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RESUMEN

Actualmente, la capacidad cardiorrespiratoria es considerada uno de los marcadores mas
potentes de salud en escolares. Desafortunadamente, a nivel mundial un gran nimero de
escolares presentan niveles bajos de capacidad cardiorrespiratoria. La asignatura de
Educacién Fisica podtia ejercer un papel clave ayudando a los escolares a desarrollar y
mantener niveles saludables de capacidad cardiorrespiratoria. Sin embargo, los profesores
de Educacion Fisica tienen que hacer frente a diferentes limitaciones relacionadas con la
planificaciéon para conseguir este objetivo. Consecuentemente, es necesario conocer los
efectos empiricos de modelos innovadores de unidades didacticas en Educacion Fisica que
apoyen la practica basada en la evidencia de una planificacién viable y eficaz que permita el
desarrollo y mantenimiento de niveles saludables de capacidad cardiorrespiratoria de los
escolares, asi como el resto de objetivos curriculares de la asignatura.

El objetivo general de la presente Tesis Doctoral fue examinar el efecto empirico de
los modelos de unidades didacticas intermitentes, alternadas, irregulares y reforzadas en la
planificacién de la Educacién Fisica. Los principales hallazgos de la presente Tesis
Doctoral sugieren que: (1) Ademas de mejorar los niveles de capacidad cardiorrespiratoria
de los estudiantes, una unidad didactica intermitente de acondicionamiento fisico permite
trabajar simultaneamente durante suficiente tiempo de las clases otro objetivo curricular de
Educacion Fisica. (2) Una unidad didactica reforzada mediante clases de actividades fisicas
en el medio natural y expresiéon corporal, no solo es eficaz manteniendo los niveles de
capacidad cardiorrespiratoria de los estudiantes, sino que también permite el desarrollo
simultaneo de otros objetivos relacionados con otros contenidos curriculares de la
Educacion Fisica. (3) Las unidades didacticas alternadas dentro-fuera del centro escolar son
efectivas para mejorar el conocimiento sobre el entorno de los estudiantes para el trabajo
de la condicion fisica, asi como sus barreras percibidas, autonomia percibida y motivacion
auténoma hacia la actividad fisica. (4) Una unidad didactica irregular mediante programas
individualizados realizados durante los recreos y tiempo extraescolar, es eficaz manteniendo
los niveles de capacidad cardiorrespiratoria de los estudiantes. (5) La prueba CENAFI, es
un instrumento de medida valido y fiable para recabar informacién sobre el conocimiento
que poseen los escolares del entorno proximo para el acondicionamiento fisico. (6) Aunque
una unidad didactica tradicional de acondicionamiento fisico en Educacién Fisica parece
tener un efecto similar en todos los perfiles de capacidad cardiorrespiratoria de los

estudiantes, aquellos con un perfil de capacidad cardiorrespiratoria no saludable se
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benefician considerablemente mas en los niveles de actividad fisica durante las clases de
Educacién Fisica; mientras que después de una unidad didactica intermitente de
acondicionamiento fisico en Educaciéon Fisica, solo los estudiantes con un perfil no
saludable de capacidad cardiorrespiratoria incrementan la capacidad cardiorrespiratoria, a
pesar de obtener similares beneficios en los niveles de actividad fisica durante las clases. (7)
Aunque una unidad didactica de acondicionamiento fisico a corto plazo aumenta los
niveles de capacidad cardiorrespiratoria de los estudiantes, después de un periodo de
desentrenamiento de cuatro semanas, los niveles de cardiorrespiratoria de los estudiantes
de los estudiantes vuelven a su valor basal. (8) Una unidad didactica de acondicionamiento
fisico en Educacion Fisica solo mejora los niveles de capacidad cardiorrespiratoria de los
estudiantes con una motivaciéon autodeterminada alta hacia la Educaciéon Fisica. (9) Las
unidades didacticas intermitente y tradicional de acondicionamiento fisico parecen no
influir negativamente en la motivacion de los estudiantes hacia la Educacién Fisica y la
experiencia autotélica, ni mejorar tampoco su autoconcepto fisico. (10) Una unidad
didactica alternada de deportes con los mismos elementos constitutivos mejora el
aprendizaje tactico objetivo de los estudiantes gracias a la transferencia de aprendizaje entre
ambas modalidades deportivas, en comparacién con un tratamiento tradicional donde
ambos deportes son ensefiados de forma consecutiva y sin conexion. Sin embargo, los
estudiantes con un nivel tactico inicial menor en deportes de invasiéon obtienen mayores
mejoras que aquellos con mayor nivel tactico inicial después de dicha unidad didactica
alternada de deportes de invasion.

