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Video Game Programming with Python to Develop Logical Thinking in High School: A 1 

Methodological Proposal to Counter Cognitive Overload in the Age of Artificial 2 

Intelligence. 3 

    4 

Abstract 5 

The development of logical thinking is a core competency in STEM education that assessments 6 

identify as lacking in the High School Program. Compounding this gap is an emerging 7 

phenomenon: the tendency among students to rely on generative artificial intelligence (AI) tools 8 

to solve problems and submit answers without conducting their own analysis—a pattern of 9 

cognitive offloading that recent literature associates with the erosion of critical thinking and the 10 

loss of judgment. This article presents a methodological guide that uses video game programming 11 

with Python and the Tkinter library to strengthen logical reasoning in High School students, with 12 

the simulation of projectile motion serving as the central focus. The proposal is grounded in 13 

constructivism, Kolb’s experiential learning theory, and active learning methodologies, and is 14 

organized as design-based research, reporting on the design and internal validation phase of a 15 

prototype. The instructional sequence progresses through sixteen modules that guide students from 16 

basic syntax to a cannon simulator with real-world physics. It is argued that positioning the student 17 

as a producer of logic—who breaks down problems, encodes the physical model, and debugs their 18 

own errors—constitutes a deliberate pedagogical counterbalance to cognitive offloading, because 19 

it restores the cognitive effort and productive challenge that the uncritical use of AI tends to 20 

eliminate. The expected learning outcomes, the formative assessment rubric, and the implications 21 

for educational policy are discussed. 22 

Keywords  Logical thinking · Educational programming · Python · Cognitive offloading · 23 

Generative artificial intelligence · STEM education · Projectile motion 24 
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Introduction 25 

Education in science, technology, engineering, and mathematics (STEM) is underpinned by a 26 

cross-curricular competency: logical thinking, understood as the ability to break down complex 27 

problems, structure algorithmic sequences, abstract causal relationships, and rigorously validate 28 

conclusions (Jaramillo & Puga, 2016). At the regional level, international assessments, such as 29 

the PISA tests (OECD, 2023), place South America in a critical position, where performance in 30 

science and logical reasoning remains persistently below global standards. In Ecuador, this 31 

regional gap is evident and alarming: reports from the National Institute for Educational 32 

Assessment reveal structural deficiencies in logical reasoning in the areas of mathematics and 33 

physics within the High School Programs (Ineval, 2024). This deficit not only compromises 34 

academic success but also leads, in the medium term, to high dropout rates during the transition 35 

to higher education (SENECYT, 2021). These results highlight the limitations of a pedagogical 36 

model that, while prevalent in Latin American classrooms, still prioritizes the rote memorization 37 

of formulas and the reproduction of procedures over the active and reflective construction of 38 

knowledge (Quimis et al., 2022).  39 

In recent years, this structural problem has been compounded by a rapidly expanding phenomenon 40 

that is altering the way students engage with cognitive tasks. The emergence of generative artificial 41 

intelligence (AI)—and in particular, large language models—has put within any student’s reach a 42 

tool capable of producing, in seconds, the apparent solution to a physics problem, a snippet of 43 

code, or an entire essay (Kasneci et al., 2023). The pedagogical risk does not lie in the tool itself, 44 

but rather in a pattern of use that is being observed with increasing frequency: the student 45 

formulates the prompt for the AI, copies the response, and submits it without having gone through 46 

the reasoning process that the task was intended to elicit. This shift of cognitive effort toward an 47 

external agent is a form of cognitive offloading (Risko & Gilbert, 2016), and emerging evidence 48 

suggests that its systematic and uncritical use is associated with reduced engagement in critical 49 

thinking and with what has been termed metacognitive laziness (Fan et al., 2024; Gerlich, 2025). 50 

