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Abstract

One of the main objectives of Physical Education in elementary schools is to encourage
motivation so that the subject enhances academic performance and the practice of physical
exercise. Didactic research should evaluate the effectiveness of educational methods to
know if they are applicable, useful, and in what sense. Exergames are digital motor games
that aim to stimulate players’ motor skills. Gamification refers to the use of game-based ele-
ments in nongame contexts to motivate actions. This research evaluates a gamified exer-
gaming intervention, designed to improve children’s academic performance by focusing on
understanding applicability and usefulness. A natural experiment was set up in schools
according to a mixed methods design. The qualitative data herein reported were collected
during a natural experiment with a nonrandomized controlled design. The qualitative
research design was used with field notes, an open-questions questionnaire, individual
semi-structured interviews and focus group interviews. Eight teachers and 417 students
took part. A content analysis was chosen as the methodological orientation. The facilitators
were the realism of their didactic design and their adaptability to different educational con-
texts. The main barriers were the required materials and facilities. Teachers and students’
attitudes were very positive, although future use was inconclusive. These findings may
imply that this study is one of the few to provide positive evidence for educational gamifica-
tion. The “Mechanics-Dynamics-Aesthetics” gamification model and the “Just Dance Now”
exergame may be applicable and useful for didactics in Physical Education, but all the par-
ticipants’ suggestions need to be considered to improve teaching interventions.

Introduction

Innovative educational interventions should have scientific support to explain whether stu-
dents learn more and better. Exergames are digital motor games that aim to stimulate players’
motor skills, which are popular on the global market and have been paid increasing attention
by educational research [1, 2]. As a game type, exergames can be applied to Physical Education
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(PE), and can simultaneously provide the benefits of motor games [3] and video games [4].
Gamification refers to the use of game-based elements in nongame contexts for motivating
actions [5, 6]. While gamification is advancing in business or marketing, its application to
education is still an emerging practice [7]. There are several implicit assumptions about the
usefulness of gamification in the education context, and the main one is that gamification is
motivating. However, as the scientific literature is still scarce and inconclusive, more empirical
studies are needed [8].

As most children in Europe and the USA play video games [9], the question is no longer
whether children play video games and how we can prevent them from doing so, but how we
can positively impact what type of digital games they use, and why they are playing [10].

Exergames have often been applied to PE in an instrumental and mechanical way [11]. The
inclusion of new technology in class does not mean an essential change in didactics. Following
Freinet [12], it is necessary to transform the dynamics of the whole classroom to make an
essential change in didactics [12]. This contextualized learning change can be created by the
gamification strategy [13]. Research in the fields of exergames [2, 14, 15] and gamification [6,
16-18] has shown that both can produce beneficial psychological effects.

One of the main objectives of PE is to encourage motivation toward the subject to increase
academic performance or the practice of physical exercise (PEx) [19]. It has been suggested
that exergames should be incorporated into PE classes to enhance students’ motivation [20].
Six components that exergames posit have been proposed to intrinsically motivate children to
engage in PE: challenge, control, curiosity, constant feedback, creativity, competition [21].
Besides, the following motivation-related game characteristics have been postulated: fun, chal-
lenging, motivating, developmental, appropriate, individualized, contemporary [22]. Several
psychological benefits of exergaming associated with motivation have already been proven,
such as providing changes toward physically active behavior [23], especially in those who do
not normally engage in traditional PEx [15], by improving either motivation thanks to social
interaction during exergames [24] or situational interest motivation [25] by improving aca-
demic performance in subjects other than PE [26]. However, empirical support for the effec-
tiveness of exergaming on students’ motivation and in-class activity in PE is sparse [25]. Even
a review study on exergames suggests that perhaps strengths and positive effects are more
likely to be published than null or even negative effects. Thus empirical research that focuses
specifically on potential negative effects is needed [10].

Qualitative research has shown that intervention and context could be improved to achieve
more success and greater effectiveness by detecting events as distractions for children by social
interactions, angered by errors in exergames, or lack of space to correctly perform the activity
[27]. Another qualitative study has shown that, despite not quantitatively detecting increased
physical activity (PA) through intervention, qualitative results suggest that sufficient exergam-
ing had not been used during the intervention to make any significant differences [28]. All
these research works have proven the advantage of using mixed methods to completely inter-
pret empirical research.

According to children, the likelihood of long-term engagement with exergames depended
on game content and children’s ages (more appropriate for younger children than for teenag-
ers). According to parents, the cost of exergames and lack of space at home to play games were
identified as barriers [29]. A positive attitude was found toward the use of exergames in PE in
elementary students, but no associations were found between that attitude with gender, physi-
cally active habits and digital leisure habits [30]. Another qualitative study found children and
parents’ positive attitude toward exergames, who preferred exergames to traditional video
games [31]. A study with an obese adolescent population qualitatively found that the facilita-
tors to continue using exergames were the feeling of immersion, music, the ease of controlling
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exergames, affordable challenges and social cohesion with classmates, while barriers were frus-
tration from technical problems with exergames or challenges were too difficult [28, 32, 33].
The study of Benzing and Schmidt [10] found that the strengths of exergaming were the poten-
tial for individualization, adaptivity and specificity, and the capacity to improve motivation
and engagement.

Despite the fact that gamification or exergaming is booming in the education world, its
effectiveness in increasing motivation has not been proven due to many inconclusive studies
[7, 8, 34-36]. For this reason, gaining an in-depth understanding of some virtues of gamifica-
tion and exergames is necessary to improve learning. We performed a natural experiment in
elementary schools using a mixed methods design.

The scientific support for the effectiveness of exergaming and gamification in-class activity
is sparse [8, 25], and its effects have been overestimated due to high expectations [8] or the ten-
dency to publish only beneficial results [10]. These findings are interesting per se because they
raise the following previous research questions with no affirmation bias: “Is a gamified exer-
gaming intervention for school PE applicable and useful or not?”, “What are the reasons that
make exergaming and gamification more or less applicable and useful?” and “What interven-
tion elements can be improved according to the school community’s opinions?”.

Hence this research evaluates a gamified exergaming intervention that was designed to
improve children’s academic performance through psychological variables such as motivation
and fun. This paper focuses on understanding the applicability and usefulness of the designed
intervention for the ultimate purpose of knowing what didactic intervention elements can be
improved according to the school community’s opinions. Our operational research objectives
were to:

1. To study the applicability of the gamified exergaming intervention using a qualitative
method

2. To study the utility of the gamified exergaming intervention using a qualitative method

3. To understand the effects of the intervention separately between gamification and
exergames

This qualitative approach allowed us to understand which specific gamification and exer-
games aspects were more applicable and useful for education, and if these were effects have
not been previously considered.

Study design

The qualitative data herein reported were collected during a natural experiment with a non-
randomized controlled design. A qualitative research design was used with field notes, an
open-question questionnaire, individual semi-structured interviews and focus group inter-
views. These data collection techniques are commonly used when the research objective is to
profoundly explore a subject about which very little is known [29], and when researchers seek
to know participants’ reactions to an intervention [37].

Focus groups are especially appropriate when seeking children’s contributions for three rea-
sons: they imply a shared intervention experience, which allows to take children’s spontaneity;
adults have a better chance of understanding what children have to say in their interaction and
behavior context; focus groups free children and researchers of data-collection limitations due
to literacy/reading levels [38]. The thematic analysis focused on identifying themes related to
behavior. The results presented in this study are analytical interpretations of the identified
themes [39]. Content analysis was chosen as the methodological orientation.
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Participants

Elementary schools were recruited for this study from May 2017 to September 2017. Of the
nine elementary schools invited to participate in it, only one declined because it considered
that the intervention incompatible with the curriculum. Criteria Based Selection was used to
choose the schools. The researchers chose four schools according to the following criteria: the
adequacy of their material (Wi-Fi connectivity, facilities), the diversity of the public/private
schools, schools from different cities (Huesca and Zaragoza, Spain), students’ ethnic and
socio-economic diversity, teaching staff’s positive predisposition and accessibility for research-
ers. Eight teachers took part in the study (75% men, n = 6, 25% women, n = 2; age mean in
years = 37.5£6.12; mean of years of teaching experience = 11.5+7.31). The student sample
comprised 417 students (53.2% girls, n = 222; 46.8% boys, n = 195) from four elementary
schools. Their mean age was 11.1 (SD = 1.7), and 50.4% of the sample studied 5% Grade (aged
10-11 years; 50.9% girls, n = 107; 49.04% boys, n = 103) and 49.6% studied 6 grade (11-12
years; 55.5% girls, n = 115; 44.45% boys, n = 92) in elementary schools.

Ethics

This research obtained the ethical approval of the Ethical Committee of Clinical Research of
Aragon (Spain) on May 24, 2017 (statement n°.: 10/2017). All the schools invited to participate
received a detailed written report of the study. A face-to-face meeting was held with the repre-
sentatives of each school, when they had the opportunity to ask questions. When a school
accepted to collaborate, informational letters and informed nonconsent forms were sent to all
the parents/guardians of eligible students. All the children had access to didactic interventions,
but only the participants whose parents or guardians agreed to collaborate in the study were
included.

Intervention and materials

A natural experiment with a nonrandomized controlled design was conducted. This design,
together with the qualitative approach, allowed good scientific rigor, and has been considered
appropriate in similar studies [27, 28, 40]. The control condition (traditional didactic interven-
tion) was designed based on the usual didactic teaching of dance in Spanish PE [41]. Another
similar experimental condition was designed to the control condition, except for the presence
of an exergame and a gamified design (gamified exergaming intervention). Each intervention
lasted 9 hours, which was applied to each school for 4 or 6 weeks during curricular PE classes.

The different number of weeks that an intervention lasted depended on each school’s num-
ber of holidays. Each school had a different number of PE sessions per week (according to its
schedule), but they all had 135 minutes/week. This intervention duration is justified as being
the usual way to schedule classes in Spain [41], and is the minimum duration recommended to
avoid the bias of "familiarization" with the test [42, 43].

Both traditional didactic and gamified exergaming interventions were applied in the same
way by the same male “researcher-teacher”. Researcher-teacher was the person who played the
role of researcher in this study, but also taught classes in schools. Priority was given to the fact
that it was always the same person who taught the teaching units to all the children recruited
in the study to, thus, remove the bias of "different teachers" at each school. The control group
learnt dance without using exergame and with no gamification strategy.

