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“FLIPPED-LEARNING” Y JUEGOS FiSICO-
EXPRESIVOS PARA PROMOVER HABITOS
ALIMENTARIOS SALUDABLES EN
ESTUDIANTES UNIVERSITARIOS.

RESUMEN

En este estudio se evalla la eficacia de una
intervencién de Educacion Alimentaria y Nutricional
(EAN) que utiliza flipped-learning y juegos fisico-
expresivos en comparacion con clases online
sincrénicas y asincronas para promover habitos
alimentarios saludables entre estudiantes
universitarios futuros profesores de educacion fisica.
Los estudiantes universitarios suelen adoptar habitos
alimentarios poco saludables. Los métodos
innovadores de EAN, como el flipped-learning (FL) y
los juegos fisico-expresivos, pueden mejorar la
motivacion y el cambio de comportamiento a través de
entornos de aprendizaje activos y atractivos. Se aplicd
un disefio cuasi-experimental, no aleatorizado, con
139 estudiantes universitarios divididos en tres
grupos: clases online sincrénicas (SOL), flipped-
learning y juegos (FL&G), y control asincronico (C).
Cada grupo recibié los contenidos de nutricién de
forma diferente. La ingesta dietética se evaluo antes y
después de la intervencion mediante un cuestionario
validado de frecuencia de alimentos. Para el analisis se
utilizaron pruebas no paramétricas y el ANCOVA de
Quade. Todas las intervenciones aumentaron
significativamente la ingesta de verduras, siendo el
grupo FL&G significativamente més eficaz que SOL
(p=0,001) y C(p=0,000). El aumento en la ingesta de
frutos secos también fue significativa en los grupos
FL&G y SOL. Ninguna intervencion mejord
significativamente la ingesta de fruta ni redujo el
consumo de alimentos poco saludables en general,
aunque la ingesta de hamburguesas fue
significativamente menor en el grupo FL&G en
comparacién con SOL. FL&G fue mas eficaz para la
ingesta de verduras y fomentd la actividad fisica
durante el aprendizaje, lo que sugiere su potencial
como estrategia de EAN. Sin embargo, su impacto en
otras variables fue limitado. La combinacion de
flipped-learning con juegos fisico-expresivos puede
resultar prometedora para mejorar la alimentacion
saludable, especialmente la ingesta de verduras, en
estudiantes universitarios. Se recomiendan estudios
mas amplios y prolongados para reforzar los
resultados.

Palabras clave: Nutricidn, Flipped-learning, Juego,
Estudiantes, Comportamiento, Intervencion

FLIPPED-LEARNING AND PHYSICAL-
EXPRESSIVE GAMES TO PROMOTE
HEALTHY EATING HABITS IN COLLEGE
STUDENTS.

ABSTRACT

This study aimed to evaluate the effectiveness of a
Food and Nutrition Education (FNE) intervention
using flipped-learning and physical-expressive games
compared to synchronous and asynchronous online
lectures in promoting healthy eating habits among
college students studying to become physical
education teachers. University students often adopt
unhealthy dietary habits. Innovative FNE methods,
such as flipped-learning (FL) and physical-expressive
games, may enhance motivation and behavioral
change through active and engaging learning
environments. A quasi-experimental, non-randomized
design was applied with 139 Spanish college students
divided into three groups: synchronous online lectures
(SOL), flipped-learning and games (FL&G), and
asynchronous control (C). Each group received
nutrition content differently. Dietary intake was
assessed pre- and post-intervention using a validated
food frequency questionnaire. Non-parametric tests
and Quade's ANCOVA were used for analysis. All
interventions increased vegetable intake significantly,

been FL&G
intervention significantly more effective than SOL
(p=0,001) and C

(p=0,000). Improvements in nut intake were also
significant for FL&G and SOL groups. No
intervention significantly improved fruit intake or
reduced unhealthy food consumption overall, though
burger intake was significantly lower in the FL&G
group compared to SOL. FL&G was more effective
for vegetable intake and encouraged physical activity
during learning, suggesting its potential as a
appropriate FNE strategy. However, its impact on
other dietary behaviours was limited. Combining
flipped-learning with physical-expressive games
shows promise for improving healthy eating,
particularly vegetable intake, in college students.
Broader and longer interventions are recommended to
strengthen outcomes.
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APRENDIZAGEM INVERTIDA E JOGOS
FISICO-EXPRESSIVOS PARA PROMOVER
HABITOS ALIMENTARES SAUDAVEIS EM
ESTUDANTES UNIVERSITARIOS.

