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New technologies are increasingly linked to the educational world. It is necessary to
develop pedagogical approaches such as flipped learning so that education and
technology improve the quality of teaching to contribute to quality and sustainable
education. Over the years this pedagogical approach has developed quite a bit;
however, the scientific literature in physical education is still limited. The objective of
the present study was to quantitatively evaluate the effects of the application of flipped
learning in the acquisition of the conceptual contents of sport, in the case of the present
study through volleyball. A total of 265 upper secondary school students participated in the
study (126 boys: 47.9% and 137 girls: 52.1%). The total sample set was divided into two
treatment groups. The first experimental treatment group received lessons with the
support of flipped learning, through the Edpuzzle platform. The second treatment
group or control group received the same content as the first group through traditional
methodology. The findings showed that upper secondary students benefited from flipped
learning in their cognitive learning about volleyball in physical education, compared to the
control group. Further, the findings showed the same results on motivation, although
certain differences appeared according to sex, where boys seemed to develop
autonomous motivation more than girls.

Keywords: educational innovation, active methodologies, motivation, psychosocial factors, academic performance,
edpuzzle, sport learning

1 INTRODUCTION

One of the current problems of education is the absence of student motivation, the lack of interest,
and lack of effort to acquire new knowledge and competences (Cuenca-Ruano et al., 2021). Although
in physical education (PE) most students enjoy practice, a minority of students feel unmotivated
(Ntoumanis, 2001), especially in secondary education (Fernandez-Rio et al., 2020). This because their
personal experiences in the discipline have been negative (Van Der Horst et al., 2007), or because new
technology captures students’ attention, reducing motivation for physical practice in favor of
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electronic entertainment (Castro-Sanchez et al,, 2017; Gimeno
et al., 2015). For this reason, new pedagogical approaches have
appeared to attract student attention and consequently the
acquisition of new knowledge and abilities. One of these new
pedagogical approaches is called flipped learning (Bergmann and
Sams, 2012). The origin of the FL approach dates to 2004, when
Professors Jon Bergmann and Aaron Sams, Woodland Park High
School chemistry teachers began to design their classes in a digital
format, using explanatory videos as reinforcement activities for
students who needed them. They realized that in addition to
contributing effectively to the learning of these students, they had
more time to respond to the educational needs of each student
(Bergmann and Sams, 2012). From this educational approach, a
double objective could be achieved: 1) to attract students’
attention by using new technologies that they live with daily,
and to take advantage of the greatest active practice time in the PE
class (Campos-Gutiérrez et al., 2021). For this valuable reason,
professionals are interested in contrasting the results applied with
this approach in PE, increasing their students’ physical activity
time in classes. Further, teachers seek to free up more time for
practice to combat the problem of sedentarism and to acquire
new content and skills that are specific to PE. Considering that
most students do not perform physical activity during the week
except in PE classes, replacing time spent on transmitting some
conceptual content by physical activity sounds very interesting
from the educational and child health point of view (Garcia et al.,
2015). FL is presented as an active approach compared to more
traditional teaching methods, transforming the conventional
form linked exclusively to the classroom into an effective way
of transmitting content. In fact, Ojalvo and Doyne (2011),
described FL as a pedagogical model that aims to correct the
traditional teaching model. Traditionally, for example, the
content given by all subjects is provided on paper, whether as
books or notes. With this new model, you can change the paper to
digital support. If this material is in video format, it is preferred by
the student (@sterlie and Kjelaas, 2019). It is necessary to
emphasize that the FL approach does not subscribe to the idea
of replacing teachers with videos, but rather that students commit
themselves to their own learning in a combined process with the
teacher (Jong, 2017). In fact, this approach calls for digital
competence from teachers to implement it properly, as well as
institutional support (Moreno-Guerrero et al., 2021).

