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ABSTRACT

Within the last decade, different educational data mining
techniques, particularly quantitative methods such as clus-
tering, and regression analysis are widely used to analyze
the data from educational games. In this research, we im-
plemented a quantitative data mining technique (clustering)
to further investigate students’ feedback. Students played
educational games within a week on the educational games
platform, Legends of Learning and after a week, we asked
them to fulfill the feedback survey about their feelings on
the use of this platform. To analyze the collected data from
students, firstly, we prepared clusters and selected one pro-
totype student closest to the centroid of each cluster to in-
terview. Interviews were held to explain the clusters more
and due to time and resource limitations, we were unable
to interview all (N=60) students, thus only the most rep-
resentative students were interviewed. In addition to the
students, we conducted an interview with the teacher as
well to get her detailed feedback and observations on the
usage of educational games. We also asked students to take
an exam before and after the research to see the impact of
games on their grades. Our results depict that though edu-
cational games can increase students’ motivation, they may
negatively impact some students’ grades. And even though
playing games made students feel interested and fun, they
would not like to play them on a daily basis. Hence, using
educational games for a certain duration such as subject re-
vision weeks may positively influence students’ grades and
motivation.
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1. INTRODUCTION

Serious games or educational games can be defined as games
that have the primary purpose of learning and education
rather than entertainment. Educational games are special
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kinds of games that particularly aim to reach another out-
come in addition to entertaining players. These games are
used as a tool to increase the motivation and attention of
students. In addition to the positive impact of educational
games on students’ attitudes, they can also directly help
learners to increase their grades [31, 46]. However, it is im-
portant to mention that if not developed and implemented
correctly, educational games can also negatively interfere
with the learning outcome [22].

The implementation fields of educational games vary a lot.
For example, while educational games were used in social
science education such as English language education [1],
history education [25], they were also widely used in more
technical fields as well such as biology education [10], com-
puter science education [30]. Particularly, within the teach-
ing of complex subjects, educational games can help both
teachers and students to ease the learning process. These
games have the potential to get the attention of learners for
a longer period compared to traditional lectures and by using
different game elements, they encourage players to continue
studying. [47] carried out the research about the systematic
literature review on the use of educational games. Based on
their analysis of published papers between 2009 and 2018,
many factors can influence successful educational game us-
age. Gaming easiness, backstory, and production can be
examples of these factors. Furthermore, in this research,
we used the digital educational games platform called “Leg-
ends of Learning”. Legends of Learning * is an online educa-
tional game platform that offers over 2,000 math and science
games. Inside the platform, there are various games for each
subject and class. Teachers create playlists of games based
on standards and students work through completing each
one.

The aim of this research was twofold:

e First, our goal was to measure the impact of utiliz-
ing educational games during science subject revision
in one school in Azerbaijan. At the beginning and at
the end of the revision week, students did two different
tests: one pre and one postrevision test, which allowed
us to measure the impact of educational games on their
grades. Once the revision week ended, we asked stu-
dents to provide feedback on the usage of educational
games. Based on their test results and feedback on the
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games, we developed four student clusters.

e Second, we aimed to implement a novel approach to
the selection of interview participants rather than se-
lecting them randomly. Because student clusters should
be interpretable and representative of the whole stu-
dent sample [37, 36]. While traditional educational
data mining is more about quantitative analysis of ed-
ucational data, qualitative data can give us a deeper
understanding of individual students and their traits.
Thus, the second aim of this research was to further
refine the student clusters through qualitative analysis
(semi-structured interviews) of each prototype student
in the data (i.e., for each cluster, the student closest
to the centroid).

