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Abstract

Hack More was a one-day educational hackathon open to all and designed to be accessible to participants with any level of
background in Computer Graphics, with a particular focus on bachelor-level students and with the goal of attracting young
talents to the field. The challenge centered on modeling and rendering through Constructive Solid Geometry (CSG), a topic
rarely emphasized in standard Computer Graphics courses. This choice helped ensure a more uniform baseline among partici-
pants, required minimal prerequisites, and offered an engaging and stimulating learning experience. In this paper, we describe
the motivation and the organization leading to the event, and the material and tools that were developed. Finally, we discuss
opportunities and directions for future hackathons, based on the feedback collected from this experience.

CCS Concepts

e Computing methodologies — Mesh geometry models; Ray tracing; Solid Modelling; * Applied computing — Interactive

learning environments; Computer-assisted instruction;

1. Introduction and context

In the last decade, education in Computer Graphics (CG) and,
more generally, in Computer Science has faced notable pedagog-
ical challenges. Educators struggle to engage students through con-
ventional formats of lectures followed by laboratory exercises, as
the passive presentation of material often fails to motivate students
or convey the practical depth of CG topics. Studies indicate that
replacing purely lecture-based teaching with interactive, project-
based learning strategies can significantly improve student engage-
ment and learning outcomes in CG education, although such ap-
proaches may require greater effort from both students and teach-
ers [RMV*21, Lial7]. These findings further support the effec-
tiveness of student-centered and experiential learning approaches,
highlighting how project-based activities can bridge the gap be-
tween theoretical education and the development of practical skills
relevant to real-world applications [AKAZ24]. Modern CG courses
are increasingly adopting active, project-based methods to make
core concepts tangible and to support student motivation.

In parallel, among pedagogical tools aimed at promoting inno-
vation, experiential learning, and the practical application of the-
oretical knowledge, hackathons have gained increasing relevance
[CGHA]. Originally conceived as time-constrained programming
competitions, hackathons are now defined as intensive collabora-
tive events where small teams work under pressure to prototype
solutions to specific challenges. Participants spend from a few
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hours to days in focused problem-solving, which both tests and
deepens their knowledge of the underlying concepts [AKB25]. By
engaging participants in intensive, time-constrained collaborative
problem-solving activities, hackathons provide experiential learn-
ing environments that simulate real-world conditions and effec-
tively support the integration of theoretical knowledge with practi-
cal skills, while promoting teamwork, creativity, and technical ex-
pertise [SGBR25].

With this premise, we conceived Hack More, an educational
hackathon focused on CG. It was designed and organized by re-
search scientists in the CG field, belonging to the Hack More Asso-
ciation [ANO], whose mission includes promoting greater aware-
ness of and interest in CG in Hack More, as well as improving com-
munication among individuals with an interest in CG. Therefore,
the hackathon fits naturally within the range of activities carried
out by Hack More, which already includes the organization of con-
ferences, discussion groups, and workshops, and the maintenance
of relationships with other similar national and international associ-
ations. By integrating the hackathon into Hack More portfolio, we
leveraged the association’s network and communication channels
to publicize the event and strengthen its educational mission.

From an awareness-raising perspective, Hack More specifically
aimed to connect students and individuals with limited or no prior
research experience closer to the field of CG. In particular, our tar-
get participants included undergraduate students in bachelor’s de-
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gree programs who may have learned some programming or graph-
ics basics but had not engaged in academic research. The hackathon
challenge was designed to be accessible yet substantial, so that
teams could learn by doing, without excessive prior knowledge.
To encourage broad participation and sustained effort, we offered
a monetary prize and an official award from the Hack More to the
team that best faced the challenge. The winning team received a
500-euro prize and a 3D-printed Hack More logo with a wood-
effect mounted on a transparent frame, providing both incentive
and recognition within the learning experience.

The event structure encouraged students to work in small teams,
deliberately composed of complementary skills, pairing a 3D mod-
eler/designer with a developer. This configuration mirrors real-
world CG projects, which require both aesthetic and technical ex-
pertise, and allows teammates to learn from each other’s strengths.
By providing only a basic set of guidelines and focusing the chal-
lenge around the theme Synthetic Yet Organic: Crafting Life from
Primitives, Hack More encouraged teams to rapidly prototype so-
lutions under time constraints, experiencing a condensed and open-
ended CG development cycle, from conceptual exploration to the
presentation of a tangible result, that goes beyond what is usually
achievable through traditional lectures alone.