Many studies have already investigated the effects related to
students experiencing an application of the FL approach in
various educational areas and levels (Akgayir and Akgayr,
2018; Birgili et al., 2021; Brewer and Movahedazarhouligh,
2018; Chen, 2016; Cheng et al, 2018; Cheng et al, 2020;
Galindo Dominguez and Bezanilla, 2019; Han and Rekenes,
2020; Karabulut-Ilgu et al., 2018; Lag and Sele, 2019; Li et al,,
2021; Zou et al., 2020). However, few scholars have focused their
research on potential benefits in the subject of PE. Nevertheless,
there are some studies this study can relate to. In primary
education, for students (aged 6-12years), some research
carried out argues that the use of this pedagogical approach
allows for the improvement of specific skills in sports, for example
in handball (Felgueras and Delgado 2021), or in alternative sports
like Korfball (Marqués-Molias et al., 2019). Other scholars have
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claimed that FL in PE benefits students in achieving greater
knowledge and motivation and, consequently, greater
academic performance (Hinojo et al, 2020). Some results are
performed in primary stage (Gomez-Garcia et al., 2020; Hinojo
etal,, 2020), or in secondary school students (Osterlie and Kjelaas,
2019; Osterlie and Mehus, 2020). However, Campos-Gutiérrez
et al. (2021) and Gomez-Garcia et al. (2019) did not observe
differences in motivation, but only in physical activity time.
Botella et al. (2021) stated that, after applying FL in PE,
intrinsic motivation understood as an activity giving
satisfaction per se (described in detail in the cognitive
evaluation theory or CET; Ryan and Deci, 2017) increased
significantly, and that amotivation (the total lack of
motivation) values decreased in the FL group. These same
authors claimed that FL allowed using more time for activity
in PE classes, and, consequently, PE was perceived as more fun for
the students. Further, Botella et al. (2021) and Koh et al. (2020)
argues that the use of FL promotes self-learning and improves
autonomy, understood as basic psychological needs (BPNT). This
motivational view lies within the macro-theory of self-
determination (SDT; Ryan and Deci, 2017). Formally, SDT
comprises five mini-theories, each of which was developed to
explain a set of motivationally based phenomena (Ryan and Deci,
2017). Each addresses one facet of motivation or personality
functioning. One of these mini-theories, BPNT, explains the idea
of developed psychological needs and their associations with
psychological health and well-being. BPNT claims that
psychological well-being and optimal functioning are based on
autonomy, competence, and relatedness.  Therefore,
environments that thwart these needs invariantly impact
wellness. The theory argues that all three needs are essential,
and that if any is thwarted there will be distinct functional costs
(Vansteenkiste et al., 2010).

After this presentation of the current literature on FL in PE in
the pre-university stages, the scarce and controversial literature in
this area is foregrounded. This applies especially to the upper
secondary school level. In addition, earlier studies have very
discreet samples and varied designs. For example, some
studies evaluate motivation from a qualitative perspective
(Osterlie and Kjelaas, 2019), or with different approaches to
motivation to those of SDT (Hinojo et al, 2020). In this
theoretical light, and considering the research -earlier
presented, the following hypotheses were formulated:

Hypothesis (H1). The group of students experiencing FL
would increase their learning compared to the control group.

Hypothesis (H2). The group of students experiencing FL
would increase their intrinsic motivation compared to the
control group.

Hypothesis (H3). The group of students experiencing FL
would not change their most extrinsic motivation compared to
the control group.

Hypothesis (H4). The group of students experiencing FL
would decrease their amotivation compared to the control group.

Overall, the purpose of this study was to quantitively evaluate
the effects of the application of FL in upper secondary school
students regarding the acquisition of the conceptual content of
one sport, in this case volleyball. Further, this study wanted to
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TABLE 1 | Descriptive data of the sample (n) regarding sex, grade and treatment.

Grade Sex
Third year lower secondary school (14-15 years/o) Male
Female
Fourth year lower secondary school (15-16 years/o) Male
Female
First year upper secondary school (16-17 years/o) Male
Female
Total

y/o = years old.

evaluate how this intervention affected the motivational variables
understood within the SDT perspective.