2. LITERATURE REVIEW

2.1 Educational games in science education
Much research has been conducted on the usage of physi-
cal educational games in science education [27, 39, 8]. [23]
developed an educational card game, then measured its im-
pact on students’ performance. They found that there is
a significant difference between students’ test results be-
fore and after playing this card game. Students also pro-
vided very satisfactory feedback to the researchers (4.29 over
5.00). Moreover, [6] found that using physical educational
card games can enhance the educational experience of phar-
macy students. [6] asked students to answer 90 questions
before starting to play games and they played each game for
1 hour, 3 times over a 6-week period. The main subject of
the games was cardiology and infectious diseases and stu-
dents improved their assessment scores significantly (19.2%
vs. 5.1%, (p < 0.001) and 10.3% vs. 5.1% (p = 0.006). In
addition to increasing their grades, students also mentioned
that they would like to play these card games in the future.
Furthermore, [12] and [32] investigated educational board
games. [12] used a board game called “Gut Check” where
players try to develop a healthy microbiome for themselves
and they also disrupt opponents’ efforts. In the development
of this game, the researchers worked with gamers and biol-
ogists to develop both educational and entertaining games.
While [12] only focused on the educational board game, [32]
both created a new educational board game whose struc-
ture of spatial relationships mirrored the structure of ratio-
nal numbers and to measure the impact of the game, they
implemented pretest-posttest assessments. [32] found that
the correlation between posttest and pretest scores was not
statistically significant, r = .11, t(36) = 0.63, p = .531. The
baseline knowledge of their participants did not influence the
estimated normalized knowledge gains. Even though these
papers build a strong understanding and impact of using
education in science education, they focus on physical edu-
cational games. In our research, we focused on the impact
of digital educational games.

Some researchers investigated digital educational games and
their impact on students’ learning [42, 40, 5, 4]. [3] in-
vestigated the impact of using video gaming technology on
middle school students learning within the scope of basic
electromagnetism. For this, they used the game called “Su-
percharged!” which is a 3D action/racing game. In this
game, players try to maneuver through a set of obstacles
to obtain a certain goal. Supercharged! is designed based

on the laws of electrostatics and the game helps the play-
ers to build stronger intuitions about how charged particles
interact with electric and magnetic fields. [3] divided par-
ticipants into two categories: experiment and control. Ex-
periment group members learned the given physics subjects
by playing games on Supercharged!, however, control group
members learned the same physics subject by using the tra-
ditional learning method. The researchers found that the
experiment group outperformed the control group and there
was no significant difference from the perspective of gender.
The researchers also asked open-ended questions to students
and students mentioned that talking in the classroom dur-
ing the learning process is not familiar to them, thus in the
beginning it was challenging for some students to adapt. Ad-
ditionally, based on their findings, digital educational games
do not replace instruction, but they can support teaching.
Moreover, [44] and [10] focused on the utilization of digital
educational games in chemistry and biology education re-
spectively. Both of these authors implemented pretest and
posttest research methods where they divided students into
experiment and control groups and asked students to take a
test before and after playing digital educational games. [44]
found that compared to the traditional teaching approach,
the game-based learning approaches depicted better effects.
Additionally, they also found that students are prone to have
higher self-efficacy than those in a traditional lecture class
when learning science. [10] found similar positive results
from their research that there was a significant improvement
in the overall learning achievement of students after playing
digital games. Hereby, there was detailed research about the
implementation of digital educational games in science ed-
ucation, nonetheless, we could not find research carried out
in Azerbaijan. In our research, we focused on the usage of
digital educational games in a school located in Azerbaijan.

Furthermore, in some cases, the implementation of educa-
tional games is not successful [47]. For instance, [13] and
[15] found that educational games have a negative influence
on the relationship between mental workload and learning
effect. Additionally, [14] also investigated the digital educa-
tional games and they found that there were no significant
differences in in-depth learning among learners.

2.2 Research on Legends of Learning

In this research, we used Legends of Learning as a digital
educational game platform and we also did a literature re-
view of the research carried out about the platform. [18]
used the Legends of Learning platform to see how the plat-
form impacts students’ knowledge of the physics of light.
50 8th-grade students participated in the research and the
pretest-posttest method was implemented. They found that
there was a medium development for the concept mastery
enhancement and student curiosity enhancement has shown
a negative impact. Furthermore, the Legends of Learning
team partnered up with the team from Vanderbilt Univer-
sity and they investigated the usage of educational games in
the classroom [11]. They found that the students who used
educational games as part of their regular curricula perform
better than their peers on both factual knowledge and depth
of knowledge. Based on our search, Legends of Learning was
not utilized as a digital educational game platform in Azer-
baijan, and in our research, we used this platform to see
its impact on students’ learning and motivation in a school



located in Azerbaijan.

