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Physical activity (PA), body composition and sedentary behavior may affect the health
of children. Therefore, this study examined the effect of an educational hybrid physical
education (PE) program on physical fitness (PF), body composition and sedentary and
PA times in adolescents. A 9-month group-randomized controlled trial was conducted
in 150 participants (age: 14.63 ± 1.38 years) allocated into the control group (CG,
n = 37) and experimental group (EG, n = 113). Cardiorespiratory fitness, speed,
strength, agility, flexibility and body mass index (BMI) were assessed through previously
validated field tests. Sedentary time, PA at school and afterschool were evaluated with
the Youth Activity Profile-Spain questionnaire. Significant differences were observed
concerning to the CG in APA-weekend (p = 0.044), speed-agility (p = 0.005) and agility
(p = 0.008). Regarding the intervention, cardiorespiratory fitness (p = 0.000), speed-
agility (p = 0.000), strength (p = 0.000), flexibility (p = 0.000), agility (p = 0.000), PA
in school (p = 0.011), APA-weekday (p = 0.001), APA-weekend (p = 0.000), APA-
week (p = 0.000), and sedentary time (p = 0.000) increased significantly in the EG.
The use of a hybrid program based on teaching personal and social responsibility
and gamification strategies produced enhancements in cardiorespiratory fitness, agility,
speed, APA-weekdays and APA-weekends, reducing the sedentary time.

Keywords: physical health, body mass index, afterschool period, model-based learning, sedentary behavior

INTRODUCTION

The Constitution of the World Health Organization (WHO) defines health as “a state of complete
physical, mental and social well-being and not merely the absence of disease or infirmity”
(World Health Organization, 1946). They assert that both physical and mental well-being are
human rights, enabling a life without limitation or restriction. Consistent with this notion, non-
communicable diseases are global public health issues that lead to premature death and disability
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(Global Burder of Disease 2015 Mortality and Causes of Death
Collaborators, 2016). Specifically, the prevalence of physical
inactivity, which is considered a key modifiable driver of
childhood obesity, has reached alarming levels among European
youth (Gómez et al., 2020), with the consequent problems on
social, economic and personal levels (Martines et al., 2019;
Nittari et al., 2019).

Among the many risk factors, cardiovascular disease
and development and progression of a sedentary lifestyle
are now recognized as leading contributors to poor
cardiovascular health (Poortvliet et al., 2003). Low
cardiorespiratory fitness in childhood and adolescence
has been associated with increased risk for death and
disability later in life (Neovius et al., 2008; Högström
et al., 2016; Henriksson et al., 2019). In this sense, being
overweight can contribute to cardiometabolic diseases,
such as diabetes or hypertension (Reilly and Kelly,
2011). Reilly et al. considered that more than 77% of
overweight children were found to be overweight or obese
as adults. For this reason, it is important to know if the
relationship among physical activity (PA), body composition
and sedentary behavior could be relevant factors in the
health of children.

Overall, regular exercise and PA are associated with
remarkable widespread health benefits, such as lower blood
pressure or higher insulin sensitivity (Nystoriak and Bhatnagar,
2018), directly related to obesity and a sedentary lifestyle
(Poortvliet et al., 2003; Nystoriak and Bhatnagar, 2018;
Rodríguez-Ayllon et al., 2019). Furthermore, the afterschool
period (e.g., 4 PM–8:30 PM) has been recognized as a relevant
and feasible time period with a decrease in PA and an increase in
sedentary time among children, because they are not restricted
by school schedules and have the opportunity to engage in
their sedentary pastimes (Riddoch et al., 2004). Additionally,
several studies have observed a negative relationship between
those factors (sedentarism and PA) and body max index
(BMI) in children (Gao et al., 2011), specifically higher in
the afterschool period (Morgan et al., 2007; Colley et al.,
2013). The BMI is a factor that can influence the PA level
since children that are overweight engage in less PA (Colley
et al., 2013; Blanco et al., 2020), with consequent problems,
such as neurotrophic growth factors (Mora-González et al.,
2019a) and conduct problems, since less PA is associated
with a less balanced diet and is positively associated with
alcohol consumption in teenagers of both sexes (Grao-Cruces
et al., 2015). The European Youth Heart Study determined
that devoting 60 min or more to moderate-vigorous PA
daily is associated with a healthier cardiovascular fitness
level in adolescents (Poortvliet et al., 2003) and better
postural control (García-Soidán et al., 2020) and cognitive
performance (Ishihara et al., 2020). In addition, there is
a close relationship between physical fitness (PF) and PA
(Martínez-Vizcaíno and Sánchez-López, 2008). A high level
of PF can help to improve the optimal health status and
prevent a wide variety of disease morbidities and mortalities
(Metter et al., 2002; Kodama et al., 2009). On the other
hand, a high level of PF will imply a good physiological

response to musculoskeletal, cardiorespiratory, hemato-
circulatory, endocrine-metabolic and psychoneurological
levels. It will be inversely proportional whether PF is low
(Ortega et al., 2008b).

Educational centers have been identified as the leading
places for promoting PA and health, especially during physical
education (PE) classes (Sallis and McKenzie, 1991; Kahan and
McKenzie, 2015). In this sense, it is important to promote
PA during PE and morning recess in order to increase
moderate and vigorous physical activity (MVPA), especially
in children with overweight/obesity, because they report less
PA in all daily segments, including the educational context
(Pope et al., 2020). The recent recommendations of WHO
for children and adolescents aged 5–17 are they should do at
least an average of 60 min per day of MVPA, incorporating
those that strengthen muscle and bone, at least 3 days a
week (World Health Organization, 2020). Besides that, Gao
et al. (2011) identified that children with overweight/obesity
participated less in MVPA in PE classes than children of
healthy weight. According to gender, it seems that there are
differences between boys and girls, with higher values of MVPA
in boys, regardless of whether they are measured during the
week or on weekends (Aibar et al., 2014). Other studies have
not identified differences according to gender in teenagers
(Manzano-Sánchez and Valero-Valenzuela, 2018) or children
(Svedenkrans et al., 2020).

However, it is necessary to say that there is a tendency
of reduction in PA increase with age between childhood and
adolescence (Arundell et al., 2013), and the absence of MVPA
is important to improve health in children. Sedentary behavior
also has a significant influence, leading to poorer health outcomes
(Colley et al., 2013). For this reason, it is important measure
PF, sedentary time, and PA. To measure PA, some studies used
pedometers to measure PA in children and teenagers (Tudor-
Locke et al., 2006; Isensee et al., 2018; Fang et al., 2020). It
has some advantages, such as the cost, but they can not have
the ability to measure different intensities (like MVPA). This is
why accelerometry is one of the most reliable instruments to
measure the PA of people (Pope et al., 2020). One of the main
purposes of PE classes is to improve some variables to increase
the adherence to PA in children and teenagers. Some studies
that have used model-based learning can improve motivation,
autonomy and competence, and these variables have a significant
relation with MVPA (Manzano-Sánchez and Valero-Valenzuela,
2018). Recently, the Teaching Personal and Social Responsibility
(TPSR) model has demonstrated improvements in these variables
(Martínez-Vizcaíno and Sánchez-López, 2008; Manzano-Sánchez
and Valero-Valenzuela, 2019; Manzano-Sánchez et al., 2019].
The latter was also demonstrated with the application of a
gamification intervention (Pérez-López et al., 2017a,b) that was
implemented on a long-term basis in different educational levels
(primary and secondary education), social status and educational
backgrounds (Fernández-Río et al., 2020).