Los modelos de unidades didacticas intermitentes, alternadas, irregulares vy
reforzadas suponen un avance en la planificaciéon de la Educacion Fisica, ya que permiten
lograr numerosos objetivos establecidos en el curriculum educativo de la Educacién Fisica,
asi como mantener los aprendizajes adquiridos previamente sin incrementar el tiempo
dedicado a cada objetivo, pero distribuido de manera diferente e innovadora. Por lo tanto,
estas cuatro estructuras nuevas de unidades didacticas son herramientas muy eficaces al
servicio de los profesores de Educacion Fisica permitiéndoles solucionar las diferentes
limitaciones relacionadas con la planificacion de la asignatura. Ademas, la vivencia de estas
unidades didacticas innovadoras permite a los escolares transferir los aprendizajes
adquiridos durante las clases de Educacion Fisica a su tiempo libre, lo que representa un

gran avance en la adquisicién de un estilo de vida activo y saludable.



ABSTRACT

Currently, cardiorespiratory fitness is considered as one of the most powerful health
markers in schoolchildren. Unfortunately, a large number of schoolchildren worldwide
have low levels of cardiorespiratory fitness. The Physical Education subject could play a
key role in helping schoolchildren develop and maintain healthy cardiorespiratory fitness
levels. Nevertheless, Physical Education teachers have to face several planning-related
limitations to achieve this goal. Consequently, it is necessary to know the empirical effects
of innovative teaching unit models in Physical Education that support an evidence-based
practice in planning a feasible and effective development and maintenance of
schoolchildren’s healthy cardiorespiratory fitness levels, as well as the rest of the curricular
objectives of the subject.

The overall objective of the present Doctoral Thesis was to examine the empirical
effect of the intermittent, alternated, irregular, and reinforced teaching units’ models in the
PE planning. The main findings from the present Doctoral Thesis suggest that: (1) Aside
from improving students’ cardiorespiratory fitness levels, an intermittent physical fitness-
based teaching unit leaves enough time during the lessons to simultaneously work on
another Physical Education curricular objective. (2) A reinforced teaching unit, through
outdoor physical activities and body expression lessons, is not only effective for
maintaining students’ cardiorespiratory fitness levels, but also allows for the simultaneous
development of objectives related with other Physical Education curricular contents. (3)
Alternated teaching units (inside-outside the school center) are effective for improving
students’ knowledge of their environment to work physical fitness, as well as their
perceived barriers, perceived autonomy, and autonomous motivation towards physical
activity. (4) An irregular teaching unit, through individualized programs performed during
school recesses and out-of-school time, is effective for maintaining students’
cardiorespiratory fitness levels. (5) The CENAFI test, is a valid and reliable measuring
instrument to gather information about the knowledge that schoolchildren have of their
immediate environment for physical conditioning. (6) Although a Physical Education-based
physical fitness teaching unit seems to have a similar effect on all the students’
cardiorespiratory fitness profiles, students with unhealthy cardiorespiratory fitness profiles
benefit considerably more in physical activity levels during the Physical Education lessons;
while after an intermittent Physical Education-based physical fitness teaching unit, only

students with unhealthy cardiorespiratory fitness profiles improve their cardiorespiratory
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fitness levels, despite obtaining similar benefits in physical activity levels during the lessons.
(7) Although the short-term physical fitness teaching unit increased the students’
cardiorespiratory fitness levels, after a four-week detraining period students’
cardiorespiratory fitness levels reverted back to the baseline. (8) A Physical Education-
based physical fitness teaching unit, only improves cardiorespiratory fitness levels of
students with a high baseline of self-determined motivation toward Physical Education. (9)
The intermittent and traditional physical fitness teaching units seem not to negatively
influence students’ motivation toward Physical Education and autotelic experience, nor
improve their physical self-concept. (10) An alternated teaching unit of sports with the
same constitutive elements improves students’ objective tactical learning thanks to the
transference of learning between both sport modalities, compared to a traditional treatment
where both sports are taught consecutively and unconnectedly. Nevertheless, students with
lower baseline tactical levels in invasion sports obtain higher improvements than those with
higher baseline tactical level after such alternated teaching unit of invasion sports.