The gamification system based on the Points-Badges-Leaderboards (PBL) architecture has
been extensively applied and studied. However, "achiever" is the only player-student profile
that fits that architecture [44], and broader approaches can be made [45]. Accordingly, the
Mechanics-Dynamics-Aesthetics (MDA) architecture [46] was used to achieve an inclusive
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gamified atmosphere [47] for all the student-player types in the experiment. The MDA archi-
tecture was adapted to the education field [48]. Mechanics refers to the system’s set of constitu-
ent elements, the relation linking them, and the way in which a system can routinely function.
Dynamics refers to the way in which mechanics effectively works (adding the player factor and
its interaction with mechanics). Esthetics refers to both the perceptions produced by the
mechanics in the player-student as it is designed (beauty) and the sensations-emotions experi-
enced by students while playing [48]. All the design elements are specified in Table 1. No nega-
tive points of any kind were used. Mechanic elements were designed: a system of positive
points, rewards, classifications, levels of difficulty, challenges, achievements, badges, coopera-
tive and competitive teams, virtual avatars and the possibility of personalizing avatars. Self-ref-
erential situations in an epic sense [45] of a cooperative group were raised to promote
motivation among all the student types, even those who were not competitive [27, 49].

The Just Dance Now exergame was used because it can be applied in the facilities of the par-
ticipating schools, and because it is based on accessible materials for most people in the study
context (laptop, screen projector, Internet, and smartphone) [50]. Its use is justified because it
has been scientifically studied [51-55] and is extensively used for youth leisure [56]. Playing
with a smartphone can be a strategy to obtain a good attitude as young people employ it [57].
The experimental condition design allowed all the students to dance several times during all
the sessions, except for the logistical problems reported in the Results.

Table 1. Gamified didactic design.

Mechanics Dynamics Aesthetics
Dance performance point Reinforcement Pleasure
Creativity point Cumulability Satisfaction
Attention point Success
Good behavior point Social membership
Design a choreography Self-expression Pleasure
Identity
Design a group choreography Cooperation Social membership
Leaderboard (Fig 3) Competition Social membership
Cooperation Success
Progress
Star badge (perfect dance) Reinforcement Satisfaction
Green badge (for individual improvement) Progress Fun
Collectability Pleasure
Interest

https://doi.org/10.1371/journal.pone.0231269.t001

Group green badge Cooperation collectability Social membership
Group improvement point Competition Identity
Best dancers badges Cooperation Success
Badge dancers who improved the most Collectability
Point helping the team

Point of dance plank Status Identity
Competition Absorption
Custom avatar Self-expression Customize

Identity

Beauty

Increasingly difficult dance levels Progress Fun

Satisfaction

Interest

Music in all classes, from different cultures and periods Self-expression Pleasure
Choosing dance Level 9 from more than 300 dances Absorption

Identity
Customize
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In order to gamify learning contents, 10 exergame dances were previously selected from
300 dances of the Just Dance Now web platform. The selection criteria were motor difficulty,
the dance’s cultural variety, and adjusting values to Primary Education: Level 1 “Rasputin”;
Level 2 “Crazy Christmas”; Level 3 “Boogie Wonderland”; Level 4 “Aquarius”; Level 5 “Let’s
groove”; Level 6 “#thatPOWER?”; Level 7 “Hungarian Dance no. 57; Level 8 “I will survive”;
Level 9 a dance chosen by the group of students; Level 10 “Jambo Mambo”. All the dances are
available on the official exergame website (https://justdancenow.com/).

The ClassDojo virtual platform was used to make the intervention sessions contextually
gamified. Seven badges were associated with seven types of points that are usually given by the
teacher to students in class: good behavior, creativity, helping the team, paying attention,
motor self-improvement, group improvement, and motor perfection (called "5 stars"). Twelve
badges were also designed for the three best dancers at each level, the three best dancers every
week, the three students who had improved the most, and the three groups with the most
points in general (see Fig 1). Each student’s points accumulated in the ClassDojo application
and could be consulted by students at any time, even at home. With those points, students
could custom their own avatars and obtain a higher score in the subject (see Fig 2).

An ad hoc digital game board was designed using the Microsoft Excel software (see Fig 3).
The students had to enter the score of each dance indicated by the Just Play Now exergame on
the gamifier board using a laptop that was available in class. The students entered the obtained
scores in the shared computer immediately after dancing each dance during class time. The
researcher-teacher arranged a few minutes for this task and helped with management, espe-
cially during the first sessions. The board indicated the students’ average scores for each dance,
and the totals obtained both individually and in groups since the beginning.

Data collection procedure

The qualitative data herein reported were collected during the natural experiment with a non-
randomized control conducted between October 2017 and June 2018 in the four Primary Edu-
cation schools of Aragon (Spain). Two public elementary schools were selected for this study,
and two "semi-private" elementary schools (with partial public funding), both types of schools
are very common in Spain (Table 2). All the qualitative measures were collected in the same
way: by the same researchers, and with the same procedure. Detailed information on the quali-
tative data collection can be found in Table 3:

& ) L &

Team 5 Stars The best song Second best
improved ‘ ) dancer song dancer
The best The best Second best Third best

weekly dancer weekly team weekly team veekly team

Fig 1. Screenshot of the individual and comparative badges received by students through ClassDojo.
https://doi.org/10.1371/journal.pone.0231269.9001

PLOS ONE | https://doi.org/10.1371/journal.pone.0231269  April 10, 2020 6/27


https://justdancenow.com/
https://doi.org/10.1371/journal.pone.0231269.g001
https://doi.org/10.1371/journal.pone.0231269

PLOS ONE

Applicability and utility of a gamified didactics with exergames at primary schools

B’ o -

s — ; "\ P
. 1
[— \

JoséManuel JuanlJesus Julia Leyre Leyre

Fig

Paula Paula Paula Paula Ruben

2. Screenshot of each student’s personalized avatars with the total points of the ClassDojo application.
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s://doi.org/10.1371/journal.pone.0231269.g002

Field notes: they were collected by the male researcher-teacher during all the intervention
sessions. Particular events were recorded, such as accidents, breakdowns, unforeseen events
(session changed by another school activity), particular comments made by students, or
alternations in the content being worked on.

2. Open-question questionnaire (OQQ): it was administered at the end of each intervention
during the last class session to both the control and experimental groups (n = 356). It con-
sisted in responding in writing to four (control group) or six (experimental group) open
questions, such as: “What caused you the most difficulty?” or “What do you think about
using a video game with which you move in the Physical Education class?” It took 15 minutes
to complete on average. In School 1, a school with a high percentage of students at risk of
social exclusion, it was not possible to collect these data because of its students’ low literacy
skills, and because of their excited emotional state on the last day of class.

Dance Got dance Dance Improvement Individual

points (1st) stars points (2nd) achievement(2nd -1st) average

= \\ Level pd ~ Level 2 \\

CMSSN\\ \(Rasputin”| 'Dance m/' "Crazy Christmas" Mﬁ‘)lA

B Student 1 \
:_l Student 2
e

Student 3
f Student 4
© Student 5
u
P TOTAL:

L]
Average team Group
improvement

Fig 3. Partial screen of the gamifier board.

https://doi.org/10.1371/journal.pone.0231269.9003

PLOS ONE | https://doi.org/10.1371/journal.pone.0231269  April 10, 2020 7127


https://doi.org/10.1371/journal.pone.0231269.g002
https://doi.org/10.1371/journal.pone.0231269.g003
https://doi.org/10.1371/journal.pone.0231269

PLOS ONE

Applicability and utility of a gamified didactics with exergames at primary schools

Table 2. Information about participant selection.

School Funding City
1 Public Huesca
2 Semi-private Huesca
3 Public Huesca
4 Semi-private Zaragoza

https://doi.org/10.1371/journal.pone.0231269.t002

Condition 0QQ (n) Focus groups (n) Interviews (students) | Interviews (teachers)
(n) (n)
boys girls boys girls boys girls boys girls
Control - - - - 1 1 1 -
Experim. - - 2 2 1 -
Control 19 17 1 3 - 1 2 -
Experim. 21 23 4 2 - -
Control 14 18 2 2 - - 1 2
Experim. 23 26 3 2 - -
Control 46 50 8 8 - - 2 -
Experim. 46 53 9 8 - -

3. Focus group interviews: 14 focus group with four or five students were formed among the

four participating schools (n = 56). The student’s choice was made by the male researcher-
teacher according to his/her experiences throughout the intervention. The selection criteria
were: attitude shown by students (very positive and very negative), student’s gender, stu-
dent’s communicative ability and student’s agreement to be interviewed. All the interviews
were filmed and audio-recorded, always transcribed by the same researcher, and re-
imputted into different files to ensure data protection (Transcripts). The interview com-
prised open questions, such as "Do you think your dance skills have improved?". Debate was
encouraged among students. This part 20 minutes on average.

4. Individual semi-structured interviews: at the end of each intervention (both control and

experimental), a personal interview was held by the same two researchers with some stu-
dents (n = 4) and all the participating teachers (n = 8). Only certain students were inter-
viewed if they were considered able to provide in-depth information. The choice of
students was made by the researcher-teacher according to his/her experiences throughout
the intervention, and when it was observed that the student’s profile could be very interest-
ing: two students were chosen for increasingly showing special interest in classes during the
didactic unit, and two students for quite the opposite.

The interview consisted in the same open questions for students and the focus groups, with
other open questions for teachers, such as "What advantages and disadvantages do you see in
using a dance video game as an educational resource in school PE?" (Transcripts). Each teacher
knew both interventions (traditional and gamified with exergames), as did an assistant profes-
sor to the male researcher-teacher who performed all the interventions, which meant they
knew both didactic methods. This part took 25 minutes on average.

This data collection strategy allowed mixed triangulation: triangulation of observers (teach-
ers and students), triangulation of researchers (researcher-teacher and researcher 2) and trian-
gulation of instruments (interviews, discussion groups and OQQ).

Table 3. Information about the qualitative measures.

Instrument When? Who? To whom? How long? How many people at a time?
1. Field notes during the intervention researcher-teacher any aspect 1-3 minutes each annotation
2.0QQ last session researcher-teacher students 15 minutes 12-25
3. Focus groups after the intervention researchers 1 and 2 students 20 minutes 4-5
4. Interviews after the intervention researchers 1 and 2 students and teachers 25 minutes 1
https://doi.org/10.1371/journal.pone.0231269.t003
8/27
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Analyses

The information collected by OOQs were transcribed and categorized emergently using the
Spss (version 21.0, https://www.ibm.com/es-es/analytics/spss-statistics-software) software by
the same encoder. These data were quantitatively processed in order to triangulate them with
the information collected from the interviews and group discussions. The analyses consisted in
descriptive contingency tables by comparing the control and experimental groups (in the com-
mon questions), and by focusing only on the most frequent or interesting open answers.

A thematic analysis was conducted [58], which was both deductive (to study the previously
raised problems and elements) and inductive (allowed new issues to emerge). The original
classification tree was built based on the previously considered concept. The first analysis layer
derived from the first and second study objectives; that is, the applicability and utility dimen-
sions, which are basic study dimensions. The second analysis layer derived from the third
objective by differentiating “exergame”, “gamification” and “condition as a whole”. Operation-
ally, "applicability" has been defined as the ability of the gamified exergaming intervention to
be carried out at school easily [facilitators], with minimum obstacles [barriers], with the best
predisposition of teachers [attitude, expectation of use and continuous learning] and students
[attitude, affinity], enduring in time [continuity] and to develop the educational curriculum.
“Utility” has been defined as the ability of the gamified exergaming intervention to produce
concrete and direct effects of psycho-educational interest, both as a whole [as a didactic
design] and through some of its characteristics [gamification, exergame, dance, etc.]. Two sim-
ilar, yet different, classification trees were built for teachers and students.

