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ABSTRACT
Computer games are complex products incorporating software,
design and art. Consequently, their development is a multidis-
ciplinary effort, requiring professionals from several fields, who
should nonetheless be knowledgeable across disciplines.

Due to the variety of skills required, and in order to train these
professionals, computer game development (GD) degrees have been
appearing in North America and Europe since the late 1990s. Follow-
ing this trend, several GD degrees have emerged in Portugal. Given
the lack of specialized academic staff, not uncommon in younger
scientific areas, some of these degrees “borrowed” computer science
(CS) programs and faculty within the same institution, leading in
some cases to a disconnect between CS theory and practice and the
requirements of GD classes.

In this paper, we discuss our experience in adapting the CS cur-
riculum of a three-year computer games BA in accordance with
GD requirements. We used a top-down approach, where the game
engine used for GD informs the choice of CS topics and program-
ming languages lectured in the CS curriculum. The discussion is
centered around the choices taken and the theoretical and empirical
rationale behind our decisions.

Preliminary empirical results indicate a substantial increase in
GD project quality and a clear improvement in the students’ tech-
nical skills, as well as in their experimentation and adaptation
capabilities.

CCS CONCEPTS
• Applied computing → Computer games; Education; • Soft-
ware and its engineering→General programming languages;
Design patterns; Object oriented development.
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1 INTRODUCTION
Programming is a fundamental area in computer game develop-
ment. Arguably, it was the sole skill required for actually making
computer games in the past [44, 49]. However, the emergence of
game engines and other development tools has been reducing the
relative importance of programming – so much so that today it is
possible to develop commercially viable games (even if limited),
without writing code [4, 7, 13, 43]. Furthermore, computer games
have since become complex products incorporating software, design
and art. Thus, computer game development has turned into a multi-
disciplinary effort, requiring professionals from several fields, who
should nonetheless be knowledgeable across disciplines [5, 49, 58].
Nevertheless, programming remains an essential competence for
creating interesting and original games, and consequently, a crucial
component in undergraduate computer game development degrees.

Due to the variety of skills required, and in order to train these
professionals, computer game development (GD) degrees have
been appearing in North America and Europe since the late 1990s
[21, 27, 42, 59, 60]. Following this trend, several GD degrees have
emerged in Portugal [47]. Given the lack of specialized academic
staff, not uncommon in younger scientific areas, some of these
degrees “borrowed” computer science (CS) programs and faculty
within the same institution, leading in some cases to a discon-
nect between CS theory and practice and the requirements of GD
classes. In addition, game programming, as the games themselves,
is complex and involves various specializations, such as computer
graphics, physics simulation, multithreading, network program-
ming, low-level optimizations, object-oriented programming, artifi-
cial intelligence, databases, and so forth [6, 8, 19, 23, 41], So how
can computer game programming, with so many particular special-
izations, be adequately taught in a three to four year undergraduate
degree?

First, it is necessary to clearly define the type of degree being of-
fered. Mateas and Whitehead [34] hold that undergraduate courses
in computer game development typically fall into one of three
categories:

(1) Art oriented, BA
(2) Evenly interdisciplinary, B.Sc. or BA
(3) Technology oriented, B.Sc.

According to the same authors, evenly interdisciplinary pro-
grams have solid CS underpinnings. Yet, with respect to CS topics,
such programs are more limited in scope than technology-focused
degrees. In contrast, interdisciplinary programs put forward a com-
prehensive combination of game design courses, making them the
most challenging to put into practice, according to the same authors.
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The Bachelor in Videogames at Universidade Lusófona de Hu-
manidades e Tecnologias (ULHT) is a three year evenly interdis-
ciplinary BA, open to students coming from various high school
areas of study. Consequently, students from areas such as Arts or
Humanities are bound to struggle with CS course units. Moreover,
the program is enticing for students who enjoy playing computer
games – something which is often not reflected in the pleasure of
actually creating them.