The intermittent, alternated, irregular, and reinforced teaching units models
represent an advance in Physical Education planning, because they allow for the
achievement of the numerous objectives established in the Physical Education educational
curriculum, as well as to maintain the learning previously acquired without increasing the
time dedicated to each objective, but distributed in a different and innovative manner.
Therefore, these four new structures of teaching units are effective tools at the service of
Physical Education teachers allowing them to solve the different limitations related to the
subject planning. Additionally, the experience of these innovative teaching units allowed
schoolchildren to transfer the acquired learnings during Physical Education lessons to their
free time, which represents a great advance in the acquisition of an active and healthy

lifestyle.
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ABBREVIATIONS [ABREVIATURAS]

Abbreviation Definition

AF Actividad fisica

AFMV Alctividad fisica moderada-vigorosa

ANCOVA Analysis of covariance

ANOVA Analysis of variance

BPNES Basic Psychological Needs in Exercise Scale

BREQ-3 Behavioral Regulation in Exercise Questionnaire
CENAFI Conocimiento del Entorno para el Acondicionamiento Fisico
CFI Comparative fit index

CCR Capacidad cardiorrespiratoria

CRF Cardiorespiratory fitness

EF Eduncacion Fisica

GFI Goodness-of fit index

IFI Incremental fit index

MVPA Moderate-to-vigorous physical activity

NFI Normalized fit index

NNFI Non-normalized fit index

PA Physical activity

PACE Physician-based Assessment and Counseling for Exercise
PACSQ Physical Activity Class Satisfaction Questionnaire
PASSES Perceived Autonomy Support Scale for Exercise Settings
PE Physical Education

RMSEA Root mean square etror of approximation

SDT Self-Determination Theory

SRMR Standardized root mean square residual

SPBPA Self-Perceived Bartiers for Physical Activity

TLI Tucker Lewis index

TU Teaching unit

UD Unidad didactica

VOomax Maximal oxygen uptake
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INTRODUCTION [INTRODUCCION]

Cardiorespiratory fitness (CRF) is considered one of the most powerful health markers
among school-age children (Lang et al., 2017; Raghuveer et al., 2020; Tomkinson et al.,
2019). Among schoolchildren, higher CRF levels are associated with better academic
performance (Chu et al., 2016; Ruiz-Ariza et al., 2017), mental health (Eddolls et al., 2018),
as well as with better quality of life (Evaristo et al., 2019). Unfortunately, CRF has been
declining during the last decades (Tomkinson et al., 2019), becoming a worldwide problem,
which affects, on average, 33% of male and 46% of female schoolchildren, increasing this
proportion each year of age, on average, 8% in males and 10% in females (Tomkinson et
al., 20106). Therefore, promoting and facilitating the development of healthy levels of CRF
should be a priority objective in contexts such as sports programs or schools (Peralta et al.,
2020; Tomkinson et al., 2016; World Health Organization, 2018).

Among the different opportunities that students have to improve their CRF levels
(for example, school recesses, free time, or organized physical activity (PA) in a club), there
is one that plays a key role, the subject of Physical Education (PE) (Association for PE,
2015; Guijarro-Romero et al., 2019; Peralta et al., 2020) due to its compulsory character
and the guidance by capable professionals (Viciana et al., 2015). In this sense, PE teachers
have the opportunity to make students aware of the importance of having a healthy level of
CRF and the benefits that this entails, as well as promoting and facilitating its development

and maintenance during the lessons (Guijarro-Romero et al., 2019).
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Main limitations related to the planning of the development and maintenance of
cardiorespiratory fitness in Physical Education

Considering the importance that CRF has at school age, the educational curricular
objectives of most developed countries contemplate the development and maintenance of
this physical quality in schoolchildren (European Commission/EACEA/Eurydice, 2013;
Hardman et al., 2014; Ministry of Education, Culture and Sport, 2014, 2015). However,
planning the improvement of students’ CRF levels in the PE setting is a very complex task
(Guijarro-Romero et al., 2019; Viciana, Mayorga-Vega, & Merino-Marban, 2014).

Firstly, PE teachers have to face the limited curriculum time allocation appointed to
the PE subject (on average, worldwide only 99 minutes per week) (European
Commission/EACEA/Eurydice, 2013; Guijarto-Romero et al,, 2019; Hardman et al.,
2014; Viciana, Mayorga-Vega, & Merino-Marban, 2014), that is, the equivalent of
approximately two 50-minute lessons per week.

