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Abstract: Computer Graphics is a multidisciplinary field that requires learners
to integrate programming, mathematics, visual perception, design principles, spatial
reasoning, and problem-solving skills. However, traditional lecture-based approaches
may make abstract concepts such as geometric transformations, coordinate systems,
rendering pipelines, lighting, and three-dimensional visualization difficult for students
to understand and apply. Project-Based Learning (PBL) provides an alternative
instructional approach by engaging students in authentic design and programming
tasks that require the application of theoretical knowledge to practical problems. This
article examines the role of project-based learning in developing students’ spatial
visualization and problem-solving skills in Computer Graphics education. Drawing on
recent research in computer graphics education, project-based learning, visualization,
and technology-enhanced learning, the study synthesizes evidence concerning the
educational benefits and implementation challenges of project-oriented Computer
Graphics instruction. The analysis indicates that project-based activities can support
students’ understanding of 2D and 3D transformations, improve spatial visualization,
encourage computational thinking, increase learner engagement, and strengthen the
connection between theoretical concepts and practical applications. At the same time,
successful implementation requires appropriate scaffolding, teacher guidance,
manageable project complexity, access to suitable hardware and software, and
assessment strategies that evaluate both the development process and the final product.
The article concludes that PBL can serve as an effective pedagogical framework for
Computer Graphics education when projects are carefully aligned with learning
objectives and students’ cognitive and technical readiness.
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1. Introduction

Computer Graphics has become an important component of contemporary
Computer Science and Information Technology education. Its applications extend
across game development, animation, simulation, architecture, engineering, digital art,
scientific visualization, virtual reality, augmented reality, and interactive media. As a
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result, students studying Computer Graphics are expected not only to understand
theoretical concepts but also to apply them in practical computational and visual
environments.

Despite its broad applicability, Computer Graphics is often considered a
challenging subject for students. The discipline combines mathematical concepts,
programming, geometry, visual perception, algorithms, and design. Students may need
to understand coordinate systems, vectors, matrices, transformations, projections,
lighting models, textures, rendering pipelines, and three-dimensional object
representations within the same course. These concepts are particularly challenging
when they are presented primarily through lectures, static diagrams, or isolated
programming exercises.

Research has demonstrated that Computer Graphics education can contribute to
the development of students’ visual-spatial abilities. Gonzalez Campos, Sanchez-
Navarro, and Arnedo-Moreno (2019), for example, reported statistically significant
increases in visual-spatial ability among students completing a Computer Graphics
course involving 2D and 3D geometric transformations.

At the same time, the increasing importance of computational thinking and
practical digital skills requires instructional approaches that allow learners to actively
construct, test, modify, and evaluate solutions. Project-Based Learning offers such an
environment. Rather than receiving knowledge exclusively from the teacher, students
work on meaningful projects that require them to investigate problems, apply
theoretical principles, create digital products, receive feedback, and revise their
solutions.

Recent evidence also supports the educational relevance of PBL in computing-
related education. A 2024 meta-analysis of 31 experimental and quasi-experimental
studies found that project-based learning had a significant positive relationship with
students’ computational thinking development.

In Computer Graphics, this approach is particularly relevant because the subject
naturally lends itself to project-oriented tasks. Students can create 2D illustrations, 3D
models, animations, interactive scenes, visualization systems, or small graphics
applications. Such tasks require learners to combine conceptual knowledge with
practical implementation.

Therefore, this article examines how project-based learning can be used to
develop students’ spatial visualization and problem-solving skills in Computer
Graphics education.

2. Research questions
The article addresses the following research questions:
1. How can project-based learning support the development of spatial visualization
skills in Computer Graphics education?
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2. How does project-based learning contribute to students’ problem-solving and
computational thinking skills?

3. What types of project-based activities are appropriate for Computer Graphics
courses?

4. What pedagogical challenges may arise when implementing project-based
learning in Computer Graphics education?

5. What instructional principles can help teachers effectively integrate project-
based learning into Computer Graphics courses?

Project-Based Learning Framework for Developing

Spatial Visualization and Problem-Solving Skills
in Computer Graphics Education
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3. Literature review
Computer graphics as an educational discipline

Computer Graphics is an interdisciplinary area that combines computer science,

mathematics,

engineering,

visual design, and human-computer interaction.

Introductory Computer Graphics courses commonly include fundamental concepts
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such as coordinate systems, geometric transformations, viewing, rendering, color,
lighting, and textures.