Having defined the type of computer games program offered by
ULHT, the question posed earlier becomes more well-defined: how
can CS in general, and programming in particular, be successfully
taught in a three-year evenly interdisciplinary BA? In this paper,
we discuss, in the context of the above program, our experience in
adapting its CS curriculum in accordance with GD requirements.
We used a top-down approach where the game engine used for
GD informs the choice of CS topics and programming languages
lectured in the CS curriculum. The discussion is centered around
the choices taken and the theoretical and empirical rationale behind
our decisions.

The paper is organized as follows. In Section 2, we review related
work concerning CS curriculum design for computer game under-
graduate programs. In Section 3, we discuss the implemented CS
curriculum and the reasoning behind the choices made. Preliminary
results, indicating an increase in GD project quality, are presented
in Section 4. An in-depth discussion of these results and a quali-
tative assessment of the improvements in the students’ technical
skills takes place in Section 5. Section 6 closes the paper, offering
some conclusions.

2 BACKGROUND
Most literature concerning the CS component of computer game
development is geared towards discussing the inclusion of games
and GD in traditional CS degrees, often with the purpose of raising
student interest andminimizing dropout [26, 36]. Here we are essen-
tially interested in games-first accounts, where the CS component
serves game design and development needs, and not the opposite.
Nonetheless, there are a number of references worth mentioning
due to their historic significance.

Jones [27] was one of the first to formally publish his expe-
rience in implementing a computer game course, in this case a
capstone for an undergraduate CS degree. An industry-driven cap-
stone course on game programming within the context of CS was
later presented by Parberry et al. [42]. The focus was on two game
programming classes, namely their design philosophy and potential
pitfalls. Parberry went into further detail in a subsequent account
[41], where various complementary courses, such as math and
physics for games, were also discussed. Ficocelli and Gregg [21]
proposed a four-year B.Sc. degree on computer game development
with the dual goal of satisfying the needs of the game industry and
not compromising the integrity of the computing component of
a “normal” CS bachelor degree – thus their proposal was heavily
inclined towards CS. In reference [10], Coleman et al. discuss their
initiatives for developing a game design and programming concen-
tration in an undergraduate CS program, presenting an example
course sequence. Zyda [59] presented a cross-disciplinary double
major B.Sc. in CS and GD degree, with CS as its core, claiming the

program should in fact be harder than a regular CS degree. Mateas
and Whitehead [34] described the most significant design issues
concerning the development of game-oriented undergraduate de-
gree programs, including issues concerning the degree’s CS content.
Peng [43] presented an introductory course for video game devel-
opment, used for initiatives in developing a gaming minor in an
undergraduate CS curriculum.

More relevant to the present work are references which go into
additional detail of how particular CS course contents influence GD
methodologies, and vice versa. For example, Argent et al. [3] dis-
cussed the process of building a flexible GD undergraduate program,
in which students can specialize in different aspects of game devel-
opment, depending on whether they chose the B.Sc. or BA degree
options, the former having CS as its fundamental core. In particular,
the authors discussed the adaptation of classical CS classes for stu-
dents interested in GD, reporting that the use of ActionScript for
basic programming, followed by C++, simplified the introduction
of the latter, given the syntax similarities between the languages.
In reference [60], Zyda et al. shared details on the operation of a
CS game degree program, asserting that, although the program
is C++-oriented due to industry feedback, courses featuring Java,
C# and game-specific hardware programming were also lectured.
Kessler et al. [29] discussed a program which brings together CS
and Film Studies degrees in an effort to teach both computer game
development and computer animation, offering ActionScript, C++
and C# lectures over a number of courses. A common thread in
these works is the use of C++, a proposition further analyzed in
Subsection 3.2.

Finally, a note on the International Game Developer’s Associ-
ation (IGDA) curriculum framework [1] and on the ACM/IEEE
CS curriculum guidelines for undergraduate programs [51]. The
former presents a conceptual guide for game-related educational
programs, including a “Game Programming” core topic with vari-
ous sub-topics. While it presents an interesting overview, it does
not go into great detail on what specific CS aspects to give prefer-
ence to or how to organize the topics themselves [24]. The latter is
aimed at general CS curricula, without a specific computer games
section. Nonetheless, several topics related to game development
are mentioned [35]. Although both frameworks are relevant for
developing high-level curriculum outlines, implementation details
will strongly depend on context, as will be shown in following
sections.