RESUMO

Este estudo teve como objetivo avaliar a eficacia de
uma intervencao de Educacdo Alimentar e Nutricional
(EAN) utilizando aprendizagem invertida (flipped-
learning) e jogos fisico-expressivos, em comparagdo
com aulas online sincronas e assincronas, na
promocdo de habitos alimentares saudaveis entre
estudantes universitarios de Educagdo Fisica.
Estudantes universitarios frequentemente adotam
habitos alimentares ndo saudaveis. Meétodos
inovadores de EAN, como a “flipped-learning” (FL) e
0s jogos fisico-expressivos, podem aumentar a
motivacdo e a mudanca de comportamento através de
ambientes de aprendizagem ativos e envolventes. Foi
aplicado um desenho quase-experimental, néo
randomizado, com 139 estudantes universitarios,
divididos em trés grupos: aulas online sincronas
(SOL), aprendizagem invertida e jogos (FL&G) e
controle assincrono (C). Cada grupo recebeu o
contetdo de nutricdo de maneira diferente. A ingestado
alimentar foi avaliada antes e depois da intervencao
utilizando um questionario de frequéncia alimentar
validado. Foram utilizados testes ndo paramétricos e a
ANCOVA de Quade para a andlise. Todas as
intervencbes aumentaram  significativamente o
consumo de vegetais, sendo que o grupo FL&G
significativamente mais eficaz do que SOL (p=0,001)
e C (p=0,000). Melhorias no consumo de oleaginosas
também foram significativas para os grupos FL&G e
SOL. Nenhuma intervencao melhorou
significativamente o consumo de frutas ou reduziu o
consumo geral de alimentos ndo saudaveis, embora o
consumo de hambdrgueres tenha sido
significativamente menor no grupo FL&G em
comparagdo ao SOL. A estratégia FL&G foi mais
eficaz para 0 aumento da ingestdo de vegetais e
incentivou a pratica de atividade fisica durante a
aprendizagem, sugerindo seu potencial como uma
estratégia robusta de EAN. No entanto, seu impacto
sobre outros comportamentos alimentares foi limitado.
A combinacdo de aprendizagem invertida com jogos
fisico-expressivos mostra-se promissora para a

melhoria dos héabitos alimentares, especialmente no
aumento do consumo de vegetais entre estudantes
universitarios. Recomenda-se a realizagdo de
intervencdes mais amplas e de maior duracdo para
fortalecer os resultados.

Palavras-chave: Nutricdo, Aprendizagem invertida,
Jogos, Estudantes, Comportamento, Intervencdo

INTRODUCTION

University presents a time of transition that involves
behavior adaptation in a new environment where
college students may face several challenges to
healthy eating and physical activity (Brace et al., 2018;
Cluskey & Grobe, 2009; French et al., 2024).
Furthermore, unhealthy eating habits established
during this time could potentially initiate life-long
weight struggles and associated health problems
(Brace et al., 2018; Cluskey & Grobe, 2009). These
eating habits are influenced by a multitude of personal,
social, and biological factors (Kelly et al., 2013). For
example, college student with less adherence to the
mediterranean diet, tend to practice less physical
activity (Diaz-Quesada et al., 2023). A person, in this
case, a college student, must be personally motivated
to make changes and to maintain them in the context
of family traditions and practices. But they also need
skills, such as critical thinking, assertiveness, self-
management and control over the food choices
available to them. All of these could be addressed
through food and nutrition education (FNE) (Contento
& Koch, 2021). Following these basic tenets of
effective FNE, there are several venues in which FNE
can be delivered, in this paper we present the
combination of two of them; flipped-learning (FL) and
physical-expressive games. FL is a methodological
approach, which uses digital, internet-based
technologies to deliver key instructions prior to
classes. It then uses active learning opportunities
during face-to-face meetings that encourage students
to apply what they previously learned online (Jsterlie
et al., 2023). Physical-expressive games are games
that can either only use physical activity to play, or
they can also use body and/or face expression to
communicate, express or represent (Mo et al., 2024;
Rovegno & Bandhauer, 2017).

1.1. Flipped learning strategy in food and nutrition
education and Physical Education.
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In  nutrition and dietetics, flipped classroom
approaches have successfully been used to engage
students and as a suitable teaching approach in college
students (Burkhart et al., 2020; Gilboy et al., 2015). In
FNE interventions FL appeared to communicate
nutrition information successfully in children and was
seen as both feasible and acceptable by their teachers
(McEvoy et al., 2016). This teaching approach has also
been effectively used in the last years in Physical
Education (PE) classes (Casas-Moreno et al., 2022;
Gosélbez-Carpena et al., 2022; Karaman & Arslan,
2023). The systematic review of Casas-Moreno et al.,
(2022) concluded that the Flipped Classroom
approach has a multitude of benefits, such as an
increase in motivation in students, compared to the use
of traditional methodology.

1.2. Games as a food nutrition education strategy.

Games, which create a connection between theoretical
education and its practical uses, have become an
important element of contemporary teaching methods
used by educators at all levels of schooling, from
kindergartens to universities, since the initial scientific
findings demonstrated their effectiveness in the
learning processes (Talan et al., 2020). There are
several classifications of games depending on the field
and the objective. For example: Digital games and
non-digital games (Talan et al., 2020); recreational
games and games for change, serious games, or
persuasive games (Ndulue & Orji, 2023) or theme
games (Pablos et al., 2018), these last games are
designed for purposes other than entertainment
including promoting behavior change. There can also
be a combination of the categories, digital games that
are recreational or digital games and serious games
(Chow et al., 2020). Furthermore, it has been seen that
games provide an attractive scene for engaging
participants and  increasing  nutrition-related
knowledge and dietary behavior change (Baranowski
et al., 2019). Traditionally, the game-based
approaches used in FNE in children included board
games, crosswords, find-a-words, and some game-
type recall activities (Peralta et al., 2016). Although
more recently, physical games have been included
(Knight et al., 2018; Pablos et al., 2018; Zurita-Ortega
et al., 2018). Moreover, videogames or interactive
games are an increasingly popular channel for health
promotion. These games are usually targeted at
children although also less frequently to adults

(Baranowski et al., 2019; Zurita-Ortega et al., 2018).
We should take into consideration that the use of video
games is presented as a risk factor in the development
of health problems at a physical and cognitive level in
college students, being associated to less practice of
physical activity (Zurita-Ortega et al., 2018).
Furthermore, health benefits of regular physical
activity in the general population (Reiner et al., 2013)
and in college students (Soriano-Sanchez & Jiménez-
Vazquez, 2023) are well established. People who
regularly engage in physical activity have greater
physical fitness, which has positive effects on both
their physical and mental health (Barbosa & Urrea,
2018). So physical games could be a healthy option for
FNE in college students or even other populations.

