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El siguiente trabajo se centra en el estudio de una propuesta de gamificacion del
proceso de ensefanza-aprendizaje y su implantacién en un aula de 4° de ESO de
matematicas. Tras analizar |a situacién actual, se realiza un estudio pre-post test en
dos grupos de alumnos que trabajan simultdneamente los mismos contenidos, con la
Unica diferencia que un grupo trabaja con el método tradicional de ensefianza y el
otro con gamificacion. El objetivo es comparar ambas metodologias en cuanto a
resultados, motivacion e interés por las matematicas. Los resultados de la
investigacion muestran que la gamificacion como método innovador de ensefianza-
aprendizaje tiene un impacto positivo en los alumnos ya que aumenta su motivacién
y, por tanto, surendimiento. Ademas, la gamificacién también fomenta otros aspectos
como el trabajo en equipo y la participacién.

Abstract

The following paper focuses on the study of a gamification proposal of the teaching-
learning process and its implantation in a mathematics 4th year secondary school
classroom. After analysing the current situation, a pre-post test study is carried out in
two groups of students who work the same contents simultaneously, with the only
difference that one group works with traditional teaching method and the other with
gamification. The objective is to compare both methodologies in terms of results,
motivation and interest in mathematics. The research results show that gamification
as an innovative teaching-learning method has a positive impact on students since it
increases their motivation, and thus their performance. In addition, gamification also
encourages other aspects such as teamwork and participation.
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INTRODUCTION

Mathematics is fundamental in many aspects of our daily life, from its use in everyday
situations to its use in science, technology, economics, industry or commerce (Cockcroft,
1985). In the international PISA study carried out in 2018, the results obtained in mathematics
by Spanish students place them below the OECD average and the EU total (OECD, 2019). Also,
in the TIMSS international assessment Spanish students were below the average and the total
EU (Instituto Nacional de Evaluacion Educativa, 2016). These results reflect the low
performance and the high number of failures that occur in this subject and that may be a
consequence of the difficulties involved in the subject.

Hidalgo, Maroto and Palacios (2004) locate the increase in the number of students who have
a negative attitude towards mathematics at the secondary education stage. According to this
study, it is frequent that students who did not have negative attitudes towards the subject,
such as that it is complicated or that they are not capable of understanding, begin to have
them at this stage. These thoughts cause them to lose their liking for the subject, considering
it boring and impractical. In addition, the authors establish the existence of a vicious circle
that relates different factors: difficulty, boredom, suspense, fatalism, low self-concept,
demotivation and rejection.

Despite the fact that motivation is essential in learning, according to studies such as Ricoy
and Couto (2018), there is a huge lack of it in adolescent students.

In many other areas there have been enormous changes, however, a large part of the
classrooms are still as they were years ago and the teaching method that is still most
commonly used is the traditional one, in which the teacher transmits information to the
students, instead of the students being the ones who construct their own knowledge
(Montero, 2017; Casas et al., 2018).

There is a need, on the one hand, to reflect on didactics and the traditional method of
teaching-learning mathematics and, on the other hand, the need to innovate in this field
seeking to achieve methodologies or systems that manage to motivate students by making
them interested in the subject and that allow a better understanding and an increase in
performance.

Among the various methodologies that allow innovation in the classroom, gamification is a
method that is based on the acquisition of knowledge through the game, it is shown as a
useful tool for teaching mathematics (Sakai & Shiota, 2016; Pascuas et al., 2017). This work
focuses on gamification and the identification of the possible advantages that its
implementation could have in the subject of mathematics for different reasons.
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This research was born with the intention of evaluating a classroom intervention with
gamification in mathematics to see its impact compared to a traditional methodology and to
discuss the influence of gamification on student motivation.

To do this, first, we analyze the current situation in this area. In the second part, we develop
the research method and in the last part, we analyze the results after conducting the
experiment to draw conclusions.

THEORETICAL FRAMEWORK

Emotional intelligence has turned out to be a factor that is related to academic performance,
since it includes variables such as social awareness, interpersonal relationships, adaptability
or adequate expression of emotions, and students who obtain high scores for these variables
also obtain a high school grade point average (Buenrostro et al., 2011).

All of the above, indicates that there is a need to reflect on these results in the area of
mathematics and the reasons that lead to them and also about the teaching-learning process
of mathematics at different levels taking into account that, in this process, motivation is
placed as an important element as indicated in various studies on the subject (Valle et al.,
1997; Herrera & Zamora, 2014).

