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ABSTRACT
Higher Education programming courses usually present high levels of student failure and drop‐out rates. Given this context, the use of

educational video games is proposed as a strategy to increase the students' motivation and engagement, thus helping diminish such

rates. However, there is a lack of empirical studies examining such effects, especially when they are proposed outside the formal

curriculum (i.e., extracurricular) and when the students are enrolled in different Higher Education bachelors. This paper presents a

cross‐sectional study following a between‐subjects design with 315 students (168 assigned to the experimental condition, 147 to the

control condition) enrolled in one of the following bachelors: B.S. in Computer Science (where programming is a core subject), and

B.S. in Statistics (where it is not). The study spanned two consecutive academic years. The outcomes were evaluated through a pre‐/
post‐test schema and comparison of final course results to measure the effect on learning (objective assessment) and a survey to get the

students' perceptions (subjective assessment). In addition, the level of participation was analyzed and compared between bachelors,

considering the optional nature of the activity. Results show statistically significant differences in learning outcomes between the

students in the experimental condition and those in the control group, without clear differences between Bachelors (the results are

positive for both). In the subjective assessment and participation, the results are also positive, but, in this case, statistically significant

differences between bachelors have been observed. These positive outcomes suggest its potential applicability to other Higher Edu-

cation and Engineering courses.

1 | Introduction

Nowadays, video games are one of the most popular forms of
entertainment among the worldwide population [1]. Video
games, and in the broader sense, games, are able to stimulate
the feelings of the players (e.g., fun, enthusiasm, competitive-
ness), encouraging them to achieve the expected game goals [2].
This feature makes games powerful tools that can be used to
promote goal achievement in non‐recreational contexts, for
example, in education [3]. The term serious game was coined to

refer to those games whose main purpose is different from mere
entertainment [4]; more specifically, those serious games whose
main goal is pedagogical are termed educational games [5].

Educational games have been proven to increase the students'
levels of motivation and learning outcomes at different educational
levels [6, 7]. Previous researchers frame these benefits within ex-
isting psychological theories, such as the Flow Theory [8, 9] and the
Self‐Determination Theory [10, 11]. These theories propose a proper
balance between the personal capabilities of the students and the
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established game challenges (i.e., the Flow Theory); as well as the
satisfaction of three basic human needs (i.e., autonomy, compe-
tence, and relatedness) to keep students intrinsically motivated
within the game (i.e., the Self‐Determination Theory).

Consequently, educational games following these principles are
expected to enhance student motivation and improve the
learning outcomes. This holds particularly true for Higher
Education programming courses, which often exhibit high
levels of student failure and drop‐out rates [12, 13]. This chal-
lenge is exacerbated when dealing with first‐year university
students who struggle with abstract programming concepts for
the first time, such as variables, loops, stacks, and linked lists
[13, 14]. Nevertheless, the rigid curriculum of these courses
poses difficulties to integrate educational games as a formal part
of the curriculum; this is even more difficult if the use of games
is to be encompassed within the entire curriculum taught
throughout the course, as in the activity proposed here
(Section 3). Hence, a possible solution for incorporating these
games into such courses is to recommend their use beyond
regular class hours (i.e., as extracurricular activities).

In the last decade, there has been an increasing number of
studies attempting to understand the (positive and negative) ef-
fects of educational games within programming courses at dif-
ferent educational levels [15–18]. In summary, the related
literature (Section 2) emphasizes the positive value of educa-
tional games within the formal context of programming courses.
Nevertheless, many of these studies address the impact of edu-
cational games on students' learning outcomes only from a self‐
perceived perspective and without comparing the effects of
playing and not playing. The need of “Further empirical research
to better understand the potential impact and effective education
implementation of video games in computer science” was
already shown in [19], although it is still an open question, as is
confirmed in more recent reviews [16]. In addition, these previ-
ous studies usually propose the use of games as part of the formal
curriculum of the course, thus forcing students to play games
even if they are not engaging for them. So, the impact of the self‐
government use of games by students outside curricular hours
has not been sufficiently studied. To address these previous
concerns, this study provides empirical evidence regarding the
influence of extracurricular educational games in a first‐year
Higher Education programming course. Accordingly, this study
aims to answer the following research questions:

RQ1. To what extent does the use of an extracurricular game‐
based activity foster the student learning outcomes in a Higher
Education programming course?

RQ2. What are the differences in the learning outcomes
between students pursuing a Bachelor in Science (BS) in
Statistics and those pursuing a BS in Computer Science?

Additionally, the motivation outcome is also approached in
order to study whether the activity increased it (RQ3), as well as
the students' perceptions towards the activity, that is, if they
enjoyed it or not (RQ4). So, the study is focused on assessing the
impact of the activity on the emotional (user experience),
behavioral (motivation), and cognitive (learning) competences
of the students.

To address these questions, a between‐subjects study [20] was
conducted during two consecutive academic years, considering
experimental and control conditions, composed of students
proposed to participate in the activity and those who were not,
respectively. To report this quantitative research, the paper
structure is based on the JARS‐Quant (Journal Article Report-
ing Standards for Quantitative Research) template [21].

As pointed out, both our experience and the literature [12–14]
allow us to state that programming is a complex and difficult
subject for novice students. So, we consider it interesting to
propose alternatives that foster students' learning while their
experience is also improved, as in the present study.

The rest of the manuscript is as follows. Section 2 describes and
compares similar research studies dealing with the effect of
educational games on programming students. Section 3 intro-
duces the extracurricular game‐based activity proposed. Sec-
tion 4 presents the research design of the study, including the
participants and data sources. Section 5 reports the results of
the study. Section 6 discusses the findings. Sections 7 and 8
describe the threats to validity and limitations of the study,
respectively. Finally, Section 9 outlines the main conclusions of
this work and the proposed future extensions.

2 | Related Works

Proficiency in programming stands as a fundamental pillar in
contemporary society [12]. Its significance extends to bolstering
technological progress, fostering innovation, and contributing
to economic expansion [22]. Expertize in programming is
widely regarded as indispensable for securing employment
across diverse industrial sectors [23]. Furthermore, it cultivates
adept problem‐solving capabilities and nurtures creativity, en-
abling individuals to streamline tasks and significantly enhance
operational efficiency [15]. However, in many cases, the stu-
dents perceive programming as a complex topic [12, 13, 24], and
it is difficult to engage them [25].