A typical Computer Graphics curriculum requires students to understand both
the mathematical foundations and their practical implementation. For example, a
student learning 3D rotation must understand the mathematical representation of
rotation while also understanding how the transformation affects an object visually.

Gonzalez Campos et al. (2019) investigated the relationship between Computer
Graphics coursework and visual-spatial abilities. Their study involved students from
several Computer Graphics groups over three semesters and used the Purdue Spatial
Visualization Test. The researchers reported a statistically significant increase in
students’ average spatial visualization scores following the course.

These findings suggest that Computer Graphics should not be regarded merely
as a technical programming subject. Properly designed instruction can also contribute
to cognitive skills associated with spatial reasoning and visualization.

3.2. Project-Based learning in computing education

Project-Based Learning is a student-centered pedagogical approach in which
learners acquire knowledge and skills through the investigation and completion of
meaningful projects. Instead of separating theory from practice, PBL encourages
students to use theoretical knowledge to create a concrete product or solve a real-world
problem.

The approach is particularly compatible with computing education because
computer-related tasks frequently require iterative development. Students write or
modify code, observe results, identify errors, test alternative solutions, and improve
their products.

A recent meta-analysis by Zhang, Guan, and Hu (2024) synthesized 31
experimental and quasi-experimental studies examining the relationship between PBL
and computational thinking. The authors found evidence that PBL can significantly
enhance students’ computational thinking abilities.

In addition, a 2024 meta-analysis examining student motivation found a positive
overall effect of problem-, project-, and case-based learning approaches on motivation,
although the magnitude of effects varied across contexts.

These findings are relevant to Computer Graphics because successful graphics
projects require students to decompose complex tasks, identify relationships between
visual and computational elements, develop algorithms, and evaluate the quality of
their solutions.

3.3. Spatial visualization in computer graphics

Spatial visualization refers to the ability to mentally manipulate, transform, and

understand objects and relationships in space. It is particularly important in Computer
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Graphics because students must frequently work with three-dimensional objects
represented within two-dimensional interfaces.

For example, when students rotate a 3D object, they must understand how its
position changes relative to different coordinate axes. Similarly, camera
transformations require students to conceptualize the relationship between an object, a
viewer, and a virtual environment.

Computer Graphics projects provide repeated opportunities to practice these
abilities. Students may manipulate objects, change camera positions, apply
transformations, construct 3D scenes, and observe the visual consequences of
mathematical operations.

Research on Computer Graphics education provides empirical support for this
relationship. Gonzalez Campos et al. (2019) found that participation in a Computer
Graphics course was associated with improvements in visual-spatial performance.

More recent research involving 3D virtual environments has similarly
demonstrated that technology-supported project or problem-based learning can
enhance conceptual understanding and spatial skills, including spatial visualization and
mental rotation.

4. Theoretical foundations
4.1. Constructivist learning

Project-Based Learning is strongly connected to constructivist theories of
learning. From a constructivist perspective, learners actively construct knowledge
through interaction with problems, environments, tools, and other learners.

In Computer Graphics education, students do not simply memorize
transformation matrices or rendering concepts. Instead, they can discover how these
concepts operate by applying them to practical tasks.

For example, rather than studying rotation matrices exclusively through
mathematical exercises, students can be asked to create a 3D object and implement
interactive rotation. Through this activity, mathematical knowledge becomes
connected to a visible and manipulable outcome.

4.2. Experiential learning

Computer Graphics is particularly suitable for experiential learning because
students can immediately observe the consequences of their actions.

A student may modify a lighting parameter, render a scene, observe the resulting
visual change, and then revise the parameter. This cycle of action, observation,
reflection, and modification creates an experiential learning environment.

Project-based tasks therefore transform abstract concepts into observable
phenomena.
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4.3. Computational thinking

Computational thinking is another important theoretical foundation for project-
based Computer Graphics education.

Graphics projects require students to:

« decompose complex problems;
« identify relevant variables;

« recognize patterns;

« formulate algorithms;

« Use abstraction;

o test solutions;

« debug errors;

« optimize their implementations.

A project such as developing a simple 3D animation therefore involves more
than artistic production. It requires students to reason computationally about
movement, transformations, timing, interaction, and rendering.

The 2024 meta-analysis by Zhang et al. provides broader evidence that project-
based learning can contribute to computational thinking development across
educational contexts.