When the original classification tree was built, two researchers used it to jointly analyze a
student’s interview, a teacher’s interview and a focus group, and added emerging categories. All
the operational definitions used in each tree category can be seen in the S1 Material (Classifica-
tion Trees). The Nvivo software (version 11, https://www.qgsrinternational.com/nvivo/home)
was used to analyze all the content from interviews and focus groups. These emerging catego-
ries were the fourth analysis layer based on participants’ responses. This way in which the final
classification tree was achieved allowed a deductive and inductive analysis [58]. Next the reli-
ability index between the two researchers (k = .94) and intrapersonal reliability (k = .94) was
calculated. This last researcher was the encoder who analyzed all the content of the interviews
and discussion groups. Children and teachers was anonymized. Excerpts from the interviews
and focus groups for each theme are included in the S2 Material (Transcripts), along with cod-
ing sheets with more details about the qualitative analysis (Classification Trees). A COREQ
checklist with further details of the qualitative design is also included in the S1 ChecKklist.

Results and discussion
Quantitative indicators

The OQQ allowed us to find that the greatest difficulty expressed by students (control = C,
Experimental = E) lay in working in groups (C = 38.4%, E = 44.3%), complexity of dances

(C =44.5%, E = 19.3%) and body expression activities (C = 5.5%, E = 17.2%). What they least
liked about the intervention were body expression activities (C = 18.9%, E = 36.5%), adapting
to the song of the final choreography (C = 42.7%, E = 13%) and making group decisions
(C=12.2%, E = 14.1%). Students would have liked more freedom to choose the groups and
songs (C = 46.3%, E = 24.5%), a more current repertoire of songs (C = 15.9%, E = 8.9%) and
more practice time in the exergame (E = 22.4%). The most frequently shared feelings were
enjoyment (C = 32.3%, E = 55.2%), embarrassment (C = 20.7%, E = 16.7%) and positivity
(C=14%, E =8.3%).
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Descriptive analyses were previously performed with the focus groups and interviews (see
Tables 4 and 5). This information was used as an indicator to direct the thematic analysis.
More specific descriptive analyses can be found in the appendix (Classification trees).

The qualitative and the thematic analyses of this study are presented below. The results are
presented through textual extracts taken from different interviews and discussion groups. The
coding used to identify each extract was based on four digits: the first number refers to the spe-
cific interview or discussion group (numbered from 1 to 26); the first letter indicates gender
("B" for boy, "G" for girl); the second number indicates the paragraph number in each tran-

scribed document; the second letter indicates the category of participants ('s" for student, "t"
for teacher).

Applicability

Logistics. The gamified exergaming intervention was used in four schools with very dif-
ferent characteristics (students, teachers, materials, installations, etc.). This means that despite
making logistical and organizational decisions and changes, the same learning sessions were
held at all the schools, educational objectives were met and an equivalent evaluation was made.
Of the main intervention facilitators, the realistic design for the school context as an open
changing setting stood out, as did its adaptability to be applied to differing contexts without it
losing its didactic essence. This result was acquired thanks to the 9-month researcher-teacher
experience, which was triangulated with the views perceived by the teachers participating in
the four schools: “We have a block and some objectives, and the exergame helped to work by
facilitating a context, because you had quite a specific context and a place where you knew what
you were going to do” (1B5-1).

Table 4. Descriptive analysis of the focus groups and interviews with students.

Classification tree C Group E Group
N Cod. % Cod. N Cod. % Cod.

1. Applicability 29 18.01 34 20.00
1.1. General design 29 18.01 34 20.00
1.1.1. Changes 11 6.83 16 9.41
1.1.2. Strengths 17 10.56 18 10.59

2. Utility 119 73.91 126 74.12
2.1. General design 119 73.91 115 67.65
2.1.1. Enjoyment 22 13.66 21 12.35
2.1.2. Learning 37 22.98 25 14.71
2.1.3. Academic performance 27 16.77 30 17.65
2.1.4. Perceived physical effort 10 6.21 9 5.29
2.1.5. Usage expectations 1 0.62 11 6.47
2.1.6. Promoting PE 10 6.21 10 5.88
2.1.7. Resolving conflicts 12 7.45 9 5.29

2.2. Gamification 0 0.00 11 6.47
2.2.1. Advantages 0 0.00 9 5.29
2.2.2. Disadvantages 0 0.00 2 1.18

3. Miscellany 14 8.70 7 4.12
3.1. Researcher contributions 12 7.45 7 4.12
3.2. Irrelevant information for this study 2 1.24 3 1.76

“N Cod.” = number of times that the variable was encoded. “% Cod.” = percentage of the total encoded references.

https://doi.org/10.1371/journal.pone.0231269.t1004
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Table 5. Descriptive analysis of the interviews with teachers.

Classification tree N Cod. % Cod.
1. Applicability 94 39.50
1.1. Exergaming 50 21.01
1.1.1. Facilitators 11 4.62
1.1.2. Barriers 39 16.39
1.1.2.1. Logistics 8 3.36
1.1.2.2. Students 0 0.00
1.1.2.3. Technical problems 15 6.30
1.1.2.4. Specific teacher training 7 2.94
1.1.2.5. Critical education 6 2.52
1.1.2.6. Teaching dependence on technology 3 1.26
1.1.3. Usage Expectations 0 0.00
1.2. Gamification 1 0.42
1.3. General didactic design 43 18.07
1.3.1. Strengths 21 8.82
1.3.2. Changes 22 9.24
2. Utility 113 47.48
2.1. Exergaming 58 24.37
2.1.1. Benefits 54 22.69
2.1.1.1. Learning 13 5.46
2.1.1.2. Health 2 0.84
2.1.1.3. Performing alternative leisure 7 2.94
2.1.1.4. Promoting PE 14 5.88
2.1.1.5. Motivation toward learning 18 7.56
2.1.2. Prejudices 4 1.68
2.2. Gamification 35 14.71
2.2.1. Benefits as a method 29 12.18
2.2.1.1. Motivation toward learning 17 7.14

0.84
1.68
2.2.1.4. Facilitating teacher evaluation 1.68

2.2.1.2. Promoting PE 2
4
4
2.2.1.5. Achieving learning 2 0.84
6
4
2

2.2.1.3. Promoting cooperation

2.2.2. Prejudices 2.52
2.2.2.1. Too much competitiveness 1.68
2.2.2.2. Points dependence 0.84

2.3. Utility of the general didactic design 20 8.40

2.3.1. For teaching-learning processes 15 6.30
2.3.1.1. Promoting curricular values in students 5 2.10
2.3.1.2. Resolving conflicts 3 1.26
2.3.1.3. Overcoming problems 7 2.94

2.3.2. For health 0 0.00

2.3.3. Performing alternative leisure 2 0.84

2.3.4. Promoting PE 0 0.00

2.3.5. For motivation 3 1.26

3. Miscellany 31 13.03
3.1. Researcher contributions 24 10.08
3.2. Irrelevant information for this study 7 2.94

“N Cod.” = number of times that the variable was encoded. “% Cod.” = percentage of the total encoded references.

https://doi.org/10.1371/journal.pone.0231269.t1005
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The main barrier to apply the intervention was the logistics of materials and spaces: “I think
that its main problem is that it involves a number of minimum technical elements” (1B11-t).
One of the problems that most arises is when space is hard to find and must be shared by
many teachers: “I'm not sure if it is our problem or the school’s problem but perhaps before
beginning the unit, who is in charge of managing spaces, this must be made quite clear. [. . .]
Because I found that this was a problem” (07G17-t). This female teacher also stressed the prob-
lem of spaces not being coordinated, which was specifically due to her school (School 3) that
was smaller and more modest, although the same problem arose sporadically at School 4. The
research experience in this study, along with field notes, indicates that, quite often, it was
never really a coordination problem, but was due to a real problem caused by lack of space.
One reason for this is because PE is normally practiced in places that differ from where other
subjects are taught (pavilion, playground, swimming pool, the natural environment). None-
theless for this intervention, classes had to be given in each school’s Assembly Room (to set up
a projector and the Wi-fi network). These places tend to be frequently requested by more
teachers to perform different activities in distinct courses.

The logistics problem of spaces and installations cannot be completely solved by applying
more coordination at school given its daily open dynamic character. At any time, spontaneous
activities may arise at school that change its planning: “some events at schools are unavoidable,
like the International Day of Peace . . .] then class starts 30 minutes later. [. . .] if possible, [it is
necessary] to control such events. [. ..] by the required logistics, organization, especially for mate-
rials and spaces. As for the rest, [. . .] it all worked well for us and, fortunately, the means you
have when you have brought mobiles and the rest; the spaces we have used; projectors; Wi-fi...”
(12B23-t). Contextual problems of this kind are mentioned in similar studies [28]. The field
notes more frequently indicated at School 4 (the school with more people) that the bookings
previously made for this intervention were spontaneously amended by other activities that
were considered more preferential by the school. This is because the Assembly Room is used
for those events that are particularly important for the school (meeting with parents, presenta-
tions, etc.). It can be stated that each school’s Assembly Room allowed the intervention classes
to be carried out, but it is necessary to seek alternatives for the project to be consistent over
time. Moreover at most schools in Spain, this intervention is applicable only by coordinating
and managing spaces and materials well. Equipping the usual places where PE is taught with
digital technology (projectors, Wi-fi) would solve the high demands to coordinate and plan
spaces: “Now we have this, and we have performed it in the Assembly Room, we can change and
try it somewhere else. Or we can move it. But then again, if you don’t try doing that, you can’t see
the failures or benefits” (12B17-t).

A similar study detected general lack due to the chosen exergame barely being used [28] as
it was destined for recess time or for out-of-school activities. However in the present study, the
official curricular time was used and activities took place in the Assembly Room.

The school’s dynamic nature strongly influences an intervention like that herein applied
because it requires being set up and adapted before holding classes that involve using another
type of school contents: “when it is necessary to prepare things for PE, I always arrive much ear-
lier, and I try to leave the gym ready before a class precisely to play with that motivation. [. . ]
When they see everything set up, it’s a plus. So I would go further as to whether you can calibrate
[spaces] in centres, which I know is difficult, or even impossible, in many aspects” (12B23-t).
This proposal to improve the logistics of materials was hard to plan well in advance and in
much detail; more often than not, previously adapting the classroom was not possible because
another teacher was giving a class in another course. However, as the cited reflections suggest,
having installations previously prepared at the start of class, whenever possible, is believed nec-
essary to create more student motivation and to optimize time. Having the necessary time
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beforehand to adapt to this gamified exergame session would be a limit to apply it, which is
not unusual with other PE contents.