2 MATERIALS AND METHODS

The research was carried out within the context of PE in upper
secondary school. Data were collected between October and
December during two academic courses (2018-19 and
2019-20) in two educational public centers in Alicante city,
Spain. The present investigation is based on a natural
experiment with a non-randomized controlled design with a
pre- and a post-measure (Verjans-Janssen et al, 2018). The
design reflected the layouts in similar studies (Botella et al,
2021; Campos-Gutiérrez et al., 2021; Cuenca-Ruano et al,
2021; Osterlie and Mehus, 2020). The study was approved by
the University of Alicante’s Research Ethics Committee on 2
September 2020, and given the code UA-2020-09-02.

2.1 Sample

The sample included third and fourth grade students of lower
(=13-14 years old, years completed before 31st December of that
same year of the intervention) and upper secondary (=15 years
old) school who did not repeat these academic courses, and who
attended PE without any limitation. Initially, 328 students
participated (Table 1). After applying the exclusion criteria, a
final sample of 263 students remained (126 boys: 47.9% and 137
girls: 52.1%). Sampling was carried out by non-probabilistic
conglomerates, respecting the group configurated by the two
educational centers, following the criteria of compensation per
ratio and sex.

Exclusion criteria were: 1) not reaching 80% attendance at the
intervention lessons; 2) not completing the questionnaires pre- or
post; 3) not watching the videos in Edpuzzle and belonging to the
experimental group; and 4) being a member of a volleyball team
in extracurricular activities. Regarding the third exclusion
criterion, the educational center made the computer classroom
available from 14:00 to 15:00 for students who did not have
electronic devices with internet connection. All the participants
were informed about the study and the educational center
approved their participation and agreed to the publishing of
the results anonymously. The research complied with the ethical
values required in research conducted in human beings: informed
consent, right to information, personal data protection,

Flin PE

Flipped group (n) Control group (n) Excluded (n)

30 39 9
51 23 8
24 17 7
24 31 11
6 10 14
5 3 16
140 123 65

confidentiality, non-discrimination, gratuity, and the option to
leave the study at any time.

2.2 Instruments

2.2.1 Motivation

Questionnaire on Motivation in Physical Education Classes
(Sanchez-Oliva et al., 2012). This questionnaire included 20
items tapping into five factors (four questions per item):
intrinsic motivation (e.g., because physical education is fun),
identified regulation (e.g., because I can learn skills that I
could use in other areas of my life), introjected regulation (e.g.,
.. .because it is what I have to do to feel good), external regulation
(e.g., .. .because it is seen by the teacher and classmates) and
amotivation (e.g., .. .but I don’t understand why we should have
physical education). These items had a closed response option,
following a Likert scale from 1 to 5, with 1 (= totally disagree) to 5
(= totally agree). After confirmatory factor analysis to check
validity, an excellent fit of the data was obtained (CFI = 0.96;
TLI = 0.95; GFI = 0.95; SRMR = 0.04 and RMSEA = 0.05). The
scale showed adequate internal consistency (a > 0.70), as well as
good nomological validity.

2.2.2 Knowledge Test

The volleyball knowledge test (VKT) consisted of 20 questions.
The questions were created with four possible answers, with only
one being valid, as agreed by the Department of Physical
Education and elaborated in this research. These questions
included content about technical aspects: overhead pass,
forearm pass, standing serve, spike, and block. The dependent
variable was calculated through the following Eq. 1:

Right questions
2

VKT = (1)

2.3 Procedure

The total sample set was divided into two treatment groups. The
first experimental treatment group (FLIP) received PE lessons
with the support of FL. The second treatment group, or control
group, (CON) received the same content as the first group (FLIP)
through traditional methodology (Table 2). This traditional
methodology is the methodology normally used by the
physical education teacher in the rest of the lessons. In short,
the first group watched videos on the Edpuzzle platform before
the lessons, and the second group had notes with the same
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TABLE 2 | Research design outline.
Lesson Content Time (min) Group Place
1 Motivation questionnaire (pre) 10’ Both (Only FLIP) Class
VKT (pre) 10-15’
Project explanation 20’
Edpuzzle explanation 10
2 Overhead pass 50’ Both Volleyball courts
3 Forearm pass 50’ Both
4 Standing serve (tennis) 50’ Both
5 Spike 50’ Both
6 Block 50’ Both
7 Play game (rotations) 50’ Both
8 Motivation questionnaire (post) 10’ Both Class
VKT (post) 10

VKT = Volleyball knowledge test.

content of the videos: technical aspects like overhead pass,
forearm pass, standing serve, spike, and block.