For these reasons, the objective of the present study was
to verify whether a hybrid educational program in PE classes
based on TPSR and gamification techniques can increase the
parameters of PF and PA; apart from that, it can reduce body
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composition and sedentary behavior. Furthermore, gender and
age differences will be considered in order to check the results.

MATERIALS AND METHODS

Study Design
A group-randomized controlled trial (Montero and León,
2007) was carried out from September 2018 to June 2019.
The intervention program lasted for 9 months (Figure 1) in
two secondary schools assigned to the control group (CG)
or experimental group (EG). Sociodemographic and cultural
characteristics were similar. Participants aged between 13 and
15 years had to be enrolled in the second or third year
of Compulsory Secondary Education at the beginning of the
intervention in one of the two secondary schools selected. The
contents were selected according to the current education laws
(BOE, 2014). Before and after the intervention, the students were
required to carry out the tests in two different sessions. Informed
consents (participation in the study, confidential data treatment
and session recording) were requested from the students and
their parents. The study was approved by the Ethics Committee
of the University of Murcia (2871/2020).

Exclusion Criteria and Participants
Participation was proposed to all students enrolled in one of
the courses. Participants did not have to present any partial
or chronic injury or disease that would prevent them from
performing any of the physical and cognitive tests, participating
normally in PE lessons or not having been diagnosed as a student
with specific needs for educational support.

Initially, 211 adolescents began the intervention (Figure 2),
with 164 (age: 14.63± 1.38 years; 77.73% of the total) who finally
formed part of the experience (90 boys and 74 girls) allocated to
the CG (n = 40) and EG (n = 124).

However, a total of 150 participants completed the study,
specifically 91.46% of the total number of students who started it,
37 in the CG and 113 in the EG. The reasons why 14 students did
not finish the study, three from the CG (2 boys and 1 girl) and 11
from the EG (6 boys and 5 girls) were due to school absenteeism,
missing more than 20% of PE lessons (n = 6) and discomfort

during the performance of any of the physical or cognitive tests
in the post-test (n = 8). Table 1 shows the characteristics of the
adolescents who started and finished, as well as the variables.

Each group (CG and EG) received two PE lessons per
week, lasting 55 min. Whereas the EG participated in a PE
program based fundamentally on the hybridization of TPSR and
gamification strategies, taking into account game-based learning,
the CG used traditional learning methods characterized by non-
integration and lack of transfer of learning outside of school.
Moreover, the teacher of the CG had no experience in active
methodologies like those mentioned above. Experimental and
control teachers were filmed by an external observer in order to
verify the fidelity of implementation of TPSR and gamification
techniques in 10 random sessions (Valero-Valenzuela et al.,
2020). The instruments used were the same following a similar
evaluation structure and also both experimental and control
teachers evaluated their own intervention (self-evaluation). The
observer, person trained in the application and evaluation of
this type of pedagogical model, analyzed both methodological
behaviors and evaluated the frequency that teachers used the
hybridization learning models, ranging from 1 to 4 (from never
to always). This expert was trained in thanks to a researcher with
more than 5 years of experience in this methodology beforehand
to check the quality of their record-keeping by calculating the
inter-observer and intra-observer reliability concordance using
Cohen’s kappa coefficient (Cohen, 1988), of which a mean value
of more than 0.70 was obtained. Inter reliability was carried out
between the observer and the researcher, while the intra-observer
was carried out analyzing two different moments over one week,
guaranteeing an agreement greater than 80%.

The check list instrument (Table 2) and the Tool for Assessing
Responsibility-Based Education (TARE) were used to identify the
gamification and responsibility elements, respectively (Wright
and Craig, 2011).

Procedure
TPSR Intervention Program
The sessions followed the Hellison‘s format (Hellison, 2011)
but were modified to keep four of its five parts: (1) Initial
greeting: the teacher interacted with the students to create

FIGURE 1 | Variables and timeline intervention.
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FIGURE 2 | The flowchart of the participants.

TABLE 1 | Initial data of the participants and variables.

Participants (n = 150) EG (n = 113) CG (n = 37) p

Mean SE Mean SE Mean SE

Age (years) 14.33 1.18 14.52 1.24 13.76 0.68

Height (cm) 156.2 4.82 154.6 3.54 154.03 2.94

Weight (kg) 48.4 3.24 50.20 3.91 49.46 3.02

BMI 19.89 6.63 21.46 4.11 21.04 4.05 0.589

PAIS 2.86 0.85 2.86 0.88 2.90 0.73 0.801

APA (weekday) 2.82 0.87 2.71 0.87 3.17 0.79 0.005**

APA (weekend) 2.49 0.97 2.35 0.87 2.95 0.97 0.001**

APA (week) 2.69 0.78 2.57 0.77 3.08 0.71 0.000**

ST 2.66 0.57 2.72 0.57 2.46 0.51 0.017**

CF 4.28 2.28 3.99 2.27 5.08 2.11 0.011**

SPD-AGI 13.16 1.26 13.27 1.29 12.78 1.10 0.041**

Strength 1.52 0.36 1.50 0.37 1.57 0.34 0.325

Flex (average) 3.65 7.64 3.51 7.63 4.38 7.60 0.548

Agility 14.67 2.31 14.93 2.18 13.69 2.17 0.003**

SE, standard error; EG, experimental group; CG, control group; BMI, body mass index; PAIS, physical activity in school; APA, afterschool physical activity; ST, sedentary
time; CF, cardiovascular fitness; SPD-AGI, speed/agility; Flex, Flexibility.

bonds with them; (2) Sensitivity talk: the teacher presented
the academic and value goals of the session, depending on the
responsibility model level; (3) Activity plan: this was the greatest
part of the practical lesson, where responsibility strategies were
included in the different tasks; and (4) Group meeting and self-
assessment: at the end of every session, teacher and students
shared their perceptions with regard to individual and collective

responsibilities and behaviors, as well as the teacher’s behavior,
pointing their thumbs up (positive evaluation), to one side
(medium) or down (negative evaluation).

Gamification Strategies
Regarding the gamification elements in the intervention
program, the process of integrating game-design principles
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within varying educational experiences appear challenging,
and currently, there are no practical guidelines for how to
do coherently and efficiently (Dichev and Dicheva, 2017).
Therefore, based on the three categories (dynamics, mechanics
and components) mentioned by Werbach and Hunter (2014),
the following elements were included as part of the gamificated
context: (a) Powerful narrative: Seneb’s Enigma was designed
as the common theme in order to discover a complete health,
previously extinct; (b) Challenges: on each mythology, students
had to reach two different activities, generally outside the school
and each one included different difficulty levels to challenge
the students individually and in groups; (c) Class climate: the
focus was on performing the different tasks, such as helping
group members, earning points, and earning badges, and not
on outperforming others; (d) Immediate feedback: students
knew in advance how to successfully perform each activity, the
number of points awarded for each task, and the level effectively
achieved through a social platform; (e) Badges for achievements:
students could earn points (“healthy years”) to obtain several
badges on each unit; and (f) Final status: depending on the
mythologies overcome, students reach one of the three status
(squires, Egyptian “melli” and bearers of Seneb).