MOTIVATION AND LEARNING

Different studies over the years have established a relationship between motivation and
learning (Valle et al., 2010; Carrillo et al., 2009). Several authors have stopped considering
that the only factor on which learning depends is intelligence (Vazquez & Manassero, 2007),
including motivation as a fundamental element in this learning process (Nufiez, 2009). Some
of these authors, such as Lozano et al. (2000), qualify that motivation is essential if we want
the resulting learning not to be exclusively rote, i.e.,, a more lasting learning over time.

There are many definitions of the concept of motivation. Garcia & Doménech (1997) state the
following: "Despite the existing discrepancies, most specialists agree in defining motivation as
a set of processes involved in the activation, direction and persistence of behavior" (p.1).
Nlfez (2009), adds that learning requires, on the one hand, what he considers as "being able",
a concept with which he refers to the cognitive variable, i.e. having the knowledge and skills,
and on the other hand, "wanting" or having the intention, being willing to do so, i.e. the
motivational variable.

Both studies agree on the complexity of motivation and subscribe to the idea of Pintrich & De
Groot (1990), who differentiate three components of school motivation that are related to
each other and influence learning. These components are first, the expectancy component,
which is based on the learner's own belief about his or her abilities, the learner's self-concept
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of himself or herself. Secondly, the value component, which encompasses the interest in or
attraction to a given task, the reasons why the learner performs that task, and thirdly, the
affective or emotional component or dimension of motivation, i.e., the emotions that occur in
relation to a given activity or task.

These three components or dimensions are interrelated and all are necessary for motivation.
If any of them is missing, the following occurs: the student considers that he/she is incapable
(expectation component) or the activity does not interest him/her (value component), or it
bores him/her or produces anxiety (emotional component) (Nlfiez, 2009). Faced with these
situations, it is difficult for the student to be motivated.

However, despite motivation being a fundamental element in the learning process (Lozano et
al.,, 2000), we find that many students are not motivated to study and that this seems to be
a recurrent problem (Fernandez et al. 2010). Tapia (1992) already considers these attitudes
of student apathy towards learning and education to be worrying. Furthermore, he states that
the reasons for this lack of interest are due to the feeling of frustration derived from the
difficulties encountered by students when learning. Years later, this lack of academic
motivation among adolescents is still considered one of the main problems in education
(Legault et al.,, 2006).

Given the importance and complexity of motivation in the learning process and the negative
ideas that most students have about science and mathematics (Solbes, 2011), the importance
of the affective dimension of motivation in the learning of this subject is highlighted.

Also, lack of motivation is one of the problems of current education. Specifically in the subject
of mathematics, students' lack of motivation is accentuated (Farias & Pérez, 2010). For this
reason, mathematics accumulates a large number of failures and even many students who do
not have difficulties in other areas obtain negative results in this subject (Carbonero &
Navarro, 2006; Nlfez et al., 2005).

Mathematics is perceived by many students as difficult, boring, impractical, formal or very
abstract (Carbonero et al,, 1998; Gil et al., 2006). This perception leads many students to have
doubts about their abilities with respect to mathematics, causing them to consider that their
effort in this subject is useless (Blanco & Guerrero, 2002).

For Gil et al. (2006), the consequences of students doubting their own abilities are reflected
in the magnification of mistakes, the attribution of failure to their own lack of ability, low
expectations of success, and the ease of giving up instead of facing difficulties.

According to Borrachero (2015), although it is not easy to quantify and evaluate the affective
domain it is especially necessary to study this domain in the area of science. The author,
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focusing on emotions, points out that just as negative emotions prevent the student from
performing the desired behavior, when the student experiences positive emotions, motivation
is activated, allowing him/her to focus attention and perform the desired action. To achieve a
change in perception, positive attitudes must be developed through favorable feelings and
emotions, since it is impossible for the student to have a positive attitude towards
mathematics if the emotions he/she feels are nerves, anxiety, worry, tension, etc., i.e., negative
emotions.

These elements of the affective domain are not static but vary over time. Negative emotions,
beliefs and attitudes with respect to mathematics are accentuated with age and the
advancement of school years at the same time that positive emotions decrease (Borrachero,
2015). This difference is quite noticeable between Primary Education, in which the student
does not seem to present negative attitudes, and Compulsory Secondary Education, when
attitudes towards the subject begin to be more negative (Deieso & Fraser, 2019).

GAMIFICATION

Among all the current active methodologies focused on the learner, gamification is an
innovative method that challenges learners and is motivating due to the elements that
compose it (Alsawaier, 2018).

Given the existence of a multitude of definitions for the term gamification, the following is the
starting point, provided by Kapp (2012), who defines gamification as the use of game
mechanics, aesthetics and thinking to attract people, motivate actions, promote learning and
solve problems.