2.3 Educational games in Azerbaijan

In Azerbaijan, educational games and gamified apps are not
familiar to the local market and the market lacks localized
or translated international educational games platforms [26].
In [26], the researchers designed and developed an educa-
tional game called “FunMath” in which players need to solve
mathematical problems to advance their scores. The app
is designed from scratch in collaboration with the teachers
and students. And after doing the usability test and fi-
nal interview with the school teacher, they found that even
though there could be more improvements, FunMath can
extensively be used within and outside of school to increase
learners’ motivation.

[43] investigated how gamified environment can impact learn-
ers’ motivation and math abilities. For this, they utilized
the platform called “Polyup”. Polyup is a computational
thinking playground where students can experiment with
numbers and functions. After playing games, they asked
students to provide feedback by fulfilling the survey. Stu-
dents mentioned that the platform can be used to connect
mathematics with real-life experiences as well as can also
enhance their mathematical calculation skills. Furthermore,
based on our research, apart from [26] and [43], we could
not find research focusing on educational games or gamified
platforms in Azerbaijan. Additionally, both of these papers
were focused on researching educational games within the
scope of math education, and in our research, we focus on
the impact of educational games in science education.

2.4 Educational games analytics by using clus-

tering algorithms

Educational or serious games analytics refers to analytics or
insights converted from gameplay data within educational
games for the aim of performance measurement, assessment,
or improvement [28]. Different supervised and unsupervised
data mining methods can be implemented to analyze data
from educational games [19]. Clustering is one of the unsu-
pervised techniques of data mining and it contains various
algorithms such as K-means, hierarchical clustering, and ex-
pectation maximization [38]. [2] did the systematic litera-
ture review study on the applications of data science tech-
niques to analyze data from educational games. In their
research, [2] found that 16 of the total 87 academic papers
utilized clustering as a data mining technique which was one
of the mostly-used methods along with linear regression and
correlation analysis. And in this research, we also used the
K-means algorithm to develop clusters.

[29] proposed and validated the questionnaire which is an
instrument to measure the game preferences and habits of
an intended audience. This instrument is called “The Game
Preferences Questionnaire (GPQ) which possesses 10 Likert-
scale items and produces a classification of the participants
into four discrete clusters. While creating these clusters, [29]
utilized the K-means algorithm and they found four main
clusters: casual players, no gamers, well-rounded gamers,
and hardcore gamers. Furthermore, [33] implemented K-
means clustering, K-means++ initialization, and CVIs al-
gorithms to investigate the creation of the new clustering-

based profiling method. For this, they used the platform
called “GraphoLearn” where users can play games for learn-
ing to read. [33] found that by utilizing their clustering
method it is possible to cluster various kinds of learners and
the method can help to track students who have reading dis-
abilities. Additionally, [9] also used the K-means algorithm
to analyze the measure of educational games on students.
They used the platform called “OMEGA+" and in that plat-
form, learners can play games to enhance their knowledge of
problem-solving, planning and organization, associative rea-
soning, and accuracy and evaluation. After the implementa-
tion of the k-means algorithm, they found four clusters based
on their activity status. [9] also mentioned that female play-
ers do not benefit from educational games due to their low
activity status. In our research, in addition to the clustering
analysis and interpretation of clusters, we utilized clustering
results to select the students for the qualitative data collec-
tion. From this perspective, our paper brings novelty since
it is a natural combination of qualitative and quantitative
data analysis rather than only utilizing quantitative cluster-
ing data for quantitative data analysis purposes.