1.3. Physical games and physical-expressive games
as a food a nutrition education strategy.

Physical games are an enjoyable type of physical
activity that is played to generate happiness. Executed
in the appropriate setting, these games can facilitate
engagement in numerous strength and motor activities
the activation of the five senses, social exchanges,
solitary and group play, as well as rivalry and
cooperation with peers (Hedayati et al., 2019).
Moreover, in relation to physical-expressive games, it
was already established in 1967 by Patricia Stokoe, a
dancer and pedagogue, creator of Body Expression-
Dance and Sensory Perception states that body
expression or corporal expression promotes the
integral development of the human being, in addition
to the aspects related to the externalization of ideas,
feelings, and states of mind (Stoke, 1967).
Representation, expression and communication is a
part of dance education, and it has been found that
integrating drama or stories has a “long and fruitful”
history in children dance, which could be very useful
for other topic themes (Rovegno & Bandhauer, 2017),
in our case we believe that it could be very useful for
FNE.

Physical games and drama-based approach have been
successfully used in English Language Teaching
(Alam et al., 2023; Bessadet, 2022; Tomlinson &
Masuhara, 2009). More precisely, physical
competitive games have been endorsed to teach
language acquisition (Tomlinson & Masuhara, 2009).
These authors recommend the use of these games in
other courses as well. They do not recommend basing
courses entirely on the playing of physical games, but
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they say that using physical games, in the principled
ways they have recommended, can increase and enrich
the learning opportunities of any course.

The use of physical games as a FNE tool has been used
in children (Knight et al., 2018; Pablos et al., 2018),
adolescents (Moreno-Guerrero et al.,, 2022) and
college students (Zurita-Ortega et al., 2018).
Furthermore, drama-based activities have been used in
FNE for a long time (Eryigit et al., 2024; Parker,
1997).

1.4. Food and Nutrition Education interventions using
physical games

Pablos et al., (2018) used the 10 first minutes of the
session for a brief talk about some healthy habits and
then, they used physical games with content about
these talks, which they called “themed games” to
reinforce this information within the Healthy Habit
Program. According to the authors, this program is
unique because it connects with schoolchildren
through physical games and physical activity, with the
explicit goal of teaching them about the importance of
improving their diet and health habits to make them
healthier now and in the future. This is evidenced by
most studies carried out on FNE presenting theoretical
classes or a combination of theoretical classes with
physical activity (Lopez-Gil et al., 2020; Moreno-
Guerrero et al., 2022) but not with the use of theme
physical games. However, the same year, Knight et al.,
(2018) published another paper about the use of
physical games for FNE, as a part of the Families in
Transformation program. This program consisted of
three sessions per week for 8 weeks, divided into one
session of nutrition education and two sessions of
physical activity alone. The children in the
intervention group participated in what they called
“nutrition-related physical activity” games during the
last 10 minutes of their regular exercise sessions. In
college students, (Zurita-Ortega et al., 2018)
compared the use of active video games with physical
games or as they called them motor games. Each of
their sessions consisted of 10 minutes introduction
about the topic, then global warm-up exercises, and
then the motor games about the contents, and finally,
recovery exercises. They concluded that active video
games and motor games serve as a motivational tool
for maintaining an active lifestyle, contributing to the
enhancement of health status indicators among young
adults.

1.5. Rationale of the use of the combination of
flipped learning and physical-expressive
games.

In sessions where previous information is needed to
play physical games, for example, in the Pablos et al.,
(2018) and Zurita-Ortega et al. (2018) studies, or in PE
classes, the format of FL naturally expands active
learning (meaning more movement) during classes,
which aligns well with the movement-based
foundations of physical games (QDsterlie et al., 2023) .
It has been seen that with this approach, students
achieved a higher motor time during PE classes
despite having the same levels of learning and
motivation (Campos-Gutiérrez et al., 2021). So,
students use the time at home to learn content prior
class and then can use the class time to move. In this
way, FNE interventions could use the benefit of
physical games previously presented.

Although nutrition interventions can effectively
improve healthy eating habits in college students
(Brace et al., 2018), innovative methods to dietary
change are needed to involve participants in a more
enjoyable experience (Baranowski et al., 2019).
Considering the vast number of individual, social, and
environmental variables that impact students' eating
habits, it is likely that the most effective interventions
should incorporate a combination of face-to-face,
online, and biological components (Kelly et al., 2013).
Furthermore, although Moreno-Guerrero et al.,
(2022), conclude that the use of games seems to be an
active methodology that improves teaching and
learning, they recommend as a future line of research
the use of another active methodologies such as FL.
So, for all the stated above the use of FL and physical-
expressive games could be a good strategy, although
to the best of our knowledge, the combination of these
methodologies has not been yet studied. For this
reason, the objective of this paper was to evaluate the
impact of a food and nutrition education intervention
using flipped-learning and physical-expressive games
compared to only online lectures (synchronous and
asynchronous) in eating behaviors among college
students (20 to 22 years old) studying to become PE
teachers. We hypothesize that the combination of
these two methodologies, flipped-learning and
physical-expressive games will be more effective in
promoting healthy eating habits in college students
than only online lectures.
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METHODS

A quasi-experimental non-RCT was conducted.
Participants were a convenience sample of
undergraduates, studying to become primary PE
teachers. The participants were taking the same course
“Physical Education and Health” but in three different
years. Each year one different methodology was used:
Synchronous Online Lectures (SOL), Flipped-
learning and physical-expressive games (LF&G) and
asynchronous videos and activities, the control group

©).