2. Related Work

Hackathons have been increasingly studied as educational and col-
laborative formats within Computer Science and Software En-
gineering [CG23, HSRM22, PKI*18]. Prior work characterizes
hackathons as short, intensive, and team-based events that pro-
mote rapid prototyping and experiential engagement with complex
technical challenges [NM16]. Several studies report positive ef-
fects on students’ motivation, engagement, and the acquisition of
practical skills, particularly when traditional lecture-based teach-
ing is insufficient to fully convey the complexity of the topics cov-
ered in teaching activities. Within computer science, hackathons
have been adopted as informal or semi-formal learning environ-
ments, often supplementing standard curricula by emphasizing col-
laboration, creativity, and autonomy [PKI*19]. Research has high-
lighted their effectiveness in promoting problem-solving skills and
interdisciplinary thinking, while highlighting the challenges related
to assessment, time constraints, and participants’ diverse back-
grounds [SC24]. As shown by [Edm25], these events provide a risk-
free milestone where students can experience a full development
cycle and exercise the opportunity to fail without academic penalty.
However, existing studies focus on general programming, software
engineering, data science, or hackathon design principles rather
than the educational particularities of a specific domain. Conse-
quently, there is limited empirical evidence and guidance on how to
adapt hackathons to domains whose competence skill profiles and
assessment criteria differ substantially from traditional program-
ming activities.

CG is one such domain. Teaching CG, modeling, and rendering
are topics widely recognized as particularly challenging due to the
combination of a strong mathematical foundation (linear algebra,
geometry, numerical methods), with diverse algorithmic reason-
ing (visibility, shading, sampling), a broad range of software tools
(APIs, rendering systems, and visualization pipelines), and signifi-

cant design and implementation aspects. Prior work has shown that
effective CG education requires curricula that integrate both the-
oretical principles and practical laboratory experiences, including
low and high-level algorithms, geometric transformations, visual-
ization pipelines, and application programming interfaces, and that
these components should be tailored to the needs of different en-
gineering and computer science programs rather than treated as
isolated topics [Paq05, dSO1]. Prior educational approaches in CG
emphasize incremental assignments and visual feedback to support
conceptual understanding and practical competence [Rom13]. In
this context, activity-led learning has been proposed to introduce
the subject in a broad and accessible way, allowing students to un-
derstand the overall field of CG before focusing on complex details.
For example, [APH*12] showed that involving students in a six-
week challenge, such as building a 3D drawing application with
a hardware interface, can reduce negative perceptions about com-
puting degrees and improve student retention through engaging,
project-based learning. However, the intensive and creative nature
of graphics pipelines, particularly in modeling, rendering, and geo-
metric processing, poses unique educational challenges that are not
fully addressed by typical course structures. Unlike many program-
ming tasks, where correctness can be judged objectively through
a series of test suites, success in CG depends on a combination
of objective criteria (e.g., performance, numerical stability, correct-
ness of geometric operations) and subjective criteria (visual quality,
aesthetics, perceptual plausibility).

CG projects, therefore, require: (i) knowledge or the ability to
learn specialized software tools; (ii) careful integration of visual-
ization debugging workflow; (iii) time for iterative tuning of mod-
elling parameters and rendering; (iv) evaluation protocols that com-
bine quantitative with qualitative review. However, recent studies
in computer science education emphasize conventional or project-
based learning frameworks, such as systematic investigation of how
project-based learning is implemented and assessed in software-
related courses [SHL*25] or analyses of classroom organization
and teaching methods in higher education [Sha25]. These contri-
butions offer valuable insights into organizing learning activities
and assessing practical outcomes, but they do not specifically ad-
dress the educational needs of CG, where domain-specific knowl-
edge, visual and geometric reasoning, and the integration of model-
ing and rendering tools introduce distinctive educational challenges
that go beyond standard software engineering or classical project-
oriented paradigms. In this context, activity-led instruction high-
lights the importance of integrative tasks, which enable students to
combine different skills, such as mathematical knowledge and cre-
ative design, while solving real-world problems. This supports a
shift from traditional lectures to student-centered, learning by do-
ing approaches, which are essential for preparing graduates for the
creative industries [AP09]. Our approach also aligns with broader
efforts to integrate research and creative production in CG educa-
tion. In this context, [GMP14] describes a pedagogical method that
groups individual student research topics into a collective artistic
project, simulating professional studio pipelines to solve specific
technical and aesthetic stakes. Similarly, [AMG*24] emphasizes
the importance of promoting undergraduate research through ex-
tracurricular and practice-based initiatives that emphasize the op-
portunity to fail. [SWLR17] suggests that a top-down approach,
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starting with a complex project like a game or simulation and
breaking it down into modules, can increase student motivation and
help them to absorb the foundations of the field through practice.
However, such project-based approaches often require high levels
of supervision and can be difficult to implement in large-scale set-
tings. These strategies, much like Hack More, aim to bridge the
gap between vocational training and the advanced research and de-
velopment skills demanded by the creative industries by provid-
ing a low-risk environment for experimentation and independent
problem-solving.

