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Abstract

The application of game principles to nongame contexts has proven to be a

powerful pedagogical strategy in the educational area to motivate, engage, and

improve learners' performance. In this study, gamification is applied to in-

crease the time and the effort that learners spend in carrying out outside‐class
activities, as well as to modify a quite common study pattern of working at the

last minute, that is, near exams or deadlines. Our aim was to motivate students

to work weekly on the contents of the subject by carrying out practical

exercises that led to a deeper knowledge acquisition, development of skills,

and the achievement of the learning outcomes gathered in the subject teaching

guide. We describe here the gamification strategies applied to two tertiary

database courses in two consecutive academic years, following, in one case, a

ranking‐based strategy, that is, achieving points by performing different ac-

tivities; and, in the other one, a strategy based on earning badges and ex-

perience points. Next, we analyze the student log activity data along with

deadlines and exam information, to assess at what extent gamification helped

fulfill our goal. Likewise, we discuss the results of an anonymous survey

carried out at the end of the semester to gather the students' opinion. We can

conclude that the gamification activities are well appreciated by the learners,

especially those that take little time to complete and can be repeated many

times to prepare their final exams.
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1 | INTRODUCTION

The European Higher Education Area1 supposed a shift
in the teaching–learning process from a teacher‐centered
method, based on magistral classes, to a more

participatory student‐centered one, focused on the de-
velopment of skills and the acquisition of knowledge
suitable for problem‐solving. In this latter method, tea-
chers help students in their learning process by offering
support and guidance and by promoting the interaction
among peers to construct knowledge in a collaborative
and meaningful manner. This shift meant a new orga-
nization of the teaching guidelines where, in addition to1
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the topics, competencies, and skills to be acquired, the
learning outcomes as well as the student's workload have
to be explicitly defined. This workload is defined as the
estimation of the amount of time a student typically
needs to complete all learning activities such as lectures,
seminars, projects, labs, work placements, and individual
study required to achieve the defined outcomes in formal
learning environments [10]. It is commonly established
that one ECTS (a learner credit) corresponds to up to 30 h
of student's work distributed in approximately 10 h of
scheduled teacher‐contact interventions, whereas the
remaining hours correspond to the estimated time that
learners should spend in their self‐study, completion of
the assignments, and exam preparation [22].

The Bologna system has been implemented for
20 years, but we observed that our students do not seem
to dedicate the out‐of‐class hours per week of study es-
timated in the subject's workload. As a result, some of
them are disoriented in the first week and lost in the next
ones, which might lead to the undesired drop‐out. In
general, teachers adapt the workload to the context and
level of the subject to fulfill the learning outcomes.
However, what is really important is to pay attention to
the learner's perceived workload and how this can be
lowered if the course design is attractive, the teacher
shows enthusiasm and implication, and the requested
activities or projects are considered interesting by
the students, independently of the associated time
investment [16].

Taking into account these premises, and with the aim
of fostering study time outside class, we designed a ga-
mification strategy in two university‐level database sub-
jects based on giving acknowledgments and awards to
students who worked with a regular pattern. This implies
that gamification was aimed at fostering extrinsic moti-
vation to the learners to engage them to participate and
complete the proposed activities2. We followed two dif-
ferent strategies, according to the number of students
involved in each subject: (1) the strategy for the Data-
bases course (DB), with around 60 students per year, was
based on earning badges and experience points for con-
ducting questionnaires; and (2) for the Information Sys-
tems Development subject (ISD), with close to 30 learners
per year, the strategy was organized on a leaderboard
obtained from the mark of a set of activities that required
a higher involvement (labs, design exercises, etc.). This
experience was performed twice for each course, pre-
cisely, in the 17/18 and 18/19 academic years. The ex-
perience developed in the first academic year helped
teachers to know the strengths and weaknesses of the

applied gamification strategies, which allowed fixing any
encountered issues in the following edition of the course.
It must be pointed out that this initiative arose as a
consequence of the low academic results achieved by
learners in one of the subjects, ISD, for several con-
secutive academic years.

The research questions that we raised at the begin-
ning of this project to assess both experiences were as
follows:

• Does gamification favor extrinsic motivation and foster
regular study when it is aligned with the short‐ and
medium‐term objectives that are to be achieved in the
subject?

• What gamification strategy is more attractive for our
learners and which one achieves a greater impact on
their performance: the first one based on personal re-
wards or the second one that promotes competitive-
ness with leaderboards?

• Is it counterproductive to offer extra points in the final
grade as a reward or, on the contrary, is this the hook
that makes it attractive?

To answer these questions, we analyzed the degree of
completion of the requested tasks, when these tasks were
completed along the course, and the obtained results. In
addition, we collected students' opinion and suggestions
of improvement of the gamification activities via an
anonymous survey.

The paper is organized in the following sections.
Section 2 gives a background on gamification techniques
and relates a list of works that served as guide and in-
spiration to design our strategy. Then, Section 3 describes
the subjects under study and the gamification strategy
adopted, taking into account the formative contents and
the size of the group. In Section 4, strengths and lim-
itations of the experiences are evaluated from a quanti-
tative and qualitative point of view. Finally, our
conclusions and future work are outlined in Section 5.

2 | GAMIFICATION

Gamification has emerged as a powerful technique that can
be applied to different problems to influence human beha-
vior. This term was first documented in 2008, but it did not
gain momentum in higher education until 2013 [28]. Cur-
rently, this domain receives a considerable amount of at-
tention according to the number of published research
articles [15]. Gamification is commonly defined as the use of
game design elements in nongame contexts [7].

It is important to point out that gamification is not
the same field as Game‐Based Learning (GBL) or Serious2
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Games [1]. GBL is a pedagogical approach consisting of
making students explore different parts of specifically
crafted games to help them enhance a set of skills or to
achieve specific learning outcomes. Relevant studies
have indicated that digital GBL possesses significant
potential for increasing students' learning motivation and
engagement [23] and cultivates their minds and spirits,
thus enhancing their learning efficiency [31]. Similarly,
Serious Games represent a form of game‐based learning
and refer to the design of fully‐fledged games for non-
recreational environments [30].