Another logistic problem indicated by teachers was related to materials (smartphones): “the
limitation of having to rely on mobile phones; the limitation of the material, I believe that we at
schools are not ready for all this, as we do not even have proper networks” (6B5-t). Despite con-
sidering the intervention to be applicable in this way (teachers are used to not having material
for all their students), they mentioned the need for good group organization capacity: “It can
be done in groups with everyone dancing, and this week we have this song; then on such and such
a day, you haven’t got exergame, so you have the time to practice and it’s your turn first next
week [with exergame] and you have to make so much effort. I mean, there are different ways of
using it, but it involves that planning” (01B11-t). The intervention increases its applicability if
help is sought to plan it with students: “Then you need previous preparation work, knowing well
what we want to do, how we want to do it, students who are more used to dealing with exergame,
video games. . ., students can perhaps help you during this session” (06B16-t). Apart from better
organization, three teachers from different schools considered a feasible solution to collect old
mobile phones for schools, exactly as done before with another recycled material for PE:
“When I suggest obtaining second-hand [smartphones], I mean they can be borrowed from peo-
ple, or donated. [. . .] It would just be a matter of organizing a small campaign with teachers,
parents ...” (11B10-t).

This alternative to obtaining the material would be a minor advantage over other studies that
have used exergames and required materials such as dance mats [28, 59], which are more expen-
sive and more difficult to manage. However, smartphones have presented similar problems to
dance mats, such as run down batteries, outdated models or technological failures [28, 60].

In this sense, the public or semi-private character of the schools in this study did not seem
to affect the logistic variables of the spaces and materials differently from the teaching staff’s
perspective. That is, some comments were made about difficulty in the variables of space and
materials by teachers from different schools. In any case, it may be convenient to consider
such aspects when determining the applicability of this type of resources by taking into
account that applying an exergaming program may depend on the center’s available resources
[61], and some studies have already considered the type educational center to be a covariable
[62]. Thus, this main logistics barrier coincides which what other studies have indicated [28],
which involves not only the applicability of the intervention, but is also one of the limitations
of such research because exergames are not used so much in scientific-didactic interventions
as expected.

Novelty and tradition. The first response with which the male researcher-teacher came
across when considering the experiment in all the participating schools was teachers’ skepti-
cism, along with their doubts about the intervention’s applicability: “It is true that when you
presented the project to us, at first I thought it would be impossible because I did not understand
it. I mean, I did not understand its dynamics, how it could be organized” (6B22-t). When the
process ended however, teachers’ overall attitude was positive: “I quite liked it because we
began with simple things that were related. I mean nothing isolated was included, nothing that
did not work toward meeting the ultimate objective, rather everything worked toward that objec-
tive” (17B3-t); “My first impressions were positive because I noticed that students were really
motivated” (18B3-t).

Teachers considered the intervention applicable as they thought it was compatible with
conventional didactic methods: “I believe that virtue lies in mixing things. Not just one thing,
not all exergames. . .. precisely what we have done. It might be better doing half a unit as always
and then adding strokes of exergames, why not? Or alternating” (12B17-t). The compatible
nature of exergames and gamification came over by it presenting PA and allowing students’
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curricular knowledge to develop: “I think that any advantages that we embrace for students’
knowledge are positive. [. . .] So, is this any different? Yes. Is it considered a form of physical activ-
ity? Yes. [...] I'd propose anything that matches our contents and objectives” (18B17-t). This
coincides with another qualitative study that detects that PA is a benefit and a reason for teach-
ers to include exergames [28].

Despite the initial doubts raised, teachers welcomed the novelty and considered the inter-
vention to be applicable because it is compatible with the school curriculum, and also with the
PE area for both its didactic methods and contents: “[exergame and gamification] are technical
elements to develop the curriculum” (15B-t). These considerations were formed throughout the
intervention, and were positive halfway through and at the end of the process, when teachers
could see and understand the class dynamics. Students’ changed attitude was also a determin-
ing factor: “Especially with what I see when having to work, which is motivating. When using an
element, but not just having a phone in my hand, but also what is visual. Then there is the feed-
back given when scoring: you finish and you have points. Then you think, well that’s it, and you
know if you have done it well, or badly. Then you think I m going to dance again and see if I can
get a better score . . . I think that this feedback is very important too” (1B7-t).

Novelty is one of the reasons mentioned in a discussion group of the E group to show a pos-
itive attitude: “we like it because it is something we have never done before. We have never tried
doing things like this, dancing in PE” (23B26-s); “And with video games” (23G27-s); “Then they
scored us, and I really liked it” (23B28-s). Three different novel elements stemmed from this
conversation: dancing as content, exergame and gamification. However, the C group also
referred to a novel aspect: “I personally liked it a lot because I had never done anything like this.
We have always done sport games in playtime, and this year has been the first time we have used
dance. It has been great fun” (20B6-s). Salsa was also included as novel content in the C group
so that it matched the E group: “I really liked salsa because I was having fun with my friends
and because it is a dance we’d never practiced before” (20B5-s).

Expectations of its use for teaching. The attitude shown toward the possible future appli-
cation of such these interventions was not always the same for all the teachers who participated
in this study. A positive attitude was shown toward the study intervention as it was shown to
be feasible: “I have seen that linking technology and education, PE in this case, is possible”
(18B7-t); “Yes, [I would apply this intervention again]. And in exactly the same way as we have
already done [. ..] Moreover given the experience, which has been positive, we have the space and
resources to use it, so there would be no problem” (12B17-t). Likewise, a generalized positive
attitude was shown toward gamification and exergame as general educational resources: “Oh
yes, [I would use exergames as a resource]” (17B31-t); “considering gamification and using tech-
nologies to develop units [dance lessons] should not be a problem” (01B15-t). Some teachers had
good expectations of its use for teaching, even depending on the required logistics: “If I had the
materials, yes [I would use exergames and gamification again]. I really enjoyed it, honestly”
(18B19-t).

However, a more skeptical attitude was shown by other teachers, who found it hard to
acknowledge their priorities, perhaps due to the social desirability effect [63]. Given this sus-
pected bias, the interviewers asked the same questions, but they were expressed differently and
they spent longer on this theme. A previous condition for teachers to apply the intervention in
the next academic courses was for them to have sufficient training and knowledge: “I will try it,
but my knowledge of technology is limited. So I would use it if I was sure about the content I'm
teaching” (6B15-t). Some teachers indicated not having such training: “You see in my case, I
don’t control the themes, it’s not a content I handle. I have never played and I don’t know how to
play. So my knowledge is very poor” (6B16-t). This lack of specific competence has been found
in similar studies [61]. Therefore, this intervention would be more applicable if teachers had

PLOS ONE | https://doi.org/10.1371/journal.pone.0231269  April 10, 2020 14/27


https://doi.org/10.1371/journal.pone.0231269

PLOS ONE

Applicability and utility of a gamified didactics with exergames at primary schools

more specific training in exergames and gamification. However, the required training was not
placed as a priority because teachers carry a heavy training load in other new trends: “I don’t
think that exergames is a priority line for the PE department, simply for priority reasons, and
because PE can be done well, and it can be made motivating and creative without having to work
with exergames. I don’t believe it is an immediate priority” (12B27-t). Exergame was perceived by
some teachers as being interesting for PE, but not essential, which falls in line with [28] as it is
not the only resource that allows certain objectives to be fulfilled, like motivation. Another male
teacher stated something similar: “now there are many options open as regards new methodolo-
gies. [...] There are many things available. Well, of course, it can be included, but it won’t be easy.
It’s not a priority right now” (11B24-t). This might lead us to think that teacher expectations were
low because, despite lacking training, they felt it was not a priority to train in exergames and
gamification. This skepticism coincided with the views that the teachers in [27] indicated.

Digital technology in class. When the intervention ended, a positive attitude was shown
by some teachers for using the video game in PE, if it was like exergame, because it was associ-
ated with PA and health: “I believe that video games are not well considered socially speaking,
[...] so, [itis necessary] to give a point of view, which also favours healthy life styles. We are talk-
ing about dancing, performing physical activity, sport. [. . .] It is like combining two things they
like, changing the negative parameter, let’s say the game. Because, at the end of the day, they use
it to practice physical activity. Which is exactly the opposite to what other video games achieve”
(12B5-t). Therefore, some teachers did not perceive exergame as being linked to PE, but as
another instrument available for educational interests: “for me exergame is an instrument you
can use to fulfill the objectives you set out, your educational purposes” (1B5-s). One male teacher
even postulated an artificial theoretical barrier between video games and sport: “Perhaps we
adults spot a difference between sport and video games. And if we did not find this difference,
they might play something else” (17B21-t).

Other teachers, however, mentioned the technological nature of exergame as something
negative. In the first case because (digital) technology means losing something essential of PE,
and perhaps interactions could occur in the “natural” environment: “I prefer nature myself,
playing with sticks, stones, etc., which we are missing out on. With the few hours we spend on PE,
I think we should focus on forgetting to use mobile phones, technologies, and we should act as a
group that only interacts” (7G7-t). In the second case, students’ early age was mentioned as the
main motivation to oppose including the use of mobile phones as an educational resource: “I
don’t agree with them having mobile phones and being able to play with their phones, not in year
5, year 6, nor even in Secondary Education, especially in years 1 and 2” (11B8-t). Another male
teacher believed that technology could lead to dependency and teachers not being able to con-
trol: “Disadvantages, apart from practical ones, include us depending on technology that is,
therefore, a resource we cannot control. When you are teaching, you manage your class, you
manage times. As soon as you depend on networks, spaces and a technology, times differ”
(6B10-t). These teaching considerations were preceded by an initial reluctance shown by the
schools’ different Management Teams to introduce smartphones into class as an educational
tool. They finally accepted to participate when they explained that their use was designed for
purely educational purposes and in a controlled manner. This attitude, which was one of the
main barriers to apply the intervention, also comes over in several studies conducted in other
countries [27, 28, 64, 65].

