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ABSTRACT
Programming is often difficult for first year Computer Science stu-
dents. Students are required to develop problem-solving skills and
grapple with new and abstract concepts. Teaching introductory
programming well is thus critical in producing capable, motivated
Computer Scientists suited to the demands of the modern world.
Game-Based Learning is an area that has received significant atten-
tion in the past two decades, with the potential to motivate students
and elevate their learning. This paper presents a literature review
of the use of Game-Based learning in Computer Science education.
Commercial or popular programming games are also considered.
It was determined that there have been a significant number of
studies investigating the design of educational programming games.
The use of perspective and puzzle elements in these games was
surveyed and analysed. It is suggested that the study of serious
games in Computer Science could benefit from more comparative
study, and theoretical and psychological underpinnings. It was also
found that there are opportunities for research into the impact of
first person perspective in programming games.

CCS CONCEPTS
• Applied computing → Interactive learning environments;
Computer games; • Social and professional topics→ CS1.
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1 INTRODUCTION
Computer scientists are some of the most in-demand workers in
the modern world. According to the US Bureau of Labour Statis-
tics’s employment projections, computing careers are expected to
see significant growth in the coming decade [27]. Over the last
twelve years, there has been a sustained growth in Computer Sci-
ence undergraduate enrollment [5]. There is however, a skills gap
between the requirements of modern jobs and the abilities of uni-
versity graduates [35]. Additionally, high dropout and failure rates
[6] within computing degrees mean that even if students enroll,
many will not go on to graduate. Programming is often difficult for
first year students, and frustration and disenchantment in this area
is one of the key factors contributing to student dropout [22]. There
are a variety of factors contributing to students’ struggles, such as
misconceptions about programming, unfamiliarity with syntax and
weak mathematical abilities [30] . Providing students with engaging
introductory programming courses is therefore critical to motivate
them and ensure that they have the necessary skills to complete
what is typically a very demanding degree [41]. Fostering problem

solving skills in students is an essential part of Computer Science
education. It has been shown that exposing students to problem
solving before coding is an effective teaching method [19], and that
high problem solving ability is correlated with higher programming
ability [37],

1.1 Fundamental Programming Concepts
The 2013 ACM Software Development Fundamentals [33] identifies
the essential competencies that an undergraduate computer scien-
tist must develop: Algorithms and Design, Fundamental Program-
ming Concepts, Fundamental Data Structures, and Development
Methods. The competency "fundamental programming concepts"
is related to basic concepts of programming languages that stu-
dents must become proficient in. The fundamental programming
concepts are listed as follows:

• Basic syntax and semantics of a higher-level language
• Variables and primitive data types (e.g., numbers, characters,
Booleans)

• Expressions and assignments
• Simple I/O including file I/O
• Conditional and iterative control structures
• Functions and parameter passing
• The concept of recursion

2 GAME-BASED LEARNING (GBL)
Game-Based learning is the use of gameplay to produce defined
learning outcomes. Plass et al note that it is usually assumed that
the learning game is digital, but that this need not be the case
[28]. Games utilising Game-Based learning are often referred to as
Serious Games. Digital educational games are a method of imple-
menting game-based learning, defined by Heintz and Law as games
played on a computer serving educational purposes [14].