There are different strategies to implement gamifi-
cation. The simplest one is called pointsification [17],
which is based on giving rewards to a user based on
completing activities and/or on reaching a performance
indicator. One of the most used combination of elements
of game [26] to implement this strategy is the well‐
known Point–Badge–Leaderboard (PBL), which proposes
to use three elements with certain synergies between
them: points provide feedback and display progress;
badges represent achievements; and leaderboards boost
competition showing learners where they stand in rela-
tion with their peers [14]. Likewise, a more elaborate
strategy is denoted overlay, and involves combining a
game with actions you do in the real world, so that ac-
tions in the real world can have an impact on the game
world [26].

According to the literature review on gamification in
higher education performed by Subhash and Cudney
[28], points, badges, leaderboards, and levels are the most
commonly used game elements of the gamification
strategies used in real experiments. In general, there are
observed benefits in engagement, motivation, and atti-
tudes. However, the so‐desired improvement of student
performance is observed in some studies, but not in
others [24].

The choice of the game strategy to follow must be
made according to the objectives to be achieved, the
scenario where it is going to be applied, the number of
participants, as well as the time and resources available
[12]. In addition, we must bear in mind that the game
mechanics can motivate some users, but not others [21].
Therefore, the gamification strategy should include me-
chanics associated with different player typologies, if
possible. Designing games is a far from trivial task, in-
volving complex and multifaceted issues that require an
understanding of (motivational) psychology [15]. Con-
sequently, it is convenient to rely on a gamification fra-
mework to define and deploy any selected strategy in a
systematic and well‐studied manner. As described by
Mora et al. [20], there are several gamification design
frameworks available to apply. In our experiments, we
relied on two general‐purpose frameworks that provide

various use cases on their web pages and books: the
Game framework proposed by Marczewski [18] and the
Octalysis framework designed by Chou [14]. Authors
used both frameworks because when they were design-
ing the strategy, they understood that each proposal was
better adapted or explained in one of them.

Game [18] is based on two phases: planning and de-
signing. In the planning phase, three questions must be
answered: (1) what is being gamified? (2) why is it being
gamified? (what do you hope to gain from this pro-
ject?), and (3) who are the users? Then, in the designing
stage, we must think about what game elements and
rewards will be used, including the analysis that will be
performed to monitor different indicators during the
activity, such as users' engagement.

Octalysis [14] established four phases to organize the
user's journey: discovery, onboard, scaffolding, and end-
game. First, the players investigate the reason why they
should play the game and establish an attitude toward it.
Next, players familiarize with the game by completing
the first tasks and learning the basic mechanics. The
scaffolding phase starts once a player has learned the
rules to play the game and has achieved a certain level.
Finally, the endgame stage must keep players' motivation
by making them apply the acquired knowledge and skills
in challenging tasks.

Apart from following a gamification design frame-
work, it is also useful to utilize design patterns [11,29],
which let us exploit the accumulated experience from
previous implementations. To enumerate a few, Mora
et al. [19] designed a gamification strategy based on the
achievement of points and awards in collaborative ac-
tivities under the metaphor of an Agile environment
under the SPARC framework (https://sparcopen.org/).
Cosentino et al. [5] developed a generic model‐based
approach for gamifying the learning of modeling and
applied it to UML learning. Jurgelaitis et al. [13] im-
plemented gamification in a university‐level UML mod-
eling course in Moodle using points, leaderboard, content
locking, and trading. Many more references can be found
in recently published surveys such as [28] and [1]. It
must be highlighted that, to the best of authors' knowl-
edge, this paper is the first one that applies game stra-
tegies to database topics.

3 | GAMIFYING DATABASE
COURSES

We performed the gamification experiments described in
this section in the Computer Science degree of the Uni-
versity of <province> (<country>). This degree includes
three subjects related to database topics [9,27]. The first
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one, Databases (DB), mainly addresses general concepts
in relational database design and intermediate SQL lan-
guage (around 50 h), and some extra concepts in security
and application development (10 h). This subject is
taught in the fourth term of the degree and is compul-
sory. Approximately, 60 students enroll each academic
year. The second subject, Information Systems Develop-
ment (ISD), is a noncompulsory subject located in the
sixth term with around 30 learners per course. The topics
include UML/ER conceptual modeling, logical and phy-
sical modeling for both relational and dimensional da-
tabases, administration, security, testing, and the use of
persistence layers. The last subject is also optional, and it
gathers advanced database topics and is chosen by
around 10 learners in each course. This third subject was
not part of our gamification experiments.

It is important to remark that the academic guide and
the evaluation of these subjects were the same in the
three academic years under study. This evaluation con-
sisted of three exams distributed throughout the seme-
ster, two theoretical tests and one laboratory practical
one with a total weight of 55%, and of the delivery of a
team‐based or individual project in which they carry out
all the phases of the design of a database, from the cap-
ture of requirements, passing through the conceptual,
logical and physical design until its deployment (15%).
Finally, both have a final exam with a weight of 30%.
Therefore, we conclude that the differences in perfor-
mance are due to both gamified activities and student
cohort (see Section 4).

3.1 | Method for gamifying the
databases subject

This subject was gamified following the Game framework
[18]. As commented in the previous section, this is a
simple framework composed of two phases. The first one
is the planning phase, which involves answering a set of
predefined questions. These questions, along with our
answers, are the following:

1. What is being gamified?
The out‐of‐class activities performed by the lear-

ners during the term. These activities are additional
and noncompulsory over those requested during the
course.

2. Why is it being gamified?
To motivate students to work more progressively

throughout the subject's duration, instead of adopting
the typical strategy of only studying before any gra-
ded test.

3. What do you hope to gain from this project?
We expect to see a participation of a large pro-

portion of the learners in these activities and an in-
crease of the subject's performance as a consequence
of that participation.

4. Who are the users?
Students enrolled in the Databases subject who

voluntarily want to participate.