The various conceptions of exergames have implications for how teachers use them, which
more determine the use of exergame than the nature of exergame [61]. In this study the instru-
mental conception dominated, which did not coincide with the teachers who participated in
another qualitative study, in which exergame was not considered by them as being essential in
PE; that is, in what is sport [61].
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Students generally showed a very positive attitude toward exergame. However, they indi-
cated that they found systematic technological failures frustrating: “What I didn’t like was that
my phone switched off when I held it in my hand” (5B48-s), which has been previously reported
[28, 32], perhaps because it leads to boredom [28]. At all four schools, the Wi-fi signal was
interrupted, which did not allow the exergame activity to continue and led to students feeling
frustrated. This is a major barrier for the Just Dance Now exergame, as is also indicated in
other studies with different exergames, like FitQuest [27] or XaviX Bowling [33]. Although no
mention was made about a smartphone being a strange element to dance with, comments
were made about the inconvenience of having to hold them in a certain way to avoid them
switching off: “My arm ached holding the phone” (5G45-s). This intervention was done with
children aged 10-11 years and with smartphones that were the standard size for adults. One of
the negative aspects mentioned was that technology was a limitation as regards the number of
available devices; despite the theme being centered as a change to share and manage materials
in groups, one female student mentioned that “what I did not like much was that while others
were dancing with mobile phones, some others had to dance with no phone. This was no good
because you didn’t score points” (10B3-s). To overcome this limitation, an equal distribution
system was created that would not affect either the individual or the group in terms of absolute
points, and the order was set by students themselves voluntarily, who were awarded another
type of points to those they shared and gave. Notwithstanding lack of material may have led to
some frustration.

The male researcher-teacher indicated other technology-related technical failures in the
field notes, and was able to solve some at the time, but had to seek alternatives with others for
exergame. The most frequent failures were: the Wi-fi signal not reaching the classroom, the
smartphone not recognizing the Wi-fi network (and not collecting dancing points), and the
smartphone not running exergame.

Another failure associated with technology was the Class Dojo application. Students were
delighted with the chance to see their own results for the application at any time: “I liked the
idea that an application is used in which we can see for ourselves if we want to see our points,
rather than having to ask about them” (23B134-s). However, the field notes reflected that the
application was not used much outside the classroom. Many students indicated in class that
they had unsuccessfully attempted to consult their report: “I tried, but couldn’t see it”
(23G135). This was because parents are required to participate (they have to consent their chil-
dren using the application) and many participants did not obtain this beforehand. Technical
problems also arose with the application because the procedure was not known to authorize
this permission to their children. An alternative was to show the personal reports to those stu-
dents who requested them at the end of each class.

Students’ affinity. Elementary school children’s possible affinity to video games and
gamification today could make an intervention like that studied herein more applicable. Some
teachers showed a positive attitude to technology as their students are used to such habits: “I
liked it, especially children’s reactions when working in PE with a means like technology. You can
really see that they live in the technology era, and their interest and motivation quickly grow
when using this small . . . [technological component]” (07G3-t). Another male teacher also con-
sidered exergame to be motivating thanks to students’ affinity to technology: “with benefits
firstly in motivation because our students get their hooks into anything technological. They’re
used to working with new technologies” (6B9-t). This affinity has already been recognised in
other qualitative studies, and by parents [29, 31] and teachers [27, 28].

Students generally reflected on liking the intervention: “I generally liked everything” (5B5-s)
and mentioned their different reasons, like it being fun, presence of music, which coincides
with that reported in [32], or showing an interest in something new. This positive attitude is
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also found quantitatively in students of the same age [25, 30]. Most student contributions to
improve the intervention’s affinity to them, and to make it more applicable, are summarized
as: choosing more modern songs (in both the C and E groups) [61], making fewer corporal
expressions, which are uncomfortable (more dancing in the C group, or more exergame in the
E group) and being able to select more songs. These student requests are coherent with the
Self-Determination Theory [66] and coincide with what another similar study indicated [67],
which proposed generating activities desired by students to enhance intrinsic motivation.

In short, the gamified intervention with exergame came over as being partly applicable. The
facilitators were the realism of the didactic design and its adaptability to different educational
contexts. The obstacles that hindered its applicability were not minor, and stemmed mainly from
lack of materials (smartphones), the need for spaces in conditions that are not often requested
(room with Wi-fi and a projector), and a powerful Wi-fi network signal, which means that this
intervention strongly depends on material. The solution proposals included better coordinating
spaces in schools and acquiring smartphones by voluntary collections. The teaching predisposi-
tion toward the intervention was not conclusive as a positive attitude was shown toward it, but
future expectations of training in the subject were low, and the expectation of future use was
questioned by one male participant: negative use expectation given its technological nature or
not being considered essential; a positive expectation of its use was denoted by students’ affinity
to it, its novelty and its psychological effects. Initially, the Schools’ Management Teams were
quite reluctant about including mobile phones. The intervention appeared highly applicable
given students’ positive attitudes and the good affinity they showed to its technological and video
game nature. The intervention was feasible with time and strongly dependent due to previous
aspects, especially in terms of logistics and teaching expectations. In curricular terms [68], the
intervention proved compatible as regards both contents and usual PE methods, and came over
as being even more efficient than the C intervention for variables like being fun, motivation,
autonomy or lack of corporal inhibition.

Utility

Being fun and motivation. Being fun was the feeling that the students most frequently
mentioned about the intervention in general. No many references were made to negative
aspects. The fact that the students thought the intervention was fun was associated with exer-
game’s game character [25, 68], the presence of music, or certain gamified elements like scor-
ing: “I thought it was great and really fun because you play as if it was a video game at school,
moving about, it was cool” (24B3-s). This finding coincides with similar studies that had quali-
tatively found that fun was one of the main strong points of exergame [27, 29, 31, 61]. It also
coincides with what was collected by the OQQs and by the team’s field experience. The most
frequent descriptions made of this intervention were “fun” and “cool”. Most teachers men-
tioned that motivation was the main benefit of the intervention, and it was even mentioned by
those teachers who were negatively predisposed to video games: “My view about technologies
and video games is very radical. So in line with my view, its benefit is that you have motivation
and interest” (7G5-t). This finding coincides with that reported by the teachers in study [27],
who explained the fun of using the exergame PBL system.

Shame. The main difficultly for both groups (C and E) lay in the corporal expression
activities given their lack of previous experience and them not being used to them: “I felt a bit
ashamed, even though no-one was watching. I felt ashamed just thinking about it. I didn’t feel at
ease” (14G14-s); “I found it a bit hard because when it was your turn to perform corporal expres-
sion, you think «I don’t know what to do»” (15B3-s). One female student in the E group indi-
cated feeling less shame with Just Dance Now: “Sometimes, I mean before I felt ashamed to
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dance with people around me. But when we worked with Just Dance Now, I no longer felt
ashamed because I danced casually” (5G22-s). One male teacher indicated that “They find this
lack of inhibition part hard. Then they later have to teach others. That is where the barrier
appears, which they find a bit hard to overcome. With exergame, this shame barrier is quickly
overcome” (11B6-t). The C group improved throughout the intervention. Therefore, the poten-
tial of exergame to overcome shame is not altogether clear: “I, [have greatly ovecome] feeling
ashamed. I mean, before I focused more on what people would think, but not anymore. I don’t
really mind what they think now” (14G20-s). One male teacher stated that a material advantage
of exergame for lack of inhibition was the presence of a screen, not focusing on other class-
mates, and perceived competence increased: “they no longer feel so ashamed because they are
not being watched while their classmates dance, rather everyone is watching the screen and they
feel more capable because they are immediately recognized by scoring points” (17B5-t). These
remarks about shame coincide with what the OQQs found, where shame was the second most
experienced feeling. Likewise, these remarks coincide with having more difficulty expressing
corporal expression, which was one of the activities that the students least liked. Exergame
came over as an alternative for those youths who felt ashamed in not only corporal expression,
but also when practicing PEx in public [28, 67].

Learning. The intervention was considered to benefit student learning in three ways. The
first was direct motor learning: “Just Dance Now helped us to learn new dance steps” (16G32-s);
“I have worked my coordination very well by dancing in parallel to the screen” (11B8-t). The sec-
ond was significant learning; that is, conscious: “It helps me see how I had improved” (16G67-s).
Thirdly, it improved the motor competence perceived in the subject that derived from per-
ceived learning: “I think my dancing has improved, and I have learned new steps. I have improved
a bit in PE in general because we move differently, and we can move parts of your body in another
way” (3B7-s). Such learning was also a benefit reported in other qualitative studies [27-29, 67],
and other studies with different methodology [62, 67, 68].

Exergame was not didactically included only as a repetitive learning activity, but was
framed within a creative process to build a choreography, which was perceived by the students.
Despite both groups stating that they had learned, only the E group acknowledged that the
preparation activities of an invented choreography acted as a source of inspiration: “in Just
Dance Now, if you don’t know how to dance and you don’t know the movements to create a song
[...] then you have ideas about what you can do next” (24G6-s); “I think that dancing was fun
because we got ideas from Just Dance Now” (15G6-s). The male researcher-teacher was able to
see how the E group was generally more autonomous in creating the new choreography, per-
haps because it obtained more sources of inspiration with exergame. Different teachers made
this observation about autonomy: “I think the year-6 students [E group] wanted more and were
more autonomous and you did not need to tell them off or be on top of them as much by saying
«this must be done, that must be done». The year-5 students [C group] did not find it so easy”
(17B25-t); “it is true that no-one sat down with Just Dance Now. I don’t like admitting this [. . ],
but when we danced, some sat down and I had to make some of them get up off the floor and ask
«what are you doing?»” (18B33-t). It seems that exergame enabled students to better focus on
the task by allowing them more autonomy as they required less continuous teaching interven-
tion. This facet can become an organizational advantage because it allows teachers to center on
other didactic aspects in class.

Promoting physical exercise. The students related exergame with PEx and health: “apart
from enjoying dancing a lot, and a lot of people like it [. . .], you are also practicing sport for your
health” (24B4-s). Many students indicated that they liked exergame and they had downloaded
it at home: “Yes, [I would play exergame in my free time]. I played it the second week after we
did in class. I have started playing Just Dance Now at home. I didn’t know it before. I didn’t
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know this application and I like it. At home, I sometimes play with my cousin, and alone on
other occasions” (3B15-s). However when given the chance to choose, it would seem that those
students who liked and were used to PEx traditionally preferred to continue that way “I think
that both things are good. If I had to choose, I prefer to go outside” (23B142-s); “When I feel like
doing exercise, I always dance. I have no video games, but if I did, I'd prefer to dance with no
game” (25G64-s). For those who initially came over as leading sedentary lifestyles, exergame
was not such a great discovery to help them change their habits: “this I did at school, but in my
free time, I want to do what I feel like, and 1°d actually prefer to keep still” (23G147-s). In partic-
ular, those students more used to the world of video games appeared to be more receptive to
this intervention: “I like playing Just Dance Now more because it’s like a video game. I'm used to
playing video games, and I more or less know how it works” (3B16-s). These remarks coincide
with [28, 69], which report how exergame acts as a strategy to promote PEx only in those stu-
dents used to playing video games. They are also coherent with another study, in which the
students of the same age were willing to use exergame, while adolescent students preferred out-
door activities [29].

Other studies have reported failure to promote PEx through exergames because the partici-
pants consider they are boring [70]. This reason did not appear in our study. The ability of
exergame and gamification to perform PEx is not yet clear, and more studies must be done.