The problem that motivates this study is, therefore, twofold and interrelated. On the one hand, 51 

there remains a historical deficit in the development of logical thinking in high school education. 52 
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On the other hand, the practice of uncritical reliance on AI threatens to deepen this deficit by 53 

depriving students of precisely the kind of effort—breaking down, formalizing, verifying, 54 

correcting—that builds their judgment. Given this scenario, pedagogical approaches are needed 55 

that go beyond merely incorporating technology and instead reposition students as producers of 56 

reasoning rather than consumers of answers. 57 

Programming offers particularly fertile ground for this purpose. Writing a program requires 58 

explicitly articulating each step of the reasoning process, anticipating the system’s behavior, and 59 

immediately confronting the consequences of one’s own errors through debugging (Guzdial, 2015; 60 

Lodi & Martini, 2021). When the programming project is a video game that simulates a physical 61 

phenomenon, the activity also becomes motivating and meaningful, as it integrates physics and 62 

mathematics curriculum content with a creative and tangible practice (Vázquez-Cano & Ferrer, 63 

2015; Denner et al., 2009). On this basis, this article describes a methodological guide that uses 64 

Python and the Tkinter graphics library to enable High School students to progressively build a 65 

projectile motion simulator, and explicitly positions this approach as a counterbalance to cognitive 66 

overload. 67 

In light of this scenario, this research proposes a methodology based on video game programming 68 

with Python, designed with a focus on curricular versatility that allows for its cross-curricular 69 

integration into any high school program (Author, 2025). The study is guided by three research 70 

questions. First: What theoretical and methodological foundations support the use of video game 71 

programming with Python as a means to develop logical thinking at the high school level? Second: 72 

How can a replicable methodological guide be structured to lead students from basic syntax to the 73 

simulation of projectile motion? Third: How can an approach centered on the development of 74 

logical thinking counteract the cognitive overload and loss of judgment associated with the 75 

uncritical use of generative AI? 76 

Theoretical Framework and Literature Review 77 

This section outlines the four bodies of knowledge upon which the proposal is based: the nature 78 

of logical thinking and the learning theories that guide its development; the role of programming 79 

and the STEM approach as pathways to cultivate it; the physical model of projectile motion that 80 
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serves as the unifying content; and, most notably, the phenomenon of cognitive offloading in the 81 

era of generative AI, which gives meaning and urgency to the proposal. 82 

Logical Thinking, Constructivism, and Experiential Learning 83 

Logical thinking is understood here as the ability to organize reasoning into coherent sequences, 84 

establish cause-and-effect relationships, abstract common structures across different problems, 85 

and evaluate the validity of inferences (Aristóteles, 1987; Campistrous, 2007; Jaramillo & Puga, 86 

2016). It is not a matter of content being transmitted, but rather a competency that is constructed 87 

through the student’s own activity. This premise draws on constructivism, according to which 88 

knowledge is actively constructed based on experience and the reorganization of prior cognitive 89 

structures (Veliz, 2022). 90 

Kolb’s (1984) experiential learning model provides a practical framework for this process. His 91 

cycle describes how learning progresses from concrete experience to reflective observation, then 92 

to abstract conceptualization, and finally to active experimentation, which in turn generates a new 93 

concrete experience in an upward spiral. Video game programming fits naturally into this cycle: 94 

the student runs a piece of code (concrete experience), observes its behavior and errors (reflective 95 

observation), formulates the principle that explains that behavior (abstract conceptualization), and 96 

modifies the code to test their hypothesis (active experimentation). 97 

Active methodologies, such as project-based learning and collaborative learning, provide the 98 

pedagogical framework that makes this journey possible by shifting the classroom’s focus from 99 

the teacher’s presentation to student-centered production (Quimis et al., 2022). 100 

Programming, the STEM Approach, and Python in Secondary Education 101 

The STEM approach promotes the integration of scientific and technological disciplines around 102 

real-world problems, rather than teaching them in isolation (Vázquez et al., 2013; López et al., 103 

2020). Within this framework, programming serves a dual purpose: it is both a subject matter and 104 

a method. As a method, it requires students to formalize their reasoning in unambiguous language, 105 

which makes logical errors visible and correctable (Guzdial, 2015; Villacrés-Sampedro et al., 106 