Secondly, there is the fact that apart from the objective of developing and
maintaining students’ CRF levels, PE teachers have to develop a large volume of contents
during the whole academic year (e.g., games and sports, body expression, and outdoor
physical activities) (European Commission/EACEA/Eurydice, 2013; Guijarro-Romero et
al., 2019; Viciana, Mayorga-Vega, & Merino-Marban, 2014). As a consequence, they tend to
reduce the duration assigned to each teaching unit (TU) in the programming, reducing its
effectiveness regarding the achievement of the PE curricular objectives (Robles et al., 2010;
Viciana et al., 2016). That is, in many cases, the organization of the TUs by the teacher
focuses on the mere fact of covering small spaces of time, forgetting the importance of
meeting the objectives established by the educational curriculum (Delaunay & Pineau,
1989).

Thirdly, related to the short duration assigned by the PE teachers to the TUs, there
are the continuous interruptions of the PE lessons due to holiday periods (e.g., Christmas
or Easter), as well as because of meteorological problems (e.g., rain or extreme cold or hot),
which interrupt and difficult even more the teaching period planning process (Guijarro-
Romero et al.,, 2019; Viciana, Mayorga-Vega, & Merino-Marban, 2014). Moreover, the
coincidence of teachers’ timetable and the need to use the same materials and facilities is
another factor that many times hinders the planning of the different TUs during the school
year. Consequently, teachers tend to plan few lessons to work on the same content

(Guijarro-Romero et al., 2019).



Additionally, another limitation is related to the design of the tasks regarding their
intensity. The Association for PE (2015) recommends that students should be involved in
moderate-to-vigorous PA  (MVPA) during at least 50% of the PE lesson time.
Unfortunately, this recommendation is hardly ever met in PE lessons, since, on average,
the PE lesson time spent on MVPA is 40.5% (Hollis et al., 2017). Moreover, many times
the distribution of PE lessons is not based on the criteria related to the PA. For example,
when PE lessons are given in consecutive days, there is not enough time for schoolchildren
to recover from the previous lesson, or when the time appointed for PE corresponds to
the first hour in the morning in which it can be very cold or schoolchildren may not have
finished their digestion, or the last hour in which it can be very hot depending on the
geographical area in which the school is located (Guijarro-Romero et al.,, 2019; Viciana,
Mayorga-Vega, & Merino-Marban, 2014). Considering the positive association among PE
lesson time spent working in a MVPA intensity and students’” CRF (Marques et al., 2015), it
would be practical for PE teachers knowing if innovative structures of TUs (Viciana &
Mayorga-Vega, 2016) could be effective for achieving the aforementioned PA
recommendation during PE lessons (Association for PE, 2015) to improve students” CRF
levels (Papers I and II).

Another PE-based planning limitation related to CRF is its expected decrease after
a period of detraining (Malina et al., 2004; Mujika & Padilla, 2001). Nevertheless, currently
the evidence about the effects of a detraining period on the CRF level is still limited and
contradictory (Lo et al., 2011; Song, 2011; Sousa et al., 2018). More specifically in the PE
setting, only two studies have examined the effect of a detraining period on student’s CRF
(Carrel et al., 2007; Santos et al., 2012). Carrel et al. (2007) found that, after performing a
nine-month physical fitness TU 10 times a month, the students’ CRF gains acquired
reverted back to the baseline levels after a 12-week detraining period, such as the summer
break. Conversely, Santos et al. (2012) found that, students’ CRF gains acquired after an
eight-week school-based resistance and endurance training TU performed four times a
week (two PE lessons plus two additional lessons out of PE timetable), did not return back
to baseline levels after 12-weeks detraining period. However, the effect of shorter
detraining periods (i.e., four weeks) among schoolchildren after a short-term physical