Moreover, this intervention has taken in account the four
key motivational elements (RAMP) of Marczewski (2013), that
a gamified experience should incorporate itself: Relatedness or
the desire to be connected to others in a social community;
Autonomy, or the freedom in order to not be controlled or stifled;
Mastery, or the process of becoming skilled at something feeling
their skills are increasing in direct proportion to the level of
challenge; Purpose, or the meaning of their actions. The reason
why it is necessary the intervention.

Control Group Methodology
Direct instruction was the methodology used by the CG
teacher based on content/skill development and teacher-centered
decisions and without affective-social interaction with the
students, causing automatisms in their learning (Metzler, 2005).
Virtually every element was monitored and decided on by the
teacher, including content selection, managerial control, task
presentations, engagements patterns, instructional interaction,
pacing and task progression. The teacher decided when practice
started and stopped remaining in full control of the class.
Students did not have to make decisions besides participation
in the different tasks. His principal goal was paying attention to
the result but not to the learning process. The format of each
session was divided into three non-connected parts: (1) warm-up:
students got ready for the class performing predesigned tasks (i.e.,
joint mobility); (2) main part: students performed a predesigned
set of tasks to improve the selected skills (i.e., badminton hitting
drills); and (3) cool down: students performed lighter tasks to get
ready for the next class, focusing on stretching their muscles and
following the instructions of the teacher (Metzler, 2005).

Instruments and Measurements
Physical Fitness
The PF assessment protocol was used in the previously published
European HELENA study (Healthy Lifestyle in Europe by
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Nutrition in Adolescence1) (Ruiz et al., 2006; Ortega et al.,
2008a, 2009). The PF tests used have shown optimal validity and
reliability in order to be applied in the adolescent population
(Ortega et al., 2005; Castro-Pinero et al., 2010; Ardoy et al., 2011).
Cardiorespiratory fitness was assessed by the 20 m shuttle run
test; speed and agility were evaluated by the 4 × 10 m speed-
agility test; lower body strength was measured by the standing
broad jump; and low back flexibility was evaluated by the back
saver sit-and-reach test and calculating the average of both
legs. Additionally, the hexagon test was used to evaluate agility-
coordination and dynamic balance (Beekhuizen et al., 2009).

Body Composition
The assessment of body composition was proposed and used in
the HELENA study. The descriptions of the measurements made,
the material used for this purpose and the reliability analysis
have been previously published (Nagy et al., 2008). Body mass
and height measurements were previously taken with the SECA-
876 brand height rod and scale, and were used to calculate BMI
(kg/m2).

Lifestyle Habits
The Youth Activity Profile-Spain (YAP-S) questionnaire (α = 0.73
and 0,79; pre- and post-test) was used to analyze the time spent
practicing PA (in school and afterschool) and sedentary activities,
such as watching television, playing video games or using mobile
phones. The reliability was for the whole sample who finished the
intervention. It has previously been validated (Sain-Maurice and
Welk, 2015) and used in more intervention studies (González-
Gross et al., 2003; Ardoy et al., 2010).

Data Analysis
Initially, we carried out the validation of the instrument by
analyzing its internal consistency, both in the pre-test and
in the post-test of each of the variables, using Cronbach’s
alpha test to assess reliability. Then, we carried out an
exploratory analysis of the data using box-whisker diagrams and
descriptive measurements, detecting that there were significantly
different results between groups in the pre-test, so this
was taken into account in the inferential analysis that was
carried out. Afterschool physical activity (weekday, weekend
and week), sedentary time, speed-agility, cardiorespiratory
fitness and agility-coordination variables were significantly
different in CG.

In a first analysis, a MANOVA of repeated measurements
was carried out on the 12 variables obtained from the
different PF tests and questionnaire, where we called the
intra-subject factor “Time” (with two levels: pre-test and post-
test) and we called the inter-subject factor “Group” (with
two levels: control and experimental). Additionally, the inter-
subject age factor and gender were added as covariates,
since we found that this factor could have a significant
effect on the measured variables. Additionally, the intervention
effect size was estimated using the Cohen’s d (Cohen, 1988)
with Hedges correlation for small sample sizes (Nakagawa

1www.helenastudy.com

and Cuthill, 2007). The effect size was considered small
when it was 0.2–0.5, medium when it was 0.51–0.8 and
large when it was greater than 0.8. The entire statistical
analysis was performed with the Statistical Package for the
Social Sciences (IBM SPSS 24.0), establishing the level of
significance p < 0.05.

RESULTS

This section may be divided by subheadings. It should
provide a concise and precise description of the experimental
results, their interpretation and the experimental conclusions
that can be drawn.

Inferential Analysis
The MANOVA of repeated measurements at the multivariate
level was the first step in the analysis. With regard to the
inter-subject analysis, there was a significant difference in
the Gender factor (Lambda of Wilks = 0.405; F = 16.436;
p = 0.000) but not with the Age covariate (Lambda of
Wilks = 0.870; F = 1.663; p = 0.082). It was also observed
that there were significant differences in the intra-subject
analysis between Time and Group interactions (Lambda of
Wilks = 0.462; F = 12.993; p = 0.000). The fact that
the Time factor (Lambda of Wilks = 0.860; F = 1.812;
p = 0.052) was not significant did not mean that there were
no differences between the pre-test and the post-test, since
there were significant interactions with the Group factor. This
indicates that there may be differences in the Time factor
(i.e., between pre-test and post-test) depending on the group
considered (differences for each group separately), as well as
taking this factor into account (pre-test and post-test differences
between the CG and EG).

In order to observe more specifically which variables
showed significant differences, the univariate level was analyzed.
Attention was paid to the variables with previously significant
results. For the intra-subject factor, significant differences were
obtained in Time and Group interactions for APA-weekend
(p = 0.000), APA-week (p = 0.000), sedentary time (p = 0.002),
BMI (p = 0.000), cardiorespiratory fitness (p = 0.000), speed-
agility (p = 0.000), strength (p = 0.001), and agility (p = 0.000).

Since there were interactions between the Time and Group
factors for many of the variables, we can analyze the
differences between the CG and the EG for the pre-test and
the post-test separately. Similarly, the variables in the pre-
test and post-test should be compared separately for each
group. Thus, Table 3 reflects the means and standard errors
estimated for the participants with regard to the different
variables measured in the pre-test and in the post-test,
differentiating by group. In addition, the p-values obtained
by comparing these estimated averages (using Bonferroni
correction) are included.

It is relevant to indicate that, in the pre-test, there
were significant differences between groups in several
variables of interest. However, it is relevant to remark
that there were significant differences in the post-test with

Frontiers in Psychology | www.frontiersin.org 6 January 2021 | Volume 11 | Article 629335

http://www.helenastudy.com
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-11-629335 December 30, 2020 Time: 15:39 # 7

Melero-Cañas et al. Educational Hybrid Program in PE

TABLE 3 | Intervention multivariate analysis (MANOVA).