2024). Various studies have shown that creating video games and simulations is an effective way 107 
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to introduce these concepts in secondary education, due to their ability to combine technical rigor 108 

with motivation (Barrera & López, 2021; Vázquez-Cano & Ferrer, 2015). 109 

Python has established itself as an ideal first language for this purpose. Its clear syntax, which 110 

closely resembles natural language, reduces the cognitive load associated with syntax, allowing 111 

students to focus their efforts on the logic of the problem (García-Monsalvez, 2017; Mészárosová, 112 

2015; Duque, 2015). Designed from the outset with a focus on accessibility and “programming for 113 

everyone” (Van Rossum, 1999), Python also features the Tkinter library, included in its standard 114 

distribution, which allows users to build graphical interfaces and animations with a small number 115 

of instructions. This feature is crucial from an educational standpoint: it enables a student with no 116 

prior experience to create, in just a few sessions, a visual and interactive product that represents a 117 

physical phenomenon. 118 

Projectile Motion as an Integrating Topic 119 

Projectile motion is an ideal curricular topic for integrating physics, mathematics, and 120 

programming. It involves two-dimensional motion in which the horizontal component of 121 

acceleration is zero and the vertical component corresponds to the acceleration due to gravity 122 

(Young & Freedman, 2013). The projectile’s position is described by the equations of uniform 123 

motion along the horizontal axis and uniformly accelerated motion along the vertical axis, while 124 

the decomposition of the initial velocity into its components requires the use of trigonometric 125 

ratios. 126 

For the initial velocity, we have: 127 𝑣0�=𝑣0 ⋅ ���(	) 128 𝑣0�=𝑣0 ⋅ ��
(	) 129 

 130 

While for the position: 131 �=��+𝑣��� 132 

�=�0+𝑣0��-12��2 133 
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 134 

This content connects directly to the curriculum of any secondary education program: to quadratic 135 

functions and trigonometric ratios in mathematics, and to the study of projectile motion in physics. 136 

Translating these equations into code forces students to understand the physical model with a 137 

precision that mere algebraic manipulation does not always require, since the program only 138 

behaves correctly if the underlying reasoning is correct. 139 

Generative AI, Cognitive Offloading, and Loss of Judgment 140 

Cognitive offloading refers to the use of external resources—ranging from a note on paper to a 141 

search engine—to reduce the processing demands on one’s own memory and reasoning systems 142 

(Risko & Gilbert, 2016). This is an ancient and, in many contexts, adaptive mechanism; the 143 

extended mind thesis even argues that a significant portion of human cognition legitimately relies 144 

on the environment (Clark & Chalmers, 1998). The problem arises when offloading replaces, 145 

rather than complements, the processes that education seeks to develop. Research on the so-called 146 

“Google effect” has already shown that the immediate availability of information online tends to 147 

make people remember where to find a piece of information rather than the information itself 148 

(Sparrow et al., 2011). Generative AI takes this phenomenon to a new level, because it does not 149 

merely locate information: it directly produces the finished product—the solution to the problem, 150 

the code, the text—and thereby offers the possibility of completely bypassing the reasoning 151 

process. 152 

Recent evidence, though still emerging, is convergent and concerning. Studies involving 153 

knowledge workers and students document that greater reliance on AI tools is associated with a 154 

self-reported reduction in the cognitive effort devoted to tasks and with less critical thinking (Lee 155 

et al., 2025; Gerlich, 2025). In learning contexts, experimental research shows that the scaffolding 156 

provided by generative AI can improve the immediate output without improving—and may even 157 

impair—processes of self-regulation and transfer of learning, a pattern described as metacognitive 158 

laziness (Fan et al., 2024). Students and teachers recognize both the benefits of these tools and the 159 

specific risk of a dependency that undermines intellectual autonomy and the ability to judge the 160 

quality of a response (Chan & Hu, 2023; Darwin et al., 2023; Çela et al., 2024). 161 
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The appropriate pedagogical response is not prohibition, but rather the redesign of learning tasks 162 