fitness TU in the PE setting should be also examined (Paper VIII).
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Effectiveness of Physical Education-based innovative teaching units for developing
and maintaining cardiorespiratory fitness in schoolchildren
PE subject has to face several planning limitations regarding the development and
maintenance of students” CRF levels (Guijarro-Romero et al., 2019; Hardman et al., 2014;
Viciana, Mayorga-Vega, & Merino-Marban, 2014). Despite the fact that a long-term TUs seem
to be the best way to improve CRF in schoolchildren (Meyer et al., 2014), in many
countries the application of a short-term physical fitness TU is one feasible option for
developing students’ CRF in the PE setting (Guijarro-Romero et al., 2019; Viciana,
Mayorga-Vega, & Merino-Marban, 2014). In this line, previous PE-based studies found that a
short-term TUs carried out only twice a week can improve students” CRF levels (Mayorga-
Vega et al., 2012; Mayorga-Vega et al., 2016; Mayorga-Vega et al., 2013; Ramirez Lechuga
et al., 2012). Nevertheless, the influence of students’ CRF baseline levels on the effectives
of these PE-based TUs is not deeply known yet (Papers VI and VII). Additionally, with
these traditional TUs (i.e., working the whole lesson during several lesson in a row in order
to reach an objective) just the objective of improving CRF would be achieved and, after
that, considering the limited curriculum time appointed to the PE subject (Guijarro-
Romero et al., 2019; Hardman et al., 2014; Viciana, Mayorga-Vega, & Merino-Marban, 2014),
a large amount of curricular objectives would have to be developed in a reduced period of
time. Furthermore, in the aforementioned TUs the learning was isolated, without links to
other subject matters (Viciana & Mayorga-Vega, 2016).

A feasible solution to the above mentioned difficulties in PE could be developing
CRF simultaneously with other curricular contents through the intermittent TU structure
proposed by Viciana and Mayorga-Vega (2016). This innovative structure of the TU
consists of developing a curricular objective using only a time band of the lesson (i.e., only
a few minutes of each PE lesson for several lessons), connecting the learning of the
students between different contents of the subject of PE. Thus, it allows for dividing the
main part of lesson into several parts (i.e., two) and developing two or more related
curricular objectives during the same lesson. An example of an intermittent TU could
consist of the development of students” CRF during several minutes of the PE lessons
while another learning objective such as technical-tactical skills of invasion sports could be
developed during the rest of the lesson. This could provide teachers a more efficient use of
the limited PE time for developing various goals during the lessons, and students the
opportunity to establish relationships between different PE-related contents. The PE

lessons should have two marked parts, one focused on CRF development and another



focused on the technical-tactical learning in invasion sports. This structure would allow
students to achieve both objectives, to relate both contents (e.g., performing physical
fitness exercises to improve students’ performance in technical-tactical situations), and to
reduce physical fitness-related tasks developed along the main part of the lesson, which
could circumvent the continuous physical effort of students (Paper I). Additionally, since
the intermittent TU could be developed during more time over the academic year (i.e.,
during more lessons) because its distribution in shorts periods of time (e.g., from 5 to 15
minutes), this TU structure would allow PE teachers maintaining the improvements
achieved in students’ CRF levels over the school year avoiding its possible losses because
of the detraining.

Besides the large volume of curricular contents in relation with the restricted
curriculum time allocation, another PE-based planning limitation is the fact that after a
period of detraining, the CRF levels decrease (Malina et al., 2004; Mujika & Padilla, 2001;
Song, 2011). In this line, Viciana and Mayorga-Vega (2016) proposed that PE teachers
should apply reinforced TUs after a physical fitness development TU in order to maintain
the students’ CRF levels during the whole academic year. These TUs, apart from
maintaining the CRF levels previously acquired, might allow PE teachers to achieve
objectives related to other curricular contents at the same time (e.g., outdoor PA or body
expression). Consequently, knowing the empirical effects of these PE-based reinforced
TUs on CRF is need to support evidence-based planning (Paper II).

On the other hand, many times the coincidence of teachers’ timetable and the need
to use the same materials and facilities hinders the planning of the different TUs during the
school year (Guijarro-Romero et al., 2019). As a consequence, teachers tend to plan few
lessons to work on the same content reducing the duration assigned to each TU in the
programming and, therefore, its effectiveness regarding the achievement of the PE
curricular objectives (Robles et al.,, 2010; Viciana et al.,, 2016). Taking as a reference the
principle of continuity in the training of Verkhoshansky and Verkhoshansky (2011), among
schoolchildren, physical fitness TUs should be applied at least from eight to 12 weeks to
get an improvement in students’ physical fitness levels. Additionally, promoting students’
lifelong PA practice in order to develop and maintain healthy physical fitness levels is one
of the fundamental purposes in most countries (European
Commission/EACEA/Eurydice, 2013; Ministry of Education, Culture and Sport, 2015;
SHAPE America, 2013). Due to the low weekly frequency of the subject (Hardman et al.,

2014) it is not possible to achieve the daily PA recommendations only in the PE setting,
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therefore, the promotion of students’ PA in the out-of-school setting is key. In this sense,
national standards also consider transferring the learning from the classroom to students’
daily life is another priotity objective of PE (European Commission/EACEA/Eurydice,
2013; SHAPE America, 2013). Therefore, in order to work in this direction, the
implementation of effective PA interventions in the PE setting requires an understanding
of the determinant factors that influence students’ PA behavior (Sheeran et al., 2017).