Teixes (2015), considers that the ability of gamification to promote the motivation of
participants is the foundation of this strategy. Based on this, he establishes that through
gamification it is possible to modify the behaviors of individuals through motivation, thus
achieving previously proposed objectives. This foundation of gamification in the possibility of
modifying behaviors through motivation has led to the use of this strategy in various sectors
of the business world such as marketing, with the aim of increasing customer engagement or
worker productivity, or human resources departments (Simpson & Jenkins, 2015) and has
been implemented by companies such as Nike or Volskwagen (Ortiz-Col6n et al., 2018).

The success that the use of gamification has meant in other sectors, induces to think that it
can give good results in the educational field since one of the pillars of gamification is
motivation, an element that is fundamental in learning processes. Moreover, according to
Nistor & lacob (2018), gamification makes it possible to keep students' attention, facilitate
learning by making it more fun, improve their responsiveness, make them participate actively
and, in general, improve the learning experience.
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When Kapp (2012) speaks of game mechanics, he refers to the set of rules and elements and
how they are related so that the actions of the players have consequences. Among these
mechanics stand out points, which allow directing the player to perform actions to achieve a
goal; badges, which are used as indicators of progress and rankings (Teixes, 2015) that allow
players to know their progress and get feedback.

Feedback is a fundamental element in learning and gamification allows this feedback or
feedback to be constant (Borras, 2015). In addition, according to Zichermann & Cunningham
(2011), it allows the player, in the case of education the student, to know what their progress
is and where they are at. This offers the possibility of directing his actions in the desired
direction.

Following Stott & Neustaedter, (2013), in addition to those already mentioned, other
important elements in the success of gamification are freedom from failure and narrative.
According to these authors, the freedom to fail makes it possible to improve learning, since
the incorporation of this freedom to fail in classes increases the commitment of students,
increasing their efforts to try to achieve the objectives.

Finally, storytelling is also considered an important resource in gamification. Clark & Rossiter
(2008) point out the effectiveness of its use in the teaching process, as well as the possibility
of contextualizing different activities offered by this resource. This allows us to deduce that it
can bring benefits in gamification, allowing students to be placed in any scenario through a
story in which a specific challenge that arouses their interest is framed (Batlle, 2016), i.e.,
placing them in a motivating situation in which they need to use their skills and knowledge
(Kapp 2012), thus promoting learning by competencies.

On the other hand, in relation to emotions Robson et al. (2015) point out that gamification is
capable of generating positive emotions such as surprise, amazement or personal triumph,
emotions that, as previously stated, are fundamental in the learning process. This research
suggests that one of the biggest educational problems in the subject of mathematics is the
lack of motivation and the negative emotions and attitudes that students have towards the
subject and the need for innovation in mathematics education.

In these works, gamification has been applied in different ways and in subjects from various
fields: from history (Gomez, 2018) or music (Palazén-Herrera, 2015) to physics and chemistry
(Quintanal, 2016) or technology (Pulido, 2019). In mathematics we did not find many studies
on gamification at any of the levels, although there are a few: Lo & Hew (2020), Jagust et al.
(2018), Cunha et al. (2018) and Sakai & Shiota (2016). We highlight the work done by Tiirkmen
& Soybas (2019) who conducted an experiment with gamification and control and
experimental group where both groups have no significant differences in their achievements
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and attitudes but the experimental group's growth is higher. They reflect that indeed
gamification has a very positive impact on learning in favor of other methodologies.

The reasons that lead us to choose gamification for this work are, on the one hand, the
aforementioned elements, characteristic of this methodology, together with the fact that it is
based on motivation through game mechanics, and on the other hand, the existence of other
studies on gamification in secondary education that have had successful results. The success
that has been obtained in these studies, together with the above, reflects that gamification
can provide a solution to some of the existing problems in current mathematics education.
In view of the above, the aim of this article is to carry out a pre-post test study with two
groups: an experimental group working with gamification and a control group working with
traditional teaching. The objective is to check if this methodology effectively increases the
motivation of the students, leading to an improvement in their learning. Thus, the following
questions were posed:

RQ1: Does significant learning occur after the development of the proposal?

RQ2: Does motivation increase with the use of gamification in the classroom based on their
participation?

RQ3: Is there more learning with the use of the gamification proposal than with the
traditional methodology?

METHODS

STUDY DESIGN

With a quantitative approach, a pre- and post-test study is designed with intervention in two
groups of students: a control group and an experimental group. Both are defined by the
educational center itself without being possible for the distribution to be completely random.
Therefore, this is a quasi-experimental study for which the variables studied are defined below
and the research hypotheses are established.

Since it is assumed that learning depends on whether or not gamification is applied, this is
defined as the dependent variable and the use of gamification is defined as the independent
variable, which is the variable that can be manipulated and which will be implemented in the
experimental group, while the control group works with the traditional method.

