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Abstract

Computer graphics is a topic that incorporates high-performance programming, advanced mathematics, and knowledge of
physics. Typically taught at later years of university education, the expectation is to deliver advanced concepts, nearing state of
the art technology. However; with the need to assess a wide range of aspects, designing an assessment strategy that encourages
high achievers while allowing success for people struggling with basic concepts usually ends favoring one of the groups,
leading to high amounts of failure, or compromises in terms of covered content and challenge. In this paper we present a
practical programming assignment strategy to cater to students with varied background knowledge, allowing for extensive
feedback, evaluation of highly advanced concepts, and a manageable workload. Our approach was validated in three different
cohorts over three years, resulting in positive feedback, better performance, and better coverage of the material.
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1. Introduction

Assessing student knowledge in advanced computer graphics
courses effectively is a challenging task [SWLR17]. Computer
graphics often covers a wide range of topics [BWF18], ranging
from mathematics and physics to hands-on software engineering
and utilizing specific APIs.

As an advanced course, and not an introductory course to
computer graphics, we have the desire to push the boundary of
what is taught to prepare students with advanced skills to join
an increasingly competitive job market. We have therefore cho-
sen to focus on practical exercises and assignments, where stu-
dents implement several different aspects and methods in ren-
dering. This implementation-heavy approach brings several chal-
lenges. We have to deal with large variations in prior knowledge.
The focus on practical work can bring a heavy workload to stu-
dents, further amplifying differences. The core challenge has been
to organize our work and assessment to help students cope with
the workload, help with planning, all without compromising on the
content that we want to cover and assess.

Herein, we report our findings in the context of the masters
course, Advanced Rendering, taught in our Higher Education Insti-
tution. In this paper, we describe the assessment strategy introduced
over the past three years with the following goals:

cover theoretical and practical elements at different levels
require familiarity with a core selection of essential topics
more opportunities for feedback and problem-based learning
a balanced level of challenge and resulting grade profile
manage use of generative Al in completing assignments.
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2. Previous work and motivation

In this sections we describe the different challenges we tackle in
our assessment design, and the related literature to each one.

Breadth: Computer graphics requires integrating different ar-
eas of knowledge such as mathematics, physics, programming and
spatial reasoning. [BWF18]. Raytracing is a good example, com-
monly considered one of the most challenging aspects of many
computer graphics courses. Previous research [LWLR*25] has sug-
gested further integration of practical exercises and strengthen-
ing students fundamental knowledge through visualization and
practical examples. This finding is in line with previous research
which favours teaching computer graphics courses “in a context”
[Cun08, APH*12], meaning with an application in mind. This has
been shown to increase both student motivation and understanding
of certain concepts, such as transformations and rendering. In fact,
practical assignments help further establish their spatial reasoning
capabilities through visualization of the mathematics students are
being taught [RHLL20]. This relationship between spatial skills
and performance in computer graphics courses has been demon-
strated by Resnick et al. [LWLR22], which motivates considering
theoretical concepts alongside practical exercises as a good assess-
ment method for computer Graphics.

Marking: While successful experiences on automated mark-
ing have been reported by previous work [HWD*25, WCS™* 18], the
type of questions supported tend to be limited to pipeline states
and parameters, or pixel-wise comparisons which may not be accu-
rately representative of how correct or incorrect a rendering process
is. While relevant in a large undergraduate cohort, we describe our
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Figure 1: Different stages of the practical tasks in our course. From left to right: state after self-guided tutorials, basic tasks (Assignment 1)
and advanced tasks (Assignment 2). Top: ray tracing components. Bottom: rasterization components.

efforts for a masters level course with 20-40 students. Another limi-
tation of automated marking is providing meaningful, personalized
feedback to each learner.

Support: We would like to introduce a problem based learn-
ing (PBL) [YG16] approach integrated with the assessment so stu-
dents can work through problems on their own. PBL has gained
popularity recently promoting better knowledge retention [BBA09]
even with little guidance. However, critics of this method point to
the need of excessive scaffolding to prevent students from failing,
which in consequence decreases how advanced the taught content
can be [SKC07]. We believe this can be addressed by providing
scaffolding on basic content, but removing it for advanced tasks.

API: While OpenGL remains a popular API for learning, the
games industry especially is often working with more modern
APIs, including Direct3D and Vulkan. Fortunately, these mod-
ern APIs share many concepts. No-API approaches have been
proposed [Gei25], and these have found success in introductory
courses. However, in preparing students to the job market, familiar-
ity with the concepts shared by modern graphics APIs is a signifi-
cant advantage. Unterguggenberger et al. [UKW23] describe their
efforts in teaching a course split between Vulkan and OpenGL, with
split results on performance. They demonstrate viability of teaching
the Vulkan API, albeit using a custom abstractions for a more gen-
tle introduction. While we believe OpenGL can still be used as an
introductory API thanks to its relative simplicity, reasonable sup-
port in many devices, we also focus heavily on the more up-to-date
Vulkan API for our MSc-level course. Nevertheless, (post-)modern
OpenGL shares some concepts with the more modern APIs, mak-
ing it possible to use it to introduce concepts like shaders and data
management (textures, buffers) early.