Variable Group Pre-test Post-test Pre – post comparative

Mean SE Mean SE p-value Dif. (SE)

PA in school Experimental 2.86 0.88 3.04 0.78 0.011* −0.18 (0.067)

Control 2.90 0.73 3.24 0.86 0.005** −0.34 (0.120)

p-value + SE 0.956 0.167 0.247 0.152

APA (weekday) Experimental 2.71 0.87 3.04 0.91 0.001** −0.33 (0.095)

Control 3.17 0.79 3.16 0.85 0.912 0.01 (0.169)

p-value + SE 0.006** 0.163 0.551 0.173

APA (weekend) Experimental 2.35 0.87 3.02 1.01 0.000** 0.67 (0.090)

Control 2.95 0.97 2.65 0.82 0.020* 0.30 (0.161)

p-value + SE 0.000** 0.169 0.044* 0.185

APA (week) Experimental 2.57 0.77 3.03 0.82 0.000** −0.46 (0.074)

Control 3.08 0.71 2.96 0.71 0.223 0.12 (0.132)

p-value + SE 0.000** 0.141 0.560 0.151

Sedentary time Experimental 2.72 0.57 2.47 0.54 0.000** 0.25 (0.059)

Control 2.46 0.51 2.64 0.58 0.203 −0.18 (0.105)

p-value + SE 0.024* 0.110 0.238 0.107

BMI Experimental 21.46 4.11 21.50 4.05 0.521 −0.04 (0.093)

Control 21.04 4.05 21.94 3.44 0.000* −0.90 (0.166)

p-value + SE 0.934 0.810 0.355 0.774

CF Experimental 3.99 2.27 5.04 2.20 0.000** −1.05 (0.116)

Control 5.08 2.11 4.70 2.19 0.066 0.38 (0.207)

p-value + SE 0.001** 0.351 0.443 0.349

SPD-AGI Experimental 13.27 1.29 11.63 1.53 0.000** 1.64 (0.098)

Control 12.78 1.10 12.38 1.21 0.043* 0.40 (0.174)

p-value + SE 0.004** 0.198 0.005** 0.256

Strength Experimental 1.50 0.37 1.64 0.38 0.000** −0.14 (0.015)

Control 1.57 0.34 1.61 0.37 0.268 −0.04 (0.027)

p-value + SE 0.110 0.056 0.723 0.058

Flexibility (average) Experimental 3.51 7.63 5.82 7.51 0.000** −2.31 (0.232)

Control 4.38 7.60 6.03 8.22 0.000** −1.65 (0.412)

p-value + SE 0.496 1.382 0.924 1.381

Agility Experimental 14.93 2.18 12.30 1.93 0.000** 2.63 (0.142)

Control 13.69 2.17 13.30 2.60 0.203 0.39 (0.252)

p-value + SE 0.003** 0.415 0.008** 0.394

*p < 0.05; **p < 0.01; SE, standard error; PA, physical activity; APA, afterschool physical activity; BMI, body mass index, CF, cardiorespiratory fitness;
SPD-AGI, speed/agility.

APA-weekend (p = 0.044), speed-agility (p = 0.005), and
agility (p = 0.008). In addition, there were no significant
enhancements with PA in school, APA-week, sedentary time and
cardiorespiratory fitness. These last two variables are extremely
relevant because they were worse in the CG with respect
to the pre-test.

On the other hand, if it compares the effects of intervention,
observing the results between the pre-test and post-test for
each group, it can observe the same for the CG. There were
significant differences in PA in school (p = 0.005), speed-agility
(p = 0.043), flexibility (p = 0.000), BMI (p = 0.000), and APA-
weekend (p = 0.020). However, the last two variables decreased
concerning to the pre-test. Regarding the EG, the results
increased significantly in all variables, except BMI, including
cardiorespiratory fitness (p = 0.000), speed-agility (p = 0.000),
strength (p = 0.000), flexibility (p = 0.000), agility (p = 0.000),

PA in school (p = 0.011), APA-weekday (p = 0.001), APA-
weekend (p = 0.000), APA-week (p = 0.000), and sedentary time
(p = 0.000).

DISCUSSION

The main purpose of this study was to verify whether a
hybrid educational program in PE classes based on TPSR
and gamification can increase the parameters of PF and PA;
on the other hand, it can reduce body composition and
sedentary behavior.

The results observed in the present study indicate that
the implementation of a hybrid program based on TPSR
and gamification contributes significantly to the improvement
of variables such as cardiorespiratory fitness, speed-agility,
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strength, flexibility and agility. Data supports the conclusions
of González-Víllora et al. (2019), where combined benefits in
the physical/motor, cognitive, affective and social domains have
only been observed when merging different pedagogical models
concerning to the intervention of an isolated pedagogical model.
However, TPSR has never been hybridized with gamification
strategies. The hybridizations of pedagogical models in the
scientific literature with TPSR as the protagonist have been
related to the improvement of psychosocial variables and
personal and social development (Hastie and Buchanan, 2000;
Menéndez-Santurio and Fernández-Río, 2016; Fernández-Río
and Menéndez-Santurio, 2017). However, the variables related
to health, physical-motor and cognitive aspects have never
been analyzed through pedagogical hybridizations (González-
Víllora et al., 2019), as our intervention has carried out,
demonstrating that, despite reducing motor physical involvement
in the early stages of applying the model, their levels of
cardiorespiratory fitness, speed-agility, strength, flexibility and
agility were improved. Apart from that, the application of
gamification elements in isolated PE interventions has not
only contributed to the increase in student motivation and
commitment toward PA practice (Joo et al., 2019), but also to
the improvement of cardiorespiratory capacity (Mora-González
et al., 2019b, 2020) or healthy lifestyle habits (Monguillot-
Hernándo et al., 2015; Pérez-López et al., 2017a).

That intervention also produced enhancements in PA in
school, APA-weekday, APA-weekend, APA-week and sedentary
time, as well as an increase in BMI in the group that
did not receive it. These results would be related to those
obtained in other studies in which they linked the decrease in
PA levels to overweight parameters and neurotrophic growth
factors problems (Mora-González et al., 2019a) as well as to
close future morbidity and mortality disease (Metter et al.,
2002; Kodama et al., 2009). Additionally, our results, largely
obtained by activities carried out outside of school, would
be in line with the studies proposed by Arundell et al.
(2013), suggesting that afterschool period is an important
time period to enhance PA levels and sedentary time in
childhood and adolescence and reducing BMI (Gao et al.,
2011). Accordingly to this study, our results indicated that
BMI increased significantly in students who did not participate
in the intervention and therefore did not perform extra
physical activity. It may be the reason to indicate the BMI
raised for CG. Other studies (Harris et al., 2009; Thivel
et al., 2011; Guerra et al., 2013) have shown non-significantly
improvements not only for the EG, but also for the CG
(Thivel et al., 2011) in both normal weight and obese
children, highlighting the structuring and durability of the
intervention program and the insufficient “dose” of physical
activity (Harris et al., 2009). A possible reason why PA in
school has significantly improved in both group may be
the PE sessions themselves, because are based on practice
exercise regardless of the type of methodology used. For this
reason, it will be so relevant to incorporate this educational
program to current curricular requirements in order to promote
PA during PE lessons (Pope et al., 2020) and afterschool
(Arundell et al., 2013).

Some limitations in this study are that it may not be
a sufficient and optimal representation of the population of
their age. Consequently, this intervention study may consider
the unequal distribution of the participants, with the CG
being reduced compared to the EG. It could be convenient
not to extend the post-intervention tests until dates close to
the evaluations established by the educational centers due to
possible experimental deaths. Moreover, the performance of PF
tests was determined according to the time assigned in the
timeline hours of each group, as a consequence of the curricular
organization school.