On the first day of the PE class, all students were asked to
complete the motivation questionnaire. After completing it, all
the students completed the VKT to evaluate their prior
knowledge about volleyball before the intervention was carried
out. The students did not receive feedback on the results of the
pre-test. To conclude this lesson, the FLIP group had explained to
them the use and development of the digital platform Edpuzzle,
and the control group received instructions on accessing the notes
throughout the development of the work teaching unit.

In the rest of the practical lessons (lesson 2 to lesson 7), for
students who received the classes with the support of FL, a digital
platform with free access to video display was used, namely
Edpuzzle (https://edpuzzle.com/home), where five short videos
(of approx. 3-4 min) were launched for students. The first of
these were dedicated to technical aspects of the overhead pass.
The second was dedicated to the forearm pass, the third to
standing serve, and fourth and fifth dealt with the spike and
block and their execution. These videos were available on the
Edpuzzle platform for students belonging to the FLIP
experimental group. In addition, during the display of these
videos there were quiz questions about the content, and this
functioned as part of evaluation and monitoring. These videos
were available up to the time of the next class in which the
contents concerned were worked through. Regarding the group
control using traditional methodology, the teacher provided
notes with the same content treated in the videos, so that the
students had access to the same information as the experimental
group before the class, on the educational center platform.

Both groups received two lessons per week during the duration
of the didactic unit, in total 8 lesson as described in Table 2. The
last lesson was dedicated to completing the motivation
questionnaire and the final VKT (post-test).

2.4 Data Analysis

According to Faul et al. (2007), the statistical power of the sample
size was calculated using the free software G*Power (Ver. 3.1.9.6,
University of Dusseldorf, Germany). The sample size, 140
participants in the FLIP group and 123 participants in the
CON group, with an estimated medium effect size (0.5), and a

significance of 95%, resulted in a power of 0.95. All continuous
variables in the data set were subjected to a normality test
(Kolmogorov-Smirnov). Each variable’s descriptive statistics
(mean and standard deviation) were calculated. The data set
was non-parametric, so the data were further subjected to a chi-
square analysis and univariate statistical analysis for non-
parametric samples, specifically the Mann-Whitney U test, to
assess the differences between the treatment groups (FLIP vs
CON) on two occasions: pre- and post-intervention. The
Wilcoxon test was applied to observe the intra-group
differences (pre vs post). To test the research hypotheses, the
two study groups were compared using factorial ANOVAs 2
(time; pre-treatment vs post-treatment) x 2 (treatment;
traditional intervention vs flipped learning intervention)
(Quintas et al., 2020). The level of significance was established
at p < .05 in all cases. In these non-parametric tests, the effect size
(ES) was also calculated using Microsoft Excel (Version 2016)
(Dominguez-Lara, 2018). This magnitude was regarded as small
when values ranged between 0.1 and 0.3, medium between 0.3
and 0.5, and large if greater than 0.5 (Cohen, 1988; Coolican,
2018). The statistical programs IBM SPSS (Version 24) and
Service Solutions (International Business Machines Corp.,
Madrid, Spain) and Microsoft Excel in its 2016 version were
used. ES was calculated by the partial eta-squared (nf,) in
ANOVA 2 x 2.