so that cognitive effort once again becomes inevitable and visible (Gašević et al., 2023). The 163 

psychology of learning offers a relevant principle: processes that impose a desirable level of 164 

difficulty—which require effort, generate errors, and necessitate correction—produce more lasting 165 

and transferable learning than those that pave the way (Sweller et al., 2019). In the specific field 166 

of computer science education, the emergence of generative AI has reignited the debate on how to 167 

preserve genuine learning in programming when code can be generated automatically (Prather et 168 

al., 2023). The proposal described here follows this line of thinking: rather than asking for an 169 

answer that AI could provide, it challenges students to build and debug a functional model—an 170 

activity in which judgment cannot be delegated without the product ceasing to function. 171 

Methodology 172 

This paper presents the design phase of the instructional sequence with internal validation; the 173 

empirical evaluation phase in the classroom is proposed as a future line of research (Author, 174 

2025). Consequently, what is presented here is the design of a methodological guide and its 175 

technical validation, not a study of its impact on learning.  176 

When using project-based learning, the teacher assumes the role of guide and facilitator of the 177 

process, in line with the active methodologies that underpin the proposal. 178 

 179 

Context and Target Audience 180 

The proposal is aimed at students between the ages of twelve and seventeen in schools equipped 181 

with computer labs. No prior programming experience is assumed. The choice of video games as 182 

a learning tool is based on students’ high level of familiarity with this medium: available data 183 

indicate that nearly 77% of young people play video games regularly (Fundación de Ayuda contra 184 

la Drogadicción, 2023), making the creation of a game a meaningful and motivating goal. 185 

Learning Environment and Tools 186 
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The technical environment consists of free and open-source software to ensure the proposal can 187 

be replicated in different schools. Python 3.x (Python Software Foundation, 2024), managed 188 

through the Anaconda distribution (Anaconda Inc., 2024), was used to develop the proposal. The 189 

integrated development environment (IDE) selected was Spyder (Spyder Project Contributors, 190 

2024), using the Tkinter graphics library for the interface and the physics simulation. 191 

The instructional sequence is designed to progress through three environments of increasing 192 

complexity that align with the student’s cognitive development: first, the command console 193 

(PowerShell), to become familiar with executing basic instructions; next, the Spyder editor, to 194 

write and organize structured programs; and finally, Tkinter, to build the simulator’s graphical 195 

interface and animations. Multimedia files (JPG images and WAV sounds) are incorporated as 196 

supplementary resources to enrich the final product. 197 

Design of the Instructional Sequence 198 

The guide is structured into sixteen progressive modules (Table 1), organized around an integrative 199 

project: the construction of a cannon simulator that represents the movement of projectiles 200 

(Author, 2025). In this system, the user assumes the role of a gunner with the objective of hitting 201 

a target located at specific coordinates (Fig. 1). 202 

The first modules cover the installation and configuration of the environment, data types, 203 

operators, variables, and screen output statements. The intermediate modules address control 204 

structures—conditional statements and loops—and functions, which introduce the decomposition 205 

of a problem into subproblems. The final modules develop the graphical interface using Tkinter: 206 

creating the window and the canvas, drawing and animating objects, incorporating user input, and, 207 

as a culmination, implementing the physical model of the projectile with parameters entered by 208 

the student. 209 

This progression embodies Kolb’s learning cycle, as each module begins with a specific coding 210 

experience and progresses toward conceptualizing the underlying principle. 211 

The integrative project is developed in three versions of increasing complexity. In the first, the 212 

student animates an object with simplified motion, using a reduced gravity value to observe 213 
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parabolic behavior without the burden of the full equations. In the second, the actual physical 214 

model is introduced, with a discrete time step (dt) and position updates based on the velocity 215 

components. In the third version, the program incorporates user input—the initial velocity and 216 

launch angle—and calculates the velocity components using the mathematical functions library, 217 

converting degrees to radians and applying sine and cosine functions. It is in this activity that all 218 

the learning comes together: the student must understand the physical model, translate it into code, 219 

handle user input, and debug errors until the simulated trajectory behaves in a physically correct 220 

manner. 221 

 222 

 223 

 224 

 225 

 226 

 227 

 228 

 229 

 230 

 231 

 232 

 233 

 234 

  Figure 1. Screenshot of the video game. 235 

 236 

Validation  237 
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Internal validation of the prototype was performed iteratively through successive software testing, 238 

debugging, and verification of the accuracy of the physical calculations by comparing the 239 

simulated trajectory with the expected behavior according to the equations of projectile motion 240 