Due to the time difficulty and number of trained and qualified
personnel for the test days, both at the beginning and at the end of
the intervention, the evaluators were not the same at both times.
It could be a limitation, even though they were previously trained.

Another variable that could affect the reliability of the results
is the activity carried out after school hours. The number of days
per week they do training, the type of sport or predominant
PA and its relationship with the intensity variables, volume
and duration of effort should be considered in students who
belong to sport teams.

Additionally, other limitation was the instrument used in
order to measure the elements of gamification, because it is not
a validated instrument and it has never been published. Future
studies may consider the use of accelerometry, which would allow
a more precise evaluation of daily PA.

CONCLUSION

The results obtained with the intervention suggested that the use
of a hybrid program based on TPSR and gamification strategies
produced enhancements in cardiorespiratory fitness, agility and
speed-agility. In addition, it improves the APA-weekdays and
APA-weekends, reducing the sedentary time. On the other hand,
students who did not receive an intervention based on a hybrid
of these methodologies were linked to an increase in BMI.

The states and administrations for education should consider
the inclusion of innovative programs and their hybridization as
a tool to guarantee an optimal state of health in adolescents.
Additionally, the afterschool period, concerning to overall PA
(particularly during adolescence), may be crucial in this age
group. Future studies involving larger sample sizes should
confirm or contrast these preliminary findings.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of the University of Murcia

Frontiers in Psychology | www.frontiersin.org 8 January 2021 | Volume 11 | Article 629335

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-11-629335 December 30, 2020 Time: 15:39 # 9

Melero-Cañas et al. Educational Hybrid Program in PE

(2871/2020). Written informed consent to participate in this
study was provided by the participants’ legal guardian/next of kin.

AUTHOR CONTRIBUTIONS

DM-C and AV-V: conceptualization. DM-C and DN-A:
methodology and investigation. DM-C, VM-B, and DM-S: formal
analysis. VM-B: resources. DM-C and DM-S: data curation.
DM-C: writing—original draft preparation. DM-C and VM-B:
writing—review and editing. AV-V: visualization. AV-V and

DN-A: supervision. All authors have read and agreed to the
published version of the manuscript.

ACKNOWLEDGMENTS

The Seneb’s Enigma takes place thanks the students, parents, and
teachers of the schools. We want to thank the member of SAFE
group and voluntaries for their help, dedication and commitment
in both test moments. We also thank every member in this paper
for their participation and scientific advice.

REFERENCES
Aibar, A., Bois, J., Zaragoza, J., Generelo, E., Paillard, T., and Fairclough, S.

(2014). Weekday and weekend physical activity patterns of French and Spanish
adolescents. Eur. J. Sport Sci. 14, 500–509. doi: 10.1080/17461391.2013.829127

Ardoy, D. N., Fernández-Rodríguez, J. M., Chillón, P., Artero, E., España-
Romero, V., Jiménez-Pavón, D., et al. (2010). Physical fitness enhancement
through education, EDUFIT study: background, design, methodology and
dropout analysis. Rev. Esp. Salud Pública 84, 151–168. doi: 10.1590/S1135-
57272010000200004

Ardoy, D. N., Fernández-Rodríguez, J. M., Ruiz, J. R., Chillón, P., España-Romero,
V., Castillo, M. J., et al. (2011). Improving physical fitness in adolescents
through a school-based intervention: the EDUFIT study. Rev. Esp. Cardiol. 64,
484–491. doi: 10.1016/j.recesp.2011.01.009

Arundell, L., Ridgers, N., Veitch, J., Salmon, J., Hinkley, T., and Timperio, A.
(2013). 5-year changes in afterschool physical activity and sedentary behaviour.
Am. J. Prev. Med. 44, 605–611. doi: 10.1016/j.amepre.2013.01.029

Beekhuizen, K. S., Davis, M. D., Kolber, M. J., and Cheng, M. (2009). Test-retest
reliability and minimal detectable change of the hexagon agility test. J. Strength
Cond. Res. 23, 2167–2171. doi: 10.1519/JSC.0b013e3181b439f0

Blanco, M., Veiga, O. L., Sepúlveda, A. R., Izquierdo-Gómez, R., Román, F. J.,
López, S., et al. (2020). Family environment, physical activity and sedentarism
in preadolescents with childhood obesity: ANOBAS case-control study. Aten.
Primaria 52, 250–257.

BOE (2014). Real Decreto 1105/2014, de 26 de Diciembre, Por el que se Establece
el Currículo Básico de la Educación Secundaria Obligatoria y del Bachillerato.
Beijing: BOE.

Castro-Pinero, J., Artero, E. G., España-Romero, V., Ortega, F. B., Sjöström, M.,
Suni, J., et al. (2010). Criterion-related validity of field-based fitness tests in
youth: a systematic review. Br. J. Sports Med. 44, 934–943. doi: 10.1136/bjsm.
2009.058321

Cohen, J. (1988). Statistical Power Analysis for the Behavioural Sciences, 2rd Edn.
Hillsdale, NJ: Lawrence Eribaum Associates Publishers.

Colley, R., Garriguet, D., Janssen, I., Colley, R. C., Garriguet, D., Janssen, I.,
et al. (2013). The association between accelerometer-measured patterns of
sedentary time and health risk in children and youth: results from the Canadian
health measures survey. BMC Public Health 13:200. doi: 10.1186/1471-2458-
13-200

Dichev, C., and Dicheva, D. (2017). Gamifying education: what is known, what is
believed and what remains uncertain: a critical review. Int. J. Educ. Technol.
High Educ. 2017, 1–36. doi: 10.1186/s41239-017-0042-5

Fang, C., Zhang, J., Zhow, T., Li, L., Lu, Y., Gao, Z., et al. (2020). Associations
between daily step counts and physical fitness in preschool children. J. Clin.
Med. 9:163. doi: 10.3390/jcm9010163

Fernández-Río, J., De las Heras, E., González, T., Trillo, V., and Palomares, J.
(2020). Gamification and physical education. Viability and preliminary views
from students and teachers. Phys. Educ. Sport Pedagogy 25, 509–524. doi:
10.1080/17408989.2020.1743253

Fernández-Río, J., and Menéndez-Santurio, J. I. (2017). Teachers and students
perceptions of a hybrid sport education and teaching for personal and social
responsibility learning unit. J. Teach. Phys. Educ. 36, 185–196. doi: 10.1123/jtpe.
2016-0077

Gao, Z., Oh, H., and Sheng, H. (2011). Middle school students’ body mass index and
physical activity levels in physical education. Res. Q. Exerc. Sport 82, 145–150.
doi: 10.1080/02701367.2011.10599732

García-Soidán, J. L., García-Liñeira, J., Leirós-Rodríguez, R., and Soto-Rodríguez,
A. (2020). Physical activity practice and optimal development of postural
control in school children: are they related? J. Clin. Med. 9:2919. doi: 10.3390/
jcm9092919

Global Burder of Disease 2015 Mortality and Causes of Death Collaborators (2016).
Global, regional and national life expectancy, all-cause mortality and cause-
specific mortality for 249 causes of death, 1980-2015: a systematic analysis
for the Global Burden of Disease Study 2015. Lancet 388, 1459–1544. doi:
10.1016/S0140-6736(16)31012-1

Gómez, S. F., Homs, C., Wärnberg, J., Medrano, M., González-Gross, M., Gusi, N.,
et al. (2020). Study protocol of a population-based cohort investigating physical
activity, sedentarism, lifestyles and obesity in Spanish youth: the PASOS study.
Br. Med. J. Open 10:e036210. doi: 10.1136/bmjopen-2019-036210

González-Gross, M. J., Castillo, L., Moreno, E., Nova, D., González-Lamuño, F.,
Pérez-Llamas, A., et al. (2003). Feeding and assessment of nutritional status
of Spanish adolescents (AVENA study). Assessment of risks and intervention
proposal. Nutr. Hosp. 18, 15–28.