3 METHODS
In this work, and in order to answer the question posed in Section 1,
we believe CS classes should aim for two goals:

(1) A more general goal, which is to provide students with the
foundations that enable them to absorb general program-
ming, math and physics concepts, developing their logical
and algorithmic thinking [22].

(2) A specific goal, which consists in learning the tools and
concrete concepts that enable students to work fluidly in
the game engine of choice, as specified by GD requirements
[15].

The second goal frames CS topics in a top-down logic, as degree-
specific GD requirements guide how these topics are prepared. GD



requirements, presented in Subsection 3.1, include not only the
game engine of choice, but also advanced CS topics considered es-
sential for the type of games to be developed. In Subsections 3.2–3.4,
we discuss the CS curriculum, designed based on GD requirements,
particularly with regard to the choice of programming languages to
teach, as well as the selection of support topics. The practical imple-
mentation of the curriculum, based on all the previous choices, is
presented in Subsection 3.5.With the purpose of contextualizing the
results and discussion, the former curriculum is briefly discussed
in Subsection 3.6.

3.1 GD requirements
A game engine should simplify and speed up the development
process, allowing students to create interesting games in a short
amount of time time, e.g., in a few months. The task of finding
the most appropriate game engine for a given degree is not trivial,
and there are several reports of difficulties in this choice [15, 16,
42, 43]. Dickson [15] suggests using the Unity game engine [54] to
teach game development. Considering that Unity is widely used in
the industry [52], and is even used for teaching GD at secondary
schools [11], it is a natural choice as the game engine of choice for
ULHT’s Bachelor in Videogames. However, note that Unity is a GD
requirement we are not defending nor criticizing. We simply use it
to inform CS curriculum design.

There are several advanced CS topics directly applicable to the
development of computer games. However, there is not enough
room for many of these in a three-year evenly interdisciplinary BA,
as is the case discussed here. As such, and for the games intended
to be developed by students at ULHT, Artificial Intelligence (AI)
[38, 57] is deemed essential. While there are many valid reasons for
such a choice [45], an important consideration in this case is the
ongoing collaboration with the HEI-Lab research group1, which
works on and/or makes use of AI subject matters such as player
modeling, AI game design and procedural content generation [33].

3.2 The C# language and its implications on
lectured materials

3.2.1 The C# programming language. The main programming lan-
guage used in ULHT’s Bachelor in Videogames degree is C#, since
it is the scripting language used by Unity. It is a medium-level (with
respect to hardware), object-oriented programming language with
automatic memory management. The language supports functional
and event-oriented programming paradigms, as well as manual
memory management in specific cases. In short, it is a versatile lan-
guage [2]. Moreover, C# is used as a scripting language in a number
of game engines besides Unity, such as Godot [32], CryEngine [12],
Xenko [46], MonoGame [56] or Unigine [53]. Its syntax is nearly
identical to Java and very similar to C and C++. Thus, we believe
the focus on C# will not limit students going forward – on the
contrary: it offers a strong base for future knowledge acquisition
within game development.

A possible limitation in this choice concerns the fact that C++
has been the de facto standard in the game industry for many years
[24, 26]. C++ is also the language used for developing games in the
Unreal Engine [18], itself an industry standard [52]. Nonetheless,
1http://hei-lab.ulusofona.pt/

there are also good reasons to avoid C++ in a three-year evenly
interdisciplinary BA. C++ is a large and complex language, with
multiple versions and various, often version-dependent ways of
achieving common tasks [38]. It is a difficult language to master in
a three-year degree, especially a BA. There is, inclusively, a rather
negative report concerning the use of C++ and Unreal Engine for
teaching purposes, which concludes that the engines’ blueprints
visual scripting system is the only feasible choice for game creation
in a short amount of time [16]. The problem becomes less relevant
if we consider that: a) the C# inheritance syntax is based on its C++
counterpart; b) C++ is itself built upon the C programming language,
which is itself taught in our degree, as discussed in Subsection 3.3.
In conclusion, we believe that the choice of C# as the degree’s
programming language adequately prepares students for a possible,
post-degree transition to C++, while not undermining more art and
design-oriented students.