Conclusion

Computer Graphics education requires students to integrate mathematical
reasoning, programming, visualization, design, and problem-solving. Because these
competencies are interconnected, teaching them exclusively through lectures and
isolated exercises may not provide sufficient opportunities for students to apply
knowledge in meaningful contexts.

The literature reviewed in this article suggests that Project-Based Learning can
provide a suitable pedagogical framework for Computer Graphics education. Project-
based activities allow students to transform abstract concepts into practical products,
repeatedly manipulate two- and three-dimensional objects, analyze visual results,
debug computational problems, and make design decisions.

Evidence from Computer Graphics education indicates that coursework
involving geometric transformations can contribute to the development of visual-
spatial abilities. Broader research on project-based learning also indicates positive
relationships with computational thinking and student motivation.

However, PBL should not be viewed as a universal solution. Its effectiveness
depends on appropriate project design, student readiness, teacher guidance,
technological accessibility, and meaningful assessment. Projects should be sufficiently
challenging to promote higher-order thinking while remaining manageable for learners
at their current level of expertise.
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Overall, the integration of project-based learning into Computer Graphics
courses can create a learning environment in which students do not simply learn how
computer graphics works, but also learn how to use computer graphics knowledge
to design, create, analyze, and solve problems. This shift from passive content
acquisition toward active production may contribute to the development of technical,
cognitive, creative, and professional competencies required in contemporary digital
environments.

References:

1. Gonzalez Campos, J. S., Sdnchez-Navarro, J., & Arnedo-Moreno, J. (2019). An
empirical study of the effect that a computer graphics course has on visual-spatial
abilities. International Journal of Educational Technology in Higher Education,
16, 41. https://doi.org/10.1186/s41239-019-0169-7

2. Heinemann, B., Go6rzen, S., & Schroeder, U. (2023). Teaching the basics of
computer graphics in virtual reality. Computers & Graphics, 112, 1-12.
https://doi.org/10.1016/j.cag.2023.03.001

3. Kiglk-Avey, S., Akgiin, O. E., & Balkan-Kiyici, F. (2024). Comparison of the
effects of PBL in 3D virtual environment and F2F on learning and spatial skills.
Education and Information Technologies, 29, 23121-23154.
https://doi.org/10.1007/s10639-024-12686-z

4. Loyens, S. M. M., van Meerten, J. E., Schaap, L., & Wijnia, L. (2023). Situating
higher-order, critical, and critical-analytic thinking in problem- and project-based
learning environments: A systematic review. Educational Psychology Review, 35,
39. https://doi.org/10.1007/s10648-023-09757-X

5. Wijnia, G., Noordzij, G., Arends, L. R., Rikers, R. M. J. P., & Loyens, S. M. M.
(2024). The effects of problem-based, project-based, and case-based learning on
students’ motivation: A meta-analysis. Educational Psychology Review, 36, 29.
https://doi.org/10.1007/s10648-024-09864-3

6. Zhang, W., Guan, Y., & Hu, Z. (2024). The efficacy of project-based learning in
enhancing computational thinking among students: A meta-analysis of 31
experiments and quasi-experiments. Education and Information Technologies, 29,
14513-14545. https://doi.org/10.1007/s10639-023-12392-2

7. Farshad, S., & Fortin, C. (2026). An umbrella review of meta-analyses on project-
based learning: Effects on academic achievement, higher-order thinking, and 21st-
century skills. Educational Research Review, 52, 100809.
https://doi.org/10.1016/j.edurev.2026.100809

8. “Computer Graphics teaching challenges: Guidelines for balancing depth,
complexity and mentoring in a confinement context.” (2021). Graphics and Visual
Computing, 4, 200021. https://doi.org/10.1016/j.gvc.2021.200021

@ https://modernedu-dv.org [ 54 ] 78-son_1-to’plam_Oktabr -2026


https://modernedu-dv.org/
https://doi.org/10.1186/s41239-019-0169-7
https://doi.org/10.1016/j.cag.2023.03.001
https://doi.org/10.1007/s10639-024-12686-z
https://doi.org/10.1007/s10648-023-09757-x
https://doi.org/10.1007/s10648-024-09864-3
https://doi.org/10.1007/s10639-023-12392-2
https://doi.org/10.1016/j.edurev.2026.100809
https://doi.org/10.1016/j.gvc.2021.200021