In addition to the K-means, other clustering algorithms were
also used to analyze data from educational games. For in-
stance, [17] used the density-based spatial clustering of ap-
plications with noise (DBSCAN) algorithm to research stu-
dents’ behavior in educational games. Based on the DB-
SCAN, [17] propose a new method called “SPRING” that
helps student profile modeling in educational games. Fur-
thermore, [24] focused on the analysis of player strategies
in educational games, and for this, they utilized hierarchical
clustering. Within this study, they used “GrAZE” which is
a puzzle-based game where learners can improve their al-
gorithmic thinking by playing this game. [24] highlighted
problem areas that can be fixed in the early design phase.

3. METHODOLOGY

We implemented a mixed methodology: quantitative (sur-
veys) and qualitative (interviews). To measure the change
in students’ learning, we implemented the pretest-posttest
method where we asked students to take a test before and
after playing games. Additionally, we also asked students
to fulfill a survey which helped us to analyze their feed-
back and define clusters according to their background and
test results. Furthermore, we selected one prototype student
closest to the centroid of each cluster to interview (Figure

1).

3.1 Research set up and participants

Before starting the research process, we prepared agree-
ments to be signed by the school principal and students’
parents. All the permissions were collected from the princi-
pal and parents two weeks prior to the research. Students
whose parents did not sign the agreement also played games
but their data was not collected in any form. In parallel with
the collection of permission forms, the teacher selected edu-
cational games from the platform for each class (Appendix
C). On Legends of Learning, there are many games and each
game has a very different learning goal, thus it was necessary
to define the games for each class in advance. Moreover, we
also communicated with all parents and school administra-
tors to ensure that there is an internet connection in each
classroom and students have their devices with them.
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Figure 1: Research process

We recruited students who study in the 5th, 6th, or 7th
grades(5th-grade students = 43.3%, 6th-grade students =
25%, Tth-grade students = 31.7%). We gathered data from
67 students, nevertheless, since 7 students could not take
the test after playing educational games, we removed them
from the dataset. Exactly 50% of students mentioned that
they identify themselves as “male”, and the remaining 50%
selected the “female” option.

3.2 Legends of Learning platform

Legends of Learning contain many various games inside the
platform and the type of the game type can differ from mem-
ory type to matching games. Thus, it totally depends on the
learning goal of the instructor and what kinds of knowledge
they want to deliver. In our research, since the teacher had
prior experience using the platform in the classroom, she se-
lected games (Appendix C). The selected games can mainly
be categorized under three sections: matching, memory, and
video games. In the matching games, students were asked to
match images with the given information, and in the mem-
ory games, students were asked to memorize some of the
notions. And in the case of video games, students play a
regular game while in the middle of the game, the game
stops and it asks the question from the student in a quiz
format. If students answer questions correctly, then they
collect points. Furthermore, one of the interesting features
of Legends of Learning is the “Awakening” section. After fin-
ishing their regular games, students can move to the Awak-
ening part, a virtual world. During the Awakening section,
students can walk, meet each other, and solve additional
questions. There is no endpoint in the Awakening section,
thus one can collect as many points as one can. However,
since we selected games previously and we wanted all of the
students to play all selected games, we put a time limit of
five minutes for the Awakening section.

3.3 Data collection and analysis

In this research, we collected both quantitative and qual-
itative data 2. To collect quantitative data, we prepared
the survey and arranged special dates for students to fulfill
the survey at the school. To make sure that students un-
derstand how they need to fulfill the survey, the teacher ex-
plained each question to students while guiding them. In the
development of the survey questions, we used closed-ended
questions where participants choose one or more of the pre-
determined responses. The reason to select the closed-ended
questions is that they are easier and faster to answer [45].
Considering the age of this study’s participants, for us, it was
necessary to keep their attention while they were fulfilling
the survey. The main aim of this survey was to collect stu-
dents’ feedback. The feedback survey is designed in a five-
item Likert scale ((1) Strongly disagree; (2) Disagree; (3)

2The datasets generated during and/or analyzed during the
current study are available from the corresponding author
on request.

Neither agree nor disagree; (4) Agree; (5) Strongly agree).
In the development of statements for the survey, we con-
sidered our main research focus such as what kind of infor-
mation we would like students to provide, and additionally,
we used [20] as a reference to select some of the statements.
[20] developed these statements particularly to measure user
feedback after using the e-learning games.