3.2.2 Implications on lectured materials. The choice of C# has im-
portant implications for the topics lectured in CS courses. Object
orientation is itself a programming paradigm that students have to
learn to reason about. It is generally difficult to determine the level
of abstraction to use, in particular the number of classes and the
relations between them. Together with automatic memory man-
agement, object orientation draws the programmer away from
the hardware. It is perfectly possible for someone to have a good
knowledge of the C# language, namely its syntax and API, and
simultaneously be unable to produce efficient and architecturally
sound designs – fundamental characteristics in the development of
computer games [40].

Thus, it becomes crucial that the teaching of object-oriented
programming is taken to a broader and more detailed level in the
curriculum. In particular, it is our opinion that fundamental princi-
ples of object-oriented programming (e.g., SOLID), as well as design
patterns, be taught. Regarding the latter, the focus should be on
design patterns for games, which take into account important low-
level optimizations [8, 24, 40, 50]. Of course, it is also important
to include UML class diagrams in the curriculum, as these are a
practical way to visually communicate class designs [8, 31, 50].

The choice of C# as the main language to teach in the course
also presents an important advantage with broader implications
for the selection of advanced topics. In particular, the C# language
offers LINQ – language integrated queries – which allow to natively
perform SQL-style queries on data structures and databases from
within code. Consequently, the allocation of a few hours of classes
to learn LINQ partially minimizes potential negative impacts caused
by not offering a dedicated Databases class.

3.3 Languages for learning how to program
Although simpler than C++, the C# programming language draws
in a number of features and programming paradigms which make
it less appropriate to learn programming from scratch [20]. As
such, and with the added benefit of expanding the horizons of
students, we believe other types of simpler programming languages
should be lectured initially. We propose two diametrically opposed
languages, offered in two distinct courses during the first semester,
namely: a) a low-level, close to the hardware language; b) a high-
level scripting language. The former should be offered in the context
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of (and side by side with) basic computer architecture concepts,
while the latter should be explored with the goals of developing
algorithmic thinking and fast prototyping. The objective is that
students understand the fundamentals when they start using an
intermediate-level language, such as C#. In other words, the goal is
for students to understand the cost of abstractions and for them to
be able to identify and eliminate performance problems.

We have chosen C as the low-level programming language to
teach programming in the degree’s first semester. On the other
hand, we have chosen Python as the language to teach high-level
programming and prototyping. The reasons for these choices are
detailed in the following paragraphs.

3.3.1 C as the low-level language. The C programming language
is simple, expressive and effective, and it is supported in virtually
every type of platform [28, 39]. It is the lingua franca of systems
programming [28, 48], and its syntax serves as the basis for many
other languages, such as C++, C# and Java. In the case of C++, this
relationship is even stronger, as C is essentially a subset of C++.
The fact of it being very close to hardware helps in understand-
ing how a computer works, thus enabling students to learn and
apply performance optimizations, a skill in high demand within
the game industry [24]. Finally, and in spite of C being a widely
used language for the teaching of programming in general, the
existence of computer game-oriented libraries, such as Allegro2,
RayLib3 or SDL4, further promotes C within the specific case of
computer game programming.

3.3.2 Python as the high-level language. Considered as an excellent
language for introductory programming [9], Python presents a sim-
ple syntax, with blocks defined by code indentation, in contrast with
C or C#. We believe that this feature forces students to understand
the importance of indentation, besides broadening their horizons
in regard to different types of syntax. The quantity and quality of
libraries available for Python is extraordinary, allowing the fast
prototyping of all kinds of software, naturally including computer
games. Furthermore, Python is used as a scripting language in sev-
eral engines (e.g., Blender, Cocos2d, Irrlicht, Maya or Panda3D),
as well as in a few games (e.g., Battle for Wesnoth, Civilization IV,
CodeSubWars or Minecraft).

3.4 Maths and physics for games
Maths and physics are fundamental components in computer game
development: practically every game involves mathematical models
and/or physics simulations [10]. In particular:

• Computer Graphics theory is based in linear algebra concepts
[17, 27].