2.1 GBL in Computer Science Education
. The field of Game Based Learning often finds applications within
the realm of Computer Science. It can be hypothesised that this
is because the problem solving ability required to code can natu-
rally be expressed through gaming. It is also possible that the flow
state one achieves when coding is similar to the flow state achieved
when playing an engaging game [8]. In their article "Teaching In-
troductory Programming from A to Z: Twenty-Six Tips from the
Trenches" [41], Zhang et al emphasise the importance of exposing
first time programmers to coding in an exciting, visual way, to
motivate and engage students. Games are known to be engaging
[38], so are an effective medium for accomplishing this task.
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There have been several studies, with different nuances and per-
spectives, investigating game based learning in a Computer Science
context [13, 24, 25, 39, 40, 42]. A common theme in the studies is
that using games to teach Computer Science increases motivation,
but the results on whether these games have a significant learning
effect are mixed [24]. Learning games have been studied both in a
digital and non-digital context. Hosseini et al present a study on
non-digital game based learning in Computer Science, with positive
results [16]. The level of integration of coding into the gameplay
is varied. In some games, the player engages in what is basically a
“regular” video game, but the player must answer coding questions
to progress between levels. López-Fernández et al present a game
of this kind in which teachers set the questions, with the results
showing increased motivation among students but not increased
knowledge acquisition [21]. In other games, coding and problem
solving are an integral part of the game mechanics. An Example of
this type of game in the academic world would be RoboBUG [23], in
which the gameplay consists of the player identifying bugs in code.
Commercial examples include popular games like Code Combat
(playable in browser), 7 Billion humans and Exapunks (which can
be be found on Steam [1]).

Bertram presents a paper discussing some of the psychological
theories of learning and whether they support or oppose game-
based learning, as well as a review of the methodologies used in
research in this area [7]. The paper calls for standardisations in
methodology for evaluating digital game based learning, and infers
a need for randomized controlled trials (RCTs) in testing (RCTs
are trials in which subjects are randomly assigned to one of two
groups: an experimental group and a control group). This call for
best practices within game-based learning is echoed in Miljanovic
and Bradbury’s literature review on the topic [24].

Dicheva and Hodge implement an educational game designed
to teach students about the "stack" data structure [10]. Educational
games with the subject matter of data structures is uncommon [24],
situating this paper in a unique place in the literature. The study
had positive results, showing statistically significant learning gains,
as well as positive reactions from students.

2.1.1 Previous Literature Reviews. There exist some literature re-
views precluding this paper on the topic of serious games for Com-
puter Science education. These are analysed in this section.

In a 2018 paper “A Review of Serious Games for Programming”
Miljanovic and Bradbury reviewed a number of programming games
and assessed the educational content and methods by which the
games were evaluated [24]. It was found that the games focused
largely on problem solving and fundamental programming con-
cepts, while there was a lack of representation of games focusing on
data structures, development methods and software design. It was
noted that since many of the games developed in studies are not
released publicly, it can be difficult to independently review their
content and gameplay. The study also found a tendency among
researchers to assess whether players liked the game, and that the
results on whether the games have a statistically significant learn-
ing effect were mixed. The paper mainly analysed games developed

in a research context, omitting many publicly available games de-
veloped in a popular context.

Blanco and Engstrom [4] attempted to fill this gap by providing
such a review of popular commercial programming games under
the assumption that since these games are popular with a wide audi-
ence they have managed to provide an engaging player experience.
As in Miljanovic and Bradbury’s paper, they compared the games
to the ACM/IEEE Computer Science curricula [34] to determine
what aspects of programming they taught. Their results resembled
those of Miljanovic and Bradbury, in that there was a strong repre-
sentation of games teaching fundamental programming concepts,
and an under representation of games teaching algorithms, design
and data structures. It was also found that games of the “puzzle”
genre dominated the results, with only two of the 20 studied games
belonging to a different genre. They also identified 11 game design
patterns that are used in commercial programming games. They
hypothesised that their identified patterns could be used as helpful
heuristics when developing programming games, since the games
analysed had achieved large popularity and hence were engaging
and appealing to players.

In another paper precluding Miljanovic and Bradbury, Valhdick et
al provide a literature review of papers implementing educational
programming games [36]. In the paper they attempt to classify
40 surveyed games into one of 3 categories: LOGO-like, Adven-
ture games and General puzzles. LOGO-like games (so named after
an educational programming language designed in 1967 by Sey-
mour Papert) were classified as games where the player controls
the movements of a character through simple commands that are
dragged and dropped from a toolbar. This is a slightly confusing
definition, since commands in Logo are not dragged and dropped,
but entered as text-based programming commands [12]. Adventure
games were defined as games in which the player commands a
hero to explore the world, interact with other characters and collect
objects. General puzzles were defined as a host of games falling
under the category of simulations, real time strategies and maze
games. Of the 40 games reviewed, it was found that LOGO-like
games dominated, with almost 50 percent of games falling into this
category. Unfortunately this paper is lacking in discussion of results,
and there are mistakes in the writing, making it a less-than-ideal
resource.