Despite the growing adoption of hackathons in Computer Sci-
ence education, there is a notable lack of studies examining
hackathon-based learning experiences explicitly designed for CG
and visual computing. To the best of our knowledge, no prior work
systematically investigates hackathons centered on modeling and
rendering tasks, nor on geometric representations such as construc-
tive solid geometry, which require both conceptual rigor and hands-
on experimentation. Our work is positioned at the intersection of
these research areas by presenting and analyzing Hack More, a
hackathon specifically designed for modeling and rendering in CG.
By focusing on domain-specific challenges, tools, and learning ob-
jectives, we aim to contribute empirical insights into the effective-
ness and limitations of hackathon-based formats for CG education,
complementing the existing literature on both hackathons and CG
education. Finally, Hack More try to blend programming with
artistic experimentation by encouraging participants to use their
imagination to face the difficulties of converting strict technical and
platform constraints into creative signatures [FE26].

3. The challenge

The proposed challenge consisted of modelling a scene with
Constructive Solid Geometry (CSG) [Fol96] and writing the code
to render it. This choice is motivated by a number of considerations.

Similar starting conditions. CSG is a topic typically referred in
the typical introductory CG courses, but not investigated in depth,
which means that we could be reasonably confident that all the
participants could start from a similar level of knowledge.

Ability in modelling, not accomplished users. We wanted the mod-
elers to be able to demonstrate their creativity as 3D artists without
relying primarily on their proficiency with specific software suites
such as Blender. To our knowledge, none of the major industrial
3D modeling tools is designed around the CSG paradigm, even
though it can be approximated. Instead, we suggested the use of
OpenSCAD [Mar24], an open-source, lightweight application that
operates through a simple scripting language.

Minimum background knowledge for feasibility and simplicity.
CSG concepts are intuitive and easy to grasp, and they can be ex-
plained in a matter of minutes. This is a good fit, given the duration
of our event (10.5 hours).

We designed the challenge to be completed in teams of two par-
ticipants: one acting as the modeler and the other as the render-
ing developer. The modeler is tasked with the creation of the 3D
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Q: How many primitives is this
3D logo made of?
A: 0

Figure 1: The image sent to the participants two days before the
hackathon to hint what the challenge could be about.

object or scene, while the developer is expected to implement the
rendering engine. This structure implies a balance and coordination
between the two roles. It would be pointless to author a scene if the
renderer is unable to handle it properly (in terms of scalability, sup-
port of operations and primitives, etc); viceversa, supporting more
features in the renderer is only useful if the authored scene makes
(good) use of them. Ultimately, the more the two team members
complemented each other’s contributions, the better the final result.

3.1. Introduction to the challenge

The precise nature of the challenge was not revealed to participants
in advance. All that was publicly announced is the nature of the
teams (modeler, developers), which could be registered as such or
formed on the spot. As a teaser, emails were sent to participants two
days before the hackathon with the hint displayed in Figure 1. Upon
arrival, the participants were presented with an introductory talk
(one hour) explaining the task and the basic nature of the algorithms
to complete it. This talk covered the following topics:

e definition of CSG: union, intersection, and difference operators
between a pair of solids and CSG tree;

e demo of OpenSCAD as a modelling tool;

e basics of ray-tracing: definition, building the rays, ray-primitive
intersections, normal computation;

e direct ray tracing the CSG tree, ray intersection as a list of spans
and operators of pair of lists;

e ray marching Signed Distance Function (SDF): definition of
SDF, ray marching techniques;

e practical setup and file formats (see Section 4).