In the second phase, that is, the design of the activ-
ities, we defined the game elements and rewards to be
used, the metrics to evaluate the success of the gamifi-
cation, and the schedule of activities during the experi-
ment. Regarding the gamification, teachers opted for an
automated method based exclusively on badges for the
first edition of these experiments (17/18 academic year),
as the number of the students in the group was over 60
and this experience was taking place at the same time as
DSI gamification whose strategy required a considerable
workload for lectures. Course contents were organized in
the following five categories: basic concepts, relational
design, basic SQL, intermediate SQL, and other database
concepts. For each category, students could earn a badge
of either gold, silver, or bronze, depending on their per-
formance in the carried out activities. These activities
were composed of a set of tests that were opened in
Moodle on certain dates (see schedule in Figure 1, top).
Badges expired, which means that it was pursued that
the quizzes were carried out when the topic was being
studied, leaving two extra weeks for its completion. Each
badge comprised two quizzes, one included more con-
ceptual questions and the other one was focused on
practical issues. Each gold, silver, and bronze badge
granted 0.2, 0.15, and 0.1 points, respectively, up to a
maximum of one point. This point was added to the final
mark of the student in the subject, but only if the student
had passed the subject by itself, that is, scoring 5 out of
the 10 points belonging to traditional and compulsory
graded items.

After the evaluation of this first experience and, as a
consequence of the suggestions received from the learners,
new and different types of activities were included for the
18–19 academic year, such as crosswords, term definitions,
and SQL competitions. Furthermore, we included the
possibility of not only earning points by the obtained mark
in the activities, but also by simply participating in them.
Precisely, the gamification for this second edition of the
Databases course was divided in three items:

• Earning experience points by conducting any gamifi-
cation activities published in Moodle. The perfor-
mance of these activities was not taken into account
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for this item, and the experience earned contributed in
increasing the level of the students, who were ordered
in a ranking.

• Three badges (DB concepts, Basic SQL, Intermediate
SQL). These badges were similar to the ones presented
in the 17/18 edition: students had to respond to a
randomized questionnaire extracted from a pool of
questions, and they obtained one or other type of
badge depending on their grade.

• The participation and performance in an SQL compe-
tition were managed by an external university.

With the aim of not overwhelming the learners, each
week only involved a gamified activity, as it can be observed
in the schedule at the bottom of Figure 1. Quizzes and
badges were deployed in Moodle, whereas the SQL compe-
tition was developed with the QueryCompetition [6] tool.
This last activity was performed in two rounds during two
consecutive weekends, where they had to write four SQL
queries per round with an increasing level of difficulty.

The reward for the gamification in this second edition
was up to 2 points of the final grade (20% of the mark), in
response to the previous year students' suggestion. It is
worth mentioning that to pass the subject, the students
have to obtain at least 4.5 points over 10, without taking
into account the gamification points, and at least 5 after
adding the gamification grade.

The two gamification points were distributed between
the different activities as follows:

• Participation (40%): 15 experience levels, composed of
1000 points per level. Quiz completed: 1000 points.
Quiz repeated (only once per quiz): 500 points. Badge
completed: 1700 points.

• Badges (30%): Maximum marks: 90 points; Golden
badge: 30 points; Silver badge: 20 points; Bronze badge:
10 points.

• SQL Competition (30%): Maximum marks: 200 points
—25% came from participation, whereas 75% re-
sulted from answering properly the proposed SQL
queries (25 points each).

For the participation aspect, learners could observe
their experience points earned and the level reached in a
web page (see Figure 2) that was upgraded each week.

The gamification project was announced to the stu-
dents in the first class of the subject and by means of a
forum message. All the information about the project and
the gamified activities was hosted in a section of the
Moodle course. The number of teachers who participated
in the experience was three, the lecturer in charge of the
subject and two laboratory assistants.

3.2 | Method for gamifying the
information systems development subject

This subject was gamified following a leaderboard‐based
strategy. We used a simplified version of the framework
proposed by Chou [14] for its design. We pursued the
same goal as in the Databases subject, that is, to increase
the time involved in studying and practising out of class.
This goal was specially important for this subject due to
its low pass rate. The topics of this subject are demand-
ing, including conceptual, logical, and physical design of
relational and multidimensional databases. Moreover,
advanced SQL and application aspects are also included,
such as query profiling, transaction management, use of
procedures and triggers, and lastly, the programming and
testing of persistence layers. In short, the subject requires
learners to work weekly to acquire and master these
contents.

According to Chou's framework [14], we planned four
stages: discovery, onboard, scaffolding, and endgame.

FIGURE 1 Activities in the DB subject. Top: Activities and weeks when they remained opened during the 2017–2018 course. Bottom:
activity types and weeks where one of these activities was made available in the 2018–2019 academic year
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With the aim of making the gamification attractive and
engaging learners to participate, sometimes these activities
are related to a concrete topic from the real world, such as
some sort of race or adventure. In the gamification field,
these topics are denoted as epics. In our case, we used as
epic a cycling tour, where the students were participants
and earned kilometers for the different races of the
competition.

The discovery phase was performed the first day of
class. Lecturer in charge of the subject described the
students the goals and benefits that gamified activities
could provide them. Furthermore, a poster was created
and published in Moodle to announce the activity and a
message was also sent via the subject's forum. Students
who wanted to participate (the activity was voluntary)
were requested to send an avatar and a nickname.

Next, the game rules were explained. Each gamification
activity rightly done granted a number of kilometers in one
of the races of the cycling tour. There was a race per each
lab practice, which took place weekly. Furthermore, it was
possible to get extra points in these races by performing
other activities, such as answering questions in class, deli-
vering optional design exercises, or participating in Kahoot
challenges or the SQL competition, which were generally
announced in class and on the forum. Depending on the
difficulty of the activity, more or fewer kilometers could be
achieved. Also, any malpractice detected during the

gamification activities (e.g., plagiarism, submissions of badly
made exercises to get some points with no effort) could
involve losing some kilometers, which could be translated to
suffering a problem during the race in our cycling epic.
Each activity could be carried out only during a concrete
period of the course. Labs would be delivered fortnightly
and these would be decoupled from the deadline of the rest
of activities.