3 RESULTS

3.1 Baseline Differences

The values represented by the motivational variables assessed
were calculated from the average of the items of the questionnaire
(e.g., intrinsic motivation value = item 1 + item 6 + item 11 + item
16), where the minimal result could be 1 and the maximal result 5
in each of the variables measured. A Mann-Whitney U Test
(Table 3) revealed significant differences between groups at the
baseline in the following variables but only in females: intrinsic
motivation (Z = -2.625, p = .009) and introjected regulation (Z =
2.056, p = .040). The ES is considered small and medium,
respectively. As factorial ANOVAs 2 x 2 (Time x Treatment)
was applied, the initial differences in these variables were
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TABLE 3 | Comparing variables between FLIP and CON at pre-test using Mann-Whitney U test according to sex (Av + SD).
Sex Variables FLIP Group CON Group Mann-whitney U Test Effect size
Male VKT 533 +1.83 5.36 + 1.83 0.103 -
Nfip = 60 Intrinsic M 3.70 £ 0.84 3.90 £ 0.77 1.335 —
|dentified R 3.24 + 0.85 3.43 +0.84 0.934 -
Noon = 66 Introjected R 1.50 £ 0.70 1.59 + 0.88 0.052 —
External R 3.95 + 0.66 3.77 £0.74 -1.591 -
Amotivation 2.62 + 1.00 2.82 +1.05 0.836 -
Female VKT 521 +1.86 5.23 + 2.00 0.234 -
Nfip = 80 Intrinsic M 3.86 + 0.87 3.46 + 0.94 -2.625* 0.22
|dentified R 3.33 +0.90 3.10 + 0.84 —-1.346 —
Noon = 57 Introjected R 1.37 £ 0.59 1.80 £ 0.77 3.761** 0.32
External R 3.69 + 0.85 3.39 + 0.87 -1.927 —
Amotivation 2.59 + 0.94 2.78 +1.05 1.210 -
Total VKT 526 +1.84 5.30 + 1.84 0.176 —
Niip = 140 Intrinsic M 3.79 £ 0.86 3.70 £ 0.88 -0.927 —
|dentified R 3.29 + 0.87 3.28 + 0.85 -0.189 —
Neon = 123 Introjected R 1.43 + 0.64 1.69 £ 0.83 2.525% 0.16
External R 3.80 +0.78 3.60 + 0.82 -2.193* 0.14
Amotivation 2.60 + 0.96 2.80 +1.05 1.414 -
VKT = Volleyball knowledge test; *p < .05; **p < .01; ***p < 0.001.
TABLE 4 | Comparing variables between FLIP and CON at post-test using Mann-Whitney U test according to sex (Av + SD).
Sex Variables FLIP Group CON Group Mann-whitney U Test Effect size
Male VKT 8.05 + 1.36 6.96 + 1.35 —4.560"** 0.40
Niip = 60 Intrinsic M 413 +0.67 3.79 +0.76 —2.594** 0.23
|dentified R 2.98 +0.88 3.03 + 0.90 0.159 —
Noon = 66 Introjected R 4.32 + 0.61 415 + 0.64 -1.669 -
External R 311 +£0.95 3.17 £ 0.93 0.213 —
Amotivation 1.31 £ 0.49 1.48 £ 0.70 1.193 —
Female VKT 7.28 +1.89 579 +1.61 —4.883* 0.42
Niip = 80 Intrinsic M 3.87 +0.87 3.46 + 0.82 -3.122** 0.27
|dentified R 2.71 £ 0.91 2.82 + 0.93 0.579 —
Noon = 57 Introjected R 3.96 + 0.80 3.73 £ 0.90 -1.579 -
External R 3.15+0.95 3.02 + 0.89 -0.741 -
Amotivation 1.43 £ 0.71 1.67 £ 0.87 1.864 —
Total VKT 7.61+1.72 6.42 +1.58 —6.049" 0.37
Niip = 140 Intrinsic M 3.98 + 0.80 3.64 + 0.80 —3.779* 0.23
|dentified R 2.83 £ 0.91 2.93 + 0.92 0.779 -
Neon = 123 Introjected R 412 +0.75 3.95 + 0.80 -1.840 —
External R 3.13+0.95 3.10 £ 0.91 -0.346 -
Amotivation 1.38 + 0.63 1.57 £ 0.79 2.001* 0.12

VKT = Volleyball knowledge test; *p < .05, *p < .01, **p < .001.

considered. A chi-square analysis found no differences in the
distribution by sex (p = .080).

3.2 Comparison Between Groups

Post-intervention

The two treatment groups showed differences at the post-test
in the VKT and intrinsic motivation in both males and
females (Table 4). Firstly, after the intervention, the
experimental group obtained higher performance in the
VKT variable than the control group in both boys and
girls. In addition, the Mann-Whitney U Test also revealed

a significant difference in intrinsic motivation, being greater
in the FLIP group in both male and females. In VKT, ES is
considered medium, while for intrinsic motivation it is
considered small.