To measure the impact of educational games on the learning
outcome, we implemented a pretest-posttest design where
we asked students to take two tests: pregame and postgame
tests [16]. The aim of asking students to take two tests was
to investigate how students’ grades changed before and af-
ter playing educational games. The difficulty of questions
in both tests was very similar and the teacher prepared all
questions. Moreover, on the first day of research, all students
were asked to take a test (pregame test) for 20 minutes, and
on the last of the research, students were again asked to
take another test (postgame test). For the postgame test,
students were also given 20 minutes to finish it. Further-
more, we wanted to measure whether the difference between
pregame and postgame scores is significant or not. Since we
had only two variables (pregame and postgame score), we
conducted a t-test.

To create clusters, we implemented the K-means algorithm
and we preprocessed the data before starting the algorithm
implementation phase. Initially, since we did not have any
missing values, we moved to the data transformation stage
where we converted categorical variables into binary or nu-
merical variables. As a next step, we standardized data by
using MinMaxScaler. Within the implementation of the K-
means algorithm, one of the important phases is to define
the optimal number of clusters (k) and for this, we used the
“Elbow method”. When we visualized the graph we observed
that the graph rapidly changed at a point and this happened
when the number of K was 4. Furthermore, for clustering
data, we used the following variables: students’ responses to
all questions in the feedback survey, pretest-posttest scores,
gender, previous gaming experience, and grade that they
study.

To collect qualitative data, we held semi-structured inter-
views. The main goal of holding these interviews was to
collect detailed feedback from students and teachers about
their experience using the platform. The reason why we
selected semi-structured interviews was that we wanted to
ask certain questions but we also wanted to investigate stu-
dents’ additional thoughts. While holding semi-structured
interviews, it is possible to direct the interview based on
participants’ responses [35]. Furthermore, once we had the
results from the clustering analysis, we selected one per-
son from each cluster (the closest prototype to the centroid)
because this student prototype would be the best represen-
tation of the cluster that they belong to. All interviews
were held in the school based on the availability of the se-
lected students and teachers. Interviews were recorded and
transcribed in the Azerbaijani language, however, for this
academic research, the main outputs were translated from
Azerbaijani into English. The parents of the interview par-
ticipants signed the agreement to give permission before we
start interviewing. To analyze interview data, we imple-
mented the coding scheme methodology [7].



Table 1: Overview of clusters

Cluster 1D Cluster description N Gender (female vs male) _ Gaming experience (yes vs no)
cluster_0 Lowly motivated and positive-grade-change students 8 37.5% vs 62.5% 85.7% vs 14.3%
cluster_1 Average motivated and negative-grade-change students 28 50% vs 50% 85.7% vs 14.3%
cluster_2 Average motivated and no-grade-change students 16 43.8% vs 56.2% 75% vs 25%
cluster_3 Highly motivated and high-positive-grade students 9 67% vs 33% 100% vs 0%

® cluster_0 @ cluster_1 cluster_2 @ cluster_3

pre-test post-test

Figure 2: Change in the grades of each cluster on average

4. RESULTS

4.1 Survey results

In the survey, students provided feedback by answering ques-
tions where the maximum score was 5 and the minimum
score was 1. When we asked students about their feeling
while they revise the subject by playing games, they men-
tioned that they felt more satisfied (4.07) and more moti-
vated (3.67). Additionally, students gave a score of 4.22
for their experience from the perspective of enjoyment. It
depicts that students did not feel bored or anxious while
playing these games. Subsequently, students mentioned that
they would like to revise the study subjects by playing ed-
ucational games in the future as well (4.32). However, stu-
dents gave a score of 3.65 to the statement about improve-
ment in their knowledge. To sum up, even though students
provided high scores to the statements about their feelings
and willingness to use educational games in the future, their
scores for knowledge did not improve significantly.