2.1.2 Serious Python Games. It has been shown that using Python
to teach introductory programming concepts (instead of a more
complex language) is effective in facilitating learning [19]. We can
hypothesise that because Python is simple and elegant, it is the
ideal language to use in a serious game designed to teach intro-
ductory programming. There have been several studies providing
implementations of games intended to do exactly this [17, 20, 32].

Escape from the Python’s Den [17] is an educational game im-
plemented within the popular game Minecraft. Unfortunately, the
study from which it comes is extremely short and lacking in detail.
The paper also crucially omits an evaluation of the success of the
software.

Py-Rate Adventures is another such game [32]. It is a 2D plat-
forming game which aims to teach basic programming concepts
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using Python. It is playable by players who have no previous knowl-
edge in Python. In this case, the use of coding in the game is not
integrated into the gameplay, but is asked in the form of questions
in between levels. The player must answer the questions to progress
in the game. The evaluation in the study showed that players had
a positive reaction to the game, and felt that it was beneficial in
terms of learning. It is important to note that the study measured
perceived learning of the players and so may not be reflective of
the actual learning effect of the game.

2.2 Point of View (POV) in Programming
Games

In video games, an important design choice is where the camera is
placed. In its section on camera models, Ernest Adams’ textbook
Fundamentals of Game Design lists several types of perspectives
used in games, such as First-Person, Third-Person, Top-Down, Side-
Scroller and Isometric [3]. In this section, various examples of both
commercial and academic programming games exhibiting each dis-
tinct perspective are listed. As noted by Miljanovic and Bradbury
[24], many programming games developed in a research context are
not made publicly available, which is problematic for researchers
looking to test or independently evaluate them. This presents a
problem when trying to ascertain the perspective used in different
games, because it is not uncommon for the papers they are pre-
sented in do not explain the perspective, or to include confusing
screenshots of the game (an example is [2]). It is much easier to
document the perspective of commercially available games, be-
cause they are easily accessible and are well represented in terms
of screenshots.

This is not a comprehensive listing, but it is helpful in ascer-
taining a general overview of the use of perspective in educational
programming games. All of the commercial games are drawn from
Blanco and Engstrom’s literature review of mainstream program-
ming games. Note that all of the commercial games listed can be
found, either on Steam [1] or on Google Play [29] (in the case of
mobile games).

Many programming games do not fall into one of Adams’ per-
spective types [3], instead utilising either a text-based or abstract
graphics approach. An additional category "Text Based/Abstract
Graphics" has been included for these.

2.2.1 Top Down.

Commercial Games.

• 7 Billion humans
• Human resource machine

Research Games.

• Wu’s Castle [11]
• BOTS [15]

2.2.2 Text Based/Abstract Graphics.

Commercial Games.

• Marvellous Inc.s
• Shenzhen I/O

• Robots: Create AI
• Spacechem
• TIS-100
• While True: learn()

Research Games.
• PyDiophantus [20]

2.2.3 Side Scroller.

Commercial Games.
• Spritebox: code Hour

2.2.4 Isometric.

Commercial Games.
• Else Heart.Break()
• Exapunks
• Algorithm City: Coding game for kids
• Coddy: World on algorithm Free
• Coding planets
• Gladiabots
• Lightbot: Code Hour

Research Games.
• Program Your Robot [18]

2.2.5 Third Person.

Research Games.
• Koelho et al’s "Serious Game for Introductory Programming"
[9]

2.2.6 First Person. There is a lack of implementations of first per-
son programming games, both commercially, and in academia. Even
outside the realm of game-based learning, there is a lack of study
into first person perspective and its effects on player experience.
Nacke et al attempted to measure physical responses to first per-
son games using specialised equipment and correlated that with
qualitative responses from participants [26]. However, the focus
of the study was on investigating physiological responses as an
indicator of psychological states of gameplay experience, and it did
not compare the levels of flow produced in other perspectives. One
might intuitively think that first-person games are more immersive,
or yield a greater flow state then non-first-person games, but it
seems that there has been little research in this area.

