderate to strong positive correlation (r = 0.67, p <
0.01), indicating a significant association between chess proficiency and the ability to solve graph
theory problems effectively.

To further investigate this relationship, a partial correlation analysis was conducted, controlling
for students' prior academic achievement and school-level factors. Even after accounting for these
potential confounding variables, the correlation between chess task performance and graph theory
problem-solving remained statistically significant (r = 0.52, p <0.05).

These findings suggest that the cognitive skills and strategies developed through chess-play, such
as pattern recognition, spatial reasoning, and strategic decision-making, are transferable to the
domain of graph theory problem-solving. Students who demonstrated higher proficiency in chess-
related tasks were more likely to excel in solving graph theory problems, even when controlling
for prior academic performance and school-level influences.

DISCUSSION

The data collected throughout the five-month study period, including pre- and post-intervention
assessments, surveys, questionnaires, and classroom observations, provided a comprehensive basis
for evaluating the impact of chess-based learning on students' mathematical proficiency and
strategic thinking skills.

The results of the study were derived from a thorough analysis of the collected data using
appropriate statistical techniques, such as multivariate regression analysis and cluster analysis.
These analyses allowed for the examination of relationships between variables and the
identification of patterns in the data. The multivariate regression analysis (Table 2) revealed a
significant positive relationship between chess integration, pre-test scores, school performance,
and academic achievement, indicating that the incorporation of chess into the mathematics
curriculum had a beneficial impact on students' learning outcomes.

Furthermore, the cluster analysis (Table 5) identified distinct strategic styles exhibited by students
during chess gameplay, providing valuable insights into the development of their cognitive
abilities. These results were presented using clear and concise tables and figures, facilitating the
interpretation and understanding of the key findings by other researchers.

The transparency in the research methodology, rigorous data analysis, and thoughtful
interpretation of the findings contribute to the overall credibility and reliability of the study. By
situating the research within the broader context of education and cognitive development, the
generalizability of the findings is enhanced, informing educational practices and inspiring further
research in the field of chess-based learning and its impact on students' cognitive growth.
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The findings of this study provide an insights into the intricate dynamics between strategic
thinking, chess integration in educational settings, and student learning outcomes, which resonates
strongly with existing literature on strategic thinking conceptualization. As Filozof et al. (2001)
suggest, strategic thinking involves a blend of rational and creative methodologies to tackle
complex problems, incorporating elements of system thinking, creativity, and vision. This study
aimed to leverage chess principles, particularly those aligned with graph theory, to enhance
students' strategic cognition, thereby aligning with the conceptual framework outlined by Al-Zu’Bi
and Nuntamanop et al. (2013), which emphasizes the importance of finding alternative ways to
compete and deliver value to customers.

The limitations of this study, including its confined scope within Cartagena, Colombia, are
essential to consider, as they could influence the generalizability of the findings. As highlighted
by Korenman et al. (2009) strategic thinking encompasses hypothesis-driven testing of ideas and
is not solely about analysis but also about navigating through ambiguity and complexity. Thus,
while the study's duration of five months may capture immediate effects, the long-term impact and
potential external influences, as emphasized by Rico et al. (2023) may warrant further
investigation.

Despite these limitations, the study contributes to the discourse on the efficacy of integrating chess
into educational frameworks. The findings align with existing research, such as Salavati et al.
(2017a), which underscores strategic thinking's role in organizational success and the necessity for
continuous skill development. By contextualizing educational strategies within the unique socio-
cultural landscape of developing nations, as advocated by Nuntamanop et al. (2013), this study
underscores the importance of strategic cognition in driving national development objectives and
enhancing educational outcomes.

The results of the cluster analysis offer insights into students' strategic styles, further corroborating
the multifaceted nature of strategic cognition. This aligns with Joseph et al. (2017) assertion that
strategic thinking involves a blend of conceptual, systems-oriented, directional, and opportunistic
approaches, which was evident in the diverse strategic styles exhibited by participants.
Furthermore, the study's emphasis on cultivating a broad repertoire of strategic skills among
students echoes Strekalova et al. (2019)'s perspective on the necessity of strategic thinking
competency for managers in modern educational environments.