We allowed the use of automated tools such as large language
models, but only in their free versions, to avoid giving an unfair
advantage to participants with paid subscriptions. We considered
prohibiting or restricting the use of Al, but we concluded that doing
so would have been both impractical and out of touch with current
practices. The implications of allowing these tools are discussed in
Section 7.
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4. An easy setup

We wanted participants to direct their effort as much as possible to
the CG challenge itself, and not to set up the work environment,
or on preliminary, tedious programming tasks. At the same time,
we wanted to guarantee full freedom in the choice of programming
languages, IDE and platform (as clearly notified to the participants,
two weeks before the event, at the time of registration). These con-
flicting requirements dictated a few choices, explained in the fol-
lowing.

First of all, we limited the required software installation to
OpenSCAD [Mar24]. OpenSCAD offers a solid one-click multi-
platform installer (running on Windows, Linux, and Mac). A cru-
cial choice concerned the interchange format defining the authored
CSG objects, which serve as the common ground connecting the
participants of the two categories (modelers and rendering devel-
opers).

OpenSCAD uses a full scripting language (.scad) to describe 3D
models and scenes, supporting variables, modules, loops, functions,
and parametric design. However, we needed to avoid burdening
developers with the need to write a parser for this language, sup-
porting all its many features. However, OpenSCAD can export in
a format named .csg, which is still human-readable, but no longer
a scripting language. Instead, the .csg format records the evaluated
CSG tree directly, as a flat, explicit sequence of primitives, trans-
formations, and Boolean operations with all variables resolved and
all loops unrolled. The tree encoded with the CSG format has three
types of nodes: an actual (U N \) operation, a color, or a transfor-
mation matrix, the latter two meant to be applied to the sub-tree
rooted at the node.

While the CSG format is much easier to parse, but still dispro-
portionate to its importance in our context. Instead, we employed
our own custom format, specifically designed for trivial parsing in
any language, without compromising on the expressiveness. Our
format is obtained from the CSG by visiting the tree and cumulat-
ing color and transformation operation down to the leaves, so that
we obtain a tree where the nodes are only operators and where each
leaf is a primitive with a matrix transformation and a color.

We made a further simplification: in the CSG specification,
solid primitives defined on the leaf nodes (of type sphere, cube,
or cylinder) can be centered either at the origin or on a cus-
tom point, and their extension is explicitly stated; in our simpli-
fied format, primitives are always implicitly unit-sized and origin-
centered, their original dimension and position being simply em-
bedded in the transformation matrix associated to the leaf.

Finally, our encoded CSG tree is always binary: for example, the
union of three objects is represented by two unions in cascade. Our
custom format is based on JSON, whose parsing is supported by
either libraries or core features in most programming languages.
Figure 3 exemplifies our custom specification for the object shown
in Figure 2.

Participants could convert their own solid objects to our simpli-
fied format by means of a LAN-based web service, by uploading
the CSG file exported by OpenSCAD, and immediately download-
ing the converted description. By providing this service as a web-

n

VT, S ToP; M: Ty S T3P.
Col: red Col: red
type:Sphere| |type:Cyl

P;: uniform scaling matrix by 0.1

Sphere(0.1) P.:scaling matrix by 0.1,0.2,0.1

Cylinder(0.1,0.2,1)

Figure 2: Left: an example of the tree encoded by the CSG format.
The nodes can be CSG operators or color and transformations af-
fecting the whole subtree. Right: the corresponding CSG tree with
transformation and color stored on the leaves/primitives.