PARTICIPANTS

The sample is made up of two groups of students in the 4th year of secondary school in a
public high school in the Community of Madrid, located in Fuenlabrada during scholar year
2019/2020. In both groups, they are studying Mathematics oriented to applied education.
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On the one hand, the control group is composed of 23 students, 10 girls and 13 boys, aged 15-
16 years. Four of them are repeaters and are 17 years old. On the other hand, the experimental
group is composed of 24 students, also 15-16 years old, among whom there are 13 girls and 11
boys. There are 5 repeaters, aged 17. There are no students with special educational needs in
either group.

Both groups are made up of students who have known each other for years and whose
participation in the classes is quite low, which is generally reflected in their academic
performance.

PROCEDURES

The study consisted of two clearly differentiated phases: on the one hand, preparation and, on
the other, the intervention itself.

During the preparation phase, meetings were held with the educational center to inform about
the study and its objectives. In these meetings it was decided that the topic chosen for the
study would be equations. All the intervention sessions and activities were also prepared for
the experimental group and the teacher in charge of this group during the course participated
in their design. In the same way, the pre-post-test was designed with the collaboration of the
teachers of both groups.

The intervention was carried out at the center during five sessions of 50 minutes each, during
the mathematics subject timetable. As the mathematics subject has 4 weekly sessions, in both
groups, four sessions were held on Monday, Tuesday, Thursday and Friday of one week, and
the last session on Monday of the following week. In addition, the week prior to the
development of these five sessions, the initial evaluation was carried out by means of the pre-
test. For this purpose, the first 15 minutes of a mathematics subject session were taken. The
post-test, in the same way, was carried out during the first 15 minutes of the session following
the end of the intervention.

INSTRUMENTS
Measurement instruments

Both groups are given the same pre-test and post-test (and both are the same between them),
the content of which is the one being worked on during the intervention, i.e., equations. It is
a test consisting of ten questions to which the students must respond by marking one of the
three possible options for each question and which they must complete in a time of 15
minutes. The maximum score is 10 points, one per question, and incorrect answers will not
subtract points.
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In addition to the pre- and post-test, direct observation is used in the experimental group,
with the objective of evaluating the attitudes and participation of the students in this group.
In each session, the teacher in charge of the subject during the course will take notes about
the students by means of a checklist (Figure 1), where the presence of active and participative
attitudes is marked.

Figure1
Annotation table for direct observation

Participates . Interacts with Do tasks
. Asks questions
actively others correctly

Student
1

Student x

Intervention instruments

Methodology

The intervention is carried out in parallel and simultaneously in the control and intervention
groups, and in both the same didactic unit is worked on: equations, belonging to the algebra
block. In both groups, the same contents are worked on in each session, with a difference in
the methodology used in each one.

In the control group, the instruments of the traditional teaching method are used, the teacher
explicitly exposes and explains the contents on the blackboard and different activities are
carried out in the textbook or notes to practice them. The sessions always follow the structure
of the teacher's explanation-resolution of activities proposed in the textbook. In this group,
the intervention is carried out by the teacher in charge of the subject during the course.

In the experimental group, work is done through gamification. Through the narration of a story,
which serves as a guiding thread throughout the intervention, different activities are
introduced, based on the game, through which it is intended that without the teacher's prior
explanation of the contents to be worked on, the students discover and internalize these
contents by themselves through the activities.

Activities.

The contents to be worked on are the following and their distribution in the different sessions
is as shown in Figure 2:
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Figure 2
Distribution of contents in sessions

Session | Contents

1 First degree equations: form, resolution and differentiation of
algebraic identity.

2 Second degree equations: form, resolution and discriminant use.

3 Solving problems with first and second degree equations.

4 Equations of degree greater than two |: factored form, factorization
of equations, biquadratic equations.

5 Equations of degree greater than two Il: factored form, factorization
of equations, biquadratic equations / Review of the complete theme

We are going to see the distribution of the sessions in both groups:

- Control group.

In this group the sessions are standard sessions and follow the structure in Figure 3:

Figure 3
Structure of sessions in traditional methodology

Activities Time Description of the activity.
Presentation of what is going to be explained.
1. Introduction 10° Resolution of doubts about what has been

previously explained, if any.
The teacher explains the content that corresponds
25-30’ to that session following the textbook of the
subject.
The teacher sends exercises from the book. They
are started in class and finished at home.

2. Explanation
on blackboard

3. Exercises 10-15'

- Experimental group.