Some teachers in a qualitative study [28] conceived exergames as a useful resource, espe-
cially for those students who had sedentary lifestyles. Similarly, teachers believed that exergame
was a good alternative, but only as a passive digital entertainment formula, and not for tradi-
tional PEx: “If there was some way of performing physical activity in the natural environment,
with other classmates, don’t let technology be involved, then I'd firmly go for that option. How-
ever for those students who spend many hours at home, it’s an excellent way for them to spend
their free time” (7B14-t). Another male teacher from a different school thought along the same
lines: “I think that it is much better to perform physical activity outdoors, but I believe that your
work is an alternative for those kids who, for whatever reason, do not spend much time outdoors”
(18B9-t); “I think that we have plenty of very interesting resources apart from [digital] technology
to make movements and to perform physical activity” (18B29-t). Exergame allowed people to
recognize its benefits, which make it a valid option to perform PEx, but it was less preferred
for PEx done traditionally by sports. This view voiced by teachers coincided with what a simi-
lar study found [28], where one male teacher believed that “no computer games would ever take
the place of sport [. . .], but at least it is some form of physical activity”.

Differentiating gamification and exergame

The most frequently reported student valuations of the gamified system were a general positive
assessment (28.6%), its motivating character (28.1%) and it being informative (13%), or its
ability to individualize feedback (12.5%). Negative comments referred to a feeling of indiffer-
ence (6.3%), stress (4.7%), frustration (2.6%) or nonsense (2.1%). The most frequent opinions
about introducing exergame into PE classes were associated with fun (38.5%), nonspecific pos-
itive assessment (21.9%), a wide range of songs (18.2%) and usefulness for learning (15.6%).
Although not all the students showed the same attitudes to and preferences for video
games, it can be generally considered that the main source of motivation came from the gami-
fied atmosphere [62]. The points system as a gamifying strategy allowed more motivation: “I
think it’s great, and you feel more motivated when they give you an individual point” (25B71-s);
“I agree and think that you are really motivated to do it better, to try to do it well” (25G72-s).
The continuous reinforcement system not only provides a greater probability of a conduct
being repeated [71], but can also generate a feeling of desire (not one of liking) before being
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given a point [72]; that is, when the learning task is performed: “You feel motivated before
being given a point” (25G73-s). The teachers generally agreed with the designed points system:
“The points system is motivating” (11B12-t); “I thought that the gamified system was good
because first, what is prioritized is that you improve. You have a baseline level and you obtain
an end level. You have some results. You see what progress you make” (6B13-t).

The points system can be motivating, but can also be perceived as an external control tool
and a stressor [36, 66]. Although positive remarks were made about most cases, debate also
took place in focus groups which, in relation to increased performance and making more
efforts from being motivated by points, it was more overwhelming than other activities with
less external feedback: “I [felt more tired] with Just Dance Now because you have to concentrate
more on the game and you had to do everything you saw on the screen. That’s more overwhelm-
ing. So of course you felt more tired” (26G56-s); “Because in the other one, it was about how I
invented dance steps. At the end, they were all repeated, and you felt calmer” (26B57-s); “You
have more freedom to work” (26G58-s). This could mean improved performance. Avoiding
loss of points could be one of the gamifying focal points which, if badly managed, could lead
to negative feelings and impulses [45]. Most gamifying dynamics [48], produced by making
attempts by using the intervention (see Table 1), were positively valued by the students:

o Feeling of success: “I thought that dancing and all that was great fun because you can meet
your objectives” (24G22-s).

o Feeling of progress: “It was good because you could see everything you improved in”
(15G34-s).

o Feedback and reinforcement: “green and yellow points told you that you’d improved and if
you had done it well” (15G34-s).

o Accumulability: “It didn’t matter if you forgot. But with Just Dance Now, as you get points,
you lose points if you forget a part or stop moving your hand” (26G59-s).

o Cooperation: “Apart from feeling motivated to win points, you must also motivate your team
so that it gets plenty of points” (25G73-s).

« Feeling of challenge: “I liked it because you felt motivated to work better, especially for double
points [challenges]. I made the same effort, but felt more motivated to do it well” (25G74-s).

o Competitiveness: “Yes, you feel more motivated to be successful at it [be the first]. If you’re not
first you think «Well, I can manage it another week»” (24B104-s).

o Position: “I thought the classification was good because if I am too low, I can move up, and if I
‘m in a good position, I can stay where I am” (26G37-s).

However, no remark was made about self-expression and collectability. Feeling of challenge
has previously been reported as a source of motivation, but also as a possible barrier if not
adapted in several studies [29, 32, 73]. Feeling of success after meeting previously set objectives
coincides with that found during interviews and observations [27, 67], where the students also
indicated and remarked on the results to other friends and teachers, and they gave positive
details of the game in line with this.

Boredom was not reported in the E group with time, unlike [27, 31, 74], where children lost
interest in exergame. In our study, gamification seemed to produce constant fun and motiva-
tion as a feeling of progress being made was attempted using the gamifying board and levels,
and also a feeling of challenge by daily and weekly challenges being set, and the level of diffi-
culty progressively increased. Therefore, it would appear that gamification better maintained
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high motivation with time versus exergame. This can be accounted for because what [74] rec-
ommended can be achieved with gamification for exergames; that is, sustainability, adaptabil-
ity and sociability. However, boredom was reported in both groups for corporal expression
activities, whenever they were performed without using exergame or gamification. Thus con-
ducting future studies with other PE contents is reccommended because contents could be a
limiting factor, as discovered in [29].

The specific exergame effects can be related more to flow [75], dance enjoyment and an
entertainment alternative; i.e., that which is directly linked to the presence and structure of
Just Dance Now. Exergame directly increased dance enjoyment, or related negative values dis-
appeared in other cases: “I now like [dancing] much more. Before, I didn’t feel like letting myself
g0. But when we started dancing with Just Dance Now, I had the chance to. . . express myself’
(16B13-s). One of the possible psychological effects it had was flow, specifically in relation to
its characteristic feeling of time being transformed. This was apparently achieved more by the
video game than by its gamified atmosphere in general: “I ended up sweating with both [danc-
ing with and without exergame], but I felt more tired with Just Dance Now” (24G65-s); “But
you did not think about feeling tired with Just Dance Now” (24G65-s). These remarks are coher-
ent with the field notes, which indicated that students performed more PA with exergame.
Feeling more tiredness can be explained by feeling more effective physical fatigue. More per-
ceived fatigue can be explained by more physical effective fatigue, which is perhaps explained
by making more effort and greater engagement which was, in turn, because the participants
experienced more fun [27]. The partial effect on flow state could focus more on paying atten-
tion to the task and paying less attention to external elements, or even to the internal elements
of one’s own body. This can be explained by the capacity of exergames to lead to immersion
[32], which facilitates a feeling of security and less anxiety [32, 76]. Each dance lasted 2-3 min-
utes on average, so immersion could be interrupted between one song and the next owing to
limited Wi-fi network signals or to social interruptions as in [27]. Another specific effect of
exergame was that it was considered a healthier entertainment alternative: “I think this project
is very good as it helps children to think who, apart from playing, many now play video games,
although some children practice exercise while playing” (25B4-s).

By considering what the OQQs and interviews found, gamification appeared to have con-
ferred a greater general positive feeling (28.6% for gamification vs. 21.9% for exergame) and
led to remarks about motivation in different gamifying dynamics made by all the students.
Conversely, exergame had more specific effects, like fun and motor learning, and led to more
expectations of use for some students.

It ought to be stated that a video game, the exergame Just Dance Now in our case, is an
intensely gamified system with a highly specific set mechanics; that is, with a very limited and
specific material design, which is why only certain people like them. Nevertheless, the inter-
vention’s didactic design has a more open gamifying mechanics based on proposals of didactic
[41, 48], psychological [45, 75] and technological [44, 46] interests, and can be better adapted
to different psychological profiles, and also to student preferences. Empirical results apparently
back this differentiation between the exergame mechanics and the gamification mechanics.

Conclusions

This study is the first to examine the applicability and usefulness of an intervention by combin-
ing gamification as a didactic method and an exergame as an educational resource. This research
is an example of combining rigor in the didactic design of interventions and rigor of a qualitative
methodology in a natural experiment.
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The gamified intervention done with exergame, the object of this study, was partially appli-
cable. The facilitators were the realism of its didactic design and its adaptability to different edu-
cational contexts. The main barriers were the necessary materials and facilities. The attitudes
shown by teachers and students were very positive, but their expectations of its future use were
inconclusive. The compatibility with the school curriculum was complete. This intervention
can gain applicability through the suggestions proposed by all the participants. The usefulness
of this intervention on the whole (gamification and exergame) has been proven to produce
more fun, motivation, better liking dance, feeling less shame about dancing, more creative
inspiration, more autonomous learning, and provides a digital leisure alternative. However, the
intervention has not been shown to promote PEx in all students, according to the profile and
previous habits associated with PEx and traditional video games, or to solve group work prob-
lems to any greater extent than traditional teaching.

Despite the difficulty of separating the effects of gamification and exergame, gamification
provided a greater overall positive feeling and more motivation in most students. Exergame
specifically produced more fun and motor learning. Although scientific interest has been
shown in understanding separate effects, the combination of gamification as a method and
exergame as a tool is considered significant in didactic terms. Our findings may mean that this
study is one of the few to provide positive evidence for educational gamification. The Mechan-
ics-Dynamics-Aesthetics gamification model and the Just Dance Now exergame may be applica-
ble and useful for didactics in PE, but it is necessary to deal with the various detected aspects to
help improve teaching interventions.

The implications of this study include understanding the potential construction of educa-
tive gamification and primary school didactics to build applicable and useful instructional
environments, which would extend the useful reference framework.

Strengths and limitations

Although some previous studies have studied gamification or exergame in educational sys-
tems, as far as are aware this is the first study to analyze the effects of an educative intervention
that combines both phenomena. It is also the only study based on a natural experiment to use
a C group, and is taught by the same teacher whose approach is taken from the qualitative
methodology to allow an in-depth understanding of the effects. The key strengths of our study
include triangulating: both the C and E intervention results; both teachers’ and pupils’ perspec-
tives by considering their expectations and viewing interventions; the data from four different
qualitative data collection techniques; both quantitative and qualitative data.

Interventions lasting 1 month (9 hours) were made in line with the traditional way of pro-
gramming school contents [41]. However, due to logistic complexity, certain technical mis-
matches appeared which made the actual time used with the exergame slightly different among
participants. Although the duration of studying the applicability sufficed, longitudinal studies
are necessary to analyze the utility of such interventions in the long term. Another limit when
interpretating this article is to use specific gamification elements and the concrete use of the
Just Dance Now exergame. Thus future studies could include different gamification elements,
another exergame, or distinct PE contents to be applied and compared.

A limitation of the present study is the unequal existence of female teachers and male teach-
ers caused by prioritizing the choice of participating schools according to Criteria-Based
Selection (predisposition, availability of material, etc.), and not the teachers’ profiles. Future
research designs could attempt to gather a more proportional number of teacher types. More-
over, it has been found that some students in this study played exergame at home while
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participating in this study, which could affect the results. Therefore, it would be very interesting
for future studies conducted from a multi-method approach to bear in mind these variables.