3. Assessment strategy

In our advanced courses, we have focused on assessment through
practical assignments. Our goal is to give students an opportunity
to practice graphics software engineering, as this is very likely a
central component in their early career. We want to pose real-world
problems in a problem-based learning approach, where there is am-
ple of opportunity for feedback and support during their work.

A core shift in our approach is split the assessment by level of
challenge, instead of by theme. Previously, we organized the teach-
ing by topics. For example, in the rendering course, we cover ray
tracing and rasterization as two central topics. We split each topic
into multiple small assignments covering different aspects of the
topic, with each assignment spanning tasks with increasing diffi-
culties. This is quite a common approach [LWLR*25].

We observed a few challenges with this approach in our student
cohorts. One challenge related to the timing of assignments with
the delivery of teaching. Assignments could only be handed out
once significant portions of the content were covered, especially
for more advanced aspects of the material. In practice, this reduced
the time left for the practical work. Advanced problems would nat-
urally take more time to complete. We found that students would
often attempt to complete every task on a given assignment, includ-
ing very advanced ones, to the detriment of balancing the workload
between different courses or even subsequent assignments. The fo-
cus on early advanced tasks would also encourage skipping later,
potentially more fundamental content. The approach left less time
to provide feedback on fundamental concepts (e.g., such that were
part of later assignments).

Course structure: To provide context, we will first outline the
practical structure. Some limits, e.g. course duration, are often im-
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posed externally and can be difficult to influence for individual
courses.

Our course runs over 8 weeks, with 5 hours of lectures and 6
hours of lab time scheduled each week. We have organized the as-
sessment into two practical assignments. The first two weeks are
dedicated to foundational concepts, introducing different render-
ing approaches (ray tracing with path tracing, and the rasterization
pipeline). This is followed by two weeks focusing on modern ren-
dering APIs and hardware, and specifically the Vulkan API. The
remaining four weeks are dedicated to a core selection of modern
rendering techniques and advanced methods. We supplement lec-
tured content with practical (non-assessed) exercises/tutorials. All
practical content -exercises and assignments- is handed out in the
first day of teaching to support student planning. By Week 4, all
the taught content required for the first assignment will have been
covered. Students are expect to be able to complete it from then on.

3.1. Assignment 1: Pass/Fail

The first assignment is a pass/fail assignment. It must be completed
fully by each student to receive a passing grade for the course.
Completing it will also always award a 50% grade, which is the
minimum required to pass a course at our institution. The assign-
ment is split into a ray tracing and a rasterization component.

Given the usual coverage of topics in computer graphics
courses [BWF18], we consider these to be the concepts a student
should grasp to be approved in an “advanced course”.

Ray tracing: Students implement a Whitted-style ray tracer with
direct illumination calculation, secondary rays for shadow testing,
and a recursive approach for reflections (1B). This is implemented
over an OpenGL framework where students complete a rasterized
reference renderer in a self-guided tutorial (1A), which includes a
simple pipeline to display the ray traced results (1A, right). The ray
tracer itself is implemented on the CPU, optionally accelerated with
OpenMP. The focus is to ensure understanding of transformations,
coordinate spaces, shading; to demonstrate the structure of a simple
ray tracer; and begin exposing students to some of the core render-
ing problems. The OpenGL tutorial works as an early introduction
to some of the rasterization concepts that will be revisited in depth
in the later part (e.g., shaders, resource management, plus standard
concepts like projections and depth testing). This component can
be completed as early as the second week of the course.

Rasterization: Students implement real-time renderer using the
Vulkan API, with 3D scene navigation, (Physically Based Reder-
ing) PBR shading, some debug visualizations. They use multiple
rendering pipelines and implement a simple post processing effect
using a render-to-texture approach (1E). These components follow
a Vulkan tutorial with five self-guided exercises to familiarize stu-
dents with Vulkan code (1D). The goal is to introduce students to a
modern graphics API and deepen their experience with shader pro-
gramming. Further, it exposes them to standard PBR shading and
common tasks like render-to-texture. The assignment also includes
a specific part on debugging graphics, where students implement
simple visualizations rendering properties and intermediate values.

Students are able to complete this component by Week 5.
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Base code: For each of the two parts, we provide a basic project
setup. It includes code and third party libraries required to complete
the task. This includes minimally window management, classes for
“graphics math” (linear algebra, quaternions, ...), as well as some
helpers for loading 3D models and materials. The ray tracing base
code then further includes code for camera control and scene rep-
resentation. The rasterization base code further includes Vulkan
components (Vulkan headers, a dynamic Vulkan meta loader, and
shader compilation tools).