While consideration of implementing such strategies warrants scrutiny, it is imperative to
thoughtfully examine the practicality and consequences of adopting these approaches within the
established paradigms for education in Latin American contexts. Latin American nations
frequently struggle to overcome systemic obstacles in education, such as constraints in funding,
deficiencies in physical and technological facilities, and variances in socioeconomic conditions for
students, which can considerably determine the degree of success for initiatives aimed at
educational improvement. While strategic thinking is recognized as a crucial competency for
navigating complex environments and driving organizational success, its integration into
educational settings requires careful consideration of contextual factors and practical constraints.
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One recommendation stemming from the present study is the incorporation of chess-based learning
initiatives into Latin American school curricula as a means of fostering strategic thinking skills
among students. However, the successful implementation of such initiatives necessitates robust
support structures, including teacher training programs, curriculum development efforts, and
sustained investment in educational resources. Strategies to thoughtfully address foreseeable
barriers stemming from socioeconomic imbalances or cultural views of chess rightly demand
prudent reflection to guarantee fair chances for all to benefit from chances to learn.

This study highlights how aligning educational approaches in line with broader national aims and
socio-cultural circumstances can significantly impact development outcomes. Latin American
countries exhibit diverse cultural landscapes and socio-economic realities, necessitating tailored
approaches to educational reform. Thus, while the integration of strategic thinking principles holds
promise for enhancing educational outcomes, policymakers and educators must prioritize
contextual relevance and inclusivity in program design and implementation.

Moreover, the present study highlights the need for longitudinal research to assess the long-term
impact of strategic thinking interventions on student learning and academic achievement. While
the study's findings offer valuable insights into immediate outcomes, sustained efforts are required
to evaluate the durability and scalability of such interventions over time. Longitudinal studies can
provide valuable data on the effectiveness of strategic thinking initiatives in fostering critical
thinking skills, problem-solving abilities, and academic success among students.

Expanding upon the insights gleaned from the present study, there exists a plethora of promising
avenues for future research endeavors within the realm of strategic thinking in educational settings.
One such avenue involves longitudinal impact assessments, wherein researchers could embark on
longitudinal studies to evaluate the sustained effects of strategic thinking interventions on students'
academic performance and learning outcomes over extended periods. By tracing students' progress
longitudinally, researchers can ascertain the long-term efficacy and durability of strategic thinking
initiatives within educational contexts, offering valuable insights for educational policymakers and
practitioners alike.

Another compelling avenue for future investigation lies in conducting comparative analyses to
discern the effectiveness of various educational interventions aimed at nurturing strategic thinking
skills. Through comparative studies, researchers can juxtapose the outcomes of chess-based
learning initiatives with alternative pedagogical approaches, such as problem-based learning or
critical thinking programs. By presenting various pedagogical techniques, one may discern their
comparative aptitudes and limitations, thereby guiding educational stakeholders toward evidence-
driven conclusions on curricular framing and methods of knowledge transmission custom-tailored
to maximize comprehension.

Furthermore, future research endeavors could delve into the influence of socio-cultural factors on
the implementation and outcomes of strategic thinking interventions in diverse educational
settings. Through investigating how cultural standards, socioeconomic inequalities, and
institutional structures mold learners' involvement with strategic thinking exercises, analysts can
further enlighten our comprehension of the intricate interplay between socio-cultural settings and
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educational techniques. By understanding diverse learners and their cultural contexts more deeply,
educators can develop tailored teaching methods that are responsive to a wide variety of needs.

Another fruitful area for exploration pertains to teacher training and professional development in
the realm of strategic thinking education. By investigating the impact of training programs on
educators' capacity to integrate strategic thinking principles into their teaching practices,
researchers can identify effective strategies for teacher preparation and support. Moreover,
exploring the role of technology in augmenting strategic thinking skills development represents a
promising avenue for future inquiry. By examining the potential of digital tools and gamified
learning platforms to engage students in strategic thinking activities, researchers can uncover
innovative approaches to educational practice and instructional delivery.