The applicability and utility of interventions based on gamification and exergames may
change in participants of different ages [56]. Moreover, the video games phenomenon is asso-
ciated with males [77], dance with females [61], and some gender differences appear in relation
to the use of exergames [29, 33]. Therefore, it would be interesting to know the effects of such
interventions according to gender as a future research line. Another interesting future research
line would be to incorporate other indirect agents that participate in the school community,
such as group tutors or parents.

Supporting information

S1 Material. Classification trees.
(DOCX)

$2 Material. Transcripts.
(DOCX)

S1 Checklist. Consolidated criteria for reporting qualitative studies (COREQ) checklist for
qualitative data.
(DOCX)

Acknowledgments

The authors wish to thank all the schools, teachers and pupils for their involvement in this
study.

Author Contributions

Conceptualization: Alejandro Quintas-Hijos, Juan Carlos Bustamante.
Formal analysis: Alejandro Quintas-Hijos, Carlos Pefiarrubia-Lozano.
Funding acquisition: Juan Carlos Bustamante.

Investigation: Alejandro Quintas-Hijos, Carlos Peniarrubia-Lozano.
Methodology: Alejandro Quintas-Hijos, Juan Carlos Bustamante.
Project administration: Juan Carlos Bustamante.

Supervision: Juan Carlos Bustamante.

Validation: Alejandro Quintas-Hijos, Carlos Pefiarrubia-Lozano.
Writing - original draft: Alejandro Quintas-Hijos.

Writing - review & editing: Carlos Pefiarrubia-Lozano, Juan Carlos Bustamante.

References

1. Quintas A. Andlisis del potencial didactico de los exergames: reconceptualizacion y enfoque pedagé-
gico. Scholé Rivista di educazione e studi culturali. 2019; 3(1):97-116.

2. LeeS,KimW, Park T, Peng W. The Psychological Effects of Playing Exergames: A Systematic Review.
Cyberpsychol Behav Soc Netw. 2017; 20(9):513-32. https://doi.org/10.1089/cyber.2017.0183 PMID:
28837353

3. Gonzéalez C, Navarro V. A Structural Theoretical Framework Based on Motor Play to Categorize and
Analyze Active Video Games. Games Cult. 2015; 11(7-8):690-719.

PLOS ONE | https://doi.org/10.1371/journal.pone.0231269  April 10, 2020 23/27


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0231269.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0231269.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0231269.s003
https://doi.org/10.1089/cyber.2017.0183
http://www.ncbi.nlm.nih.gov/pubmed/28837353
https://doi.org/10.1371/journal.pone.0231269

PLOS ONE

Applicability and utility of a gamified didactics with exergames at primary schools

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

Gee JP. What video games have to teach us about learning and literacy. England: Palgrave Macmillan;
2003.

Deterding S, Dixon D, Khaled R, Nacke L, editors. From game design elements to gamefulness: defin-
ing “gamification”. 15th International Academic MindTrek Conference: Envisioning Future Media Envi-
ronments 2011; New York.

Kapp KM. The gamification of learning and instruction: game-based methods and strategies of training
and education. Nueva York: Pfeiffer; 2012.

Dicheva D, Dichev C, Agre G, Angelova G. Gamification in Education: A systematic mapping study.
Educational Technology & Society. 2015; 18(3):75-88.

Dichev C, Dicheva D. Gamifying education: what is known, what is believed and what remains uncer-
tain: a critical review. Int J Educ Technol H. 2017; 14(1).

Muller KW, Janikian M, Dreier M, Wolfling K, Beutel ME, Tzavara C, et al. Regular gaming behavior and
internet gaming disorder in European adolescents: results from a cross-national representative survey
of prevalence, predictors, and psychopathological correlates. Eur Child Adolesc Psychiatry. 2015; 24
(5):565-74. https://doi.org/10.1007/s00787-014-0611-2 PMID: 25189795

Benzing V, Schmidt M. Exergaming for Children and Adolescents: Strengths, Weaknesses, Opportuni-
ties and Threats. J Clin Med. 2018; 7(11).

Godémez-Gonzalvo F, Molina P, Devis-Devis J. Video games as curriculum materials: an approach to
their use in Physical Education. Retos. 2018; 34:305-10.

Freinet C. Education through work: a model for child centered learning. Lewiston: Edwin Mellen Press;
1993.

Gonzalez LEQ, Jimenez FJ, Moreira MA. Beyond the textbook. Gamification through ITC as an innova-
tive alternative in Physical Education. Retos. 2018(34):343-8.

Chen FX, King AC, Heckler EB, editors. "Healthifying" exergames: improving health outcomes through
intentional priming. 32nd Annual ACM Conference on Human Factors in Computing Sustems, CHI'14;
2014; Toronto, Canada: ACM Press.

Street TD, Lacey SJ, Langdon RR. Gaming Your Way to Health: A Systematic Review of Exergaming
Programs to Increase Health and Exercise Behaviors in Adults. Games Health J. 2017; 6(3):136—46.
https://doi.org/10.1089/g4h.2016.0102 PMID: 28448175

Morillas C, Mufioz-Organero M, Sanchez J. Can Gamification Improve the Benefits of Student Response
Systems in Learning? An Experimental Study. IEEE T EMERG TOP COM. 2016; 4(3):429-38.

Sailer M, Hense JU, Mayr SK, Mand| H. How gamification motivates: An experimental study of the
effects of specific game design elements on psychological need satisfaction. Comput Hum Behav.
2017; 69:371-80.

Hamari J, Koivisto J. Working out for likes: an empirical study on social influence in exercise gamifica-
tion. Comput Hum Behav. 2015; 50:333—47.

Moreno-Murcia JA, Gonzalez-Cutre D, Chillon-Garzon M. Preliminary validation in Spanish of a scale
designed to measure motivation in physical education classes: the Perceived Locus of Causality
(PLOC) Scale. The Spanish journal of psychology. 2009; 12(1):327-37. https://doi.org/10.1017/
s$1138741600001724 PMID: 19476244

Sheehan D, Katz L. The practical and theoretical implications of flow theory and intrinsic motivation in
designing and implementing exergaming in the school environment. Loading. 2012; 6(9):53-68.

Sheehan D, Katz L. Using Interactive Fitness and Exergames to Develop Physical Literacy. Phys &
Health Educ J. 2010; 76(1):12-9.

Hansen L, Sanders S. Interactive gaming: chaning the face of fitness. Am J Health Educ. 2008; 46
(1):38—41.

Lwin MO, Malik S. The efficacy of exergames-incorporated physical education lessons in influencing
drivers of physical activity: A comparison of children and pre-adolescents. Psychol Sport Exerc. 2012;
13(6):756—60.

Paw C, Jacobs WM, Vaessen EP, Titze S, Van-Mechelen W. The motivation of children to play an
active video game. J Sci Med Sport. 2008; 11(2):163-6. https://doi.org/10.1016/j.jsams.2007.06.001
PMID: 17706461

Sun H. Impact of exergames on physical activity and motivation in elementary school students: A fol-
low-up study. J Sport Health Sci. 2013; 2(3):138—45.

Gao Z, Hannan P, Xiang P, Stodden DF, Valdez VE. Video game-based exercise, Latino children’s
physical health, and academic achievement. Am J Prev Med. 2013; 44(3):240-6.

PLOS ONE | https://doi.org/10.1371/journal.pone.0231269  April 10, 2020 24/27


https://doi.org/10.1007/s00787-014-0611-2
http://www.ncbi.nlm.nih.gov/pubmed/25189795
https://doi.org/10.1089/g4h.2016.0102
http://www.ncbi.nlm.nih.gov/pubmed/28448175
https://doi.org/10.1017/s1138741600001724
https://doi.org/10.1017/s1138741600001724
http://www.ncbi.nlm.nih.gov/pubmed/19476244
https://doi.org/10.1016/j.jsams.2007.06.001
http://www.ncbi.nlm.nih.gov/pubmed/17706461
https://doi.org/10.1371/journal.pone.0231269

PLOS ONE

Applicability and utility of a gamified didactics with exergames at primary schools

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M.

42,

43.

44,
45.

46.

47.

48.

49.

Robertson J, Jepson R, Macvean A, Gray S. Understanding the Importance of Context: A Qualitative
Study of a Location-Based Exergame to Enhance School Childrens Physical Activity. PLoS ONE. 2016;
11(8).

Watson D, Adams J, Azevedo LB, Haighton C. Promoting physical activity with a school-based dance
mat exergaming intervention: Qualitative findings from a natural experiment. BMC Public Health. 2016;
16(1).

Dixon R, Maddison R, Ni Mhurchu C, Jull A, Meagher-Lundberg P, Widdowson D. Parents’ and chil-
dren’s perceptions of active video games: a focus group study. J Child Health Care. 2010; 14(2):189—
99. https://doi.org/10.1177/1367493509359173 PMID: 20203134

Chacoén R, Castro M, Zurita F, Espejo T, Martinez A. Videojuegos Activos como recurso TIC en el Aula
de Educacion Fisica: estudio a partir de pardmetros de Ocio Digital. Digit Educ Rev. 2016; 29:112-23.

De Vet E, Simons M, Wesselman M. Dutch children and parents’ views on active and non-active video
gaming. Health Promot Int. 2014; 29(2):235—43. https://doi.org/10.1093/heapro/das064 PMID:
23208151

Staiano AE, Abraham AA, Calvert SL. Motivating effects of cooperative exergame play for overweight
and obese adolescents. J Diabetes Sci Technol. 2012; 6(4):812-9. https://doi.org/10.1177/
193229681200600412 PMID: 22920807

Lam J, Sit C, McManus A. Play Pattern of Seated Video Game and Active “Exergame” Alternatives. J
Exerc Sci Fit. 2011; 9:24-30.

Robertson J, Macvean A, Fawkner S, Baker G, Jepson R. Savouring our mistakes: Learning from the
FitQuest project. Int J Child Com Int. 2018; 16:55-67.

Su C-H, Cheng C-H. A Mobile Game-based Insect Learning System for Improving the Learning
Achievements. Procedia Soc Behav Sci. 2013; 103:42-50.

Mekler ED, Brihimann F, Tuch AN, Opwis K. Towards understanding the effects of individual gamifica-
tion elements on intrinsic motivation and performance. Comput Hum Behav. 2017; 71:525-34.

Patton MQ. Qualitative Research and Evaluation Methods. 3 ed. Thousand Oaks, CA: Sage Publica-
tions; 2002.