The SOL group received synchronous online lectures
about the content of the unit about food and nutrition.
The LF&G group received the same content but
presented using flipped-learning and physical-
expressive games methodologies. And finally, the C
group only saw the content through the Edpuzzle
platform, they watched the same videos as the LF&G
group, but the FL methodology or the physical-
expressive games were not implemented.

The three conceptual components of nutrition
education, component 1: “Enhancing motivation to act
why-to take action”, component 2: “Facilitation ability
to act how-to take action” and component 3: “Creating
environmental supports for action when and where to
take action (Contento & Koch, 2021) were taking into
consideration.

Participants

A total of 139 four-year college students between the
ages of 20- and 22-year-old participated in the study.
They all were born in Spain and Caucasic. They were
divided into 3 groups as mentioned before. The SOL
group (n=37, 57% male), the LF&G group (n=51,
63 % males), and finally, the C group (n=51, 61%
males).

The participants included in the final analysis were
those who presented a consent form and completed
both questionnaires for the three groups. Moreover,
the FL&G group and the C group had to complete at
least 80% of the “Edpuzzle” activities, and the FL&G
group had to attend at least 80% of the classes (4 of 5
classes). The percentage of students in the class that
were included each year was 72% for the SOL
intervention, 96% for the FL&G intervention, and
94 % for the C intervention.

Procedure.

The current research was conducted following the
approval obtained from the participants. Ethical
standards from both national and international
guidelines, including the Declaration of Helsinki and
Spanish laws safeguarding personal data were ensued
(Agencia Estatal Boletin Oficial del Estado, 2018).
Also, the project received approval from the teaching
team of the course each year. Before the pretest, the
students involved were briefed on the study's purpose,
emphasizing that their involvement was anonymous,
confidential, and voluntary. Furthermore, students
have a code that was used to match the pretest and
posttest and preserve their anonymity.

Data Collection Procedures

For all groups, pretests and posttests were conducted
in the first week of classes in September and the last
week of classes in December. The tests were
administered during class time via an online
questionnaire, with no time limit to complete the
questions. A survey on the eating habits of the
university population and their opinions on food in
university dining halls and bars designed for Spanish
college students (Robledo Muga et al., 2014) was
adapted and reduced for this population. Since the
guestionnaire was very extensive, the part about the
university dining halls and bars was not included. For
this study, we have just used the part about eating
habits; the questionnaire also included questions about
exercise habits and supplementation, among others,
which are not included in this study. Food frequency
guestionnaires should be evaluated for their accuracy
before being used. Correlation coefficients ranging
from 0.5 to 0.7 are considered moderate (Pérez-
Rodrigo et al., 2015). The overall internal reliability
based on 20 items in the current study was adequate
(Cronbach’s alpha = 0.71).

Just after the first test, the content about nutrition
(Introduction and concepts. Food and its composition.
Energy and Nutrient Needs. The healthy eating
mediterranean pyramid. Hydration. School-age child's
menu. Overweight and obesity.) was presented with
the three different methodologies.

Description of the intervention
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The three different interventions will be explained
year by year in various sections:

Synchronous online lectures (SOL) intervention (year
2020):

The SOL group received 4 online lecture sessions over
two weeks of 1.5 hours. Due to the Covid pandemic,
classes for 20-21 course were presented with online
lectures.

Flipped-learning and physical-expressive games
(FL&G) intervention (year 2021):

Next year, the FL&G group received 5 practice PE
sessions of one hour using flipped-learning and
physical-expressive games methodologies distributed
during the semester. The complete description of the
sessions has been described at length elsewhere
(Castejon-Riber et al., 2023; Castejon-Riber &
Armada Crespo, 2022). Briefly, before each class,
students had to watch an Edpuzzle video and answer
the questions on it to assess for understanding. This
followed  the  flipped-learning  methodology
(Gosalbez-Carpena et al., 2022). The topics of each
session were: 1. Different classification of food. 2. The
importance of nutritional balance. 3. The food
pyramid and the plate method. 4. The Mediterranean
diet. 5. Review. In total, 20 games were played. Two
examples of different kinds of games will be presented
in this article. The food files used in some games are
freely available at this link Fichas alimentos con
CC.pdf

Game 1: Activity 4 to cool down and closing in the
first session.

This game is based on the Health Belief Model applied
to the FNE (Contento & Koch, 2021) This model
indicates that when people perceive a risk to their
health condition, these people will be more likely to
take measures, but only if the benefits of taking those
measures are greater than the barriers that arise, both
real and psychological.

— Nutrition related objective: To reflect on the
importance of nutritional balance.

— Other PE objectives: To express different forms of
movement, to cool down.

— Initial information: We know the importance of
nutritional balance, now you must express how you
would feel with an inadequate nutritional balance, first
simply using body expression and then verbalizing the
feelings.

— Development of physical-expressive activity: The
students move according to the nutritional status that
the teacher tells them. In each variant, they reflect on
what the students feel.