At the beginning of the first session, the methodology to be followed is explained through the
narration of the story that will be used as a guiding thread throughout the intervention. In
each session, called training or mission, students score points by performing different
activities and attitudes. If they achieve a certain number of points, established at the
beginning, they pass the mission and obtain geographical coordinates that allow them to
access the next mission. In order for them to make an effort in each session, it is explained to
them that it is necessary to pass each one of them in order to continue, since the only way to
access the next one is by obtaining the geographical coordinates that indicate the place where
the next mission takes place, so they must make an effort because otherwise they cannot
continue to the next one.

Therefore, at the beginning of each session, after having looked up the coordinates, they must
know in which city they are and enter the name of the city in an interactive presentation, which
only allows them to advance if this name is correct. After doing this, the same presentation
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specifies how to get points and the maximum number of points that can be achieved, as well

as a minimum required to pass the mission. In this way they will add points together, so that

the goal is common to the whole class. At the end of each session, the points obtained are

counted and recorded in a table that students can access to see their individual progress, as
well as the total for the class.

At the end of the last session the total points obtained in all sessions are counted, if they have

reached the objective set at the beginning the training is passed and they receive a final

message. In the Figure 4,5,6,7 and 8 is shown the scheme of each day:

Figure 4
Structure of the first session

Activities Time Description of the activity.
Presentation of the methodology to be followed.
Presentation 15’ Narration of the story that will be used as the thread
of the intervention.
Students have a blank Sudoku, and they must solve
Sudoku 15’ equations in order to get some numbers and
complete it.
Each student has cards with equations, they have to
UNO 15 be tf)e first to run out of cards, to be able to throw a
card it has to be worth one more or one less than the
one on the table.
Closing 5 Closing of the session: counting of points and
session obtaining the final digit

Figure 5

Structure of the second session

Activities Time Description of the activity.
nffofkichon 5 Pres_entation of the activities and the theme of the
session.
Each student has cards on the sides of which are
Cooperative o5’ written different equations, solutions or the type of
puzzles equation it is. They must find the partner who has
the cards that correspond to theirs.
Second degree equations are shown, and should
Zero, one, two 15 read ZE_RO, ONE or TWO, this being the number
of solutions of the equation calculated according to
the discriminant.
Closing session 5 Closing of the session: counting of points and

obtaining the final digit
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Structure of the third session
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Figure 7

Figure 8

Activities Time Description of the activity.
: . Presentation of the activities and the theme of the
Introduction 5 SEEEION.
In teams they must solve problems. To read the
, | statement they must answer questions posed. If
Relay.race 20 they get it right a member of the team can read it
and come back.
Wheel of In a circle, e_ach person must pose a problem to the
20’ | person on his right and solve the problem posed by
problems :
the person on his left.
. : 5 Closing of the session: counting of points and
Closing session | 5" | ;) taining the final digit
Structure of the fourth session
Activities Time Description of the activity.
: ; Presentation of the activities and the theme of the
Introduction 5 ;
session.
The game is played in groups. A series of cards
are placed face down and each student, in turn,
Algebraic pic_ks up two cards. If the ones picked up form a
Memory 20’ | pair, he/she keeps them, if not, he/she leaves them
face down again. The pairs will be two-square
equations in their general form, and the equation
written after the change of variable.
Fouckitha Equations of degree greater than two, in their
. 20’ | factored form, are posed and students must touch
solution : S
the solutions to the equation.
: : 5 Closing of the session: counting of points and
Closing session | 8" | 1ioining the final digit
Structure of the fifth session
Activities Time Description of the activity.
| 5 : Presentation of the activities and the theme of the
ntroduction D .
session.
They must fill in the missing gaps to know the
Red Light factorizatipn of a polynomial using Ruffini's rule.
o gr;t 20’ | Only the flrs‘t person to reach the boar_d and place
a number will be able to do so by playing Red
Light, Green Light
Mathematical 20’ They must answer questions that will be asked
contest through the Quizizz app.
Closing session 5 Closing of the session: counting of points and

obtaining the final digit
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All the activities are developed by the authors in collaboration with the team of teachers,
always from the perspective of gamification. In Figure 9 and 10 we can see examples of the
activities that have been made in the experimental group.

Figure 9
Example of activity developed: Sudoku

A B C D E F A BCDTEF
1 112 6 5 1
2 2 1 2
3 3|4 6
4 — 4| 3 4
5 5 4
6 6|3 2

Figure 10
Example of activity developed: Cooperative Puzzle

x=3yx=4 4x*—16=10

-5
-3

2xf—6x =10
¥

x=-5yx
x=-3 yx

H :
2° grado incompleta, 2° grado completa
c=o

RESULTS

This section shows the pre- and post-test results obtained by both groups, out of a maximum
of 10 points. Figure 11 shows the points obtained by each student in the control group in the
pre-test and post-test, while Figure 12 shows those obtained by the students in the

intervention group.