Cross-disciplinary applications of strategic thinking skills also warrant attention in future research
endeavors. By investigating how principles of strategic thinking in one academic field or practical
situation can relate to others, we may gain clearer insight into the general influence of teaching
strategic thinking on cognitive growth and problem-solving skills. Additionally, assessing the
policy implications of integrating strategic thinking initiatives into educational systems at various
levels can inform evidence-based decision-making and resource allocation strategies in education
governance.

CONCLUSIONS

This research has yielded understandings pertaining to how chess could potentially be leveraged
as an educational approach within high school settings to help cultivate students' capacity for
strategic reasoning. Through a comprehensive examination of the relationship between chess
gameplay, graph theory concepts, and strategic thinking abilities, this research has elucidated the
multifaceted benefits of incorporating chess-based interventions into educational settings.

The findings emphasize how chess can potentially serve as an impactful approach for improving
students' strategic thinking, cognitive faculties, and academic achievement through strengthening
their capability to envision alternative choices and weigh options in a deliberate, thoughtful
manner. Through incorporating strategic decision-making, problem-solving, and critical analysis
within the context of a chess match, instructors have the ability to foster important capabilities that
transcend the boundaries of the game itself. Moreover, the integration of graph theory principles
into chess instruction offers a novel approach to reinforcing conceptual understanding and
promoting abstract reasoning skills among students.

This study sheds new light on how chess-based curricula may cultivate cognitive growth and better
educational results by untangling the means by which such initiatives can foster mental
development and improve learning performance, thereby augmenting the collective understanding
of strategic thinking in pedagogy. By highlighting the interconnectedness between chess
gameplay, graph theory concepts, and strategic thinking abilities, this research provides valuable
insights into the underlying processes that govern strategic cognition in educational contexts.
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Furthermore, the findings have practical implications for educational policymakers, curriculum
developers, and practitioners seeking to optimize student learning experiences and promote
academic success. Through incorporating chess lessons, whose cognitive advantages cultivate
keen decision making, problem solving, and critical thought, educators can foster a nurturing
environment equipping students with adaptive tools for navigating this ever more intricate,
fluctuating world.
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Appendix 1: Chess and Graph Theory Integration - Sample Lesson Plans.

Lesson 1: Introduction to Chess and Graph Representation Objective: Students will learn the basic
rules of chess and understand how chess positions can be represented using graph theory concepts.
Activities:
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e Introduction to the chessboard, pieces, and their movements.

e Demonstration of how to represent chess positions as graphs, with pieces as vertices and
their connections as edges.

e Practice exercises on mapping chess positions to graph representations.
e Discussion on the significance of graph representation in analyzing chess strategies

Lesson 2: Connectivity and Strategic Play in Chess Objective: Students will explore the concept
of connectivity in graph theory and its application in chess strategy. Activities:

e Review of connectivity concepts in graph theory, such as connected components and paths.

e Analysis of chess positions to identify connected groups of pieces and their strategic
importance.

e Exercises on determining the connectivity of pieces in various chess positions.
e Discussion on how connectivity influences strategic decision-making in chess gameplay

Lesson 3: Centrality Measures and Chess Piece Importance Objective: Students will learn about
centrality measures in graph theory and apply them to evaluate the importance of chess pieces in
different positions. Activities:

e Introduction to centrality measures, such as degree centrality and betweenness centrality.

e Demonstration of how to calculate centrality measures for chess pieces in different
positions.

e Practice exercises on determining the centrality of pieces and interpreting their strategic
significance.

e Discussion on how centrality measures can inform chess strategy and decision-making.