4.2 Student profiles based on clustering results
According to the clustering results, we made four different
student profiles (Table 1) and they are as follows:

1. Highly motivated and high-positive-grade students: Stu-
dents in this cluster changed their grades by 4.71 points
on average (Figure 2). They were satisfied with their
experience on the platform and according to them, ed-
ucational games helped them to increase their knowl-
edge. Lastly, these students enjoyed the games most.

2. Average motivated and no-grade-change students: These

students felt less motivated and they felt bored more
at some parts of the games compared to the previous
cluster of students. Moreover, there was no change in
the grades of these students after playing educational
games.

3. Average motivated and negative-grade-change students:
The main characteristics of these cluster students look
alike with the second cluster students from the per-
spective of how they feel using educational games. The
main difference between the second and this cluster

was their grade change. Students in this cluster de-
creased their grades by 4 points on average. This was
the only cluster that depicted a negative change in
their grades after playing educational games.

4. Lowly motivated and positive-grade-change students:
Students in this cluster felt less motivated and they
were not satisfied in comparison with their peers. Even
though they provided lower points for their feelings
about using the platform, these students made a pos-
itive change in their grades by 1.3 points on average.

When we ran a t-test to measure the significance of the
change, we found that there is no sufficient evidence to say
that the average grade of students before and after using
educational games is different (p-value = 0.7746, alpha =
0.05). Moreover, we also analyzed the average score of each
cluster to the feedback survey where “5” means that they
strongly agree with the statement and “1” signifies that they
strongly disagree with the statement. Overall, cluster_3 pro-
vided very positive feedback from any perspective such as
being motivated to use educational games in the future and
feeling positive and joyful while playing games. Cluster_0
provided lower scores compared to other clusters on average
and the scores from cluster_1 and cluster_2 were almost the
same. Nevertheless, almost all clusters (except cluster_2)
gave the lowest score to the statement about the increase in
their knowledge (“The games increased my knowledge.”).

4.3 Students’ and teacher’s feedback on the

platform
To collect detailed feedback, we selected one prototype stu-
dent closest to the centroid of each cluster. During the in-
terviews, students provided their feedback about the plat-
form and their educational games experience (Appendix A).
Most of the students highlighted positive points about the
usage of educational games and they also emphasized that
Legends of Learning is a very user-friendly platform, thus
it was a good experience to play games on this platform
(cluster_3 and cluster_2). Moreover, all interviewed stu-
dents mentioned that they own previous experience in us-
ing gamified educational tools or educational games. Stu-
dents also provided feedback about the disadvantages of us-
ing educational games. Cluster_2 and cluster_3 prototype
students mentioned that it is challenging for them to learn
new knowledge on the platform. Even though they encoun-
tered new notions and terms, after playing games, they could
not remember most of them. Furthermore, cluster_1 proto-
type student noted that in some parts of the game, answer-
ing questions correctly did not influence their game perfor-
mance, so they were trying to click any buttons so that they
can move to the next stage faster. Lastly, cluster_0 proto-
type students mentioned that some types of games such as
memory games even decreased their motivation to continue.

In addition to students, we also conducted an interview
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Figure 3: Responses of each cluster to the survey questions

with the teacher to understand students’ attitudes, her feed-
back on teaching through educational games, and the chal-
lenges that she encountered during the research week (Ap-
pendix B). Overall, the teacher mentioned positive feedback
on the use of educational games since she observed a positive
change in students’ behavior. She highlighted that students
collaborated with one another to explain some problems and
it increased the engagement inside the classroom. Partic-
ularly, after finishing the research, some inactive students
started to participate in the classroom more actively and
she thought that games helped them to see science from a
different perspective. The teacher also mentioned some chal-
lenges and negative feedback that she observed and heard
from students. According to her, some students did not have
any prior knowledge of playing games or even using comput-
ers, thus adoption of the educational games took longer time
compared to their peers. Moreover, even though playing ed-
ucational games was fun, students were not interested in
playing them on a daily basis.