After the discovery phase, the onboard stage was
developed during the first week of the course. This
consisted of carrying out the first Kahoot challenge and
providing the laboratory sheet where students could read
gamification rules and how to proceed to earn kilo-
meters. During this week, learners had the opportunity to
observe and get familiar with the mechanics of the game.
After the first deadline, the initial leaderboard was pub-
lished in Moodle and participants could see the points
achieved in each activity and globally.

The gamification activities continued with the scaf-
folding stage. New activities were proposed and notified
by means of a forum message, in which the lecturer re-
sponsible for the subject added sentences of encourage-
ment to keep the gamification active. The teacher also
reinforced the benefits that gamification activities pro-
vided them and gave clues to those who needed them
during the master classes.

The endgame stage lightly overlaps with the previous
one, as the feedback and rewards were provided from the
beginning. During this stage, we relaxed the demand to
maintain interest and reward their effort, and declared
that those who covered 80% of the kilometers of the cy-
cling tour achieved an extra point in the subject (two
points in the second edition) and the rest received a
proportional value to the kilometers they had pedaled.

The leaderboard was built by means of a spreadsheet
(see Figure 3). The gamified activities with the kilometers
granted in each academic course are shown in Table 1.
Three teachers were involved in this subject, similar
to the Databases subject.

4 | DATA ANALYSIS AND
EXPERIMENT RESULTS

As it was mentioned in the introduction section, our goal
was to increase the activity performed by learners out of
class. To assess the strengths and limitations of the
pedagogic experiences designed, we raised several ques-
tions and used different instruments to measure the re-
sults of both experiences. In particular, we used log data
registered in the TIC tools (Kahoot, QueryCompetition,
Moodle) to check the degree of achievement of the tasks
requested; the period of completion of the tasks; the

FIGURE 2 Experience points and level ranking

6 | ZORRILLA PANTALEÓN ET AL.



results obtained; and lastly, a survey to gather the stu-
dents' opinion about the activities.

4.1 | Database subject analysis

The number of students enrolled in the database subject
in the 2017/18 academic year was 62, of which ten were
in their second enrollment. In this edition, the gamifi-
cation was exclusively based on badges. Table 2 gathers
the participation rate and the number of badges of each

type achieved by the learners. The table shows a high
participation rate at the beginning of the course, but as a
consequence of the fact that the students had to pass two
tests per badge with a minimum performance in both,
few of them became unmotivated and stopped
participating.

In the 2018/2019 academic year, the number of stu-
dents enrolled in the database subject was 65, of which 7
were in their second enrollment and 3 dropped out be-
fore the course started. Here, the number and kind of
gamified activities were extended with weekly quizzes
and an SQL competition, and the number of badges was
reduced and based on only one test to diversify the ac-
tivities and attract more students. In the following, we
show the participation for each type of activity.

We gathered the participation ratio and the number
of students who participated in quizzes in the week that
were opened as well as those who repeated them again
during the term in Table 3. As it can be observed, the
global participation is quite high. Furthermore, the fact
that quizzes were kept open during the rest of the course
helped learners check their knowledge before exams.

Regarding badges, we can say that this type of activity
motivates students, as their participation is quite high,
near 80%, as shown in Table 4.

Regrettably, the SQL competition did not have much
acceptance. It could be a consequence of the date in

FIGURE 3 ISD Leaderboard in the 2018–2019 academic year. Rows without nick are students who were not interested in participating
in the gamification initially, but who later delivered some activities

TABLE 1 Gamified activities in ISD in the 2017/2018 and
2018/2019 academic years

Activities 2017–2018 Km

11 Labs 30–50 km each lab

3 Kahoots 1 km per question

1 Relational design 15–50 km each model

1 Discussion paper 10 km per question

Activities 2018–2019 Km

7 Labs 75–90 km each lab

3 Kahoots 1 km per question

3 Conceptual designs 30 km each model

Query Competition 40 km per question
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which it was held, 3 weeks before the end of the course,
as learners had to complete assignments and prepare
exams. It is also true that this activity could not be moved
to another date because the students had not acquired
the knowledge needed to solve the queries. Although 34
students were initially enrolled, being 22 from DB and 12
from ISD, only 16 students finally participated, 12 from
DB and 4 from ISD. Figure 4 collects the results of this
activity. It is remarkable that students who performed
the best belonged to the Databases subject, despite hav-
ing to overcome queries whose solution had not been
taught in class.

Finally, we analyzed, for the 2018/2019 course, if the
gamification points and the final mark are correlated. To

do this, we show a scatter plot with the points achieved
in the subject (10‐point grading scale) and the points
earned in the gamification (2‐point grading scale). As it
can be seen in Figure 5, the higher the gamification ac-
tivity, the higher is the final mark. The Pearson corre-
lation coefficient is 0.73, which confirms this direct
relationship between the mark and the gamification.

TABLE 2 Badges earned and
participation rate in DB in the 2017/18
academic year

Badge Gold Silver Bronze No badges Participation rate

Basic concepts 16 8 5 17 74.19%

Design 2 14 8 35 95.16%

Basic SQL 6 13 10 10 62.90%

Intermediate SQL 3 13 11 8 56.45%

Other DB concepts 7 14 6 2 46.77%

TABLE 3 Number of learners who participated (or not) in
each weekly quiz in DB subject in the 2018/19 academic year

Quiz

No.
learners
NOT
performed

No.
learners
once

No.
learners
twice
or more

Participation
rate

1 5 40 17 91.94%

2 11 16 35 82.26%

3 11 15 36 82.26%

4 11 12 39 82.26%

5 10 6 46 83.87%

6 10 29 23 83.87%

7 10 18 34 83.87%

8 11 12 39 82.26%

9 11 12 39 82.26%

10 15 20 27 75.81%

TABLE 4 Badges achieved from
quizzes and participation rate in DB
subject in the 2018–2019 academic year