— Variants:

- Lack and excess of: energy. Weight gain: 5,
10, 20 kg of what they weigh. Weight reduction.

- Lack and excess of carbohydrate.
(hypoglycemia).

- Lack of iron (anemia).
Game 2: Activity 2, main part of the second session

This game is based on the social cognitive theory
(Contento & Koch, 2021), first, students must review
the food pyramid (food and nutrition knowledge), in
other games the students have learned how to classify
food in the groups of the pyramid, and then they have
to create a menu with the foods they have (how-to take
action).

— Nutrition-related objectives: to review the formation
of the food pyramid. It must be recognized that the
food pyramid is an appropriate tool to follow a healthy
diet. To be able to create a day's menu from the
pyramid.

— Other PE objectives: To work on cardiovascular
endurance and coordination between colleagues, and
teamwork.

— Material: Food files, plastic food. These must be
distributed around the playing area before the game.
Cones and sticks to form the pyramid and sheet of the
food pyramid of the Spanish Society of Community
Nutrition (Bartrina et al., 2016).

— Time: about 20 min.
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— Initial information: The food pyramid is reviewed. It
is explained that later they will have to make a menu
for the day with the foods from the pyramid they form.

— Game development: The class is divided into groups
of approximately 5 people. Every time they leave their
work area they must hold hands. At the back of the
room they have the printed pyramid in case you want
to go look at it.

1° With cones and sticks they must create a food
pyramid with each of the spaces for the different
groups. Once this section is finished, they must ask for
the teacher's approval and can move on to section 2.
The fastest team has a point.

2° Holding hands, they must look for one food at a time
(or see the pyramid) to fill the food pyramid, there
must be at least one food at the top, and one more at
each bottom of the pyramid line, that is, two in the
second and down in the last one you must put 5 foods.
Once this section is finished, they must ask for the
teacher's approval and can move on to section 3. The
fastest team has three points.

All the pyramids are observed to see if they are correct

3° Finally, they must create a menu for the day based
on the recommendations of the pyramid. Likewise,
transport the food one by one until you reach the other
side of the pavilion to assemble the menu. The fastest
team has two points.

The team with the highest score wins.

Asynchronous videos and activities (C) intervention
(year 2024):

Three years after the FL&G group, the syllabus of the
course changed, and the students did not have the unit
about nutrition, so we used this group as the C group.
As mentioned above, they saw the same videos and did
the same activities through the Edpuzzle platform as
the FL&G group, but in class where some questions
could be answered during this 1,5-hour class, but the
FL methodology or the physical-expressive games
were not implemented.

Food frequency questionnaire:

As mentioned above, a food frequency questionnaire
design for Spanish college students (Robledo Muga et
al., 2014) was adapted and reduced for this population.
The variables used for this study were the variables
that their intake was recommended either every day or
occasionally by the Spanish Society of Community
Nutrition (Bartrina et al., 2016) and were focus in the
classes: fruit, vegetables, nuts, processed meats
(embutidos in Spanish), sodas, pizzas, burgers,
industrial bakery cakes and sweets (candy), ready
meals, and salty snacks. The frequency of intake
presented on the questionary was: 5 (Every day), 4
(Four to six times per week), 3 (Two to three times per
week), 2 (One time per week), 1 (With less frequency
than one time per week), and 0 Never.

Statistical Analysis

Means (M) and standard deviations (SD) were
calculated for all the variables analyzed. The statistical
program and procedures of IBM SPSS Statistics
(version 29.0.2.0 (20)) were used for all analyses. The
level of significance was set at P < 0.05, and the
confidence level was set at 95%. Normality for the
data was tested using the Shapiro-Wilk test. All data
presented non normal distribution so non-parametric
tests were performed. Baseline data of the groups were
compared using the Independent-Samples Kruskal-
Wallis Test. Pre-test and post-test data of each group
were compared using Wilcoxon signed rank sum test.
Furthermore, an analysis of Quade (nonparametric
ANCOVA) was performed to detect possible between-
group differences, assuming baseline values as
covariates. Effect Sizes “Effect sizes (ES) were
calculated using Cohen’s ES, ES= (M2-M1)/SD1 and
were interpreted as follows: <0.2, trivial; 0.20 to 0.49,
small; 0.50 to 0.80, moderate and >0.80, large
(Thomas et al., 2005).

RESULTS
The summary of the results is separated into two tables

according to the healthy and unhealthy categories of
the questionnaire used (Robledo Muga et al., 2014).