{

"primitives": [
{
"matrix": [
[1.000000, 0.000000, 0.000000, 0.000000],
[0.000000, 1.000000, 0.000000, 0.000000],
[0.000000, 0.000000, 1.000000, 0.0000007,
[0.000000, 0.000000, 0.000000, 1.000000]

1r
"color": [0.000000, 1.000000, 0.000000, 1.000000],
"type": 0, // O-sphere, l-cube, 2-cylinder

"id_node": 1 // reference to the corresponding leaf in nodes

"matrix": [
[1.100000, 0.000000, 0.000000, 0.000000],
[0.000000, 1.100000, 0.000000, 0.0000007],
[0.000000, 0.000000, 1.100000, 0.000000],
[0.000000, 0.000000, 0.000000, 1.000000]
1,
"color": [0.000000, 1.000000, 0.000000, 1.0000007,
"type": 2,
"id_node": 2
}
1,
"nodes": [-1, 0, 1], // -1: union, -2: intersection, -3:
difference, >0: reference to the primitive
"parent": [-1, 0, 0],
"children": [[1, 2], null, null

Figure 3: Encoding of the CSG tree. Additional comments have
been added for clarity, and are not produced by our tools.

based online tool, we avoided the need of installation of any addi-
tional tool.

5. Suggested path

Our target participants include students who only attended intro-
ductory university courses on CG; therefore, we illustrated in the
initial talk a 9-step suggested path, guiding them from scratch to a
first working prototype (see Figure 4):

1. Viewing ray setup. Write the code to build one ray per pixel.

2. Ray-sphere intersection. Render one sphere at the center of the
view, compute the intersection point and normal.

3. Add some simple lighting and shading (necessary to produce
readable images).

© 2026 The Author(s).
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4. Write code to load test_00 (a sphere) and test_01 (a sphere non-
uniformly scaled, rotated, and translated); this is a test to check
if the transformation matrix is correctly interpreted and used.

5. Implement the union of spheres (test_02, test_03, test_04). This
is the first CSG operator on 3 objects made just with spheres.

6. Implement the intersection of spheres (test_05,test_06)

7. Implement the difference between spheres (test_07)

8. Rendering a full CSG (test_08). This model combines 16 spher-
ical primitives using all boolean operations.

9. As the last step: add different primitive types: cubes and cylin-
ders. The proposed tests for this step were the model displayed
on the Wikipedia page for CSG, and the model we used to 3D
print the logo of the competition.

o ©

test_00 test_01 test_02
b < o
test_03 test_04 test_05
] a
b <«
test_06 test_07 test_08
e @
wikipedia Hack More

Figure 4: The models given to the participants to test their code.

6. Evaluation

A jury evaluated each submission by participants and assigned
prizes. The evaluation focused on the correctness and completeness
of each team’s final outcome within the progressive structure of the
challenge. Since every step in the development path was strictly
propaedeutical to the next, the assessment concentrated on the most
advanced stage reached.

Projects were primarily judged on their demonstrated ability to
generate visually coherent renderings for the reference scenes, with
particular attention to the correct handling of hierarchical transfor-
mations, CSG operations (union, intersection, difference), and ba-
sic shading. The final outputs were compared with the expected
results for the provided test suite.

The modelling assignment, created in OpenSCAD, was evalu-
ated based on the meaningful use of CSG concepts, structural clar-
ity, effective application of transformations, and creativity. The ob-
jective was to assess both conceptual understanding of CSG mod-
elling and artistic talent.

© 2026 The Author(s).
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Figure 5: Some rendering results.

Clarity and organization of the submitted code were also consid-
ered, favoring implementations that were well-structured and read-
able. Although computational efficiency was not a formal require-
ment, noticeable optimizations that improved rendering time with-
out compromising correctness were acknowledged informally.

Table 1: Summary of evaluation criteria and weights.

Description Weight
Most advanced work- 60%
ing stage; correctness

and visual consistency

Clarity of structure; use 25%
of transformations; cre-

ativity

Readability, structure, 15%
maintainability

Simple optimizations +5%
without loss of correct-

ness

Criterion
Final rendering outcome

CSG-based modelling

Code clarity

Efficiency (bonus)

7. Discussion

This section discusses the main outcomes of the hackathon, based
on direct observation during the event and examination of the sub-
mitted codebases, as well as a questionnaire administered after the
hackathon. The questionnaire cannot be used for statistical analy-
sis, given the low number of participants, but it provides a struc-
tured and reproducible account of their experience. Nine students
participated in the event, divided into six teams: three pairs and
three individual participants. Please note that the participants were
free to form a team of two, as suggested, or participate by them-
selves. Only two participants considered themselves CG experts,
while the remaining ranged between beginner and intermediate lev-
els. Almost the entirety of the participants rated themselves be-
tween beginner and intermediate in ray tracing, Constructive Solid
Geometry, and 3D modelling in general. None of the participants
had previous knowledge of OpenSCAD.