Due to the number of subjects, the Shaphiro-Wilks test is performed to check whether the
results obtained in the pre-test and post-test follow a normal distribution in both groups. The
null hypothesis is that the data are normally distributed, since, in all cases, a value of p>0.05
is obtained, and therefore, the null hypothesis is accepted.

Once the normal distribution is accepted, we analyze whether or not there are significant
differences in learning through cross-sectional and longitudinal comparisons of the data.

Using the T-Student test, a comparison was made of the results obtained in the pre-test in
both groups and a value of p>0.05 was obtained, so there was no significant difference in
learning between the control group and the intervention group before the intervention.

After the intervention, the data collected from the pre- and post-test for both the control and
intervention groups were analyzed longitudinally. In the control group (Figure 11) the T-Student
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between the pre- and post-test returns a value p<0.05, so it is determined that there is a
significant statistical difference.

Figure 11
Control group results

CONTROL GROUP

M Pre-test M Post-test

10

btttk

I N N T N O~ 0 O O
<(<(<(<(<(<E<E<(<:('

All
A12
A13
A1l4
A15
A 16
A17
A18
A19
A 20
A21
A22
A23

Similarly, the longitudinal analysis of the results of the intervention group is performed (Figure
12). In this case, the p value obtained in the T-Student test is p<0.05, which also determines
the existence of a significant statistical difference. It should be noted that in the control group
the p-value obtained is p=0.01224, while in the intervention group the value is
p=0.00000074438, i.e., much lower for the intervention group, being a much more significant
difference for the group in which gamification is used.

Figure 12
Experimental group results

EXPERIMENTAL GROUP

M Pre-test 1 Post-test

10
9 0 0
8
7
6
5 L
4 |
3 L
1 og it ﬂ
0
P S 22 2933y sS55I L8 ¥Q T
[~/ TR ' IR o o IR o o IR o IR ' [N o o o o R o o R o N o o o o I o o o o N e a |
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Finally, a cross-sectional comparison was also made between the post-test results of both
groups. The result of the T-Student test in this case, is a value p<0.05. It is also observed that
there is a significant statistical difference between both groups, also favoring the intervention

group.

If we calculate the Intraclass Correlation Coefficient, associated to a multilevel model, of a two-

S2;
level structure, the formula would be: ICC = —nivelz
Snivel 1+Snivel 2

The result after intervention is an ICC of 0.0526241 and a 95% confidence interval of (0.0016,
0.65). The result before intervention is an ICC of 1.44 * 1022 and a 95% confidence interval of
(1.44 * 1023, 1.44 * 103).

DISCUSSION

The study starts from two groups with very similar levels, since the data reveal that at the time
prior to the intervention there is no significant statistical difference between them. The results
also show that in both groups there has been an improvement with respect to baseline and
that learning has occurred in both groups after the intervention. However, the improvements
are not equal in both groups, like Tiirkmen & Soybas (2019) said.

Considering the multilevel analysis model, we have to take into account that the ICC provides
us with information about the agreement between different measurements of a variable. A low
ICC will mean that subjects within the same group are as different from each other as those
belonging to other groups. In that case, the groups are not internally homogeneous and the
observations are independent.

Regarding the results in the multilevel model, we calculate the null model in order to check if
we have enough evidence of clusters. The ICC after intervention is low not concluding the
existence of differences among the groups and therefore clustering and multilevel analysis
cannot be executed. It can be seen how the ICC before the intervention was clearly O and now
the value has risen up to having a Cl of (0.0016, 0.65). Both ICC do not overlap and therefore,
they are not the same at a 95% CL. As the only existing difference is being exposed to the
proposed intervention therefore, it can be stated that it caused an effect and different scores
are not related to luck. Furthermore, we are aware of the limitations, specially data limitations,
which do not allow us to reach further level analysis.

The intervention in the two groups developed, in general terms, as expected. In the control
group, in which the traditional teaching method was used, the improvements were not as
significant as in the experimental group and the attitude of the students did not vary much
during the intervention. The teacher of this group stated that the development was like that
of other subjects already worked on previously. In the control group, the students who
obtained the best results in the post-test (A12, A15, A21 and A22) coincided with those who
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participated the most in the sessions and asked the most questions during the sessions. In
contrast, the lowest results (A4, A8, A2 and All) were those of the students who showed
practically no interest in the explanations and did not carry out the proposed activities. The
teacher in charge of this group, who worked with the traditional method, affirms that in general
the students who obtained the best results are those who usually make an effort and show
more interest, so their results are generally good. This fact is observable since, among these
four students whose results were the best, two of them (A21 and A22), obtained a high score
in the pre-test.