Given this context, the use of educational games for program-
ming has experienced a notable increase in recent years at all
educational levels [16, 17, 26, 27]. Although the majority of the
approaches developed their own games or proposals, publicly
available ones can be found in commercial stores or in open can
be found [1, 28, 29]. In the last few years, Virtual Reality has
been introduced with the aim of producing a more immersive
sensations [30–32], but with no clear advantages.

Many works in the related literature do not show the specific
programming concepts involved in the games proposed and/or
tested; they “speak” of programming concepts or computa-
tional/logical thinking in general. From the works that ex-
plicitly show this, two different approaches can be found:

• Games focused on a specific concept, such as [25], where
Minecraft is used in a 1‐h session to practice the sequence
control structures, [33] where the game approaches the
concept of iteration, [34] where a game is designed aimed at
understanding the stack concept, or in [35] where the dif-
ficult concept for novices of recursion is approached.
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• Games that include several programming concepts. In [1], a
list of public games can be seen with the programming
concepts involved in each one. Other examples can be seen
in [36] or [1]: in the first, the same game involves several
learning outcomes, while in the second, the game includes
several minigames, each one focused on different pro-
gramming concepts.

Our approach is that in the first item, but integrating different
and independent minigames in the same activity (Section 3),
this being developed along the academic year and covering the
main concepts of the subject. Each minigame focuses on a
particular programming concept, so each one is worked sepa-
rately and deeply. This is an original approach, to the best of our
knowledge, having found the following three most relevant
similar approaches.

The most similar is that shown in the works of Zhao et al. [13, 23],
developing and testing three different games in different university
academic contexts, focused on loops, functions, and abstract con-
cepts of structure in C Programming, respectively. In [13], a
qualitative evaluation based on a survey is shown, while in [23], a
quantitative evaluation of the students' learning outcomes is per-
formed based on ad‐hoc pre‐ and post‐tests. This last evaluation is
carried out for each game independently, showing a statistically
significant improvement in the corresponding programming com-
petence. The number of students in each game evaluation was 54,
66, and 67, respectively, all in a unique experimental set, that is, a
control group was not used. This is a difference with regard to the
study shown here. Another difference is that, as pointed out, here
the games are treated as “a whole,” evaluating their influence in
the learning outcomes by means of curricular course tests. It can be
considered that this work complements and reinforces the results
of Zhao et al.

Another similar approach can be seen in [1], where a set of
minigames are integrated in the proposed Code‐Venture game.
Only a qualitative assessment was performed, collecting the
students' opinions about the game and their perception of
programming before and after playing. The results showed a
good valuation of the game and an increase in the positive
feelings about programming. The sample size was only 35
participants between 16 and 21 years old.

The third work is [36], where several games related to pro-
gramming are shown. Each game is completely different and is
not related to the others with regard to the learning outcomes.
These games were developed for the final‐year students at the
University of the West of Scotland as a project to develop games
for courses they had undertaken in earlier years. Evaluation is
not performed; only a description of each game is shown.

Another important characteristic of our proposal is its extra-
curricular character, having not found in the related literature a
similar approach in this sense. Focusing on “games AND ex-
tracurricular AND education,” in general, works related to
physical activity or exergames (e.g., [37, 38]) or with non‐digital
games (e.g., [39, 40]) can be found; although the last two ref-
erences are related with university education, the majority of
the proposals are developed for previous educative stages,
including those related with programming [41, 42]. Once more,

the most relevant similar studies using, in this case, games as an
extracurricular activity in University are described in the
following.

In [43], a videogame about the Complete Blood Count analysis
for healthcare students is developed and tested. The goal of the
game is to complement the classic lecture‐based approach and
improve their knowledge and skills in hematology. So, a single
extracurricular session of 1.5 h was set up for a group of 153
volunteers, 86 (of 324 students) of Medicine and 67 (of 115
students) of Pharmacy degrees. Pre‐game and post‐game tests
were performed, showing an increase in the grades in the post‐
game test. Satisfaction surveys were also recorded immediately
after the activity, with a participation of 143 students; 86% of
them answered that they had strengthened their knowledge and
80% had had fun. In addition, the final exam grades of the
students who played and did not play were compared, showing
a better performance of the students in the first set, this being
statistically significant for the students of Medicine, but not for
the Pharmacy ones; no pre‐test as baseline was used for this
comparison. Another important difference with the present
study is that the experimental sets were not selected randomly.

A set of role‐playing didactic games (no videogames) are used in
ref. [44], implemented in extracurricular activities to form the legal
competence of the students with a bachelor's degree in the field of
psychological and pedagogical education. To assess the proposal,
the students were divided into an experimental set (N=94) (played
the games) and a control set (N=90) (did not play the games). The
students were classified according to their competence in three
levels (high, average, and low) using the grades in pre‐activity and
post‐activity tests. The results showed a better and statistically
significant performance (the number of students in the high and
average competence levels increased) of the students in the
experimental set in the majority of formed legal competencies.
The activity proposed can be understood as more “extra” than
“outside” the curriculum, as our proposal is.

Although it is not directly related to our study, in ref. [45] an
interesting initiative for Computer Science students, RadGrad,
is presented. It is an online application combining features of
social networks, degree planners and serious games. Its goal is
that the students go beyond curricular activities to broaden
their knowledge in the field and promote participation in ex-
tracurricular activities, thus improving engagement, diversity,
and retention.

As has been shown, there is a lack of empirical studies dealing
with the effects of extracurricular game‐based activities
(optional, outside the regular teaching hours and with no
impact on the subject grades) in programming in particular, and
the studies concerning the effects on university education, in
general, are scarce and limited. In the same sense, not many
works can be found that propose and assess game‐based activ-
ities that encompass the entire curriculum taught throughout
the course. Additionally, none of the previous studies have ex-
plored the existence of potential differences according to par-
ticipants' different contexts in the same subject, that is, in the
same educative context; [13] approaches a similar comparative
study, but the students belong to different universities. To this
end, this work aims to approach these issues.
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3 | Game‐Based Activity Description

The game‐based activity consists of a series of educational video
games illustrating different programming concepts either in a lit-
eral or metaphorical manner. The games are developed to require
both a short amount of time to successfully complete them and a
simple interaction (just a mouse click); for this, they are called
minigames. The minigames were designed to engage the students,
encouraging them to play, following an Emotional design [12].

