Trigonometry as a Foundation for Computational and Algorithmic
Thinking: The Iranian Mathematical Heritage for Digital Technology
Development

Mohammad Hesam Ghasemi*, Zahra Gooya**, Soheila Gholam Azad***

* PHD Student in Department of Mathematical Sciences,,Shahid Beheshti University, Tehran,
Iran. Email : ghasemi.sbu@yahoo.com

** Professor, Department of Mathematical Sciences,,Shahid Beheshti University, Tehran, Iran.
( Corresponding Author). Email: z-gooya@sbu.ac.ir

*** |nstitute for Educational Studies. Tehran. Iran. .Email: soheila_azad@yahoo.com

Article Info Abstract

The rapid advancement of digital technologies and artificial intelligence has
underscored the critical importance of computational and algorithmic thinking.
Interestingly, both concepts have roots in the intellectual heritage of Iranian
scholars, with algebra and trigonometry serving as prominent historical
examples. Consequently, this study investigates the relationship between
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Extended Abstract

The rapid advancement of digital technologies and artificial intelligence has brought
computational thinking (CT) and algorithmic thinking (AT) to the forefront of educational
discourse. These modes of thought, while now globally recognized as essential 21st-century skills,
have deep historical roots in the mathematical innovations of ancient Iranian scholars. This study
investigates the potential of trigonometry—a subject in which Iranian mathematicians made
seminal contributions—as a platform for fostering CT and[AT skills within Iran’s formal general
education system. The research addresses a critical gap: while international curricula increasingly
integrate ¢ T and AT, many educational systems, including Iran’s, lack explicit, systematic
approaches for doing so, often relying on expensive digital infrastructure. This study explores how
existing, culturally resonant mathematical content can be leveraged as a low-cost, sustainable
alternative.

A qualitative research design was employed, utilizing conventional content analysis of national
textbooks and focus group discussions with experienced teachers. The theoretical framework was
operationalized using two complementary models: the European Commission’s (2022)
comprehensive taxonomy of CT skills, which organizes competencies into two main categories—
problem-solving (e.g., abstraction, data analysis, pattern recognition, decomposition, modeling)
and planning and computation (e.g., algorithmic thinking, automation, debugging, modularization,
parallelization)—and the four-dimensional model proposed by Weintrop et al. (2016), which
defines CT for mathematics and science classrooms through the lenses of data-driven analysis,
computational modeling, algorithmic problem-solving, and systems thinking. These frameworks
provided the analytical lenses for identifying both explicit and implicit instances of CT/AT
instruction within the Iranian curriculum.

Twenty-five volunteer teachers participated in five online focus group sessions during the 2023-
2024 academic year. The participant sample included elementary school teachers (n=5) and
secondary school teachers (n=19), the latter comprising mathematics (n=10), computer science
(n=5), and technology/workshop (n=4) instructors. Teachers were recruited using snowball
sampling, ensuring diverse school types and geographical representation. Data collection involved
audio recording of all focus group discussions, which were transcribed verbatim. To ensure
trustworthiness, the research team employed member checking—returning transcripts and
preliminary categorizations to participants for confirmation—and peer debriefing among the three
co-authors (a mathematics education researcher, an experienced mathematics teacher, and a
computer science teacher). All textbooks from grades 1 through 12 were systematically analyzed,
though the analysis revealed no relevant CT/AT content in grades 1-5. Consequently, the focus
narrowed to grades 6-12.

The content analysis produced several key findings. First, explicit instruction in CT/AT skills
emerges only in the sixth grade and is discontinuously distributed across three subjects: "Thinking
and Research” (grade 6), "Work and Technology" (grades 6, 8, and 9), and "Mathematics™ (grade
7). In grade 6’s Thinking and Research textbook, students are introduced to basic inquiry skills
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such as questioning, data collection, and data interpretation—aligning broadly with CT’s data
analysis component. In the same grade’s Work and Technology textbook, a dedicated module
introduces algorithms and Scratch coding, emphasizing problem understanding, strategy
development, decomposition (breaking problems into smaller sub-problems), and sequential step-
by-step solution. However, focus group participants critiqued this module for insufficient attention
to decomposition as a teachable skill, noting that while the term is mentioned, no systematic
activities develop it. The grade 7 mathematics textbook devotes its first chapter to problem-solving
heuristics, including decomposition, pattern discovery, algebraic generalization, and symbolic
representation. Teachers in the focus groups, however, characterized this chapter as merely "an
entry point for learning algebraic symbols and abstractions,” arguing that it does not explicitly
name or deliberately cultivate CT/AT competencies. In grade 8, the Work and Technology
textbook introduces Python programming, but teachers expressed concern that students lack
prerequisite computational thinking skills for this jump, and that no explicit connection is made
between coding activities and mathematical concepts learned simultaneously in mathematics
classes. Grade 9’s Work and Technology textbook was viewed more positively, with participants
praising its modules on flowcharts, algorithms, and Python as well-structured and appropriately
sequenced.

A striking finding was the complete absence of CT/AT content in all secondary school textbooks
for grades 10-12, despite these grades containing the most advanced mathematical content,
including trigonometry, calculus, and analytic geometry. This curricular gap suggests a missed
opportunity: advanced topics that naturally lend themselves to algorithmic and computational
reasoning are taught without any reference to the thinking skills that underpin digital technology.