Badge Gold Silver Bronze No badge Participation

Basic concepts 24 18 4 2 79%

Basic SQL 26 19 4 2 83%

Intermediate SQL 41 9 0 0 80%

FIGURE 4 Participation and performance in the SQL
competition
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We performed a t‐test statistical significance analysis
to verify the statement that the participation of the ga-
mification activities has a positive impact in the students'
mark. To do so, we divided the students in two groups.
One of these groups corresponds to the students who
achieved at least a 50% of the gamification points and the
other group was composed of the students who did not
achieve them. The first group of students had an average
mark of 4.9 out of 10 (standard deviation of 1.1), and the
second had an average mark of 3.26 out of 10 (standard
deviation of 1.8). The t‐test returned a p‐value of 0.002,
meaning that the average mark of the two groups is
significantly different. Also, the percentage of passed
students in the first group of the learners was 89.36% and
it was 33.33% in the second group, which reinforces this
conclusion.

Next, we performed a clustering analysis by using the
k‐means algorithm with the aim of categorizing our
students with respect to their engagement in the gami-
fication activities and their marks. Results are shown in
Table 5, where the % of students row indicates the per-
centage of students who belong to the cluster; partici-
pation, badges, and competition rows show the score
obtained by the students in the three gamification ac-
tivities, respectively, ranging from 0 (no activity) to 1
(maximum score); total row shows the total score

obtained in the gamification also ranging from 0 to 1; and
mark row indicates the final marks achieved by the
students in the course. The last column shows the aver-
age value of each row for all the students.

The profiles obtained match with four of the six
profiles described by [3]: Achievers (Cluster_3), char-
acterized by a larger experience points accumulation and
a performance above the average; Regular students
(Cluster_2), who participated regularly and with a per-
formance higher than the average; Disheartened students
(Cluster_4), who participated a bit and their performance
levels are between those of the Achievers and the
Underachievers; and Underachievers (Cluster_1), those
who started gamification, but finally dropped out and
thus failed the subject. The first immediate conclusion
extracted from this clustering analysis is that, as
commented before, the final mark is quite related to the
gamification engagement: the highest qualifications are
obtained by students who became more involved in ga-
mification. It can be also observed that the participation
in the quizzes (participation row) is the highest for
students in Cluster_2, Cluster_3, and Cluster_4. The
difference is found in the other two activities, badges and
competition, where Achievers students (Cluster_3) have a
significant higher activity than the students of the other
clusters.

4.2 | Information system
development analysis

Next, we analyzed the gamification results in the In-
formation Systems Development subject. Tables 6 and 7
collect the number of students who participated in each
activity as well as the participation rate in the 2017/2018
and 2018/2019 academic years, respectively. In the first
edition of the course, the number of students enrolled
was 30, of whom 25 participated in the gamification; in
the second edition, 27 out of 28 learners carried out some
activities.

As it can be observed, the degree of participation in
each activity is very uneven, with the laboratories being

FIGURE 5 Dispersion diagram showing the correlation
between the gamification points and the final grade in the Database
subject in the 2018/2019 academic year

TABLE 5 K‐means clustering
performed with the points achieved in
gamified activities and the final mark in
DB subject in the 2018/2019
academic year

Cluster Cluster_1 Cluster_2 Cluster_3 Cluster_4

% of students 18 53 18 11 Average

Participation 0.14 0,97 0,99 0.94 0.83

Badges 0.13 0,79 0,91 0,32 0.64

Competition 0.00 0,02 0,73 0,039 0.14

Total 0.1 0,65 0,895 0,49 0.58

Mark 3.83 6.85 8,69 4,37 6.36
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the activity in which learners participated the most. This
was expected, as they needed to acquire the skills and
competencies required to pass the SQL exam. These also
contributed with a greater number of points (kms). It can
be noted that the change in the periodicity of delivery of
the labs as well as the increase in the points earned by
participating in the gamification have contributed to in-
crease the participation rate.

It is worth noting that despite the short time required
to answer the Kahoot challenges, only half of the stu-
dents participated in them. This happened because al-
most 50% of the learners did not regularly attend the
magistral classes, either due to attending other lec-
tures or due to being employed in a company, thus for-
getting delivery dates. The participation rate in both
academic years is quite similar. The same effect mani-
fested in the database design activities.

During 2018/2019, an SQL competition was proposed
with the aim of attracting Achievers, but, as mentioned in
the previous section, only four students participated and
with a lower performance than their second course
counterparts.

To analyze the correlation between the score
achieved by continuous evaluation and the score of the
gamification activities (see Figure 6), we built a disper-
sion diagram with the information from the second

edition. We can observe at a first glance that, in this
experience, gamification seems to be a bit lesser effective
than in the other course, because there were students
who achieved the same final grade regardless of their
participation. Therefore, we added the number of times
the student had taken the subject at the top of each
element of the graph. Now, we can appreciate that the
gamification is more effective for the students in their
first enrollment. Moreover, the Pearson correlation
coefficient is 0.57, which indicates that there exists a
positive and direct relationship between the gamification
activities and the students' performance.