Each minigame is specifically crafted to emphasize a basic
programming concept, either through literal or metaphorical
representation. The minigames feature different game
mechanics (e.g., points, timers). The current roster of mini-
games, along with their associated programming concepts, is:

1. Data Drop. To identify and differentiate the different Java
data types.

2. Mars Miners. To master flow control in structured programs.

3. Recursive Party. To understand the concept of recursion.

4. Pointed. To learn dynamic data structures (oriented to linked
lists).

5. Stacked. To learn dynamic data structures (oriented to
stacks and queues).

The games cover the programming basics in imperative pro-
gramming pointed out in [12].

Each minigame becomes accessible to students only at the dis-
cretion of the teacher, approximately every 2 weeks

(Appendix A). This approach ensures that the minigames are
made available as the subject matter advances. Consequently,
students engage with the minigames once they have already
grasped the relevant concepts.

Most minigames mechanics are common and based on pro-
gression, such as scoring, life counting or stratification into
varying levels of difficulty. The concept of flow channel [46] is
established by the gradual introduction of increasing levels of
difficulty, which are interconnected with the gameplay itself (to
be dynamic to the player's skill level [12]) and also with the
underlying programming principles implemented in the game.

All levels have an independent score. Consequently, players
have the opportunity to accumulate points even if they do not
complete the minigame. Following the flow channel concept, an
upper level cannot be accessed until the successful completion
of all preceding levels. This gradual unlocking of levels allows
students to grasp the fundamental concepts before moving to
more difficult ones. For instance, consider the minigame Data
Drop, which elucidates primitive data types in Java. Each level
of this minigame systematically introduces new data types,
starting with basic numeric types, such as integer or double,
and finishing with more complex ones, such as Strings. Figure 1
depicts screenshots of various levels of this minigame.

The participation in minigames was optional and to be played
outside the regular teaching time, owing to the aforementioned
constraints that exclude its inclusion within the formal course
curriculum. This approach entails a twofold advantage for this
research. Firstly, the students are not forced to participate, thus
helping us discriminate those students that actually like the

FIGURE 1 | Screenshots of the different levels implemented, with incremental difficulty, in the Data Drop minigame. Players move left and right

the falling quantities to make them match with their type.

4 of 17 Computer Applications in Engineering Education, 2025
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minigames; and secondly, the students' activity performance
does not affect their score in the course, thus ensuring that the
students' behavior is not affected by this external motivator.

The activity's plot thread is the reconstruction of a lost constella-
tion. Therefore, the students need to get back the stars lost from the
constellation. Stars are earned by completing the minigames. To
complete them (i.e., mark them as passed), students must get a
minimum score in each game, thus ensuring that the basic con-
cepts of the minigames have been learned. Once the minigame is
passed, students can play as many times as they wish to improve
the minigame's score and time. Nevertheless, stars are only issued
the first time a minigame is completed disregarding the number of
times the score is improved.

Individual and group leaderboards are configured to rank students
and groups (groups were randomly formed based on the university
cohorts created for teaching this course) according to the number
of stars and points earned (in case of equal number of stars and
points between two students or groups, the time to complete the
minigame is used to rank students). Group leaderboards show the
sum of stars and points earned by all members of the same group
for everyminigame, thus promoting their individual accountability,
participation, and cooperation. Thus, three different challenges
were posed to the participants throughout the activity: (1) indi-
vidual challenge to reach the first positions of each minigame, (2)
individual challenge to reach the first positions by adding together
up all the minigames, and (3) a group challenge to reach the first
positions adding up the stars and scores from all group members.
The winners of each of these competitions receive a prize that, as
pointed out, is not related with the subject. All the games and
leaderboards were hosted in the GamiSpace platform. A demo of
the platform and the games is available at: http://demogamispace.
infor.uva.es/.

4 | Methodology

This study follows a Cross‐Sectional design [47, 48], based on a
between‐subjects approach [20] with experimental and control
conditions. Both qualitative and quantitative data were collected.

The qualitative part of the study focused on the students' reaction
(Kirkpatrick's model level 1) [49]. Data were gathered by means of
a survey administered to the experimental condition as commonly
done in this type of studies [50].

The quantitative part aims to objectively analyze the influence of
the game‐based activity in the learning process or competence
acquisition in the subject (Kirkpatrick's model level 2) [49]. To this
end, the study follows a pre‐/post‐test schema [50, 51], where the
pre‐test (carried out before the activity) is used as a baseline with
which to compare the later evolution of the students' learning
through the post‐test. For both pre‐ and post‐tests, curricular course
tests are used. In addition, the final results from the course of the
experimental and control sets are also compared.

A visual summary of the research design is shown in Figure 2,
which also includes the minigames and evaluation activities
schedule (Appendix A).

The participants of the study were 377 students enrolled either
in a BS in Computer Science (N= 302) or a BS in Statistics
(N= 75) of the University of Valladolid (Spain), all of them
taking the same course on computer programming. The study
was performed during two consecutive academic years, as in
[34, 52]. Computer programming is a first‐year course in both
bachelors, so participants' ages mostly range between 18 and 20.
Additionally, all participants were from the same country, and
their prior knowledge was similar, since the great majority
came from the same previous educational stage (except for a
small percentage of students who are re‐taking the course).
Before the study, all the participants were informed of its pur-
pose, and it was guaranteed that their participation or with-
drawal would incur neither reward nor punishment.

The participants were sampled as follows. They were divided
into two experimental (participating in the game‐based activity
in the BS in Computer Science and in the BS in Statistics), and
two control conditions (did not participate in the game‐based
activity for both bachelors) each academic year. Participants
were assigned to the aforementioned conditions following a
simple random process based on the cohorts created to teach
this course. The experimental condition involved an initial total
number of 206 students (163 BS in Computer Science, 43 BS in
Statistics); and the control condition consisted initially of 171
students (139 BS in Computer Science, 32 on Statistics). These
numbers satisfy the minimum number of participants per
condition suggested to assess the effectiveness of game‐based
learning strategies [51]. As the activity is voluntary, some of the
initial components of the experimental condition did not par-
ticipate in it, that is, they did not play any game. Therefore, the
activity did not impact the behavior, cognition, or emotion of

FIGURE 2 | Graphical visualization of the research design of the study. The first line involves students who participated in the activity, and

the second line to those who did not.