3.3 Comparison of Intra-groups (Pre vs

Post)

The FLIP group showed significant differences in all variables
except intrinsic motivation in females (Table 5). All post-test
values for pre-test increased except for identified regulation,
external regulation and amotivation, which decreased. Most
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TABLE 5 | Comparing variables intra-group (pre vs post) using Wilcoxon test according to sex in flip group (Av + SD).
Sex Variables PRE-test POST-test Wilcoxon Test Effect size
Male VKT 5.33 +1.83 8.05 + 1.36 6.566* 0.85
n =60 Intrinsic M 3.70 £ 0.84 413 +£0.67 3.866* 0.50
Identified R 3.24 +0.85 2.98 +0.88 -2.670" 0.34
Introjected R 1.50 £ 0.70 4.32 + 0.61 6.625"* 0.86
External R 3.95 + 0.66 3.11 +£0.95 —5.386™* 0.70
Amotivation 2.62 + 1.00 1.31 £ 0.49 —5.795"* 0.75
Female VKT 521 +1.86 7.28 +1.89 6.643 0.74
n =380 Intrinsic M 3.86 + 0.87 3.87 + 0.87 0.142 —
Identified R 3.33 +0.90 271 +0.91 —5.847 0.65
Introjected R 1.37 £ 0.59 3.96 + 0.80 7.639" 0.85
External R 3.69 + 0.85 3.15+0.95 —4.432"* 0.50
Amotivation 2.59 £ 0.94 1.43 £ 0.71 —6.477* 0.72
Total VKT 5.26 + 1.84 761 +1.72 9.399"* 0.79
N =140 Intrinsic M 3.79 + 0.86 3.98 + 0.80 2.866™ 0.24
Identified R 3.29 + 0.87 2.83 + 0.91 —6.332"* 0.54
Introjected R 1.43 + 0.64 412 £ 0.75 10.113 0.85
External R 3.80 +0.78 3.13+0.95 —6.910™* 0.58
Amotivation 2.60 + 0.96 1.38 £ 0.63 —8.689"* 0.73
VKT = Volleyball knowledge test; *p < .05; *p <.01; ***p <.001.
TABLE 6 | Comparing variables intra-group (pre vs post) using Wilcoxon test according to sex in control group (Av + SD).
Sex Variables PRE-test POST-test Wilcoxon Test Effect size
Male VKT 5.36 + 1.59 6.96 + 1.35 6.492" 0.80
n =66 Intrinsic M 3.90 £ 0.77 3.79 £ 0.76 -1.425 —
Identified R 3.43+0.84 3.08 + 0.90 -3.443" 0.42
Introjected R 1.59 + 0.88 4.15 + 0.64 6.873" 0.84
External R 3.77 £ 0.74 3.17 £ 0.93 —4.936™* 0.60
Amotivation 2.82 +1.05 1.48 + 0.70 —6.209"* 0.76
Female VKT 5.23 + 2.00 579 +1.61 3.394* 0.45
n=>57 Intrinsic M 3.46 + 0.94 3.46 + 0.82 -0.305 —
Identified R 3.10 £ 0.84 2.82 £ 0.93 -2.113* 0.27
Introjected R 1.80 £ 0.77 3.73 + 0.90 5,932 0.79
External R 3.39 + 0.87 3.02 + 0.89 —3.548"* 0.46
Amotivation 2.78 + 1.05 1.67 £ 0.87 —4.726™* 0.62
Total VKT 5.30 £ 1.79 6.42 + 1.58 7.326"* 0.66
N =123 Intrinsic M 3.70 + 0.88 3.64 +0.80 —1.222"** 0.11
Identified R 3.28 +0.85 2.93 +0.92 —3.947 0.35
Introjected R 1.69 + 0.83 3.95 + 0.80 9.166™* 0.83
External R 3.60 + 0.82 3.10 + 0.91 —6.065"* 0.54
Amotivation 2.80 + 1.05 1.57 £ 0.79 —7.756™* 0.69

VKT = Volleyball knowledge test; *p < .05; *p <.01; ***p <.001.

of the ES is considered large, except for identified regulation
in males, where it is small.