As with the other course, we again performed a t‐test
significance analysis to study whether participation in
gamification activities had a positive impact in the stu-
dents' mark. To do so, we divided the students in two
groups. The former corresponds to the students who
obtained at least a 50% of the gamification points and the
second group was composed of the students who did not
reach this score. The first group of students had an
average mark of 5.01 out of 10 (standard deviation of
0.93) and the second had an average mark of 3.77 out of
10 (standard deviation of 2.03). The t‐test returned a
p value of .02 (p value lower than .05), so it can be
concluded that there is a significant relationship between
the performance of the students and their participation
in the gamification process. In addition, the percentage of
passed students in the first group of the students who
actively participated in the gamification activities was

TABLE 6 Gamified activities in the 2017/2018 ISD subject in
their requested order, with the number of learners who
participated in them

Activity Participants Participation rate

Kahoot‐1 14 51.85%

Lab‐1 20 74.07%

Lab‐2 15 55.56%

Lab‐3 15 55.56%

Lab‐4 16 59.26%

Lab‐5 12 44.44%

Lab‐6 12 44.44%

Lab‐7 6 22.22%

Kahoot‐2 16 59.26%

Design‐1 15 55.56%

Lab‐8 3 11.11%

Discussion 12 44.44%

Lab‐9 12 44.44%

Lab‐10 5 18.52%

Kahoot‐3 8 25.93%

Lab‐11 7 29.63%

TABLE 7 Gamified activities in the 2018/2019 ISD subject in
their requested order, with the number of learners who
participated in them

Activity Participants Participation rate

Kahoot‐1 13 48.0%

Lab‐1 22 81.0%

Design‐1 2 0.7%

Design‐2 17 63.0%

Lab‐2 22 81.0%

Design‐3 5 1.8%

Lab‐3 22 81.0%

Kahoot‐2 7 26.0%

Lab‐4 20 74.0%

Lab‐5 5 1.8%

Lab‐6 15 55.0%

QueryComp 3 1.1%

Kahoot‐3 8 29.0%

Lab‐7 16 59.0%
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87.50% and it was 52.64% in the second group, a fact that
reinforces this conclusion.

Following the same steps as for the DB subject, we
executed a k‐means algorithm on these data and found
four learners' profiles according to their dedication level.
Table 8 displays the four clusters.

It can be observed that Cluster_1 comprises the
Achievers students, which implies that students made a
higher effort than the average in all gamified activities
and, consequently, obtained a final mark in the course
notably higher than the rest. They are also the only
students who completed the competition activity. Clus-
ter_3 collects the Regular. These are characterized by
having a participation with a higher intensity than the
average, but lower than the Achievers. Also, we find
the Disheartened learners, with a low participation in the
gamified activities and a mark near or even lower than
the average. Finally, the Underachievers students are lo-
cated in Cluster_4, with a very low mark and also a low
participation in the gamification. One fact to be re-
marked of the Underachievers students is that they

obtained a high score in some concrete gamification ac-
tivity, similar to kahoot. However, they had the lowest
score in the labs activity. This fact points out that labs
activity had an important weight in the learning goals.

4.3 | Effect of the gamification on
learners' performance

Next, we show the evolution of the percentage of passed
students for both subjects, DB and ISD, in Figure 7, with
the aim of drawing attention to the effect of gamification
on the learners' performance improvement. This includes
three academic years. In the first one, 16–17, the subjects
were taught without applying any gamification strategy.
The following two academic years are the ones explained
in detail in this paper.

Regarding DB subject, it can be observed that there is
a slight growth in the percentage of passed students. It
is true that the margin of improvement in this subject is
lower than in ISD due to the high ratio of passed lear-
ners. However, the effect is higher in ISD with an in-
crease of 5.03 percentage points from 16 to 17 to 17 to 18
and 8.89 from 17 to 18 to 18 to 19, when the gamification
activities were refined and extended. The global im-
provement in ISD is of 14.83 percentage points, which
allow us to conclude that gamification can have a posi-
tive impact on the learning processes of the students.
Nonetheless, given the low number of students enrolled
in ISD, significance test like chi‐square cannot confirm
that the difference in percentage of passed students is
significant, so these conclusions should be taken
cautiously.

4.4 | Student's opinion survey

A survey was designed to collect students' opinion. This
survey was comprised of eight questions, which were
rated on a Likert scale of 1 (strongly disagree) to 5 (deeply

FIGURE 6 Dispersion diagram showing the correlation
between gamification activities and the final mark in the ISD
subject in the 2018–2019 academic year. The number on top of the
dots indicates the enrollment number in the subject, for example, a
1 corresponds to a new student, whereas a 2 indicates that it is the
second time that the student is taking the subject

TABLE 8 K‐means clustering
performed with points achieved in the
gamified activities and the final mark in
ISD subject in the 2018/2019
academic year

Cluster Cluster_1 Cluster_2 Cluster_3 Cluster_4

% of students 18 53 18 11 Average

labs 0.7352 0.329 0.5888 0.324 0.4313

design 0.7576 0.1152 0.2576 0.5152 0.2626

kahoot 0.9492 0.023 0.7373 0.8173 0.3729

competition 0.5909 0 0 0 0.0657

total 0.8127 0.2268 0.5592 0.4213 0.3874

mark 6.5362 4.303 5.301 1.225 4.4309
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agree), except for the last two. Questions 7 and 8 allowed
multiple selection and submitting brief open answers.

The questions were the following:

Q1. The gamification helped/motivated me to work on
the content of the subject weekly

Q2. The gamification changed my study pattern, that is,
now I work weekly and not exclusively by deadline
dates

Q3. The forum messages are enough to inform me about
the opening and closing of activities

Q4. The rating I give to the diversity of activities and,
particularly, to the gamification system is …

Q5. I consider that the number and type of activities, on
average, one per week approximately, is adequate

Q6. I would have participated in the same way in the
gamification activities even if they had not con-
tributed to the final mark

The two semi‐opened questions were as follows:
Q7. Point out the negative aspects you found in this

experience:
7.1. It consumes a lot of time (if yes, indicate

hours per week approx.)
Hours:
7.2. It limits the progress in other subjects of the

semester
7.3. It is not worth spending time, and it is en-

ough with classroom and laboratory activities
7.4. The tests do not motivate and you become

disengaged
7.5. The process is not clear and you cannot or-

ganize your time
Others (indicate):

Q8. Point out the positive aspects you found in this
experience:

8.1. It helps you study and keeps the subject up‐
do‐date

8.2. Feedback is helpful for progress in the
subject

8.3. The progressive achievement of points mo-
tivates to continue studying

8.4. The hours spent reviewing and studying
before the tests are fewer

8.5. You feel you master the subject (a deeper
knowledge)

Others (indicate):

The survey was filled by 48 out of 62 DB students and
23 out of 28 ISD students in the 2018/2019 academic year,
and by 52 out of 62 and 20 out of 31 students in the
2017/2018 academic year, respectively. Figures 8 and 9 show
stacked bar charts with the percentages of respondents who
answered each statement according to their level of agree-
ment for each subject and academic year, respectively.