• The use of a game engine does not exempt the user of know-
ing these disciplines, on the contrary: a good knowledge of
Maths and Physics is essential to understand and correctly
use the scripting APIs of game engines [27, 43].

• The game industry itself requires professionals with solid
knowledge in Maths and Physics [42].

2https://liballeg.org/
3https://www.raylib.com/
4https://www.libsdl.org/

There are several descriptions of these subjects available in a
range of books and articles, among which we highlight the accessi-
ble and informal approach proposed by Dunn and Parberry [17],
as well as the complete and detailed methodology presented by
Lengyel [30].

In the program being discussed, we have two course units ex-
clusively dedicated to Maths and Physics for games, with their
program based in the book of Dunn and Parberry [17]. In the first
course unit [14], the exercises, examples and projects are imple-
mented in Python (this language being simultaneously lectured in
a programming course unit), with the PyGame [37], NumPy [55]
and Matplotlib [25] libraries. In the second course unit, Python is
still used, but at some point C# and Unity are introduced, in order
for students to be able to put the learned subjects in context, within
the scope of the game engine used in the degree.

3.5 Practical implementation
Figure 1 shows the CS program contents discussed in the previous
sections at the level of the course units, within the context of the
degree’s first four semesters. The first semester has a strong CS
component, with three dedicated course units. Students learn how
to program using C and Python, following the reasoning presented
in Subsection 3.3, with the Maths and Physics for Games unit being
taught simultaneously, using the Python language for prototyping.
Maths and Physics for Games continues to be offered throughout
the second semester, but with more advanced concepts. At the
same time, object-oriented programming in C# is introduced – this
language is also starting to be used in Unity, in a GD course unit.
In the third semester (second year), the CS course unit weight
decreases considerably, with only a single exclusively dedicated
class. This course unit deals with advanced concepts in object-
oriented programming, such as design patterns. The objective is
that, by the end of this semester, students are proficient not only in
C#, but also in structured and computationally efficient class design.
Finally, in the fourth semester, an AI for games class is offered,
being the last course unit with exclusive CS contents in the degree.

3.6 A note on the previous curriculum
The previous curriculum was structurally similar to the top-down
approach presented here. The main differences lie within the syl-
labuses of the CS course units, which were not clearly targeted
at GD students. More specifically, the math programs where dedi-
cated to classical calculus, with no programming involved [14]. In
turn, the programming course units were designed around C and
Java, but again, not particularly geared towards computer game
development. We believe, as stated in the Introduction, this was a
direct consequence of GD being a relatively recent scientific area,
with the institution making use of existing CS programs and faculty
when originally envisioning the degree.

4 PRELIMINARY RESULTS
The curriculum described in this paper began its deployment in
2017/18, initially targeting the first year, and moving forward since
then. The presented results span the 2016/17–2018/19 time period,
and focus on the Game Development II (GD2, 3rd semester) and
Game Development III (GD3, 4th semester) course units. There are

https://liballeg.org/
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Figure 1: Practical implementation of the CS curriculum for ULHT’s Bachelor in Videogames. Solid grey boxes correspond to
CS courses, with syllabus contents. Dashed light red box encompasses several game development courses over the semesters.

GD2 GD3

2016/17 2017/18 2018/19 2016/17 2017/18 2018/19

n 21 28 30 20 21 32
x 10.05 11.64 13.67 11.35 11.29 12.63
x̃ 11.00 12.00 15.50 12.00 10.00 15.00

Table 1: Summary statistics for GD2 and GD3 course units
for academic years 2016/17–2018/19. Number of students en-
rolled, n, mean grade, x , and median grade, x̃ .

two reasons for this choice. First, the quality of the games created
in second year GD course units, reflected in the respective grades,
can be used to assess the impact of the curriculum after a full year
of its implementation. Second, the teacher and evaluation criteria
of the GD course units were the same during this period, allowing
for a fair comparison.