5 of 17

 10990542, 2025, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cae.70000 by U

niversidad D
e V

alladolid, W
iley O

nline L
ibrary on [08/07/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://demogamispace.infor.uva.es/
http://demogamispace.infor.uva.es/


these students, so they were eliminated from the study. In
Section 5, a clearer description of the participant flow is shown.

To achieve the study objectives, what to measure must first be
defined. This was derived from the goals, gathered in the research
questions (Section 1). This definition was made based on the well‐
defined Model for the Evaluation of Educational Games (MEEGA)
[53, 54]. Following this model, the measures were defined by means
of the hierarchical decomposition shown in Figure 3. The motiva-
tion construct or sub‐component was adapted, since the original
model measures the student attitude with regard to the game, and
here we want to measure it with regard to the subject. The construct
User Experience (UX) measures the interaction of the students with
the activity; from the different dimensions proposed in the model,
we are only interested here in the emotional response evoked in the
player (amusement dimension in the model). The learning construct
is the most important in this study, since it measures an essential
goal in educational games, which is the effect on the students'
competence; from the dimensions proposed, the study focused on
the so called short term learning, which is related to the learning
goals of the subject (here, fundamentals of programming).

To evaluate the activity outcomes, a hypotheses assessment is
followed. The independent variable of the study was “partici-
pating in the activity.” The dependent ones, aligned with the
constructs decomposition shown, were learning, motivation,
and the student's experience. Following the Cross‐Sectional
design, no other independent variables were controlled. How-
ever, their influence was minimized, as described in Section 7.2.
So, the following research hypotheses were stated:

• Primary hypothesis 1 (PH1): The activity boosts student
learning.

• Primary hypothesis 2 (PH2): The activity increases stu-
dent motivation.

• Primary hypothesis 3 (PH3): The students liked the activity.

Although all the outcomes related with the earlier hypotheses
are important, since they have a positive influence over the
students, the established order underscores significance within
the study due to its impact on the students.

4.1 | Data Collection

Appendix A sets out the course, minigames, and study activities
schedule to better understand the timing of the data collection

and its relation with that of the course activities and minigames
availability.

4.1.1 | Objective Assessment

The influence of the game‐based activity in the learning process
was evaluated using a pre‐test and a post‐test [51] schema and
comparing the final results of the course.

For the pre‐ and post‐tests, as pointed out, curricular course
tests were used (available in https://greidi.infor.uva.es/CAEE_
GamAsExtAct_AddMat/Pre-Post_Tests.zip). The pre‐test (PrT)
consisted of a test administered to the students in the fifth week
of the semester and before the start of the activity. In this test,
students are examined on the content taught up to that point in
the subject (Appendix A). In this study, this test aimed to get a
reference with which compare the evolution of the students. As
post‐test, the final course test was used (Appendix A). This
includes all the programming concepts, and is done after having
finished both the course and the activity. The final grade of the
subject depends mainly on the mark in this test.

The final course test is also used to measure the final compe-
tence of the students in the subject, in order to compare it using
the control and experimental sets.

4.1.2 | Survey

The design of the survey followed the suggestion in [54, 55] and
was based on previous similar ones of the authors [56], which
were matched with well‐defined scales [54, 57, 58].

When gathering student opinion, besides that related with the
study in this work, there also existed interest in collecting infor-
mation related to the games platform and each minigame in order
to continuously improve this part of the activity (both surveys are
available in https://greidi.infor.uva.es/CAEE_GamAsExtAct_
AddMat/Surveys.zip). In addition, it was important not to over-
load the students (they have more surveys related with other
subjects, besides others related with institutional evaluations) and
to minimize the intervention over the normal development of the
subject. So, it was decided to include all in a single survey.

In order to keep this survey short, it included only three items
(Figure 7) related with this study, which were based on a pre-
viously designed questionnaire [56]; each one is directly related

FIGURE 3 | Structure of the model used to evaluate the activity.
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with the different measures presented in Figure 3. Items can be
answered in a 5‐point Likert‐like scale ranging from a very
negative opinion to a very positive one. The scale was masked
so that the answers were not numbered.

The survey was anonymous and was fitted on a single sheet
of paper. As with the responses, the items were not num-
bered. It was taken in the last week of the course
(Appendix A), prior to the final exam and once the activity
had finished.

4.2 | Statistical Methods

4.2.1 | Objective Assessment

This analysis addresses the answer to RQ1, by assessing PH1,
and to RQ2, objectively.

‐ Pre‐Post Test Analysis As the pre‐test is the reference or
baseline, the post‐test (Section 4.1) results were compared with
this, calculating the difference between the marks in both:
Dif = PostTest_Grade − PreTest_Grade. The relative value
was also obtained: RelDif = Dif

PreTest _Mark
. The mean of the

values for each student was calculated and compared to those
of the experimental and control sets.

The Mann–Whitney–Wilcoxon test (Mann–Whitney U‐Test)
was used to measure the statistical significance of this
difference. This test was selected because the Dif and RelDif
values follow non‐parametric distributions, are ordinal
variables, and the participants were randomly assigned to
the different conditions (independent samples). The null
hypothesis to evaluate is H0: the relation between marks in
the pre‐ and post‐tests have the same distribution in the ex-
perimental and control sets.

‐ Course Final Results Analysis The mean of the
grades in the final test were calculated for both the
experimental and control sets. In addition, the failure
and approval rates for both sets were also calculated.
The grades range from 0 to 10, 0 being the worst and 10
being the best. A student passes if a minimum grade of 5
is achieved.

In the same way as with the pre‐/post‐test analysis, the
statistical significance of the differences was calculated by
means of the Mann–Whitney–Wilcoxon test.

‐ Data diagnostics The previous analyses were done for all
the students, as well as grouping them by BS (Computer
Science and Statistics students) to study the effect of this
“parameter.” In addition, this analysis was performed per
academic year and joining both for a wider study.

4.2.2 | Survey Analysis

This analysis addresses the answer to RQ1, RQ3, and RQ4, by
assessing PH1 (but now based on the students' opinion), PH2
and PH3, respectively. The statistical study was supported by
data visualization for a more complete and understandable
description of the results.