The control group also showed significant differences in all
variables except for intrinsic motivation in both males and
females (Table 6). All post-test values for pre-test decreased
except for VKT and introjected regulation that increased.
Intrinsic motivation remained the same in girls. The ES was
considered large, except for identified regulation (medium in
males and small in females) and VKT and external regulation in
females (medium).

3.4 Hypothesis Testing
Hypothesis (H1). With regard to test of knowledge, an interaction

effect (Time x Treatment) was found for VKT. The FLIP group
increased significantly more in this variable after the intervention
compared to the control group, in both males (F(1) = 17.636, p =
< .001; n = 0.125), and females (F(1) = 25.562, p = < .001; nj =
.159). Therefore, H1 was supported.

Hypothesis (H2). According to motivation, an interaction
effect (Time x Treatment) was found for intrinsic motivation,
but only in males (F(1) = 16.287, p = < .001; nf, =.116), i.e., males
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in the experimental group significantly improved their intrinsic
motivation more than the control group. H2 was partially
supported (only boys).

Hypothesis (H3). According to extrinsic motivation, an
interaction effect (Time x Treatment) was found for identified
regulation, but only in females (F(1) = 5.700, p = 0.018; nj =
0.041), where a more significant decrease among the
experimental group students was observed. On the other hand,
an interaction effect (Time x Treatment) was found for
introjected regulation, but only in females (F(1) = 7.889, p =
.006; nj = 0.055). That is, the FLIP group increased significantly
more in this variable after the intervention compared to the
control group. Therefore, H3 was supported.

Hypothesis (H4). According to amotivation, no interaction
effect (Time x Treatment) was found. H4 was not supported.

4 DISCUSSION

The aim of this study was to evaluate the effects of the use of a FL
approach in secondary PE students regarding learning of the
conceptual content of the activity itself, in this case volleyball.
Additionally, the study aimed to evaluate how the FL approach
affected their motivation in a SDT perspective. The main finding
was that applying a FL approach had a positive effect on both
student motivation and learning in secondary PE, but there seem
to be differences between the sexes.

Regarding the learning, an interaction effect was found for the
volleyball knowledge test (VKT). The FLIP group increased
significantly more in this variable after the intervention
compared to the control group, and this was observed across
sex. This result is in line with similar findings among secondary
school PE students in Norway benefiting in their learning of
health-related fitness knowledge (HRFK) when experiencing a FL
approach (@sterlie and Mehus, 2020). FL seems to improve
cognitive learning in PE by supporting explanatory reasoning
and in acting as an autonomous, encouraging environment,
fostering the students’ incorporation process (Yough et al,
2017). Further, it seems that FL promotes a perception of PE
as being more meaningful, as Osterlie and Mehus (2020) argued
that students found cognitive learning about the activity
interesting. Students seem not to want to attend or focus on
cognitive learning in PE arenas (Osterlie and Kjelaas, 2019;
Osterlie and Mehus, 2020). As the FL approach alters
somewhat where the focus on cognitive learning lies, moving
it outside of the gymnastics hall or wherever PE takes place,
seems to result in an enhanced desire for cognitive learning.
Students’ development of health-related fitness knowledge and
PA behavior in PE are in several studies argued to correlate in
a positive way (Chen et al.,, 2013; Thompson and Hannon,
2012), and also some scholars believe that more research
is needed to explain the impact of students’ health-related
fitness knowledge on reflection, understanding, physical
activity behavior, and overall physical literacy levels
(Demetriou et al.,, 2015). Nevertheless, this study found a
significant increase in learning acquisition, in the form of a
VKT, among students who attended the FL class when
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compared to the control students. In other words, FL seems
to enhance students’ cognitive learning opportunities in upper
secondary PE.