Observing Q1, we cannot say which gamification
strategy is more effective. Whereas 57.90% of ISD stu-
dents (summing 4 and 5 levels of agreement) in 17/18
academic year said that leaderboard strategy motivated
themselves to study, their colleagues in 18/19 reduced
the degree of agreement to 40.00%. On the contrary, da-
tabase learners in 17/18 did not consider that the strategy
based on medals was enough to encourage them to work
on the contents of the subject, whereas learners in 18/19
academic year strongly agreed with the statement
(64,45%), a fact that is supported by the Wilcoxon test,
which returns a p‐value lesser than 0.01 when the an-
swers are compared with the mid‐point of the scale, 3.
However, it is true that the latter edition included more
types of gamification activities. This fact is endorsed by
means of a t‐test whose result yields a p‐value lesser than
0.01 when comparing the average score of responses gi-
ven in Q1 in 18/19, with a value of 3.9 out of 5 and
standard deviation of 0.97, with respect to 17/18, with an
average value of 2.76 with standard deviation of 1.18.

FIGURE 7 Evolution of the percentage of
passed students in the last three years in ISD
and DB courses
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Regarding Q2, the percentage of students who re-
cognized that the gamification led them to change their
study pattern range between 15% and 34%, being the
neutral group very extent, around 40%. The Wilcoxon test
confirms that the answers are around the mid‐point. It is
remarkable that the leaderboard strategy got worse re-
sults. Probably, the labs were very demanding and, as
mentioned previously, these students were enrolled in
other hard subjects, so that they did not find time to
manage all duties. In this case, the t‐test also confirms
that there is a significant difference (p value < 0.01) when
comparing the average score of responses given in Q2 in
18/19, with a value of 3.17 out of 5 and standard

deviation of 0.93, with respect to 17/18, with an average
value of 2.38 with standard deviation of 1.14.

ISD students consider that the number of messages
informing about the opening of activities and progress in
the gamification was suitable to keep the participation
active (above 63%), whereas only around 45% of DB
learners agree with the statement. The diversity of ac-
tivities was sufficient to make the gamification attractive
in both courses (above 60%) in 18/19. It can be observed
that gamification based on medals exclusively was con-
sidered poor (29.5%). Likewise, they strongly agree with
the number of one activity per week on average (Q5)
with a percentage range between 60% and 84.44%.

FIGURE 8 Percentages of learners who
answered each statement according to their level
of agreement in the subject of Databases in the
18/19 academic year and, at the bottom, those
corresponding to the 17/18 academic year
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In relation to its contribution in the final mark (Q6),
most learners consider that this motivates them to
complete it. The degree of disagreement ranges from 48%
to 60.97%.

It should be noted that questions Q1 to Q6 of the
surveys of the two academic courses were the same, but
for the last course, questions 7 and 8 were substituted to
explicitly collect the positive and negative aspects that
they found in the experience, which are analyzed next.

Table 9 presents the number of students who marked
the options given in questions 7 and 8 in DB and ISD,
respectively. The first fact to highlight is that there is a
greater number of positive than negative responses, which
might indicate that the gamification was interesting for the

students and that helped them to advance in the subject
and keep active. The 8.1 option (i.e., Gamification Helps
studying and keeping updated) was marked by 77% of the
database students. At a lesser extent, the gamification was
positive for feedback. Also, 40% of the students indicated
that the rewards motivated them to study. In relation to the
negative aspects, only about 15% indicated that the activity
hinders the progress in other subjects, and 22% could have
been disengaged because the activities were not attractive
enough; however, this contradicts the assessment given by
them in Q4. Only three learners marked a value less than 3
out of 5 points.

Regarding ISD, half of the students considered that
the gamification was useful and helped them being

FIGURE 9 Percentages of learners who
answered each statement according to their level
of agreement in the subject Information Systems
Development (top right) in the 18/19 academic
year and, at the bottom, those corresponding to
the 17/18 academic year

14 | ZORRILLA PANTALEÓN ET AL.



up‐to‐date with the subject, but here 39% indicated that it
hindered the progress of other subjects and 26% men-
tioned that the tasks were time‐consuming. This is due to
the completion of laboratories, which they had to com-
plete for scoring. It must be said that the third‐year stu-
dents were enrolled in other three subjects that required
a great effort, operating systems, communication net-
works, and computer architecture, so they could feel
overwhelmed.

Due to the low frequency of the rest of negative is-
sues, we consider that they are not sufficiently re-
presentative. None of students added another particular
consideration.

4.5 | Discussion

To the best of authors' knowledge, there are a few recent
works where gamification techniques were applied to
foster outside class regular work. For instance, Huang
et al. [12] applied them with the aim of improving the
quality of flipped learning classrooms and [25] gamified
in and out‐of‐class activities to research the effect of ga-
mification built on leaderboards.

From the teachers' point of view, the gamification
activities carried out in the experiences described in this
paper had positive effects: the dynamics of the class im-
proved and learners who were in class kept a more active
attitude. We know that this is hardly verifiable, as we do

not have instruments that allow us to measure behavioral
and motivational issues. Therefore, the success of gami-
fication is generally measured by the improvement of
students' performance [8]. In this regard, we used data
logs, students' final marks, and anonymous surveys filled
by the learners.