In this sense, PE teachers play an important role providing students with tools to
become competent in practicing PA autonomously and transferring learning from the
classroom to students’ daily life (Viciana & Mayorga-Vega, 2018). An example of
transferability of learning could consist of teaching students how to use the environment
that surrounds the school center and their particular community providing them authentic
an situational PA practices (Viciana & Mayorga-Vega, 2018). In this sense, the alternated
TUs (Viciana & Mayorga-Vega, 2016) could be a good solution for promoting significant
learning in PE. Alternated TUs consists of implementing two TUs with complementary
contents while making students aware that both contents are based on the same learning’s
principles, avoiding, therefore, the unconnected learning perceived by students in
traditional and isolated TUs (Viciana & Mayorga-Vega, 2016). Consequently, PE teachers
could connect in-school physical fitness work (inside the school) with one that could be
practiced in the immediate environment (outside the school), facilitating students a tool for
developing and maintaining their physical fitness levels autonomously in their out-of-
school time (Ferkel et al., 2014). According to the Theory of Expanded, Extended, and
Enhanced Opportunities, this mechanism for promoting students’ PA is called expansion,
and is defined as the introduction of an entirely new PA opportunity (Beets et al., 2016).
Additionally, this learning may help students to solve perceived barriers toward the PA
practice (Niferola et al., 2000), which have been shown to be associated with a higher
prevalence of physical inactivity during their leisure-time (Dias et al., 2015) (Paper III). In
this sense, having valid and reliable tools to assess the acquisition of this learning (i.e.,
knowledge of the environment for physical conditioning) seems necessary (Paper V).
Furthermore, alternated TUs would allow PE teachers to solve the limitation regarding
teachers’ timetable coincidence and the necessity of using the same facilities and materials.

Finally, the use of extra-curricular time (i.e., school recesses, after school time,
weekends or holidays) through the application of the irregular TU structure proposed by
Viciana and Mayorga-Vega (2016) would allow PE teachers to increase and reinforce the

active time for learning, achieving important outcomes such as increments of MVPA levels



during these periods of time and to avoid the losses in physical fitness due to the
detraining, especially during holidays. Consequently, it is extremely important that during
PE lessons, teachers provide students with different options to perform PA, and delegating
the responsibility of their autonomous development using an individualized style of
teaching (e.g., individualized programs carried out in couples or in small groups) (Viciana &
Mayorga-Vega, 2016). Furthermore, using the extra-curricular time may increase students’
autonomy toward PA practice during their free time (Gonzalez-Cutre et al., 2018), which is
also another main standard of PE curticulum (European Commission/EACEA/Eurydice,
2013; SHAPE America, 2013). According to the Theory of Expanded, Extended, and
Enhanced Opportunities, this is another expansion mechanism for promoting students’ PA
(Beets et al., 2016). In this sense, social agents such as the PE teacher, play a key role in the
promotion and development of a more positive motivation toward PE and specially toward
PA, through the use of autonomy-supportive teaching styles and the satisfaction of
students’ basic psychological needs (i.e., autonomy, competence, and relatedness), which
have shown a positive influence on students” PA practice in the extra-curricular time
(Gonzalez-Cutre et al., 2014; Gonzalez-Cutre et al., 2018; Sevil-Serrano et al., 2020; Sevil et
al., 2018). Therefore, applying an innovative approach such as irregular TUs (Viciana &
Mayorga-Vega, 2016) could help PE teachers to achieve all of the above-mentioned
purposes, especially those related to the increment of MVPA levels and the autonomous

development and maintenance of physical fitness during the extra-curricular time (Paper

V).