S. DISCUSSION AND CONCLUSION

The objective of the present study was to investigate the
impact of utilizing educational games as a tool to revise
science subjects. In the first step, we asked students to
take a test before starting to play educational games. After
taking a pregame test, they played games on the platform
called “Legends of Learning” for a week. On the last day
of the week, students took a postgame test. Pregame and
postgame tests helped us to measure the change in students’
grades. Subsequently, students fulfilled a feedback survey
where we asked them to rate statements about their feeling
about using educational games. Based on the data from
the feedback survey and their pregame and postgame test
scores, we created clusters by using the K-means clustering
algorithm. Then, we selected one prototype student from
each cluster to get detailed feedback on their experience of
using educational games. As a last step, we did an interview
with a teacher to understand her perspective on teaching
through educational games and students’ behavior change
based on her observation.

[34] and [21] highlight that players with prior gaming expe-

rience positively impact their performance in other games.
In our research, we also found a similar relationship between
students’ prior gaming experience and their attitudes. Most
of the students had prior experience playing educational
games or using gamified platforms and all students men-
tioned that playing games in the classroom was entertaining
(cluster_0), exciting (cluster_1), fun (cluster_2), and interest-
ing (cluster_3). [3] mentioned that educational games cannot
replace traditional instructions, however, they can support
learning. Based on the interviews with students, we can also
see similar answers where they highlighted encountering dif-
ficulties to learn a new subject by only playing games. All
students and the teacher mentioned that they would prefer
playing games only during revision weeks since regular lec-
tures help them to learn more effectively. Additionally, as
[41] found in their papers, the teacher also mentioned that
games motivated introverted and passive students and they
started participating in classroom discussions.

There are limitations to this work that should be noted.
In this research, we used one digital educational games plat-
form and within this study, we focused on elementary school
students which restricted the scope of the research. Due to
our resources, it was only possible to hold this research with
a group of students, and the implementation of one platform
was possible. Moreover, there is a wide range of future work
that we want to address based on the results presented in
this paper. Firstly, the participant profile can be changed
to see whether it affects their motivation and grades differ-
ently. For instance, holding this research with primary and
secondary school students can result in different outcomes.
Secondly, instead of utilizing Legends of Learning, another
digital educational games platform can be used. Because
each platform is different and may bring different results.
Last not but least, the games inside the Legends of Learn-
ing can be further studied.

5.1 Ethical concerns

To maintain participants’ confidentiality they were assigned
a number rather than their name, and data were stored and
will be disposed of securely according to the agreement that
parents signed. Students were also given the right to with-



draw whenever they want to stop and leave at any point in
the study.
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APPENDIX

A.

STUDENTS’ FEEDBACK

Cluster_0 student:

Since the teacher does not explain anything, it is
very hard to actually understand anything from
scratch. Because in the classroom, our teacher ex-
plains everything many times and very easily but
in the games, they just provide information and
the explanation is not detailed. So maybe I would
not like to play games to learn something from
scratch. And I was not sure whether I am learn-
ing new things or not and that was bad. I would
not like to play games daily because I would feel
bored after some time but for the revision week,
it would be amagzing to play games always. I liked
playing games because I felt more entertained in
the classroom. I play these kinds of games very
often at my tutoring sessions and it always makes
me want to play more. The games on Legends of
Learning were okay and I did not feel that bored
except for memory games. Because in the mem-
ory games, I struggled a lot and I could not find
many hints to use. But in general, it was good
and exciting to play these games in the classroom.

Cluster_1:

It was neither good nor bad, it was fun to play
games but after a certain point, I felt a bit bored.
At the beginning of each class day, I was excited
to play games and I think some of the games are
not as fun as others. But I think the platform



is good because it does not have many bugs be-
cause most of the games that I play at home have
bugs or they work very slowly. I especially liked
the Awakening section of the platform. Because I
liked that there are no limits and I could do many
things. Actually, at that point, I understood that I
can just keep playing even if I answer the question
correctly or wrongly. And I also remember that I
can skip some points in which I could learn some-
thing. So it was a bit bad that sometimes I did
not feel I am learning anything I was only playing
games and ignoring the learning part. However, in
the classroom, our teacher generally asks random
questions in the classroom and I try to follow her
so that I can answer her question. I think we can
use games only for the revision week and it would
not be good to use them every day.