González-Víllora, S., Evangelio, C., Sierra, J., and Fernández-Río, J. (2019).
Hybridizing pedagogical models: a systematic review. Eur. Phys. Educ. Rev. 25,
1056–1074. doi: 10.1177/1356336X18797363

Grao-Cruces, A., Nuviala, A., Fernández-Martínez, A., and Martínez-López, E. J.
(2015). Relationship of physical activity and sedentarism with tobacco and
alcohol consumption, and Mediterranean diet in Spanish teenagers. Nutr. Hosp.
31, 1693–1700. doi: 10.3305/nh.2015.31.4.8256

Guerra, P. H., Nobre, M. R., Silveira, J. A., and Taddei, J. (2013). The effect
of school-based physical activity interventions on body mass index: a meta-
analysis of randomized trials. Clinics 68, 1263–1273. doi: 10.6061/clinics/
2013(09)14

Harris, K. C., Kuramoto, L. K., Schulzer, M., and Retallack, J. E. (2009). Effect of
school-based physical activity interventions on body mass index in children: a
meta-analysis. Can. Med. Assoc. J. 180, 719–726. doi: 10.1503/cmaj.080966

Hastie, P. A., and Buchanan, A. M. (2000). Teaching responsibility through sport
education: prospects of a coalition. Res. Q. Exerc. Sport 71, 25–35. doi: 10.1080/
02701367.2000.10608877

Hellison, D. (2011). Teaching Personal and Social Responsibility Through Physical
Activity, 3rd Edn. Champaign, IL: Human Kinetics Publishers Inc.

Henriksson, P., Henriksson, H., Tynelius, P., Berglind, D., Löf, M., Lee, I. M., et al.
(2019). Fitness and body mass index during adolescence and disability later in
life: a cohort study. Ann. Intern. Med. 170, 230–239. doi: 10.7326/M18-1861

Högström, G., Nordström, A., and Nordström, P. (2016). Aerobic fitness in late
adolescence and the risk of early death: a prospective cohort study of 1.3 million
Swedish men. Int. J. Epidemiol. 45, 1159–1168. doi: 10.1093/ije/dyv321

Isensee, B., Suchert, V., Hansen, J., Weisser, B., and Hanewinkel, R. (2018). Effects
of a school−based pedometer intervention in adolescents: 1−year follow−up
of a cluster−randomized controlled trial. J. Sch. Health 88, 717–724. doi: 10.
1111/josh.12676

Ishihara, T., Drollette, E. S., Ludyga, S., Hillman, C. H., and Kamijo, K. (2020).
Baseline cognitive performance moderates the effects of physical activity on
executive functions in children. J. Clin. Med. 9:2071. doi: 10.3390/jcm9072071

Frontiers in Psychology | www.frontiersin.org 9 January 2021 | Volume 11 | Article 629335

https://doi.org/10.1080/17461391.2013.829127
https://doi.org/10.1590/S1135-57272010000200004
https://doi.org/10.1590/S1135-57272010000200004
https://doi.org/10.1016/j.recesp.2011.01.009
https://doi.org/10.1016/j.amepre.2013.01.029
https://doi.org/10.1519/JSC.0b013e3181b439f0
https://doi.org/10.1136/bjsm.2009.058321
https://doi.org/10.1136/bjsm.2009.058321
https://doi.org/10.1186/1471-2458-13-200
https://doi.org/10.1186/1471-2458-13-200
https://doi.org/10.1186/s41239-017-0042-5
https://doi.org/10.3390/jcm9010163
https://doi.org/10.1080/17408989.2020.1743253
https://doi.org/10.1080/17408989.2020.1743253
https://doi.org/10.1123/jtpe.2016-0077
https://doi.org/10.1123/jtpe.2016-0077
https://doi.org/10.1080/02701367.2011.10599732
https://doi.org/10.3390/jcm9092919
https://doi.org/10.3390/jcm9092919
https://doi.org/10.1016/S0140-6736(16)31012-1
https://doi.org/10.1016/S0140-6736(16)31012-1
https://doi.org/10.1136/bmjopen-2019-036210
https://doi.org/10.1177/1356336X18797363
https://doi.org/10.3305/nh.2015.31.4.8256
https://doi.org/10.6061/clinics/2013(09)14
https://doi.org/10.6061/clinics/2013(09)14
https://doi.org/10.1503/cmaj.080966
https://doi.org/10.1080/02701367.2000.10608877
https://doi.org/10.1080/02701367.2000.10608877
https://doi.org/10.7326/M18-1861
https://doi.org/10.1093/ije/dyv321
https://doi.org/10.1111/josh.12676
https://doi.org/10.1111/josh.12676
https://doi.org/10.3390/jcm9072071
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-11-629335 December 30, 2020 Time: 15:39 # 10

Melero-Cañas et al. Educational Hybrid Program in PE

Joo, S., Johnsen, K., and Ball, C. (2019). Point based reward systems in gamification
impact children’s physical activity strategies and psychological needs. Health
Educ. Behav. 46, 417–425. doi: 10.1177/1090198118818241

Kahan, D., and McKenzie, T. L. (2015). The potential and reality of physical
education in controlling overweight and obesity. Am. J. Public Health 105,
653–659. doi: 10.2105/AJPH.2014.302355

Kodama, S., Saito, K., Tanaka, S., Maki, M., Yachi, Y., Asumi, M., et al. (2009).
Cardiorespiratory fitness as a quantitative predictor of all-cause mortality and
cardiovascular events in healthy men and women: a meta-analysis. JAMA 301,
2024–2035. doi: 10.1001/jama.2009.681

Manzano-Sánchez, D., and Valero-Valenzuela, A. (2018). Differences between
students according to physical activity and their motivation, basic psychological
needs and responsibility. J. Hum. Sport Exerc. 2, 221–230. doi: 10.14198/jhse.
2018.13.Proc2.06

Manzano-Sánchez, D., and Valero-Valenzuela, A. (2019). Implementation of a
model-based programme to promote personal and social responsibility and its
effects on motivation, prosocial behaviours, violence and classroom climate in
primary and secondary education. Int. J. Environ. Res. Public Health 16:4259.
doi: 10.3390/ijerph16214259

Manzano-Sánchez, D., Valero-Valenzuela, A., Conde-Sánchez, A., and Chen, M. Y.
(2019). Applying the personal and social responsibility model-based program:
differences according to gender between basic psychological needs, motivation,
life satisfaction and intention to be physically active. Int. J. Environ. Res. Public
Health 16:2326. doi: 10.3390/ijerph16132326

Marczewski, A. (2013). The Intrinsic Motivation: RAMP. Gamified UK.
Available online at: https://www.gamified.uk/gamification-framework/the-
intrinsic-motivation-ramp/ (accessed November 12, 2020).