Table 1&2

Table 1 summarizes all results for the healthy
variables (fruit, vegetable, nut and processed meats)
and table 2 summarizes all results for the unhealthy
variables (sodas, pizza, burgers, sweets, ready-to-eat
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Health | Interve | Pre-test Post-test Dif between tests Differences between
y Food | ntion interventions
N M+SD N M+SD Wilcoxon | ES Quade nonparametric
(Sig,) ANCOVA
(P value)
Fruit SOL 37 | 3,32+153 | 37 | 351147 | 0,132 0,12 SOL-FL&G p=0,899
SOL-C
FL&G |51 | 322155 |51 | 351+1,08 | 0,070 0,22° p=0,390
FL&G-C
C 51 | 341+1,46 |51 | 3,41+1,37 | 0,905 0 p=0,424
Vegeta | SOL 37 | 3,00+1,37 |37 | 3,41+£1,17 | 0,030* 0,30° | SOL-FL&G**
bles p= 0,001
FL&G |51 |3,29+1,32 |51 | 4,20+1,02 | <0,001** | 0,69™ | SOL-C
p=0,898
C 51 | 3,24+1,23 |51 | 3,49+1,17 | 0,037* 0,20° | FL&G-C**
p= 0,000
Nuts SOL 37 | 2,14+134 |37 | 3,03£1,32 | 0,013* 066™ | SOL-FL&G
p= 0,232
FL&G |51 |2,16+1,19 |51 | 2,71+1,36 | 0,026* 0,46° | SOL-C
p=0,215
C 51 | 2,37+1,43 |51 |2,73t1,10 | 0,110 0,25° | FL&G-C
p=0,963
Proces | SOL 37 | 332+1,72 |37 | 3,35+0,82 | 0,976 0,02 NSOL-FL&G** p=0,005
sed SOL-C
meats | FL&G |51 |251+135 |51 | 237+1,28 | 0,314 -0,10 p=0,761
(embut FL&G-C**
idos) C 51 | 294+1,10 |51 | 2,37£1,43 | 0,307 -0,25° | p=0,007

meals and snacks). There were no differences between differences between FL&G intervention and both

interventions in the initial test merely for the following
variables: processed meats (between FL&G and SOL)
and sodas (between C and SOL). Next, the results will
be explained variable by variable.

Fruit intake increased in the SOL and FL&G
interventions, with a small size effect (ES=0.22) in the
FL&G intervention, although no significant
differences were found between tests. The fruit intake
in the C group remained the same (p=0.905, ES=0).
No differences were found between interventions.
(p=0,426, ES=0,28).

Vegetable intake increased significantly in all
interventions, with a small size effect in SOL
(p=0.030, ES=0.30) and C (p=0.037, ES=0.20)
interventions and a medium size effect in FL&G
intervention  (p<0.001, ES=0.69). Significant

other interventions were found, but not between SOL
and C interventions (SOL-FL&G p= 0.001, FL&G-C
p=0.000, SOL-C p=0.898).

Nuts intake increased in all interventions but only
significantly in SOL and FL&G interventions, with a
medium size effect in SOL (p=0.013, ES=0.66), and
small size effect in FL&G (p=0.026, ES=0.46) and C
(p=0.110, ES=0.25). No differences were found
between interventions.

Processed meats increased slightly in the SOL
(p=0.976, ES=0.02) and decreased in the other
interventions with a small size effect in C intervention
(p=0.307, ES=-0.25), although no significant
differences were found between tests. Significant
difference between FL&G intervention and both other
interventions were found, but not
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™ (moderate size effect) and ' (large size effect)

* (small size effect)

Food Interve | Pre-test Post-test Dif between tests | Differences between
ntion interventions
N M+SD N M£SD Wilcoxo | ES Quade nonparametric
n (Sig,) ANCOVA
(P value)
Sodas SOL 37 | 2,41+15 37 | 2,65+1,3 0,696 0,16 SOL-FL&G
p= 0,077
FL&G | 51 1,94+1,41 51 2,16+1,49 0,532 0,15 ASOL-C
p=0,129
C 51 | 1,71+1,22 51 | 2,18+1,13 0,044* 0,39° FL&G-C
p=0,783
Pizza SOL 37 | 1,84+0,87 37 | 2,08+1,36 0,211 0,28° | SOL-FL&G
p= 0,461
FL&G | 51 1,71+0,76 51 1,71+0,61 1 0 SOL-C
p= 0,150
C 51 | 1,71+0,78 51 | 1,63+1,17 0,498 -0,1 FL&G-C
p= 0,442
Burgers | SOL 37 | 1,59+0,8 37 | 1,86+0,71 0,048* 0,34° SOL-FL&G*
p= 0,045
FL&G | 50 | 1,70+0,74 51 | 1,63+0,75 0,366 -0,09 SOL-C
p= 0,430
C 51 | 1,55+0,58 51 | 1,73+0,80 0,112 0,31° FL&G-C
p=0,181
Sweets | SOL 37 | 1,92+1,14 37 | 1,65+0,68 0,141 -0,23° | SOL-FL&G
p=0,135
FL&G | 51 | 1,98+1,16 51 | 1,98+11 1,000 0 SOL-C
p= 0,966
C 51 | 1,88+1,42 50 | 1,64+0,63 0,291 -0,17 FL&G-C
p= 0,096
Ready SOL 37 | 1,78+1,18 37 | 2,09+1,21 0,154 0,26° SOL-FL&G
to eat p= 0,225
meals FL&G | 51 | 2,1+1,03 51 | 1,84+0,88 0,071 -0,25°% | SOL-C
p= 0,855
C 37 | 1,78+1,07 51 | 2,08+1,21 0,426 0,28° FL&G-C
p= 0,260
Snacks | SOL 37 | 2,30+1,22 37 | 1,86+1,00 0,080 -0,36° | SOL-FL&G
p= 0,787
FL&G | 51 | 2,24+1,06 51 | 1,96+1,11 0,082 -0,26° | SOL-C
p= 0,457
C 50 | 2,12+1,15 51 | 1,94+0,95 -0,157 -0,16 FL&G-C
p= 0,604

Table 1. Healthy variables™* p <0,05 ** p<0,01 "significant differences in pre-test
m (moderate size effect) and | (large size effect)

s (small size effect)
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between SOL and C interventions (SOL-FL&G p=
0.005, FL&G-C p=0.007, SOL-C p=0.761).