Cluster_2:

I liked playing games during the revision week,
it was very fun. In some parts of the game, I was
asked to answer some questions and in these parts,
I memorized what I learned previously in the class
so it was very good to revise previous subjects.
I also learned new information on the platform.
Maybe we learned this in the classroom previously,
I learned some of them in the games. Normally, 1
struggle a lot to sit and try to read something but
by playing games, it felt more like free-time activ-
ity rather than really studying something. Even
I was very excited to be in Science class. I previ-
ously played some educational games such as Ka-
hoot! and Bluekit but they were only in the French
and Biology classes. In general, I like playing edu-
cational games. I think the biggest disadvantage is
that it is very hard to learn something new by only
playing games. For example, I learned some new
things but I already forget most of them. Because
they appeared only in one part of the game and
I used them to move to the next sessions. But I
think that we can play games two or three times a
month about the subjects that we already learned
at school.

Cluster_3:

It was so much fun and interesting to play these
games. I try to find and play similar games at
home as well and these ones were very entertain-
ing. But at home, I start feeling bored after some
time and the best thing was that I was playing
games together with my friends at school. Hon-
estly, it did not feel like a lesson at all. I think
I also learned new things by playing games. It
was also good to answer questions that I already
learned at school. I think I collected many points
because I was trying to remember and select the
right answer to each question calmly. Iliked games
on Legends of Learning because they differ from
one another a lot. For example, I did not like
memory games and in these games, and [ was try-

ing to finish the memory games and move on to
more interesting ones. I do not think it has a huge
disadvantage because I really enjoyed but maybe
it is only good for the revision week. Because I
was mainly using my previous knowledge on the
topic and that is why I managed to finish many
games earlier than my friends. And I also want to
say that I think some students were just clicking
randomly just to continue and collect points in the
knowledge-sharing parts.

B. NOTES FROM THE INTERVIEW WITH
THE TEACHER
Teacher:

C.

Students enjoyed the platform and the Awaken-
ing was the most interesting part of the section
because they were able to see one another and in-
teract. In general, they were more motivated when
they were collaborating and talking to one an-
other. Some students whom we can call “a gamer”
were more prone to solve problems and finish prob-
lems very quickly. Once they finished their games,
they were trying to help their friends by giving
hints and explaining the platform. There was also
one interesting situation with one of my students
who was very introverted and silent during our ca-
sual classes. But during the research week, I saw
that she was very active and a pioneer to finish
games way earlier than their peers. So I think ed-
ucational games directly impact gamers who are
not much active in regular classes. One of the
greatest things was that there were at least six
students who changed their attitudes toward the
Science class as well. Before this research, these
six students were not active in the classroom, but
even after the research week, I can clearly see that
they have more interest in Science class. I think
they saw the different perspectives of Science and
they really liked it. Students understand that the
games are fun but they prefer the teacher to ex-
plain something and learn before. Because in some
games, they particularly said that they did not
learn this topic in the classroom so they could not
pass to the next level. So I think these kinds of
educational games are only good to revise some
subjects. I also saw some students that were try-
ing to skip the instructions part and maybe they
managed to get some time in the beginning, but
once they moved to the games part, they struggled
a lot. Even some needed to go back and read the
instructions again.

SELECTED EDUCATIONAL GAMES

The games for the 5th-grade students:

Particle trip: Structure of matter
Matter memory

Attack of the ice giants

Matter popper

LAB fever



e Chemibot helps the city

e The roles of water in Earth’s surface processes
The games for the 6th-grade students:

e Population Frenzy

o Weather master

e Tornado tournament
e Climate cities

e The water cycle

e Tectonic designers

e Seafloor explorer
The games for the 7th-grade students:

e The spark of life

e Dr. Franks’ cell matching adventure
e Codex - neural disarray

e Cell explorers

e Ener-jump

e Little big plant

e Photosynth Adventure