Influence of psychological variables mediators of active behavior in Physical
Education lessons and in relation to the improvement of physical fitness

Health is a state of complete physical, mental, and social well-being, and not just the
absence of disease or injury (World Health Organization, 1946), and physical fitness is
considered one of the fundamental health indicators for school-age children (Lang et al.,
2017; Raghuveer et al., 2020; Tomkinson et al., 2019). For this reason, schools have an
ideal setting, through the PE subject, to make students aware of the benefits that having
good fitness levels can have on their physical and psychological well-being (European
Commission/EACEA/Eurydice, 2013). For example, duting the educational years, having
good physical fitness levels is positively associated with better mental health and quality of
life (Eddolls et al., 2018; Evaristo et al., 2019).
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Likewise, physical fitness has also shown to be positively associated with students’
motivation toward PE (Martinez-Baena et al., 2016). Motivation has been defined as a
psychological feature that encourages a person to act toward a desired goal (Ryan et al.,
2009). The Self-Determination Theory (SDT, Deci & Ryan, 1985) is a motivational theory
widely used to understand the antecedents and consequences of motivation toward PE
(Ntoumanis, 2001). This theory adopts a multidimensional approach, distinguishing among
reasons as to “why” individuals are encouraged to act. SDT suggests that human behavior
can be characterized by three types of motivation (i.e., intrinsic motivation, extrinsic
motivation, and amotivation) (Ryan et al., 2009), which could be ordered in a continuum
according to the extent to which motivation is self-determined (or autonomous) (Deci &
Ryan, 2000).

The relative autonomy index, also known as the self-determined index, is a widely
used index to measure the different types of motivation (Vallerand & Ratelle, 2002).
Nevertheless, this index has shown several issues when used as a measure of the
continuum structure of motivation derived from SDT (Chemolli & Gagné, 2014). For this
reason, Chemolli and Gagné (2014) encouraged researchers ideally to explore the person-
centered motivational profiles through cluster analysis (Franco et al., 2019; Liu & Chung,
2018; Mayorga-Vega & Viciana, 2014). This method has a number of advantages, both at
the theorical and practical level (Vansteenkiste et al., 2009).

Following the SDT framework, previous literature shows a positive association
between autonomous forms of motivation toward PE and students’ PA levels during PE
lessons (Owen et al.,, 2014; Viciana et al., 2019). When students have high motivation
toward PE, they tend to be more active during PE lessons (LLonsdale et al., 2009; Mayorga-
Vega & Viciana, 2014). Mayorga-Vega et al. (2020) examined the influence of students’
baseline self-determined motivation toward PE on their CRF improvement after a fitness
TU. However, these authors used the relative autonomy index to create a score of students’
self-determined motivation toward PE, despite the several problems derived from the
measurement of this index (Chemolli & Gagné, 2014). Additionally, Mayorga-Vega et al.
(2020) identified the different students motivational profiles and divided them by a
statistical criterion (percentiles) based on the relative autonomy index score obtained,
instead of identifying the profiles by combining the different motivational dimensions
proposed by the SDT. Unfortunately, to the best of our knowledge, there are no previous
studies analyzing the role of baseline self-determined motivation toward PE on the

effectiveness of a physical fitness TU for improving students’ CRF levels according to their



motivational profiles toward PE, through a person-centered approach by cluster analyses
(Paper IX).

On the other hand, higher levels of motivation in students during PE lessons have
been positively associated with the experience of flow state (Stormoen et al., 2016).
According to Csikszentmihalyi (1990), flow is an enjoyable psychological state that students
experience when they are completely absorbed in an activity without being aware of the
time. One of the most important elements of the flow state is autotelic experience which is
defined as the intrinsic satisfaction produced by the task (Csikszentmihalyi, 1990; Garcia-
Calvo et al., 2008). The SDT postulates that a task is easier to perform when you feel
satisfaction simply by doing it, without the need of receiving any external reward (Ryan et
al., 2009). In this sense, Moreno-Murcia et al. (2014) found that students experienced less
autotelic experience in PE in comparison with other context such as non-competitive
physical exercises or voluntarily competitive chosen sports. This could be because the
compulsory nature of the participation in PE, leads to less enjoyment than in other
contexts (Moreno-Murcia et al., 2014). This is especially important with physical fitness-
related contents, where the intensity should be high and students’ motivation may be
negatively affected from a particular moment of the TU due to the compulsory nature of
their participation, consequently lowering their enjoyment more so than in other contexts
(Moreno-Murcia et al., 2014).