All this, leads the teacher in charge of the control group to suggest that the motivation of the
students for the study of this subject is low, as assured by studies such as that of Fernandez
et. al (2010) and that the traditional method used, which involves low student participation
and in which most of the interventions are made by the teacher, may influence the apathy and
demotivation shown by the students as pointed out by Montero (2017).

In the experimental group, the number of students who obtained high scores in the post-test
is considerably higher than in the control group. Through the annotations made in the
checklist, it can be observed that the participation of the students, in general, was quite high.

If we pay attention to the learning process experienced by the students in the groups we have
to distinguish several aspects. In the control group, the evolution was similar to that
experienced in other units. Moreover, it is expected that with these concepts it takes some
time for the students to assimilate the material and use it autonomously, as the teacher's
experience indicates. In particular, the use of the formula for second degree equations was
difficult for them and it was not until almost the final exam that they had the fluency to use it
in exercises and problems. This shows that traditional teaching is associated with what we
could call traditional learning, where some concepts and formulas are difficult for students in
general to learn.

In contrast, the experimental group showed very different and faster processes than the control
group. By using the game as a learning tool, the students were fluent in using several advanced
concepts from the very beginning. In fact, the students' own interest in assimilating the
content, encouraged by its possible use in later activities and games, is remarkable. Compared
to other years, other classes of the same year and the control group, the experimental group
progressed at a faster pace and understood better everything that was explained. Therefore,
we can say that gamification stimulates the students' learning process and the assimilation of
the contents explained with it.

In relation to the motivation and attitude of the members of this group, on the one hand, there
are students B3, B4 and B23 who normally did not show interest in the activities and whose
participation was quite low, a fact that may be the reason for their low results in the post-test.
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On some occasions, in activities in which there was more movement, such as Zero, one, two
or Red Light, Green Light, they participated and asked some questions.

On the other hand, students B7, B12, B18 and B19 showed a progressive change of attitude
during the intervention and were initially reluctant to participate. However, after observing
that the group obtained 408 points in this first session, thus achieving the objective, they
began to show greater interest. In the case of student B13, a change of attitude in the same
sense was also observed, with the difference that his really active participation began with the
Relay Race activity, later than that of the previously mentioned students, which suggests that
he could have obtained a better result in the post-test if he had actively participated in all the
sessions.

Also, the students who obtained better results showed high participation in the activities. In
particular, students B5, B20, B24 and B22, showed a very good attitude from the beginning
that had a positive influence on the functioning of the group. From the first activity, which they
finished first, they offered help to their classmates (‘To find out if 3 is the solution to this
equation you have to substitute x for 3 and see if it is satisfied’, ‘If you multiply zero by any
number it always gives zero, so it is satisfied for any value you give to x’). This information was
collected in the annotations through direct observation.

Students B1, B6, B8 and B10, whose results improved greatly after the intervention, also had a
remarkable change in attitude between the beginning and the end of the intervention. In the
activity Zero, one, two, students Bl and B6 were able to obtain points for reasoning correctly
because they had placed themselves on one side or the other, depending on the result obtained
with the discriminant (‘You have to move to this side because it gives -11 and there is no root
because it is negative, it has no solution’, ‘It gives zero, it has only one’). As they became aware
that they were capable of understanding the subject and helping to add points for the group,
their self-confidence improved and their participation increased, a fact that seems to
corroborate that, as Gil et al. (2006) affirm, the beliefs and emotions that students have
influence their motivation.

The group in general showed high interest and even, at times, concern, especially at the
beginning (‘We don't know how to do it, we won't get the points and we won't be able to move
on to the next one’, ‘But how are we going to do this, if we haven't given it’). However, as the
intervention progressed and they were scoring points, they realized their ability and the
importance of helping each other and working as a team. Thus, in Touch the solution, they
realized that if they worked as a team and made sure which were the solutions to the equations
they touched the correct ones and could give the explanation, thus adding more points than if
they worked individually, and they achieved the maximum possible in the activity. Therefore,
it would be good to rethink activities in which they worked in a more individualized way, since
the results were better when working as a team. In this way, the Sudoku activity could be
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rethought in such a way that the questions were on cards that they had to share among all of
them, instead of on the activity sheet of each student.

All of the above can be translated into the fact that the motivation of the students in this group
was higher than in the control group, which suggests that, as stated by Teixes (2015),
gamification and the use of game elements such as points promote motivation and allow
modifying behaviors through such motivation.