Table 1. Instructional sequence for teaching basic programming and the development of 241 

graphical user interfaces in Python to students in the Unified General High School 242 

program. 243 

Blocks Objectives / Learning Outcomes Sessions 

Initial exploration with 

the Python console 

Introduce students to the interactive programming and 

execution environment. 

Understand the basic syntax of Python. 

Execute flow control structures. 

Gain a basic understanding of data input and output.  
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Transition to the 

integrated development 

environment (Spyder) 

 

 

 

Compare interactive execution with programming using 

reusable scripts. 

Identify an integrated development environment for 

creating, developing, and saving .py files. 

Understand basic concepts such as importing and using 

Python libraries, basic error handling, and function 

concepts.  
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Introduction to the 

Standard Python GUI 

1. Designing a 

graphical user 

interface with 

Tkinter 

 

2. Physics Simula-

tion and Anima-

tion 

 

3. Multimedia and 

Immersive Ex-

periences 

 

 

 

Running Custom Graphical Windows 

Inserting basic widgets.  

Manage user events using commands ( ). 

Create geometric shapes using Canvas. 

 

Introduce concepts of kinematics using visual 

programming. 

Implement equations of parabolic motion in code. 

Control variables and update values visible in the 

console using methods. 

Quantify trajectories to achieve continuous animation. 

 

 

 

 

 

 

20 
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 Integrate visual and sound effects. 

Manage external resources such as images or audio 

files. 

Adapt the graphical interface to resizing. 

Final Production  Consolidate the complete program into a functional and 

debugged simulator 

1 

 Total 44 

 244 

Assessment 245 

To assess learning in the classroom, the guide proposes formative and continuous assessment, 246 

supported by a rubric that identifies four levels of achievement based on five criteria: algorithmic 247 

logic, debugging, creativity, application of physics, and collaborative work (Table 2). This 248 

assessment shifts the focus from the final product to the reasoning process, which is consistent 249 

with the goal of counteracting the submission of results without independent analysis. 250 

Table 2. Final Assessment Rubric 251 

Criterion Level 4 Level 3 Level 2 Level 1 

Algorithmic 

logic 

Optimized 

syntax. 

Original 

solutions. 

Functional 

control 

structures. 

Minimal 

redundancy. 

Repetitive code. 

Frequent logic 

errors. 

Repeating code 

without 

understanding it. 

Debugging Detects and 

resolves 

advanced errors 

independently. 

Fixes errors with 

minimal support. 

Requires 

constant 

guidance to 

resolve errors. 

Fails to identify 

obvious errors. 

Creativity Incorporates 

original 

mechanics. 

Suggests 

alternative 

designs. 

Alter predefined 

values. 

Applies rules 

without 

variation. 

Resists 

innovation. 
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Applied Physics Adjusts 3 or 

more variables 

with 

mathematical 

rigor. 

Properly 

controls two 

variables. 

Minor 

calculation 

errors. 

Uses a variable 

inflexibly. 

Generates 

inconsistent 

trajectories. 

Does not relate 

physics to code. 

Collaborative 

work 

Explains 

concepts to 

peers. 

Leads team 

activities. 

Actively 

participates in 

discussions. 

Exchanges 

ideas. 

Limited 

contribution to 

group work. 

No interaction 

with peers. 