Soda intake increased in all interventions, only finding
significant differences in the C intervention with a
small size effect (p=0.044, ES=0.39). No differences
were found between interventions.

Pizza intake increased in the SOL intervention with a
small size effect (p=0.211, ES=0.28), stayed the same
in the FL&G intervention (p=1, ES=0) and decreased
slightly in the C interventiAnd innovative methods to
dietary change are needed to involve participants in a
more enjoyable experience (Baranowski et al., 2019).
Furthermore, most effective interventions should
incorporate a combination of face-to-face, online, and
biological components (Kelly et al., 2013). So, the use
of flipped-learning and physical-expressive games
(FL&G) could be a good strategy, although to the best
of our knowledge, the combination of these
methodologies has not yet been studied. For this
reason, the aim of this paper was to evaluate the impact
of a food and nutrition education intervention using
flipped-learning and physical-expressive games
compared to only online lectures (synchronous (SOL)
and asynchronous (C)) in eating behaviors among
college students studying to become PE teachers. In
general, the results show that all interventions were
effective for increasing vegetable intake, furthermore
FL&G intervention was significantly more effective
than the other two for this variable. No conclusive
results can be found in the other variables. So, our
hypothesis can only be valid for vegetable intake.

As we can see in table 1 fruit intake increased in SOL
and FL&G interventions but not in C intervention,
although not significant differences were found in
between tests or in between interventions. It seems that
any of the interventions were successful enough to
show significant differences, although a small size
effect was presented in the FL&G intervention
(p=0.070, ES=0.22). In the variable of vegetables
(table 1), the intake increased significantly in all
interventions, finding significant differences between
tests in each intervention and between the FL&G
intervention and the other interventions, but not
between SOL and C. So, although all interventions

proved to be effective for increasing vegetable intake,
it seems that the FL&G intervention was more
effective than the others. Furthermore, with this
intervention, students had the added benefits of being
physically active during the sessions, which can
impact their overall health. As mentioned before, it has
been shown that people who regularly engage in
physical activity have greater physical fitness, which
has positive effects on both their physical and mental
health (Barbosa & Urrea, 2018). Moreover, these
strategies can be interesting for physical education
teachers since active methodologies should be used in
PE classes to introduce nutrition content (Wallen &
Davis, 2010).

Similar results for fruit and vegetable intake were
found in college students enrolled in a general
nutrition class (Ha & Caine-Bish, 2009) and in two
different kinds of courses (Hekler et al., 2010). For
this study last study, the control group had students
enrolled in courses about obesity, health psychology,
and community health. This group presented no
changes in fruit intake and a significant increase in
vegetable intake. The experimental group, students
taking the Food and Society course, just presented a
small increase in fruit intake and a significant increase
in vegetable intake. As in our study, significant
differences between tests or interventions were found
in vegetable intake but not in fruit intake. Moreover,
significant differences were found between pre and
post-tests for both variables in Ha & Caine-Bish
(2009) and Shahril et al. (2013) shentudies. We should
consider that in Ha & Caine-Bish (2009) study, the
whole course was about nutrition and Shahril et al.
(2013) was a multimodal nutrition education
intervention, and they also considered the 100% fruit
juice for this category, whereas in our intervention,
just one unit of the course was about nutrition, and
100% fruit juice was not considered. The same result
for fruit, as our study, was found in a health-related
fitness course in community college students.
However, they did not find improvements in vegetable
intake (Evans et al., 2018).

It seems that college students are more likely to
present improvements in vegetable intake than in fruit
intake when exposed to a general health education
course, so if the goal is to improve fruit intake,
probably a more extensive nutrition intervention
should be addressed, since college students have

J Sport Health Res

ISSN: 1989-6239



Journal of Sport and Health Research

408

2026, 18(3):397-414

previously responded (Reed et al., 2011; Shahril et al.,
2013). Our students did not reach the everyday intake
recommendation of The Spanish Society of
Community Nutrition (SENC) (Bartrina et al., 2016)
for these variables before or after the intervention. So,
a more complete intervention was needed for these
college students to reach these recommendations.
Probably, other factors such as socio-economic status
should be taken into consideration (Kelly et al., 2013).

Regarding nuts intake (table 1), there was an increase
in intake in all interventions, with a small effect size
in the C intervention with no significant difference
(p=0.110, ES=0.25), a small effect size with
significant differences in the FL&G intervention
(p=0.026, ES=0.46), and a moderate effect size with
significant differences in the SOL intervention
(p=0.013, ES=0.66). There were no differences
between interventions.

Sehgal & Jain (2024), using diffusion of innovation
theory in their college students, also found a
significant increase in nuts intake. On the other hand,
Shahril et al. (2013), did not find any differences,
although we should take into consideration that they
combine nuts and legumes. The increase in nuts in our
students could be due to the post-test being one week
before Christmas. Food intake may change depending
on the season (Spence, 2021). Furthermore, in Spain,
during Christmas time, it is traditional to use more nuts
in our recipes (Sheen, 2007).