Each activity outcome was posed by means of a primary
hypothesis. These are validated estimating the probability of
achieving positive results (values 4 or 5 in the responses) in
each survey question, together to its confidence interval at 95%.
An evaluation was performed to determine whether the prob-
ability of obtaining positive results was not achieved by chance,
using a test for p H p, : = 0.50 , that is, the events (here, the
probability of positive results) happened randomly. The con-
clusion of this test is shown in the column “Significant?” (if H0

is refused or not) of the results tables. In the case of non sig-
nificant results, the Test Power [59] was calculated.

The comparative analysis of the responses of each BS
(Computer Sciences vs. Statistics) was performed. Since these
responses do not follow a normal distribution, are ordinal
variables, and the samples are independent, the non‐parametric
Mann–Whitney–Wilcoxon test was also used to analyze the sta-
tistical significance of the differences, but now with H0: the
survey responses of the Computer Science BS and Statistics BS
students have the same distribution.

5 | Results

Figure 4 shows, based on JARS‐Quant schema [21], the the
participants flow, that is, the total number of participants in
each group at each stage of the study.

As for the values depicted in the green squares of Figure 4, related
to the analysis part of the study, it is important to point out that the
survey was only considered for the students in the experimental
set, therefore this does not appear in the control set part. Although
the survey was voluntary, it was answered by a high percentage:
75% (73 of 98) the first year and 91% (71 of 78) the second. The
same occurs with the pre‐/post‐test study, where the students that
dropped out of the subject were not considered (they had no
grades), but this number is, in general, low both in the experi-
mental and in the control set. Since the analysis was performed
with all the students, as well as grouping them by BS, the size
of the pre‐/post‐test in each case is specified; as can be seen in
the figure, the number of students of the Statistics Grade is
lower than that in the Computer Science one.

The numbers that appear in the yellow square of Figure 4
correspond to students that never played, that is, that did not
participate at all in the activity. With regard to the students that
participated, a detailed analysis of participation per minigame
was performed.

Figure 5 shows the participation in each minigame, that is,
students from the experimental set that played or not each one.
It is interesting to note that the students who played decreased
as the academic year advanced. This is probably due to the fact
that the work load of the students increases as the course
advances.

Considering all the minigames and all of the students, the
average participation was 66% the first year and 55% the second,
with respect to the size of the corresponding experimental sets.
83% of students played at least two games, and 62% three. On
average, the students played 3.3 minigames each.
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Figure 6 shows graphically the participation comparison by BS.
The corresponding figures and the statistical analysis can be seen in
Table 1. For this analysis, the samples to be compared are created
putting “1” if the player plays the game and “0” otherwise. The
statistical significance of the differences are also calculated using
the Mann–Whitney–Wilcoxon test, with H0: Computer Science BS
and Statistics BS participation samples have the same distribution.

5.1 | Survey Results

Figure 7 shows the survey questions about motivation (question
1), learning (question 2), and user experience or activity opinion
(question 3). Here, for a better understanding, the survey
questions are shown numbered. In the same way, the answers
are also numbered from 1 (most negative opinion) to 5 (most
positive), following a Likert‐type scale.

Figure 8 shows the distribution of the answers. The results of
the first year (figures (a), (b), and (c)) are in the upper row and
in the lower, those of the second year (figures (d), (e), and (f)).
Each column shows the results for the questions 1, 2, and 3,
respectively.

Table 2 shows the statistical analysis results, following the
hypothesis validation proposed in Section 4.2.2. It sets out the
probability estimation of improvement (probability of answers 4
or 5) in motivation (Q1, related to PH2) and learning (Q2,
related to PH1). The probability estimation of satisfaction with
the activity (responses 4 or 5 in Q3, related with PH3) is also
shown. This table also shows the statistical significance of these
improvements and “likes.”

Focusing on the differences between BS, Figure 9 shows the
distribution of each answer in each construct. The data

FIGURE 4 | Flow of participants through each stage of the study. “F.Y.” stands for First academic Year and “S.Y.” for Second academic Year, that

is, it is associated with the number of students in the corresponding study stage for each academic year.

FIGURE 5 | Participation in each minigame of the activity.
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visualization follows the same lay out as the previous one. The
statistical significance analysis of the differences is shown in
Table 3, where the mean value of the answers to each question
is also shown.

5.2 | Objective Assessment

The hypothesis of the study PH1: “The activity boosts students'
learning” assessment is again addressed but with objective data.
The hypothesis was evaluated by measuring the game's effect
on their learning by means of pre‐ and post‐tests and through
the final results of the course (Section 4.1).

Table 4 shows the results of the pre‐/post‐test study posed
in Section 4.2.1. The results are shown for all the students
(All rows) and comparing each BS (Statistics and Computer

Science rows) (Figure 4). The mean values of Dif and RelDif
(in % for a better understanding, that is, RelDif *100) for the
experimental and control sets are shown in the corre-
sponding columns; if the value of the column is negative, it
means that, on average, the students' grades, either in
absolute or relative values are worse in the post‐test than in
the pre‐test, the opposite otherwise.

The difference between these mean values in the experimental
and control sets is shown in the column ExpSet ‐ CtrlSet; if the
value of the column is positive, this means that the performance
of the experimental set has been better than that of the control
set, the opposite otherwise.

As in [56], the study was extended, eliminating the best and the
worst differences that could condition the results. So, the
highest and lowest 5% were eliminated, since this was

FIGURE 6 | Participation in each minigame of the activity by BS.

TABLE 1 | Participation (%) in each game and the average (mean row) by Computer Science students (C.S. columns) and Statistics students (Sta.

columns).

Academic Year 1 Academic Year 2

Game C.S. Sta. p‐value C.S. Sta. p‐value

1 85 90 0.39 76 95 0.001

2 75 93 0.02 52 91 10 5−

3 53 66 0.17 46 48 0.25

4 50 63 0.15 36 57 0.008

5 32 59 0.003 23 62 10 5−

Mean 59 75 10 4− 47 71 10 11−

Note: Those cases where the differences are statistically significant at a 95% confidence level (p‐value (U‐test)≤ 0.05) are boldface emphasized.

FIGURE 7 | Questions of the survey.
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considered a good compromise between removing the extremes,
but maintaining an adequate experimental population. Also, for
this reason, this study was performed only for the case “All”
students. Table 5 shows the results. Analysis of the results based
on students' grades or competence can also be seen in other
works, for example, refs. [23, 44].