Differing from the findings in the present study, an earlier
inquiry on motivation in PE reveals that boys have higher
autonomous motivation than girls (Sifvenbom et al, 2014;
Wang et al., 2016; Osterlie and Mehus, 2020). In the present
study, it was observed that girls and boys benefited differently
from the FL approach when compared to the control group.
The boys’ intrinsic motivation significantly increased, while
the girls’ identified regulation was observed to decrease.
Both types of motivation are considered to belong to the
autonomous side of the motivational continuum seen
through the SDT lens (Ryan and Deci, 2017). Regarding
controlled motivation, we found girls and boys to be affected
differently. The somewhat external motivation variable
introjected regulation, and the variable external regulation
were only significantly different in girls when compared to
the control group.

An important goal of PE, and in schooling in general, is to
nurture the inherent interest that exists within the student. As
this study reveals a possible difference in how girls and boys
benefit from a FL approach in PE, it is important that PE
teachers consciously use this approach for all students to
learn and develop in accordance with the aims and desired
outcomes in PE. SDT implies three basic psychological needs
(autonomy, competence, and relatedness), the nutrients
required by a student to actively and confidently engage in
learning. These needs are inherent, and their satisfaction is
essential to promote intrinsic motivation and internalized
forms of extrinsic motivation (i.e., the process by which
non-fun activities can still be valued and embraced by
learners) (Ryan and Deci, 2017). Our findings find support
in other studies also discovering that boys and girls seem to
somewhat differ in how (or if) they benefit from a FL approach
in PE in terms of autonomous motivation (Dsterlie and Mehus,
2020).

In total, the FL group had better development of their
autonomous motivational variables after the intervention
compared to the control group. This finds support in other
work looking into how FL influences student motivation in PE
seen from a SDT perspective (Dsterlie and Mehus, 2020).
Among Spanish primary and secondary PE students, Hinojo
et al. (2020) found FL to enhance the sense of autonomy,
resulting in the conclusion that FL is an effective teaching
and learning approach in PE. On the other hand, and somewhat
opposing the findings in the present study, scholars like Chiang
et al. (2018) found girls to take better advantage of the FL
approach, as they were more likely to use the opportunity to see
instructional videos, online, outside school hours. Finally, one
must interpret the findings in the present study with
findings that both diverge and converge in their conclusions,
such as the results from Ferriz-Valero et al. (2017), Campos-
Gutiérrez et al. (2021), and Gomez-Garcia et al. (2019), who
found FL not to affect student motivation and/or learning in
PE. This variety in findings might be caused by the reality that
FL in PE is still in its very infancy, both in practice and in
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research, and that most studies still evolve around fragmented
parts of the subject PE, and for shorter time of periods. The
definition of what learning is in PE, and how learning is
understood, operationalized, and measured, might also cause
divergent findings across studies.

5 LIMITATIONS AND FUTURE LINES OF
RESEARCH

There are both strengths and limitations in this study. One asset is
the use of a highly established theoretical lens to examine student
motivation in the PE context. A limitation might be the possibility
of generalization as all participants were from the same school.
One limitation of this study is its lack of qualitative data, which
could shed more light on students’ experiences, especially,
between boys and girls. Although this study sample (both girls
and boys) may suffice given the research design, future research
could perhaps extend the sample. Another limitation of this study
is using a single learning content, in this case, volleyball. Future
research is needed (quantitative and, especially, qualitative, or
mixed) to deepen awareness of the causes that origin a
motivational difference in FL application in boys and girls
and, probably, if it is related to the satisfaction of some basic
psychological need. Although the duration of this intervention is
considered to be in line with the duration of the common
teaching units in the present educational system, longitudinal
studies are necessary to know the long-term psychological effects
preferably across cultures and nations. Finally, one limitation of
this study and common to all quasi-experimental interventions is
that some people to work harder and perform better when they
are participants in an experiment (Hawthorne effect, (Payne and
Payne, 2004)).

6 CONCLUSION

As digital technology seems to infuse all parts of society, it is
vital to invent, create and improve pedagogical approaches in all
school subjects to benefit from these technologies. The
pedagogical approach named flipped learning (FL) has gained
recognition in physical education (PE) in recent years. However,
there is limited inquiry looking into how this approach impacts
students in their learning in PE, and their motivation towards
PE. This study suggests that Spanish upper secondary students
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