Martines, R. M., Machado, P. P., Neri, D. A., Levy, R. B., and Rauber, F. (2019).
Association between watching TV whilst eating and children’s consumption
of ultra-processed foods in United Kingdom. Matern. Child Nutr. 15:e12819.
doi: 10.1111/mcn.12819

Martínez-Vizcaíno, V., and Sánchez-López, M. (2008). Relationship between
physical activity and physical fitness in children and adolescents. Rev. Esp.
Cardiol. 61, 108–111. doi: 10.1016/S1885-5857(08)60084-5

Menéndez-Santurio, J. I., and Fernández-Río, J. (2016). Violence, responsibility,
friendship and basic psychological needs: effects of a sport education and
teaching for personal and social responsibility program. Rev. Psicodidact. 21,
245–260. doi: 10.1387/RevPsicodidact.15269

Metter, E. J., Talbot, L. A., Schrager, M., and Conwit, R. (2002). Skeletal muscle
strength as a predictor of all-cause mortality in healthy men. J. Gerontol. A Biol.
Sci. Med. Sci. 57, B359–B365.

Metzler, M. (2005). Instructional Models for Physical Education, 3rd Edn.
Scottsdale, AZ: Holcomb Hathaway Publishers.

Monguillot-Hernándo, M., González-Arévalo, C., Zurita-Mon, C., Almirall-Batet,
L., and Guitert-Catasús, M. (2015). Play the game: gamification and healthy
habits in physical education. Apunts 119, 71–79. doi: 10.5672/apunts.2014-
0983.es.(2015/1).119.04

Montero, I., and León, O. (2007). A guide for naming research studies in
psychology. Int. J. Clin. Health Psychol. 7, 847–862.

Mora-González, J., Migueles, J. H., Esteban-Cornejo, I., Cadenas-Sanchez, C.,
Pastor-Villaescusa, B., Molina-García, P., et al. (2019a). Sedentarism, physical
activity, steps, and neurotrophic factors in obese children. Med. Sci. Sports
Exerc. 51, 2325–2333. doi: 10.1249/MSS.0000000000002064

Mora-González, J., Pérez-López, I. J., and Delgado-Fernández, M. (2020). the “$in
Time” gamification project: using a mobile app to improve cardiorespiratory
fitness levels of college students. Games Health J. 9, 37–44. doi: 10.1089/g4h.
2019.0001

Mora-González, J., Pérez-López, I. J., Esteban-Cornejo, I., and Delgado-Fernández,
M. (2019b). A gamification-based intervention program that encourages
physical activity improves cardiorespiratory fitness of college students: “The
Matrix rEFvolution Program”. Int. J. Environ. Res. Public Health 17:877. doi:
10.3390/ijerph17030877

Morgan, C., Beighle, A., and Pangrazi, R. (2007). What are the contributory and
compensatory relationships between physical education and physical activity
in children? Res. Q. Exerc. Sport 78, 407–412. doi: 10.1080/02701367.2007.
10599440

Nagy, E., Vicente-Rodríguez, G., Manios, Y., Beghin, L., Iliescu, C., Censi, L., et al.
(2008). Harmonization process and reliability assessment of anthropometric
measurements in a multicenter study in adolescents. Int. J. Obes. 32(Suppl. 5),
S58–S65. doi: 10.1038/ijo.2008.184

Nakagawa, S., and Cuthill, I. C. (2007). Effect size, confidence interval and statistical
significance: a practical guide for biologists. Biol. Rev. Camb. Philos. Soc. 82,
591–605. doi: 10.1111/j.1469-185X.2007.00027.x

Neovius, K., Johansson, K., Rössner, S., and Neovius, M. (2008). Disability pension,
employment and obesity status: a systematic review. Obes. Rev. 9, 572–581.
doi: 10.1111/j.1467-789X.2008.00502.x

Nittari, G., Scuri, S., Petrelli, F., Pirillo, I., Di Luca, N. M., and Grappasonni, I.
(2019). Fighting obesity in children from European World Health Organization
member states. Epidemiological data, medical-social aspects, and prevention
programs. Clin. Ter. 170, e223–e230. doi: 10.7417/CT.2019.2137

Nystoriak, M. A., and Bhatnagar, A. (2018). Cardiovascular effects and benefits of
exercise. Front. Cardiovasc. Med. 5:135. doi: 10.3389/fcvm.2018.00135

Ortega, F. B., Artero, E. G., Ruiz, J. R., España-Romero, V., Jimenez-Pavón, D.,
Vicente-Rodríguez, G., et al. (2009). Physical fitness levels among European
adolescents: the HELENA study. Br. J. Sports Med. 45, 20–29. doi: 10.1136/bjsm.
2009.062679

Ortega, F. B., Artero, E. G., Ruiz, J. R., Vicente-Rodríguez, G., Bergman, P.,
Hagstromer, M., et al. (2008a). Reliability of health-related physical fitness
tests in European adolescents. The HELENA Study. Int. J. Obes. 32(Suppl. 5),
S49–S57. doi: 10.1038/ijo.2008.183

Ortega, F. B., Ruiz, J. R., Castillo, M. J., Moreno, L. A., González-Gross, M.,
Warnberg, J., et al. (2005). Low level of physical fitness in Spanish adolescents.
Relevance for future cardiovascular health (AVENA study). Rev. Esp. Cardiol.
58, 898–909. doi: 10.1016/S1885-5857(06)60372-1

Ortega, F. B., Ruiz, J. R., Castillo, M. J., and Sjöström, M. (2008b). Physical fitness in
childhood and adolescence: a powerful marker of health. Int. J. Obes. 32, 1–11.
doi: 10.1038/sj.ijo.0803774

Pérez-López, I. J., Rivera-García, E., and Delgado-Fernández, M. (2017a).
Improvement of healthy lifestyle habits in university students through a
gamification approach. Nutr. Hosp. 34, 942–951. doi: 10.20960/nh.669

Pérez-López, I. J., Rivera-García, E., and Trigueros-Cervantes, C. (2017b). The
prophecy of the chosen ones. an example of gamification applied to university
teaching. Rev. Int. Med. Cienc. Act. Fis. Deporte 17, 243–260.

Poortvliet, E., Yngve, A., Ekelund, U., Hurtig-Wennlöf, A., Nilsson, A.,
Hagströmer, M., et al. (2003). The European Youth Heart Survey (EYHS): an
international study that addresses the multidimensional issues of CVD risk
factors. Forum Nutr. 56, 254–256.