Table 6 shows the results of the analysis on the final results
of the course with the same segmentation as in the previous
section. In the same way, Table 7 shows the analysis when the
highest and lowest 5% of the grades had been eliminated, that
is, removing the extremes.

6 | Discussion

In this section, the hypotheses and research questions posed are
examined in the light of the results shown in the previous section.

Before that, however, it is interesting to provide a brief
description of participation in the activity. Keeping in mind that
it is voluntary, extracurricular, and that the participants are
first year and semester students, a mean participation of over
60% and a mean of 3.3 (out of 5) minigames played can be
considered good. However, the lack of research into the use of
games as an extracurricular activity does not allow us to

FIGURE 8 | Answer frequency bar plot of questions 1 ((a) and (d)), 2 ((b) and (e)) and 3 ((c) and (f)). In the upper file, the answers of the

first year, and in the lower one, those of the second year.

TABLE 2 | Estimation of the Probability of improvement in motivation (Q1) and learning (Q2) or that “the students like the activity” (Q3)

(column P(imp/like)).

Academic Year 1 Academic Year 2

N P(imp/like) C.I. Significant? N P(imp/like) C.I. Significant?

Q1 63 0.94 (0.86,1.00) Yes 71 0.87 (0.79,1.00) Yes

Q2 67 0.87 (0.78,1.00) Yes 71 0.94 (0.88,1.00) Yes

Q3 79 0.85 (0.77,1.00) Yes 69 0.84 (0.75,1.00) Yes

Note: Column N shows the number of answers different from the neutral value 3. The statistical significance (Yes/No) of the estimation is shown in the column
Significant?, deduced from the confidence interval at 95% (column C.I.).
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FIGURE 9 | Answer frequency bar plot of questions 1 ((a) and (d)), 2 ((b) and (e)), and 3 ((c) and (f)) for each BS: Statistics (blue bars) and

Computer Science (orange bars). In the upper file, the answers of the first year, and in the lower one, those of the second year.

TABLE 3 | Survey answers comparison between Computer Science BS (Mean C.S. columns) and Statistics BS (Mean Sta. columns) students.

Academic Year 1 Academic Year 2

Question Mean C.S. Mean Sta. p‐value Mean C.S. Mean Sta. p‐value

Q1 3.9 4.0 0.26 4.0 4.4 0.04

Q2 3.6 3.9 0.20 4.1 4.5 0.04

Q3 3.9 4.0 0.92 4.0 4.3 0.04

Note: Those cases where the differences are statistically significant at a 95% confidence level (p‐value (U‐test)≤ 0.05) are boldface emphasized.

TABLE 4 | Results of the pre‐/post‐test analysis (Section 4.2.1) per academic year and joining both (Year column).

ExpSet CtrlSet ExpSet ‐ CtrlSet
Year Students Dif RelDif (%) Dif RelDif (%) Dif p‐value RelDif (%) p‐value

First All −0.7 −15.0 −1.0 −25.0 0.3 0.27 10 0.21

Statistic −0.2 −1.0 −0.5 −11.4 0.3 0.70 10.4 0.72

Computer Science −0.9 −21.7 −1.0 −26.9 0.1 0.65 5.2 0.58

Second All −0.4 −6.3 −1.0 −16.7 0.6 0.06 10.4 0.09

Statistic 0.2 13.0 −0.3 2.4 0.5 0.45 10.6 0.32

Computer Science −0.5 −9.9 −1.2 −21.4 0.7 0.07 11.5 0.09

Both All −0.5 −11.1 −1.0 −20.4 0.5 0.03 9.3 0.04

Statistic −0.1 3.0 −0.4 −2.2 0.3 0.56 5.2 0.68

Computer Science −0.7 −15.8 −1.1 −24.0 0.4 0.08 8.2 0.1

Note: Those cases where the experimental set achieves a better performance than the control one are boldface emphasized. To give a wider view of the statistical
significance analysis, the following notation has been used: values of p‐value > 0.1 (clearly not significant) are in gray, when the p‐value≤ 0.05 (significant difference) is
boldface emphasized, and intermediate values 0.1≥ p‐value > 0.05 (no significant differences at 95%, but low p‐value) are in normal text.
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compare these figures with others from the literature. This
supports the need for more studies in this context to understand
the factors affecting this aspect.

Hypotheses PH2 and PH3, associated to RQ3 and RQ4,
respectively, were assessed by means of the survey. The results
(Figure 8 and Table 2) show that the students' opinion about the
activity is very positive and, futhermore, with a favorable effect
on their motivation with respect to the subject.

With regard to motivation, in both the first and second
academic years, the great majority of the answers have a value of 4,
mainly, or 5 (78% in the first year and 88% in the second). In
addition, this improvement in the motivation is statistically signif-
icant, so the results of the survey confirm PH2, answering RQ3
(Section 1).

Similar results were achieved in the activity evaluation. The
great majority of students chose mainly answer 4 or 5,

consistently in the 2 years (83% in the first year and 85% in
the second). As with the results in motivation, this positive
opinion about the activity is statistically significant, so the
results of the survey also confirm PH3, and answer RQ4.

Comparing the results in both constructs by BS, it is interesting to
note that, although the results are good in both, those of the Sta-
tistical one are higher in both motivation and activity valuation.
These higher results are consistent in both academic years and are
even statistically significant in the second.

These findings reinforce the idea that games are entertaining [13],
and this turns them into a powerful tool to increase student
motivation when used in an educational environment [7, 13, 56,
60–64], even if they are proposed outside the formal curriculum.

Focusing on learning (PH1), an essential outcome of the activity,
the subjective opinion of the students, collected by means of
question 2 of the survey, is very positive, once more choosing

TABLE 5 | Results of the pre‐/post‐test analysis (Section 4.2.1) per academic year and joining both (Year column), removing 5% best and worst

students. The same notation as in Table 4 is used.

ExpSet CtrlSet ExpSet ‐ CtrlSet
Year Students Dif RelDif (%) Dif RelDif (%) Dif p‐value RelDif (%) p‐value

First All −0.8 −16.3 −1.2 −28.8 0.4 0.12 12.2 0.07

Second All −0.4 −6.1 −1.1 −17.8 0.7 0.02 11.7 0.04

Both All −0.6 −11.6 −1.2 −22.6 0.6 0.01 11 0.02

TABLE 6 | Results of the course final results analysis (Section 4.2.1) per academic year and joining both (Year column).