2.3 Puzzle Elements in Programming Games
In commercial programming games, puzzle games are the over-
whelming majority [4]. In academic papers, this is not as pro-
nounced, although there is still a strong representation of traditional
puzzle-type games. Even so, most of these at least contain puzzle
elements. Adams’ Fundamentals of Game Design lists puzzle games
as those in which puzzle-solving is the primary activity [3]. It has
been shown that programming improves cognitive reasoning skills
[31]. It has also been shown that teaching problem solving before
programming in an effective strategy in introductory program-
ming courses to improve learning in students [19]. Clearly, problem
solving and programming are two closely related and mutually
beneficial areas. Since puzzle games offer players a chance to hone
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their problem solving abilities, and offer logical and conceptual
challenges to a player, it can be hypothesised that they are the
optimal serious game genre for teaching programming.

3 DISCUSSION
Since there have been such a breadth and variety of Serious Games
studied in research papers, researchers looking to develop their
own educational game have an array of resources and references
to guide them. The literature reviews on the topic are particularly
helpful [4, 24, 36], providing useful insight into the methodologi-
cal, implementational and pedagogical approaches of past research.
Blanco and Engstrom’s [4] identification of game design patterns
used in popular programming games is of particular interest. They
argue that there is not enough focus in academic research on cre-
ating educational games that are engaging and experiential for
players, with more work being done into learning effect.

In terms of what camera perspective is most commonly found in
serious programming games, it seems that the text based/abstract
graphics, and isometric approaches are favored, both commercially
and in research. There is a lack of study regarding the impact of
first or third person games in programming games.

There is a lack of work in the literature on comparing the im-
pact of the use of different game design principles on educational
games. It is not known for example, which game genre and per-
spective is the most suited to teaching a particular domain. There
has also not been enough study within the domain of programming
into which level of integration between coding and gameplay is
best. Some programming games have tight integration, with cod-
ing systems/puzzles being the core mechanics of the game. The
idea of "Core Mechanics" is a concept discussed at length in Fun-
damentals of Game Design [3], and is described as "The data and
the algorithms that precisely define the game’s central rules and
internal operations." It can be hypothesised that games in which
programming is the core mechanic are better for learning since
the player is focused on programming as the main activity. The
opposite approach, in which the game mechanics and programming
are segmented from each other, may not be as effective as the player
may focus on the "fun", non-programming part of the game while
only comprehending the coding enough to pass through the level.
This is only speculation, and further work needs to be done in this
area.

4 CONCLUSIONS
The problem of creating an educational programming game to teach
introductory programming has been tackled before in numerous
contexts. Studies have been undertaken teaching coding using a va-
riety of different environments/languages, including Python, Java,
and Visual Programming Languages. It can be seen that the ma-
jority of games seek to teach basic programming concepts, with
comparatively few teaching data structures and algorithms. The
implementation of an educational game about data structures and
algorithms could be a fertile area for research. It can also be seen
that throughout the literature, and commercially, puzzle games are
the most popular genre of educational programming game.

Based on the survey of the literature, we can say that Game-Based
learning is a broad field that could benefit from more solid theo-
retical and psychological underpinnings, and more comparative
studies. What has been solidly established in the literature is that,
in certain contexts, game-based learning can be an effective tool to
increase student motivation and learning. It is still an open question
exactly what type of game is best-suited for each situation. This
author thinks that there is work to be done in determining the
impact that different game genre and other game design principles
have on flow, engagement, motivation and learning.

Specifically, within the realm of Computer Science GBL, the use
of a first-person perspective has not been directly studied, and
might yield interesting results surrounding the relationship be-
tween player immersion and learning.
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