After analyzing our evidence, we cannot confirm our
first question (see Section 1) that the gamification favors
extrinsic motivation and fosters the regular study. We
thought that this depends on learners' cohort, their
learning styles, and predisposition toward the game as
well as the environment around them. Regrettably, we
have no evidence to test this statement, but data show
that the same experience in two consecutive academic
years had different results. Furthermore, it can be ob-
served that these strategies are not attractive for all stu-
dents. We found two main causes: the first one is the fact
that gamification was implemented in isolation from the
rest of the subjects of the term; thus, the behavior change
toward a pattern of continuous studying cannot happen
uniformly. Second, students are adults and behavior
changes at these ages are difficult to get and keep in time.
Therefore, we consider gamification appropriate to apply
it to noncompulsory activities in higher education. In
literature, we found empirical studies that yielded posi-
tive results of the relationship between gamification and
increase of levels of motivation and learners’ engage-
ment, as well as the existence of experiences with nega-
tive or mixed results, as pointed out Alsawaier in his
review [2].

With regard to what strategy is more suitable for this
purpose, our experience shows that although both were
followed by the most of students, it is true that the
strategy based on experience points and badges achieved
a much higher participation rate by activity. The fact that
these activities were not time‐consuming could be the
cause, but ISD students also had some short activities
and the participation rate was also low. In our opinion,
the workload of the rest of subjects influenced directly
the development and success of the activity. Surprisingly,
the SQL competition that we assumed was going to be
very attractive had a low participation, probably due to
the dates (last weeks of the course) in which it was held
and also due to the time and effort that the activity re-
quired (1 h at maximum). In our experience, based on
observing the dynamics of the students in class, the
ranking strategy is only well received by a reduced
number of learners (in the case of ISD subject, only one).
In addition, those students do not to require to be ga-
mified to achieve our purpose, as they belong to the
Achievers group. Therefore, we considered that badges
and experience points are more flexible and adaptable for
engaging most students. This is endorsed by [4], which

TABLE 9 Positive and negative issues selected by DB and ISD
students related to the gamification activities

Q7. Negative issues DB ISD

7.1. Consumes a lot of time 4 6

7.2. Limits progress in other subjects 8 9

7.3. Not worth the time, compulsory activities are
enough

5 2

7.4. Tests are not motivating 11 6

7.5. The process is not clear and it is difficult to
organize

3 0

Q8. Positive issues DB ISD

8.1. Helps studying and keeping updated 37 11

8.2. Provides helpful feedback along the subject 20 12

8.3. The progressive earning of points serves as
motivation

19 6

8.4. Fewer hours of study required to prepare the
tests

16 6

8.5. Gives a feeling of deeper knowledge in the
subject

19 3
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states that leaderboards show significant effects for per-
formance but negative for motivation. Badges instead are
superior for the feeling of competence but fell short in
terms of performance.

Definitely, students consider that the gamification
must be taken into account in the final grade to be at-
tractive and followed by the most. They considered that
their effort must be rewarded at a certain extent. In our
proposal, this prize, that is, the points achieved by the
gamified activities performed, helped students improve
their final grade and reach a higher mark. It must be
noted that the evaluation in these subjects is obtained as
a weighting of several marks, and consequently, it is
more complicated to get a high grade. In this way,
achievers can reach the top, regular students are near the
top, and the rest of learners can get a few tenths that
allow them to pass the subject.

4.6 | Limitations

The results shown are conditioned by the participation of
a reduced number of learners, near 90 per course. Most
students (90%) are male, with age ranging between 19
and 22 years, and are enrolled in a computer science
degree; thus, they have skills in the use of technologies
and they feel attracted to their utilization.

Due to both facts that the number of students in each
subject is small and that the same conditions must be
applied to all learners in the same terms as explained in
the teaching guides, we could not have a control group,
that is, a group of students that follows the subject, but
that does not participate in the gamification activities,
something that limits the contrast of hypotheses. Only
those who did not achieve points in the final marks could
be considered; however, the number is so reduced that
their analysis was discarded due to their low statistical
significance. Therefore, the definition of each group used
in the t‐test performed along the paper is explained in
each section.

5 | CONCLUSIONS

This paper presents two experiences of gamification that
aimed to foster learners to increase their study hours out
of class. We followed two different strategies to adapt the
gamification to the needs of each subject. The main se-
lection criteria of these strategies were the number of
learners enrolled in each subject and the effort (in time)
required to give back feedback to the students during
their progress. In the subject with a higher number of
students and higher performance, we used badges and

experience points that could be partially automated. In
the other one, we designed the experience based on
leaderboards, because the correction of labs and tasks
required the review of an expert. The gamification was
applied in two subjects about database topics in a com-
puter science degree. The context and design of both
implementations, as well as the resources used to carry
them out, are described in this paper. Likewise, both
experiences were analyzed from a qualitative and quan-
titative point of view. From this analysis, we draw the
following conclusions:

• Ranking is well appreciated for achiever students, but
these are, in general, a minority. Experience points and
badges have a good acceptation for a wider number of
learners according to students' participation in each
type of activity. Furthermore, experience points allow
satisfying at a certain extent the need of achievers of
being at the top. Thus, we consider that a combination
of badges and experience points offers more guaran-
tees of being followed by more learners.

• Most learners prefer activities that involve few minutes
to be solved, such as quizzes or Kahoot chal-
lenges, more than delivery of lab exercises or the
participation in competitions.

• Awarding points in the final grade is positive to keep the
gamification active during the term. However, this is not
enough if there are other demanding tasks in parallel and/
or if the subject can be passed without its realization.

• Gamification organized by means of activities sched-
uled on certain dates may change learners' study
patterns.

• Students who follow the gamification process obtain a
higher performance than the students who do not.
This fact could be explained as a consequence of the
fact that they study the contents and train the skills
that are essential in each subject.

In the future, the gamified activities of the ISD sub-
ject will be changed toward others that, pursuing the
same objectives, require shorter completion times.
Examples of these activities could be finding errors in
conceptual designs, solving crosswords about database
terminology, or evaluating the cost of already built
queries in such a way that they review and work the
learning outcomes without feeling overloaded. Regarding
the SQL competition, we will plan its execution first, one
or two weeks before to separate this from final exams to
increase the number of participants. Finally, we will try
to find two courses with a similar teaching guide with the
aim of setting up a similar experiment with a control
group, but without violating academic rules, to see if the
results differ.
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