All teams were able to produce a partially or fully working im-
plementation within the intended time. The degree of complete-
ness varied: some renderers lacked support for some of the prim-
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itive types or boolean operations; others exhibited rendering bugs.
However, every team reached the first functional milestone. No-
tably, the first rendered images appeared within approximately the
first hour of the activity, indicating that the initial entry barrier was
sufficiently low, as intended.

The rapid initial progress validates the premise of our work: the
combination of a constrained problem domain (CSG), a minimal
set of primitives, and a guided development path was effective in
enabling participants to move quickly from a blank project to a
visible result. Even incomplete implementations typically demon-
strated a correct understanding of ray construction, basic intersec-
tion logic, and shading, confirming that the core learning objectives
were attainable within the time frame.

The primary difficulty reportedly encountered by participants
was debugging. This challenge stemmed not from algorithmic com-
plexity alone, but also from the need to understand, adapt, and cor-
rect code that was not entirely written by the participants them-
selves. In many cases, parts of the codebase were generated with
external assistance or adapted from existing sources, increasing the
cognitive load required to reason about failures.

As seen in Section 5, we anticipated the importance of debug-
ging and provided a structured development path accompanied
by incremental test scenes, each isolating a specific feature (e.g.,
transformations, individual CSG operations). This approach proved
helpful in identifying localized issues and validating intermediate
steps. However, its effectiveness was inherently limited once mul-
tiple interacting components were combined, particularly in full
CSG trees, where errors could originate from several layers of the
pipeline. As aresult, debugging complex scenes remained the dom-
inant bottleneck in the later stages of development.

Al-based coding tools played a central role in the development
process. They were widely used to bootstrap the rendering infras-
tructure, including tasks such as window creation, graphics library
initialization, and basic application scaffolding. In several cases,
the generated code clearly reflected that participants had provided
the AI with the introductory slides and the assignment description,
which was evident from consistent naming conventions and struc-
tural similarities across different submissions.

The effectiveness of Al assistance was further amplified by the
availability of high-quality open-source resources and technical
blogs on ray tracing, signed distance functions, and CSG model-
ing. As a result, Al-generated code was often technically sound at
a local level. However, subtle mismatches in conventions—such as
assumptions about primitive parameterization (e.g., whether a cube
is centered at the origin or defined from a corner), coordinate sys-
tems, or normal orientation, frequently led to rendering artifacts or
logical errors and required careful inspection and debugging.

Overall, Al tools significantly accelerated early development but
did not eliminate the need for a solid understanding of the underly-
ing geometric and rendering concepts, particularly when diagnos-
ing non-obvious bugs.

7.1. The benchmark participant

One of the organizers participated the challenge (although not in
an official capacity). This person contributed solely to the logis-

tics of the event but not in the technical preparation, and therefore
had no prior knowledge of the challenge content, at par with the
“real” participants. Their experience provided with some additional
confirmation (if anecdotal) on the efficacy of our design choices.
The difficulty curve resulted to be well calibrated, the progression
of milestones closely following the intended path. The activity re-
sulted engaging and enjoyable, even for an experienced participant.

8. Conclusions

Hack More shows exemplifies how hackathons can be effectively
adapted to domain-specific challenges in CG education. By focus-
ing on modeling and rendering with CSG, the event engaged par-
ticipants with varying levels of experience, providing a common
starting point while introducing them to non-trivial geometric and
algorithmic tasks. The combination of minimal initial guidance, a
clear progressive development path, and complementary team roles
encouraged collaboration, creativity, and iterative problem-solving.
Most teams were able to produce functional implementations, with
some completing the full modeling and rendering pipeline, showing
that even a short, intensive format can support meaningful experi-
ential learning and bridge theory with practice. At the same time,
the limited duration constrained the depth of exploration, and not
all participants were able to implement every aspect of the chal-
lenge. Hack More highlights the potential of hackathon-based ap-
proaches to complement traditional CG education, foster motiva-
tion and engagement, and provide a practical experience with real-
istic workflows in visual computing.
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