Grades (Mean) Approved (%)

Year Students ExpSet CtrlSet Dif. p‐value ExpSet CtrlSet Dif. p‐value

First All 4.5 4.0 0.5 0.22 47.3 32.8 14.5 0.08

Statistic 5.2 5.4 0.2 0.59 50 50 0.0 1.0

Computer Science 4.2 3.8 0.4 0.41 46.0 30.9 15.1 0.09

Second All 5.1 4.7 0.4 0.26 57.3 50 7.3 0.22

Statistic 6.1 5.9 0.2 0.66 75.0 68.8 6.2 0.74

Computer Science 4.9 4.4 0.5 0.20 54 45.3 8.7 0.18

Both All 4.8 4.4 0.4 0.15 51.8 42.7 9.1 0.05

Statistic 5.7 5.6 0.1 0.54 62.5 60.0 2.5 0.67

Computer Science 4.5 4.0 0.5 0.14 50.0 38.7 11.3 0.04

Note: Those cases where the experimental set achieves a better performance than the control one (Dif. column, where Dif=Mean (ExpSet)−Mean (CtrlSet)) are bold face
emphasized. To give a wider view of the statistical significance analysis, the following notation has been used: values of p‐value > 0.1 (clearly not significant) are in gray,
when the p‐value≤ 0.05 (significant difference) is bold face emphasized, and intermediate values 0.1≥ p‐value≥ 0.05 (no significant differences at 95%, but low p‐value)
are in normal text.

TABLE 7 | Results of the course final results analysis (Section 4.2.1) per academic year and joining both (Year column), removing 5% best and

worst grades. The same notation as in Table 6 is used.

Grades (Mean)

Year Students ExpSet CtrlSet Dif. p‐value

First All 4.4 3.7 0.7 0.07

Second All 5.2 4.5 0.7 0.1

Both All 4.8 4.3 0.5 0.06
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mainly answer 4 or 5: 85% in the first year and 94% in the second;
these figures being the highest of the three questions of the survey.
Therefore, the students think that they have learned through the
activity. This subjective opinion is again higher in the students of
the Statistic BS in both academic years, being statistically signifi-
cant in the second.

The subjective feeling shown is important since it reinforces
their self‐confidence and motivation, which is essential in order
to engage the students with the subject and thus improve their
learning process [65]; the study was approached objectively by
means of the pre‐/post‐test and the course final results analysis.

The results in the pre‐/post‐test (Tables 4 and 5) consistently show
a better performance of the experimental group, that is, of the
students that followed the activity, independently of the students
(all the students or only those in the Statistic or Computer Science
degrees) and the academic year: the values in the columns “ExpSet
‐ CtrlSet” are always positive. In the relative difference, values up to
10% have been achieved in some cases.

Focusing on the statistical analysis, statistically significant dif-
ferences are achieved when the study extends to the two
academic years, so as to have a broader population in the
analysis, and when the best and worst cases are removed to
eliminate extremes. In the remaining cases, although the dif-
ferences are not significant, very low p values are achieved in
several cases, mostly in the second academic year.

The analysis of the final results of the course shows a similar
tendency to that of the pre‐/post‐test one. Except for the Sta-
tistics BS and the first year, the results of the experimental set
are consistently better than those of the control. In addition,
statistically significant differences were achieved in the analysis
of the students who passed. In the same way, when the extreme
grades were removed, very low p values were achieved in the
differences.

Focusing on the confidence analysis of the differences in the
objective study, it should be noted that when this is extended to
both courses, thus achieving conditions with large sizes [51]
(100 students or bigger), the differences are statistically signif-
icant or close to being so (with very low p values). This can be
seen in the rows Both‐All (sizes of the experimental and control
sets of 168 and 147, respectively) and Both‐Computer Science
(sizes of the experimental and control sets of 126 and 123,
respectively) of Tables 4 and 6.

So, due to all the above, the activity seems to have a positive
influence over learning, confirming PH1, and answering the
RQ1. This positive influence over learning is in accordance with
that shown in previous works [6, 7, 17, 23, 66], but here, it has
been extended to extracurricular game‐based activities. Another
important difference and finding is that this extracurricular
approach, allows the use of games to be extended, and thus
their positive effect on learning, to all the concepts of an entire
course.

Addressing RQ2, the results in Table 4 are positive for students
of both BS, without a clear trend for one or the other; although,
the students of the BS in Statistics in the experimental set of

the second year are the only ones that have a positive value in
the “Dif” column; which means that, on average, the grades in
the post‐test (final exam of the subject) are better than in the
pre‐test. With regard to the final course results (Table 6), except
for Statistical BS and the first year, the results are also positive
for students of both BS. Since Computer Programming is a
“transversal” subject, i.e., it is studied not only in the BS in
Computer Science but also in several Engineering or Science
degrees, it is interesting to note that the activity seems to foster
Computer Programming for both students of Computer Science
and external to this discipline, such as the BS in Statistics.

To finish, it is interesting to point out that the results support
those previously shown in the literature related to the difficulty
of the students when approaching Programming concepts for
the first time [12–14]. The results in Table 6 show that, in
general, the average grade in the final exam is less than 5.0 (the
minimum to pass the exam) and the passing percentage is
around 50%, being lower in several cases.

7 | Threats to Validity

Possible threats to validity affecting the results of the study
consist of the following: construct, conclusion, and both inter-
nal and external threats [67]. These problems are discussed
below, looking at how they can be approached so as to be
avoided here.

7.1 | Construct Validity

The principal problem with ensuring that what is actually mea-
sured is what we wish to measure lies within how the instruments
are designed. To overcome the said problem, our survey was both
designed and validated by experts in the matter and followed well‐
defined models [54, 57, 58]. In fact, all the results underwent
evaluation. With respect to the objective measurement of the
learning, neither the pre‐tests nor the post‐tests were made in an
impromptu manner, as this might have introduced a certain
amount of subjectivity. Instead, we used the standard exams and
evaluations, which were not connected in any way to the activity,
to assess the students' competence in the subject.

7.2 | Internal Validity

Here, the main problems come from the conditions of the data
collection and the limitations that arise from the cross‐sectional
design of the study [68].