Kennedy C, Kools S, Krueger R. Methodological considerations in children’s focus groups. Nurs Res.
2001; 50(3):184—7. https://doi.org/10.1097/00006199-200105000-00010 PMID: 11393641

Ziebland S, McPherson A. Making sense of qualitative data analysis: an introduction with illustrations
from DIPEX (personal experiences of health and illness). Med Educ. 2006; 40(5):405—14. https://doi.
org/10.1111/j.1365-2929.2006.02467.x PMID: 16635119

Verjans-Janssen SRB, Van Kann DHH, Gerards S, Vos SB, Jansen MWJ, Kremers SPJ. Study proto-
col of the quasi-experimental evaluation of "KEIGAAF": a context-based physical activity and nutrition
intervention for primary school children. Bmc Public Health. 2018; 18.

Larraz A. La Expresién Corporal en la Escuela Primaria experiencias desde la Educacion Fisica. In:
Sanchez-Sanchez GyC J., editor. La expresion corporal en la ensefianza universitaria. Salamanca:
Ediciones Universidad de Salamanca; 2012. p. 179-88.

Rey J, Espinosa C, Hidalgo E. La motivacion en la escuela. Cuestionarios para su analisis. Malaga:
Agora; 1989.

Fontes S, Fontes A. La validez de la investigacion. In: Fontes S, Garcia C, Quintanilla L, Rodriguez R,
Rubio P, Sarria E, editors. Fundamentos de investigacion en Psicologia. Madrid: UNED; 2016. p. 121—46.

Bartle R. Designing virtual worlds. Berkeley, CA: New Riders; 2003.

Chou Y. Actionable gamification. Beyond points, badges and leaderboards. USA: Octalysis Media;
2014.

Hunicke R, LeBlanc M, Zubek R, editors. MDA: A Formal Approach to Game Design and Game
Research. Workshop on Challenges in Game Al; 2004.

Shi L, Cristea Al, Hadzidedic S, Dervishalidovic N, editors. Contextual Gamification of Social Interac-
tion—Towards Increasing Motivation in Social E-learning. Advances in Web-Based Learning; 2014;
Cham: Springer International Publishing.

Quintas A, editor The benefits of incorporating exergames and gamification in physical and musical edu-
cation: a proposal from didactics and science. Il World Congress on Education; 2019; Santiago de Com-
postela (Spain): EDUCA.

Zuckerman O, Gal-Oz A. Deconstructing gamification: evaluating the effectiveness of continuous mea-
surement, virtual rewards, and social comparison for promoting physical activity. Pers Ubiquitous Com-
put. 2014; 18(7):1705-19.

PLOS ONE | https://doi.org/10.1371/journal.pone.0231269  April 10, 2020 25/27


https://doi.org/10.1177/1367493509359173
http://www.ncbi.nlm.nih.gov/pubmed/20203134
https://doi.org/10.1093/heapro/das064
http://www.ncbi.nlm.nih.gov/pubmed/23208151
https://doi.org/10.1177/193229681200600412
https://doi.org/10.1177/193229681200600412
http://www.ncbi.nlm.nih.gov/pubmed/22920807
https://doi.org/10.1097/00006199-200105000-00010
http://www.ncbi.nlm.nih.gov/pubmed/11393641
https://doi.org/10.1111/j.1365-2929.2006.02467.x
https://doi.org/10.1111/j.1365-2929.2006.02467.x
http://www.ncbi.nlm.nih.gov/pubmed/16635119
https://doi.org/10.1371/journal.pone.0231269

PLOS ONE

Applicability and utility of a gamified didactics with exergames at primary schools

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.
68.

69.

70.

71.
72.

73.

74.

Errisuriz V, Golaszewski N, Born K, Bartholomew J. Systematic Review of Physical Education-Based
Physical Activity Interventions Among Elementary School Children. J Prim Prev. 2018; 39(3):303-27.
https://doi.org/10.1007/s10935-018-0507-x PMID: 29705883

Thin AG, Brown C, Meenan P. User experiences while playing dance-based exergames and the influ-
ence of different body motion sensing technologies. Int J Comput Games Technol. 2013.

Gao Z, Lee JE, Pope Z, Zhang D. Effect of Active Videogames on Underserved Children’s Classroom
Behaviors, Effort, and Fitness. Games Health J. 2016; 5(5):318—-24. https://doi.org/10.1089/g4h.2016.
0049 PMID: 27689945

Nyberg G, Meckbach J. Exergames ‘as a teacher’ of movement education: exploring knowing in moving
when playing dance games in physical education. Phys Educ Sport Pedagogy. 2017; 22(1):1-14.

Li BJ, Lwin MO. Player see, player do: Testing an exergame motivation model based on the influence of
the self avatar. Comput Hum Behav. 2016; 59:350-7.

Lin JH. "Just Dance": The Effects of Exergame Feedback and Controller Use on Physical Activity and
Psychological Outcomes. Games Health J. 2015; 4(3):183-9. https://doi.org/10.1089/g4h.2014.0092
PMID: 26182062

Allsop S, Rumbold PLS, Debuse D, Dodd-Reynolds C. Real Life Active Gaming Practices of 7-11-Year-Old
Children. Games Health J. 2013; 2(6):347-53. https://doi.org/10.1089/g4h.2013.0050 PMID: 26197076

Beltran-Carrillo VJ, Beltran-Carrillo JI, Gonzalez-Cutre D, Biddle SJH, Montero-Carretero C. Are Active
Video Games Associated With Less Screen Media or Conventional Physical Activity? Games Cult.
2015; 11(6):608—24.

Cabrera |. El andlisis de contenido en la investigacion educativa: propuesta de fases y procedimientos
para la etapa de evaluacion de la informacién. Pedag Univer. 2009; 14(3).

Azevedo LB, Burges Watson D, Haighton C, Adams J. The effect of dance mat exergaming systems on
physical activity and health—Related outcomes in secondary schools: Results from a natural experi-
ment. BMC Public Health. 2014; 14(1).

Gonzalez CS, Gémez N, Navarro V, Cairén M, Quirce C, Toledo P, et al. Learning healthy lifestyles
through active videogames, motor games and gamification of educational activities. Comput Hum
Behav. 2015; 55(A):529-51.

Quan M, Pope Z, Gao Z. Examining Young Children’s Physical Activity and Sedentary Behaviors in an
Exergaming Program Using Accelerometry. J Clin Med. 2018; 7(302).

Kooiman B, Sheehan D. The efficacy of exergames for social relatedness in online physical education.
Cogent Educ. 2015; 2(1).

Edwards AL. The relationship between the judged desirability of a trait and the probability that the trait
will be endorsed. J Appl Psychol. 1953; 37(2):90-3.

Silveira G, Torres L. Educacéo fisica escolar: um olhar sobre os jogos eletronicos. XV Congresso Brasi-
leiro de Ciéncias do Esporte; Pernanbuco2007. p. 1-9.

Bourgonjon J, Valcke M, Soetaert R, Schellens T. Students’ perceptions about the use of video games
in the classroom. Comput Educ. 2010; 54(4):1145-56.

Deci EL, Koestner R, Ryan RM. Extrinsic Rewards and Intrinsic Motivation in Education: Reconsidered
Once Again. Rev Educ Res. 2001; 71(1):1-27.

Dubbels B. Dance Dance Education and Rites of Passage. [JGCMS. 2009; 1:63-89.

Ennis CD. Implications of exergaming for the physical education curriculum in the 21st century. J Sport
Health Sci. 2013; 2(3):152-7.

Nguyen HV, Huang HC, Wong MK, Lu J, Huang WF, Teng Cl. Double-edged sword: The effect of exer-
gaming on other forms of exercise; A randomized controlled trial using the self-categorization theory.
Comput Hum Behav. 2016; 62:590-3.

Lau PWC, Wang JJ, Maddison R. A Randomized-Controlled Trial of School-Based Active Videogame
Intervention on Chinese Children’s Aerobic Fitness, Physical Activity Level, and Psychological Corre-
lates. Games Health J. 2016; 5(6):405—12. https://doi.org/10.1089/g4h.2016.0057 PMID: 27855265

Skinner BF. Ciencia y conducta humana: una psicologia cientifica. Barcelona: Fontanella; 1971.

Pecifia S, Cagniard B, Berridge K, Aldridge J, Zhuang X. Hyperdopaminergic mutant mice have higher
"wanting" but not "liking" for sweet rewards. J Neurosci. 2003; 23(28):9395—-402. https://doi.org/10.
1523/JNEUROSCI.23-28-09395.2003 PMID: 14561867

Lyons EJ. Cultivating Engagement and Enjoyment in Exergames Using Feedback, Challenge, and
Rewards. Games Health J. 2015; 4(1):12-8. https://doi.org/10.1089/g4h.2014.0072 PMID: 26181675

Xu'Y, Poole ES, Miller AD, Eiriksdottir E, Catrambone R, Mynatt ED. Designing pervasive health games
for sustainability, adaptability and sociability. Proceedings of the International Conference on the Foun-
dations of Digital Games; Raleigh, North Carolina. 2282352: ACM; 2012. p. 49-56.

PLOS ONE | https://doi.org/10.1371/journal.pone.0231269  April 10, 2020 26/27


https://doi.org/10.1007/s10935-018-0507-x
http://www.ncbi.nlm.nih.gov/pubmed/29705883
https://doi.org/10.1089/g4h.2016.0049
https://doi.org/10.1089/g4h.2016.0049
http://www.ncbi.nlm.nih.gov/pubmed/27689945
https://doi.org/10.1089/g4h.2014.0092
http://www.ncbi.nlm.nih.gov/pubmed/26182062
https://doi.org/10.1089/g4h.2013.0050
http://www.ncbi.nlm.nih.gov/pubmed/26197076
https://doi.org/10.1089/g4h.2016.0057
http://www.ncbi.nlm.nih.gov/pubmed/27855265
https://doi.org/10.1523/JNEUROSCI.23-28-09395.2003
https://doi.org/10.1523/JNEUROSCI.23-28-09395.2003
http://www.ncbi.nlm.nih.gov/pubmed/14561867
https://doi.org/10.1089/g4h.2014.0072
http://www.ncbi.nlm.nih.gov/pubmed/26181675
https://doi.org/10.1371/journal.pone.0231269

PLOS ONE

Applicability and utility of a gamified didactics with exergames at primary schools

75. Csikszentmihalyi M. Flow: The Psychology of Optimal Experience. Nueva York: Harper & Row; 1990.

76. Pasch M, Bianchi-Berthouze N, v-D B., Nijholt A. Movement-based Sports Video Games: Investigating
Motivation and Gaming Experience. Entertain Comput. 2009; 1(2):49-61.

77. Diez-Gutiérrez EJ, Terrdn E, Garcia-Gordon M, Rojo J, Cano R, Castro R, et al. La diferencia sexual en
el andlisis de los videojuegos. Madrid: CIDE: Instituto de la Mujer; 2004.

PLOS ONE | https://doi.org/10.1371/journal.pone.0231269  April 10, 2020 27/27


https://doi.org/10.1371/journal.pone.0231269