With respect to the objective of creating a proposal that improves and also facilitates the
learning of mathematics, most of the students in the experimental group assured, at the end
of the intervention, that the gamification method had seemed much more interesting to them
than the traditional one (‘And can't we do the rest of the course like this?’). In this regard, after
the end of the intervention, we have been in contact with the teacher of this group who assures
that they continue to talk about it and ask for more work to be done in this way, and that they
continue to remember what they have worked on with gamification better than content they
have worked on more recently.

In line with Nistor & lacob's (2018) statements, which state that gamification increases
attention and facilitates learning, students such as B1, B8 and BI12 assured that they had
learned more this way because they had found it easier to pay attention and be active during
the whole session than when working with the traditional method (‘With the points thing, In
the end | get more serious and | learn’, “This way the classes go by quickly and | don't get lazy
because | don't get bored’) which, after a short period of time, causes them boredom, with the
consequent loss of attention.

Others, such as B5 and B20, who usually obtain good results, also stated that they had found
it easier to learn in this way despite the fact that their participation in the classes is usually
high regardless of the method. Student B16, noted that he did not believe he was capable of
getting the best score in math (It seems impossible for me to get an A in math and studying
at home even less’) and that working with his classmates to achieve a common goal had helped
him to do so.

In addition, at the end of several sessions, they asked for more time (‘Just a moment teacher?!’,
‘Wait five minutes, we are going to finish it now’), statements that surprised the teacher in
charge of the group as this group normally used to pick up before ringing the bell and get up
quickly.

The above statements and attitudes, together with the results obtained by the students in this
group, allow us to establish that gamification seems to generate, in most cases, positive
emotions conducive to student motivation as stated by Robson et al. (2015).

From what has been presented so far, it can be deduced that although both groups improved,
gamification achieved more significant improvements and in more varied aspects, such as
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collaboration and teamwork. Therefore, the need to innovate raised among others by the OECD
(2016) and, in this case, the implementation of an active methodology, such as gamification,
has proved to be an advantageous proposal that brings benefits in learning and motivation of
students.

CONCLUSIONS

After the design of activities based on gamification and its subsequent application in a 4th
course of secondary school mathematics classroom, several advantages of this method with
respect to the traditional method, used quite frequently, can be established.

First, with respect to the objective of achieving an improvement in attitudes towards the
subject, gamification produces a decrease in the negative attitudes that students acquire
towards mathematics as the courses progress (Deieso & Fraser, 2019), which, on the other
hand, confirms the importance of attitude and its relationship with motivation (Solbes, 2011).

Secondly, and in relation to the above, the use of gamification as an innovative teaching
method increases student motivation through its elements and also manages to maintain it
(Teixes, 2015) by encouraging their participation and teamwork, thus achieving the stated
objective of increasing motivation towards mathematical learning.

Thirdly, the results obtained in this study allow us to affirm that through the implementation
of gamification the objective of producing an improvement in the interest in solving
mathematical tasks. The increase in participation and motivation in turn favors interest in
learning, which indicates that student motivation is a very important element in the teaching-
learning process (Valle et al., 2010; Carrillo et al., 2009; N(fiez, 2009) a fact that can be
observed in the results obtained by students working with gamification.

Despite the fact that with the traditional method there are also improvements in the interest
in solving mathematical tasks, the motivation of students working with this method is lower
than when working with gamification, so the use of this traditional method may be one of the
reasons that influence this low participation of students, who find the learning process boring
(Montero, 2017), which is reflected in the results obtained in this research. Moreover, in the
control group, the results reveal that the students who have fewer difficulties and already had
good results before the intervention, continue to have them afterwards but that the students
who find more difficulty do not manage to improve too much.

Therefore, we can conclude that gamification as an innovative method in the mathematics
classroom has a positive impact and that with its application there is an improvement in the
interest in performing mathematical tasks and in attitudes towards mathematics, as well as
offering the possibility of working on other competencies other than mathematics, such as
teamwork.
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LIMITATIONS AND PROSPECTS

The main limitations encountered in the development of this research work are, on the one
hand, the time limitation established to carry out the intervention, which only consists of five
sessions. On the other hand, we found that the sample size with which the research is carried
out is quite small. These factors prevent the results and conclusions obtained in the study from
being applicable to the entire population. And, finally, the impossibility of the interventions
being carried out by the same person in both groups, the person in charge of the control group
being a different teacher from that of the experimental group.

In view of this, the following lines of future research are proposed, which will allow us to learn
more about this topic:

First, to continue studying gamification as an educational methodology using larger samples
and for longer periods of time.

Secondly, it is possible to extend research on this method to different educational levels and
populations with different socioeconomic characteristics.

Finally, it is also proposed to investigate the use of this methodology in subjects other than
mathematics to see if the results are similar in other subjects or if, on the contrary, it only
produces a positive impact in specific subjects with specific characteristics.
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