The intake of processed meats (embutidos) was
approximately the same in the SOL intervention
(p=0.976, ES=0.02) and decreased in FL&G and C
interventions, but not significantly. Similar results
were found in the Hekler et al. (2010) study of this
type of food where the intake was decreased but not
significantly. However, they called it “high-fat meats”
because they also included bacon, hot dogs, and
hamburgers in this category. There were differences
between the SOL-FL&G interventions, showing that
the FL&G intervention reduced the intake more than
the SOL. However, we should take into consideration
that there were significant differences in the pretests
for these interventions. The SOL intervention started
almost one point higher than the FL&G intervention
started. At the same time, there were differences
between the FL&G-C interventions, showing that the
C intervention reduced the intake more than the

FL&G. We have included this variable in the health
variable table because it was included like that in the
original questionary (Robledo Muga et al., 2014).
However, in the guidelines by the Spanish Society of
nutrition (Bartrina et al., 2016) that we used for the
information presented to the students, they
recommend moderate intake for red meat and
processed meats, although they do not say anything
about “embutidos”. We should take into consideration
that in Spain and some other countries in Europe some
processed meats “embutidos”, such as dry-cured ham
or Iberian Ham, are considered a healthy option or at
least not unhealthy in small portions (lvanovic et al.,
2016; Marquez Contreras et al., 2018).

For the other variables studied table 2 (unhealthy
variables), we did not find significant improvement for
any of the interventions. However, there was a
significant increase in soda intake in the C intervention
and burgers intake in the SOL intervention. The only
significant difference found between interventions
was in the burger’s variable where the intake was
significantly higher in the SOL intervention compared
with the FL&G intervention. As mention before with
the nuts, these results may be due to the post-test been
one week before Christmas. There have been seen
changes in food intake depending on the season
(Spence, 2021). Similar results were found for
processed foods and sweets in the Hekler et al. (2010)
study, where the intake was decreased but not
significantly.

Next, the variables that present significant differences
in some of our interventions (soda and burgers) will be
discussed. Regarding soda intake, all interventions
increased their intake although only the C intervention
group increased significantly. However, no significant
differences were found between interventions. These
results are not positive since soda intake has been
associated with a low micronutrient diet in college
students (Hall et al., 2017). Similar results were found
using warning labels to reduce sugar-sweetened
beverage intake among college students (Leung et al.,
2021) and a health-related fitness course in
community college students (Evans et al., 2018). Both
studies found a reduction in other beverages but not
soda. Regarding burger intake, the FL&G decreased
slightly the intake (p=0.366, ES=-0.09). However,
SOL and C interventions increased, been significantly
higher the intake in SOL intervention (p=0.048,
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ES=0.34). Furthermore, significant differences were
observed between the SOL and FL&G interventions
(p=0.045). So, although the FL&G intervention did
not decrease the intake of burger, at least, it may have
a preventive effect for the increase before the holiday
season. The multimodal Nutrition education
intervention of Shabhril et al. (2013) was found to be
effective in cutting down the frequency of processed
food, that is, burgers, nuggets, sausages, and French
fries so, as mentioned for the fruit variable, a more
extensive intervention about FL&G may be needed to
find more conclusive results regarding burger intake.

Strengths, limitations and future lines of research.

The main strength of this research is being able to
compare different methodologies without interfering
with the university course.

This study presents several limitations. First, the
frequency used in this questionnaire may not be
appropriate for some of these foods. So, more
appropriate questionnaires should be used, taking into
consideration each variable. The main limitation of
this study is that the main objective of these
methodologies was not to change nutrition habits. We
did not look at the needs of the participants and created
an intervention for them. Our main objective was to
show our students a way to introduce food and
nutrition education in PE classes using physical-
expressive games. We told them they could use the
flipped-learning methodology or work with another
class to present the content, for example, in science
class, working interdisciplinary in nutrition education.
Future research should identify the needs of one
population and create physical-expressive games to
generate change. They should also evaluate other
variables, such as knowledge, attitudes, or perceived
barriers. Moreover, although the students considered
these sessions interesting (Castejon-Riber et al., 2023;
Castejon-Riber & Armada Crespo, 2022) the games
were designed to PE classes and not adults.

Furthermore, changes in food intake could have been
due to seasonal patterns of food intake (Spence, 2021),
the post-test was a week before Christmas. So future
research should do a retest one year after the pre-test
to control seasonal eating and to evaluate the
persistence of the results. Moreover, our evaluation
focused solely on the frequency of food consumption
and did not consider motivation, self-efficacy, or

social and economic status of the students or other
variables, such as if they lived with their parents or on
their own. These variables should be addressed in
future studies.

Moreover, as presented previously, a longer
intervention may be needed to produce more
significant changes in nutritional habits. A systematic
review of nutrition education interventions (Murimi et
al., 2017) states that nutrition education interventions
should last 5 or more months. Due to the university
calendar, our intervention could not last more than 3
months. So, future lines of research should increase
the intervention time. For example, Physical
Education teachers could use the whole academic year
and not concentrate their nutrition classes in a few
weeks.

Finally, caution should be exercised when
generalizing the results, which are based on a
convenient sample of Spanish college students who
were studying to become PE teachers. Therefore, these
results may be different in a representative random
sample of college students.

CONCLUSIONS

The use of flipped-learning and physical-expressive
games as a food and nutrition education tool promotes
healthy habits in college students by increasing the
vegetable and nut intake. Furthermore, this
methodology has been more effective for increasing
vegetable intake than Synchronous Online Lectures,
and asynchronous videos and activities. Furthermore,
our subjects were active during the intervention, which
added additional benefits. However, no conclusive
results can be found in the other variables. For this
reason, a more extensive food and nutrition
intervention should be addressed with these
methodologies to provide more conclusive results
about other food categories.
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