The study’s core analysis focused on the potential for integrating CT/AT with trigonometry, a
topic with deep cultural resonance in Iran. Three problems from the grade 11 Calculus (1) textbook
(mathematics-physics track) were analyzed collaboratively by the focus group teachers, revealing
multiple points of synergy with the European Commission’s CT skill taxonomy. Problem 1
required solving a trigonometric equation and then computing a triangle’s area. Teachers identified
that this process inherently involves sequential decomposition (solving the equation, then applying
geometric formulas), conditional logic (evaluating whether the solved angle satisfies domain
constraints), and modularization (treating trigonometric solution and area computation as distinct
subroutines). Problem 2 asked students to determine the position of a given angle on the unit circle.
Teachers noted that this seemingly simple task requires evaluating multiple conditions: the sign of
the angle (positive/negative), comparison with multiples of 7/2 and & (determining quadrant), and
precise location between reference angles. This process, they argued, perfectly models the CT skill
of using conditionals (if-then-else logic) and loops (repeatedly applying the same comparative
process for different reference angles). Problem 3 required geometric solution of a trigonometric
equation. Teachers analyzed how students naturally decompose the equation into two functions
(left and right sides) and graph them to find intersections—a direct instantiation of decomposition
and computational modeling. They then proposed an innovative pedagogical simulation:
organizing students into small cooperative groups, each functioning as an independent "module”
responsible for a specific sub-task (e.g., manipulating one trigonometric identity, checking domain
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restrictions, computing algebraic solutions). The teacher acts as a "module manager,” coordinating
module interaction, identifying errors, and initiating debugging processes either within modules
(intra-module debugging) or across modules (global debugging). This simulation, teachers
suggested, would simultaneously develop students’ trigonometric understanding and their CT
skills in decomposition, modularization, debugging, systems thinking, and process optimization.

The study’s findings carry several theoretical and practical implications. Theoretically, the
research challenges the dominant discourse that CT/AT instruction requires digital tools and
computer science infrastructure. By demonstrating that trigonometry—a culturally significant,
historically rich mathematical domain—can be taught through CT/AT-infused pedagogy without
necessarily using computers, the study contributes to emerging literature on "unplugged"
computational thinking. It also empirically validates the European Commission’s (2022) assertion
that the boundaries between CT and AT are fluid; the analysis of trigonometric problem-solving
showed that students and teachers naturally oscillate between algorithmic planning (sequencing
steps, applying conditionals), computational execution (modularizing tasks, debugging errors), and
systemic optimization (improving process efficiency) without clear separation between
"computational” and "algorithmic™ modes.

Practically, the research offers concrete, curriculum-embedded examples of how CT/AT skills
can be developed using existing textbook content. For instance, teachers in the study suggested
modifying a Python coding activity from grade 8’s Work and Technology textbook—currently
focused on generating shapes through code—into an integrated mathematics-CT activity where
students must not only write code but also calculate geometric properties (perimeter, area, angle
sums) of those shapes, explicitly linking programming structures (loops, conditionals, functions)
to mathematical concepts (ratios, periodicity, coordinate geometry). Similarly, trigonometric
problems involving periodic functions offer natural opportunities to introduce the CT concept of
iteration: solving sin(x) = 0.5 for all solutions requires students to generate a repeating pattern of
angles, which mirrors the logic of iterative loops in programming.

The study acknowledges several limitations. First, the absence of a consensual definition of
CT/AT in the literature means that the findings are contingent upon the specific frameworks
adopted (European Commission 2022; Weintrop et al. 2016); other frameworks might yield
different emphases. Second, the volunteer nature of participant recruitment may have introduced
selection bias, attracting teachers already interested in CT/AT. Third, the online format of focus
groups precluded analysis of non-verbal data, potentially losing subtle cues about teacher
enthusiasm or frustration. Finally, the study did not include classroom observation or student
assessment, so claims about the effectiveness of CT/AT integration remain theoretical rather than
empirical.

Despite these limitations, the research concludes that trigonometry—due to its inherent
integration of algebraic, geometric, and graphical reasoning, its historical significance in Iranian
scientific heritage, and its conceptual alignment with CT/AT skills such as decomposition, pattern
recognition, conditionals, loops, and debugging—represents a uniquely valuable platform for
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introducing computational and algorithmic thinking into general education. The study recommends
that curriculum developers and teacher training programs in Iran capitalize on this existing cultural
and curricular resource, embedding CT/AT skill development within trigonometry instruction
before investing exclusively in digital infrastructure. The recently implemented Digital Literacy
Plan by Iran’s Ministry of Education (2022-2023), which trained approximately 20,000 elementary
teachers in CT skills (modeling, data analysis, decomposition, algorithms, programming), provides
a policy window for extending similar training to secondary mathematics teachers, with
trigonometry as a focal content area. Future research should design, implement, and evaluate
CT/AT-infused trigonometry lesson plans in actual classroom settings, measuring both
trigonometric learning outcomes and CT/AT skill development. Such studies would determine
whether the theoretical potential identified in this analysis translates into measurable student gains,
ultimately contributing to a sustainable, culturally responsive model for teaching computational
thinking—a model that honors the legacy of Iranian mathematics while preparing students for the
digital age.

Keywords: Computational thinking; algorithmic thinking; trigonometry; Iranian/Islamic
mathematical heritage; school mathematics; qualitative content analysis; curriculum integration;
unplugged computing; historical epistemology.
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