Discussion and Conclusions 252 

This sequence is designed to strengthen a specific set of logical thinking skills. Breaking down the 253 

simulator into subproblems—initializing variables, calculating components, updating the position, 254 

drawing the object—exercises abstraction and sequential analysis. Writing control structures and 255 

functions develops the ability to formalize reasoning in unambiguous steps. Debugging, a central 256 

component of the activity, trains critical evaluation: students must interpret the program’s 257 

behavior, formulate hypotheses about the cause of the error, and verify them—a cycle of reasoning 258 

that the rubric explicitly recognizes. Finally, translating the kinematic equations into code 259 

reinforces the application of physics and trigonometry in a meaningful context. Added to this is a 260 

motivational benefit: students cease to be mere consumers of technology and become its creators—261 

a role shift that the literature associates with greater engagement in the task (Denner et al., 2009; 262 

Vázquez-Cano & Ferrer, 2015). 263 

The design presented addresses the three research questions that guided this study. Regarding the 264 

first question, the proposal is grounded in a coherent theoretical framework that links 265 

constructivism, Kolb’s experiential cycle, and active methodologies with the potential of 266 

programming as a means to make reasoning explicit and to practice it. Regarding the second 267 

question, the guide offers a replicable sequence of sixteen modules—aligned with the secondary 268 

education curriculum—that gradually progresses from basic syntax to a projectile simulator with 269 

real-world physics, and whose internal validation confirms its technical feasibility. 270 
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The third question—how can a proposal of this kind counteract the cognitive offloading and loss 271 

of judgment associated with the uncritical use of generative AI—deserves a more detailed 272 

discussion, as it constitutes this article’s contribution to the previous line of research. The central 273 

argument is that the activity of building and debugging a simulator, by its very nature, reintroduces 274 

the cognitive effort that uncritical reliance on AI tends to suppress. When a student asks a language 275 

model for the answer to a physics problem, they may obtain a correct result without having 276 

reasoned through it; the output masks the absence of a thought process. In contrast, a 277 

malfunctioning simulator cannot be concealed: the erroneous trajectory on the screen provides 278 

immediate and indisputable feedback that forces the student to revisit their reasoning. Debugging, 279 

in this sense, is the pedagogical opposite of cognitive offloading, because it does not allow a result 280 

to be delivered without analysis. 281 

This does not mean that the proposal excludes AI, nor that it should. Generative AI can play a 282 

legitimate role as an assistant—to explain an error message or suggest a design alternative—283 

provided that the task is structured so that understanding and judgment remain the student’s 284 

responsibility (Gašević et al., 2023). The key lies in the task design: by requiring a functional 285 

product whose correctness depends on the internal coherence of the reasoning, the activity makes 286 

cognitive effort an unavoidable condition and exposes any attempt to bypass it. It is, in the terms 287 

of the psychology of learning, a desirable difficulty deliberately incorporated into the design 288 

(Sweller et al., 2019). In this way, the proposal not only develops logical thinking as a curricular 289 

objective but also cultivates the willingness to sustain intellectual effort—the discernment—that 290 

the culture of instant gratification threatens to erode. 291 

The study has limitations that should be made explicit. Since only the design and internal validation 292 

phase is reported, empirical evidence is not yet available regarding the guide’s impact on students’ 293 

actual learning or its specific effect on AI usage patterns. Verification of the pedagogical 294 

hypotheses formulated here requires a classroom implementation phase, using instruments that 295 

measure both the development of logical thinking and self-regulation, as well as reliance on 296 

external tools. This empirical evaluation constitutes the main line of future work, along with the 297 

expansion of the proposal to other topics in physics and mathematics. 298 
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In conclusion, video game programming with Python emerges as a teaching tool—not an end in 299 

itself—for democratizing the development of logical thinking in high school. Its value is amplified 300 

in the current context: in the face of the tendency to delegate reasoning to generative AI, a task 301 

that requires building, verifying, and correcting a functional model restores the student’s role as a 302 

producer of logic and safeguards the exercise of critical judgment. The barriers to its adoption are 303 

primarily cultural and related to educational policy rather than technical, so its widespread 304 

adoption requires the support of educational institutions and authorities. 305 
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