Pope, Z. C., Huang, C., Stodden, D., McDonough, D. J., and Gao, Z. (2020).
Effect of children’s weight status on physical activity and sedentary behaviour
during physical education, recess, and after school. J. Clin. Med. 9:2651. doi:
10.3390/9082651

Reilly, J. J., and Kelly, J. (2011). Long-term impact of overweight and obesity
in childhood and adolescence on morbidity and premature mortality in
adulthood: systematic review. Int. J. Obes. 35, 891–898. doi: 10.1038/ijo.2010.
222

Riddoch, C. J., Bo Andersen, L., Wedderkopp, N., Harro, M., Klasson-Heggebo,
L., Sardinha, L. B., et al. (2004). Physical activity levels and patterns of 9- and
15-yr-old European children. Med. Sci. Sports Exerc. 36, 86–92. doi: 10.1249/01.
MSS.0000106174.43932.92

Rodríguez-Ayllon, M., Cadenas-Sánchez, C., Estévez-López, F., Muñoz, N. E.,
Mora-González, J., Migueles, J. H., et al. (2019). Role of physical activity
and sedentary behaviour in the mental health of preschoolers, children and
adolescents: a systematic review and meta-analysis. Sports Med. 49, 1383–1410.
doi: 10.1007/s40279-019-01099-5

Ruiz, J. R., Ortega, F. B., Gutiérrez, A., Meusel, D., Sjöström, M., and Castillo,
M. J. (2006). Health-related fitness assessment in childhood and adolescence: a
European approach based on the AVENA, EYHS and HELENA studies. J. Public
Health 14, 269–277. doi: 10.1007/s10389-006-0059-z

Sain-Maurice, P. F., and Welk, G. J. (2015). Validity and calibration of the youth
activity profile. PLoS One 10:e0143949. doi: 10.1371/journal.pone.0143949

Sallis, J. F., and McKenzie, T. L. (1991). Physical education’s role in public health.
Res. Q. Exerc. Sport 62, 124–137. doi: 10.1080/02701367.2012.10599842

Frontiers in Psychology | www.frontiersin.org 10 January 2021 | Volume 11 | Article 629335

https://doi.org/10.1177/1090198118818241
https://doi.org/10.2105/AJPH.2014.302355
https://doi.org/10.1001/jama.2009.681
https://doi.org/10.14198/jhse.2018.13.Proc2.06
https://doi.org/10.14198/jhse.2018.13.Proc2.06
https://doi.org/10.3390/ijerph16214259
https://doi.org/10.3390/ijerph16132326
https://www.gamified.uk/gamification-framework/the-intrinsic-motivation-ramp/
https://www.gamified.uk/gamification-framework/the-intrinsic-motivation-ramp/
https://doi.org/10.1111/mcn.12819
https://doi.org/10.1016/S1885-5857(08)60084-5
https://doi.org/10.1387/RevPsicodidact.15269
https://doi.org/10.5672/apunts.2014-0983.es.(2015/1).119.04
https://doi.org/10.5672/apunts.2014-0983.es.(2015/1).119.04
https://doi.org/10.1249/MSS.0000000000002064
https://doi.org/10.1089/g4h.2019.0001
https://doi.org/10.1089/g4h.2019.0001
https://doi.org/10.3390/ijerph17030877
https://doi.org/10.3390/ijerph17030877
https://doi.org/10.1080/02701367.2007.10599440
https://doi.org/10.1080/02701367.2007.10599440
https://doi.org/10.1038/ijo.2008.184
https://doi.org/10.1111/j.1469-185X.2007.00027.x
https://doi.org/10.1111/j.1467-789X.2008.00502.x
https://doi.org/10.7417/CT.2019.2137
https://doi.org/10.3389/fcvm.2018.00135
https://doi.org/10.1136/bjsm.2009.062679
https://doi.org/10.1136/bjsm.2009.062679
https://doi.org/10.1038/ijo.2008.183
https://doi.org/10.1016/S1885-5857(06)60372-1
https://doi.org/10.1038/sj.ijo.0803774
https://doi.org/10.20960/nh.669
https://doi.org/10.3390/9082651
https://doi.org/10.3390/9082651
https://doi.org/10.1038/ijo.2010.222
https://doi.org/10.1038/ijo.2010.222
https://doi.org/10.1249/01.MSS.0000106174.43932.92
https://doi.org/10.1249/01.MSS.0000106174.43932.92
https://doi.org/10.1007/s40279-019-01099-5
https://doi.org/10.1007/s10389-006-0059-z
https://doi.org/10.1371/journal.pone.0143949
https://doi.org/10.1080/02701367.2012.10599842
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-11-629335 December 30, 2020 Time: 15:39 # 11

Melero-Cañas et al. Educational Hybrid Program in PE

Svedenkrans, J., Ekblom, Ö, Domellöf, M., Fellman, V., Norman, M., and Bohlin,
K. (2020). Physical activity in 6.5-year-old children born extremely preterm.
J. Clin. Med. 9:3206. doi: 10.3390/jcm9103206

Thivel, D., Isacco, L., Lazaar, N., Aucouturier, J., Ratel, S., Doré, E., et al.
(2011). Effect of a 6-month school-based physical activity program on body
composition and physical fitness in lean and obese schoolchildren. Eur. J.
Pediatr. 170, 1435–1443. doi: 10.1007/s00431-011-1466-x

Tudor-Locke, C., Lee, S., Morgan, C., Beighle, A., and Pangrazi, R. (2006).
Children’s pedometer-determined physical activity during the segmented
school day. Med. Sci. Sport Exerc. 38, 1732–1738. doi: 10.1249/01.mss.
0000230212.55119.98

Valero-Valenzuela, A., Gregorio-García, D., Camerino, O., and Manzano-Sánchez,
D. (2020). Hibridación del modelo pedagógico de responsabilidad personal y
social y la gamificación en educación física. Apunts 141, 63–74.

Werbach, K., and Hunter, D. (2014). Traducción autorizada de For the Win: How
Game Thinking Can Revolutionize Your Business (2012): Revoluciona tu Negocio
con las Técnicas de los Juegos. Madrid: Editorial Pearson.

World Health Organization (1946). Constitution of World Health Organization.
Am. J. Public Health 36, 1315–1323. doi: 10.2105/AJPH.36.11.1315

World Health Organization (2020). Guidelines on Physical Activity and Sedentary
Behaviour. Geneve: World Health Organization.

Wright, P. M., and Craig, M. W. (2011). Tool for assessing responsibility-based
education (TARE): instrument development, content validity and inter-rater
reliability. Meas. Phys. Educ. Exerc. Sci. 15, 204–219. doi: 10.1080/1091367X.
2011.590084

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Melero-Cañas, Morales-Baños, Manzano-Sánchez, Navarro-
Ardoy and Valero-Valenzuela. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Psychology | www.frontiersin.org 11 January 2021 | Volume 11 | Article 629335

https://doi.org/10.3390/jcm9103206
https://doi.org/10.1007/s00431-011-1466-x
https://doi.org/10.1249/01.mss.0000230212.55119.98
https://doi.org/10.1249/01.mss.0000230212.55119.98
https://doi.org/10.2105/AJPH.36.11.1315
https://doi.org/10.1080/1091367X.2011.590084
https://doi.org/10.1080/1091367X.2011.590084
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	Effects of an Educational Hybrid Physical Education Program on Physical Fitness, Body Composition and Sedentary and Physical Activity Times in Adolescents: The Seneb's Enigma
	Introduction
	Materials and Methods
	Study Design
	Exclusion Criteria and Participants
	Procedure
	TPSR Intervention Program
	Gamification Strategies
	Control Group Methodology

	Instruments and Measurements
	Physical Fitness
	Body Composition
	Lifestyle Habits

	Data Analysis

	Results
	Inferential Analysis

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