The base code is built on the code from the self-guided exercises,
meaning students build up familiarity with it through our practical
tutorials.

Assessment: We assess the first assignment in-person, directly
in the shared labs, via an oral Q&A process. Staff and teaching as-
sistants are present in the lab sessions to provide support. Students
can at any time request to demonstrate their work. While less com-
mon, it is possible for them to attempt to demonstrate only a sub-
set of the tasks, before moving on to others. Students will demon-
strate their work by running their programs and showing the results.
When deemed sufficiently error-free, students will be asked ques-
tions. They must be able to confidently explain their code, answer
theoretical questions, be able to implement on-the-spot modifica-
tion requests, and overall demonstrate an understanding of both the
concepts and their code. Failing any of this does not typically re-
sult in an overall failure: rather, students are asked to fix problems
or study further and then request another Q&A opportunity. Staff
keep notes via a simple web application to track each student’s sta-
tus and to easily share information across sessions and staff mem-
bers. We also use the Q&A process to identify and raise concerns
about academic integrity early.

3.2. Assignment 2: Graded

After completing the first assignment, students can attempt to
achieve a higher grade with an additional set of advanced tasks.
At this point, students are certain that they have passed the course.
The decision to attempt any of the tasks is therefore a choice by the
student, according to their workload and ambitions. Students are
able to start with these task as soon as they finish the first assign-
ment. The second assignment builds on the code from the first one
(and, consequently, uses the same base code). We will only consider
advanced tasks if the first assignment is completed in time. The sec-
ond assignment extends slightly beyond the end of the course, into
what is normally an exam period. This gives students extra time
on these tasks and simplifies course planning significantly. Assign-
ment 2 has a similar split between topics as Assignment 1. We up-
date these tasks frequently to keep the course current with current
practice. The current set of tasks is outlined in the following.

Ray tracing: Advanced tasks include introducing transparency
and refraction and the Fresnell effect. Students are also asked to
transform their implementation into a path tracer with next event
estimation (NEE). This also covers handling of anti-aliasing, area
lights, light in media, and the correct integration of NEE with trans-
parent objects to produce caustics (1C).

Rasterization: Students are given a choice to implement meth-
ods including deferred rendering, normal mapping with compres-
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Figure 2: An overview of the grade distribution for MSc graphics
courses in the past years. Years with a star (*) mark iterations of
the course(s) that utilized the described assessment approach.

sion, shadow mapping and bloom on top of their existing renderer
(1F). In addition, the tasks include more advanced diagnostics vi-
sualization, to explore aspects like overdraw, overshading and ren-
dered mesh density.

Assessment: Assignment 2 is assessed offline. Students submit
their code with a report. We ask students to describe their work,
evaluate their results and analyze critically. Certain tasks also in-
clude specific non-programming questions that require further anal-
ysis. Through their observations, analysis and discussions in the re-
port, students can demonstrate a deeper understanding in addition
to the ability to practically implement the aforementioned methods.

4. Results and conclusion

Looking back at the problems and challenges from 1, we believe
this design successfully addresses those. By separating assessment
into essential and advanced components, we are better guiding our
cohort towards meeting the learning objectives of the course, repre-
senting the minimum bar for passing (see Figure 2). Previously, stu-
dents would spend too much time trying to tackle advanced prob-
lems in an assignment, and perhaps struggling to complete these
satisfactorily, instead of working on other more fundamental con-
cepts. This would increase the likelihood that they would perform
poorly. Moreover, some students could pass the course by being an
expert on only one part of it (e.g., focus entirely on ray tracing, ig-
noring rasterization entirely). Our current approach mitigates these
problems.

We found that examining Assignment 1 was manageable with
our class sizes for a masters course (typically between 20-30 stu-
dents). In practice, the assignment would require two Q&As, one
for each component, lasting around 10-15 minutes on average. One
member of staff could handle Q&As most of the time; close to the
final deadline, we employed additional help to make sure every-
body had a fair chance of finishing in time. For larger classes, we
believe automated grading [HWD*25, WCS* 18] could be used to
streamline the process. For example, it could be used to validate the
code, so the staff focus on the oral examination.

The main challenge we found is keeping students on top of work
regularly. For this approach to be successful, guiding students to-
wards completing the minimum objectives swiftly is key. We en-

countered some challenges with concurrent courses, which would
pose a combination of basic and advanced tasks at the same time
as our first assignment. This re-created the situation we were trying
to avoid. We will focus more on directing the students proactively
during the semester and attempting to reorganize tasks to mitigate
clashes with demanding tasks from other courses.
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