Lesson 4: Shortest Paths and Optimal Moves in Chess Objective: Students will explore the concept
of shortest paths in graph theory and apply it to optimize chess piece movements. Activities:

e Review of shortest path algorithms in graph theory.
e Analysis of chess positions to identify optimal paths for piece movements.
e Exercises on calculating shortest paths and determining efficient piece maneuvers.

e Discussion on how shortest path analysis can enhance chess gameplay and strategic
planning.

Lesson 5: Chess Puzzles and Graph-Based Problem Solving Objective: Students will integrate
graph theory concepts and chess strategies to solve complex chess puzzles. Activities:
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e Introduction to chess puzzles and their significance in developing strategic thinking skills.

e Demonstration of how to apply graph theory concepts, such as connectivity and shortest
paths, to solve chess puzzles.

e Practice exercises on solving chess puzzles using graph-based approaches.

e Discussion on the benefits of integrating graph theory and chess in problem-solving and
critical thinking development.

Appendix 2: The pre- and post-intervention assessments.
Pre- and Post-Intervention Assessment example
Participant Information:

e Name: (Participant's Name)

e Grade: (Grade Level)

e School: (School Name)

Instructions: Please answer the following questions to the best of your ability. Your responses will
help us understand your understanding of both chess and graph theory concepts.

Pre-Intervention Assessment:

1. Explain how the movement of chess pieces on the board can be related to the concept of
vertices and edges in a graph.

e Response: (Participant's Response)

2. Given the chessboard below, identify any paths that a knight piece could take to move from
its current position to the square labeled "X": !|(Chessboard Image)

e Path(s): (Participant's Response)

3. Describe how the concept of connectivity in graphs can be applied to analyze strategic
gameplay in chess.

e Response: (Participant's Response)

4. Identify if the following chess position is advantageous for White, Black, or if it is equal:
/(Chess Position Image)

e Advantage: (Participant's Response)
Post-Intervention Assessment:

1. Explain how the concept of cycles in a graph can be related to repetitive sequences of
moves in chess.
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e Response: (Participant's Response)

2. Given the chess position below, determine the optimal move for White: !(Chess Position
Image)

e Optimal Move: (Participant's Response)

3. Describe how the principles of graph theory can be used to analyze the strategic
importance of controlling specific squares on the chessboard.

e Response: (Participant's Response)

4. Identify if the following chess position is favorable for a king and pawn endgame: !(Chess
Position Image)

e Favorable or Not: (Participant's Response)

Appendix 3: Surveys and questionnaires
Student Perception Survey

Instructions: Please answer the following questions based on your experiences with the graph
theory integration and chess gameplay activities conducted in your mathematics class. Your honest
feedback is valuable for improving future educational initiatives. Please indicate your level of
agreement with each statement using the provided Likert scale.

1. How relevant do you find the integration of chess into the mathematics curriculum for
learning graph theory concepts?

o Strongly Agree

o Agree

e Neutral

o Disagree

e Strongly Disagree

2. To what extent do you believe that playing chess has helped you understand graph theory
principles better?

o Strongly Agree
o Agree

e Neutral

o Disagree
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e Strongly Disagree

3. How engaging do you find the chess sessions compared to traditional mathematics
lessons?

o Very Engaging
e Somewhat Engaging
e Neutral
o Not Very Engaging
e Not Engaging at All
4. Have the chess sessions improved your problem-solving skills in mathematics?
o Yes, significantly
o Yes, to some extent
e No, not really
o ['mnot sure

5. Do you feel more confident in applying graph theory concepts after participating in the
chess activities?

o Yes, definitely

e Yes, somewhat
e No, not really

e I'm not sure

6. How would you rate the level of collaboration and teamwork during the chess sessions?

o FExcellent

e  Good
o Fuair
e Poor

7. What aspects of the chess sessions do you find most beneficial for learning graph theory
concepts? (Open-ended)

8. Are there any challenges or difficulties you encountered during the chess activities that
you would like to share? (Open-ended)
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9. How would you describe your overall experience with the graph theory integration and
chess gameplay activities? (Open-ended)

Thank you for your participation!
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