The data must be collected as objectively as possible and be as
representative as possible in so far as the population under
study is concerned so as to avoid bias. An experimental protocol
using random sampling was followed to this end for the ex-
perimental and control sets, both of which have identical
characteristics (same learning activities, assessment, and study
materials). The two lecturers of the subject were also similar in
experience and knowledge, while the instruments used for
testing the activity (survey, pre‐tests, and post‐tests) were the
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same for all the students who were, in addition, representative
of the study population as a whole.

Concerning implementation, for the sake of objectivity, we con-
centrated on ensuring the validity of the acquisition measures. The
survey was anonymous and the question scale was masked for the
students, who were not trained in the use of either the survey or
the tests, so the answers were not conditioned by the researchers
(Rosenthal effect). What is more, the researchers were not generally
present during the activities, thus avoiding bias in that sense.

As for the inherent limitations of the design, one of the intentions
of the random selection of the sets was to counteract any possible
influence of external variables that could be different from the
study's independent variables. Even so, in the same way, in order to
avoid possible biases in the random selection, the study was ex-
tended to two different academic years and BS, thus achieving large
experimental and control sets, which minimizes the bias risk [51].

Finally, it should be noted that the researcher who carried out the
activity and collected the data was not the same as those who
analyzed them, once more in an attempt to avoid any bias. Fur-
thermore, the researchers who analyzed the data were not the
lecturers in the subject matter and they did not know the students
personally.

7.3 | External Validity

It is not possible at this time to generalize the results because
the evaluation was performed in only one university. Never-
theless, due to the nature of the proposal and the participants'
profiles, they can be extrapolated for conditions that are similar
in so far as education and the socio‐cultural sphere are con-
cerned. It may also be possible to extrapolate the results to other
socio‐cultural and educational conditions as well, since the lit-
erature on the topic has shown that the use of serious games
can be successful in varying environments, both educationally
and culturally (see, for instance refs. [65, 69–71]).

The participants were from two different degree studies, and both
had good results. This would seem to show that it is not only an
interesting and useful activity for computer science studies.

7.4 | Conclusion Validity

This concerns the aspects that may affect the ability to come to
a correct conclusion via the statistical analysis of the data. The
main problems in our case were in data collection (sampling,
size, representativeness, etc.), being able to use adequate sta-
tistical tests and the reliability of the measurements.

Most of these concerns have already been mentioned above, so
here, we shall limit our comments to the size of the control and
experimental sets. The set that includes all the students and the
one with only computer science students both had the mini-
mum number of participants per condition that is considered in
ref. [51], but this criterion was not fulfilled for the sets with only
students studying the BS in statistics so their results are thus
less meaningful.

This study is based on hypotheses and the evaluation was done
using survey measurements that have a proven efficacy for
measuring the reactions of students. They were also designed
with well‐defined, validated models using reliable instruments
for measuring student competence, including the pre‐tests and
post‐tests.

8 | Limitations

There were two lecturers on the course, something which was
unavoidable due to the organization of the teaching responsi-
bilities. This is not ideal for achieving uniformity in the study,
but the effect was minimized as both lecturers had similar ex-
perience and preparation in the matter. In addition, the mate-
rials and tests used were identical for all the students and were
created by both lecturers working together.

A second limitation is the nationality of the students, who were all
from the same country, with a similar socioeconomic and educa-
tional level. Nevertheless, these students can be considered repre-
sentative of the student population and also similar culturally and
educationally to students from other universities.

Another limitation that was beyond the control of the re-
searchers was the time factor. The activity and its assessment
were adapted so that the normal course of events was not
affected at all, thus avoiding the question of student overload.

9 | Conclusions

In this work, a broad study (315 students, two academic years
and two BS) concerning the use of a game‐based extracurricular
activity is shown. The activity was proposed as support to the
Programming Fundamentals learning in higher education
courses, encompassing the entire course. The study was based
on a Cross‐Sectional design, with a between subjects approach,
collecting both qualitative and quantitative data. Following this
design, the achievement of the activity goals has been evaluated
through hypotheses assessment.

An important goal or outcome was to foster student learning.
Both qualitative and quantitative data allow us to conclude that
the results seem to support the achievement of the said goal.
The results of the qualitative assessment were statistically sig-
nificant. In the quantitative one, the pre‐/post‐tests and final
course results analysis show that the experimental set (students
that followed the activity) mainly performed better, indepen-
dently of the academic year and the BS, with statistically sig-
nificant differences, or very low p values, in many cases.

Another outcome assessed was motivation and activity experi-
ence. The opinion of the students, achieved by means of a
survey, has been very positive and statistically significant in
both aspects, so it can be concluded that this outcome has also
been achieved.

A relevant aspect of the study was to assess the differences in
the outcomes between students pursuing a Bachelor in Com-
puter Science, where the programming is a core subject, and
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those pursuing a Bachelor of Science in Statistics, where pro-
gramming is an external subject.

From the results, it can be concluded that no differences between
Bachelors have been found in the objective learning outcome
assessment, as has been pointed out. However, in both the par-
ticipation in the activity and the survey answers, although the
results in both Bachelors have been very positive, those of Statistics
have been much higher than those of Computer Science, with
statistically significant differences. This poses an interesting future
work: extending the activity to other BS.

From all of the above, it can be concluded that the research
questions initially posed in the study have been positively an-
swered. The extracurricular game‐based activity proposed seems to
have a positive influence on learning and is very positively valued
by the students. This encourages us to continue in this line of work,
extending the activity to other BS, as pointed out, and adding new
minigames covering new programming concepts.
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Appendix A

Course Content and Study Schedule

Table A1 shows the content of the course and the study activities
schedule.

TABLE A1 | Course, game‐based and study activities schedule.

Week/s Course content Activity

1 Programming environment

2–3 Lexical, Variables, and Basic
Data Types

4 Methods

5 Conditional Control
Structures

midterm exam
(pre‐test)

6 Conditional Control
Structures

“Data Drop”
minigame is open

7 Iteration Control Structures

8 Iteration Control Structures “Mars Miners”
minigame is open

9 Recursion

10–11 Vectors and
Multidimensional Arrays

“Recursive Party”
minigame is open

12 Heterogeneous Data
Structures

“Pointed” minigame
is open

12 Heterogeneous Data
Structures

“Stacked” minigame
is open

14 Files

15 Dynamic Data Structures Survey

School Period End. Examination period

19 Final exam
(post‐test)
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