Second year students in 2018/19 were the first to enroll in GD2
and GD3 under the new curriculum. Thus, their grades, given in a
0–20 scale, can be compared with grades given in the two previous
academic years. Table 1 shows the mean and median of GD2 and
GD3 grades during this time period, while Figure 2 shows the
respective grade distributions. As can be observed, average grades
for both courses improved under the new curriculum (2018/19).
Likewise, grade distribution is centered around higher values.

5 DISCUSSION
Going further in the preliminary results, we highlight (i) the in-
crease in the number of high-quality projects (grade above 16),
and (ii) the increase in the average quality of the projects. Before
the implementation of the new curriculum, the number of high-
quality projects was limited to 1–3 per semester. In the academic
year 2018/19, the number of high-quality projects increased con-
siderably: six projects in GD2 and four projects in GD3. We also
observed a decrease in the number of low-quality projects (grade
below 13). In previous years, as much as half of the projects were

included in this category. However, during 2018/19 the situation
was entirely different. Only two projects in GD2 and three in GD3
were considered low-quality. This means that there was an increase
in the average quality of the projects under the new curriculum: in
GD2, we observed ten projects of average and high quality (grade
equal to or above 13), and in GD3 we observed eight.

Nonetheless, and while these preliminary grade-based results
allow us to perform an objetive assessment, there are a number of
somewhat subjective insights that can also be discussed. Perhaps
the most important result we were able to obtain was the substantial
improvement in the students’ programming knowledge. Not only
did this lead to the measurable results already described, but also
to two extremely important outcomes. First, students were clearly
able to implement their initial visions for the projects, in a more or
less comprehensive way. Usually, students would idealize concepts
that would later be forced to limit or substantially modify due to
their lack of technical knowledge. During 2018/19, every project
generally accomplished the course units’ objectives, as well as the
self-proposed goals, with the exception of the low-quality projects.
It is important to note that this was also achieved by students who,
according to themselves, had “considerably limited programming
knowledge”. Second, it was obvious that many groups were more
demanding with themselves, by trying to explore ideas and con-
cepts beyond those required in the course unit and that required
research, including students who were not completely comfortable
with programming. This evidences a level of technical skill above
what was observed in the previous academic years.

Following the previous paragraph, it is important to note that
the students’ higher technical skills also enabled them to react to
the teachers’ feedback in a much more effective fashion. Where
in previous years students found it very hard to move away from
their projects’ initial code, in the academic year being analyzed
they were able to effectively test and validate their own ideas, as
well as those of their colleagues or teachers, without jeopardizing
the stability of the projects. The code they developed was much
more flexible, modular, parameterized and organized to work in
team and maximize experimentation.
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Figure 2: Violin plots showing the distribution of grades in GD course units across academic years.

Finally, we would like to note that, before the introduction of the
new curriculum, the main cause for failure or low-quality of the
projects was almost always the students’ lack of technical skills or
programming-oriented logical reasoning. There was a very big gap
between the projects’ conceptualization and its translation into a
code that would transform them in tangible products. In the 2018/19
academic year, this gap was considerably reduced, and the causes
for projects not reaching their full potential were more diverse: lack
of attendance, problems in organizing the groups, some extent of
lack of imagination/culture in computer games, and difficulties in
conciliating the required work for the different course units.

For all of the reasons above, it is possible to conclude that the
proposed top-down curriculum implementation has resulted in a
substantial improvement in the students’ work and their projects’
potential, as these showcase the current quality of the program
and the competences of the students as they prepare to enter a
demanding industry.

6 CONCLUSIONS
In this work, we discussed our experience in using a top-down
approach to adapt the CS curriculum of a three-year computer
games BA in accordance with GD requirements, answering the
question of how can computer game programming be adequately
lectured in a such a degree. The first part of this answer consisted
in defining the intended goals, namely, to promote the logical and
algorithmic reasoning of the students, as well as to provide them
with ways of working proficiently in the course’s chosen game
engine. From here, we defined a top-down approach, where the
choice of the game engine informs the CS topics and programming
languages lectured in the CS curriculum. Preliminary results show
that the quality of the games created in the GD course units, as
well as the students’ technical development, have substantially
improved, thus validating the proposed strategy.
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