Additionally, physical fitness has shown positive associations with physical self-
concept among schoolchildren (Carraro et al., 2010; Grao-Cruces et al., 2017; Mayorga-
Vega et al., 2012). Physical self-concept, which is also an important aspect for students’
health (Esnaola et al., 2008; World Health Organization, 1946), refers to a judgement a
person has about his or her physical abilities when interacting with the environment
(Shavelson et al., 1976). During the educational years, physical self-concept acquires more
importance, because significative physiological and psychological changes take place during
this stage (Harter, 2012). Unfortunately, physical self-concept decreases from childhood to
adolescence (Navarro-Paton et al., 2019). For this reason, one of the main national
standards in PE curriculums is the promotion of a good psychological status among
students (European Commission/EACEA/Eurydice, 2013).

Considering all of the abovementioned positive relationships between physical
fitness and psychological aspects, as well as the physical fitness decline observed in school-
age children during the last years (Tomkinson et al., 2019), the improvement of students’

physical fitness levels is one of the main objectives in the educational context (European
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Commission/EACEA/Eurydice, 2013; Hardman et al., 2014). In this sense, a systematic
review and meta-analysis found that carrying out physical fitness activities in PE lessons is
one of the most effective strategies for increasing students’ MVPA levels during said
lessons (Lonsdale et al.,, 2013) and, therefore, improving students’ physical fitness (Poitras
et al., 2016). However, practicing fitness activities during entire PE lesson (i.e., as worked in
traditional TUs’ lessons) may negatively impact students’ motivation toward PE and
enjoyment, leading to long-term negative effects such as sedentary behavior (Ladwig et al.,
2018). Additionally, changes in students’ physical self-concept as a result of a traditional
PE-based physical fitness TUs lessons are still contradictory (Mayorga-Vega et al., 2012;
Mayorga-Vega et al., 2016; Schmidt et al., 2013; Schneider et al., 2008; Spruit et al., 2016).
Therefore, it seems necessary to carry out more studies applying new TUs approaches to
better understand how PE lessons could improve students’ physical fitness levels without
negatively influencing their motivation toward PE and autotelic experience, and without

decreasing their physical self-concept (Paper X).

Effectiveness of Physical Education-based innovative teaching units on tactical
learning in schoolchildren

Although the main topic of the present Doctoral Thesis was to examine the effectiveness
of the innovative TUs on the development and maintenance of students’ CRF, other
applications of these TUs have also been examined. In this case, using a different PE
content such as team sports, which is one of the most worked in PE (Robles Rodriguez et
al.,, 2015; Urefia Ortin et al., 2009) and sued by students (Moreno & Hellin, 2007).
Additionally, team sports have shown having a direct relationship with PA levels achieved
during PE lessons (Hellin et al., 2019; Murillo et al., 2014; Sarradel et al., 2011).

In spite of the fact that the improvement of students” CRF levels is one of the main
goals of PE subject, teachers have to achieve many other curricular objectives during the
academic  year such as technical-tactical learning of sports  (European
Commission/EACEA /Eurydice, 2013; Ministerio de Educacién, Cultura y Deporte, 2015;
SHAPE America, 2013). The acquisition of tactical abilities is an important issue in
educational contexts (Causer & Ford, 2014; Sanchez-Mora et al., 2011; Williams & Ford,
2013). Acquiring tactical and motor skills in sports is directly related to numerous benefits
among schoolchildren. For example, an increase in tactical skills levels increments the
perceived sports competency (Viciana, Mayorga-Vega, & Blanco, 2014) or the physical self-

concept (Papaioannou et al, 20006), which act as predisposing factors (mediational



variables) towards the practice of PA (Welk, 1999). In this line, Jaakkola et al. (2016) found
that students with higher tactical skills showed higher PA levels in their free time.
Therefore, many countries require this kind of learning in schoolchildren in their
curriculum national standards (e.g., in the United States of America, Lund & Tannehill,
2015; or United Kingdom Department for Education, 2013). For instance, the Spanish
Ministry of Education, requires Spanish teachers to improve the decision-making process
of students in team sport games in secondary school levels (Ministry of Education, Culture
and Sport, 2015), and 100% of Spanish teachers in their educational programming include

sports TUs.

The purpose of this type of learning in the educational context is to provide
students an integral view of the complex decision-making process that take place during the
practice of a sport, as well as equip them with numerous tactical skills that could be
transferred to any team sport with the same characteristics or similar constitutive elements
(Causer & Ford, 2014). Consequently, using the concept of transfer could be a good
strategy in order to propose effective educational interventions in PE regarding the
acquisition of tactical skills in sports (Memmert & Harvey, 2010; Yanez & Castejon, 2011).
In this sense, addressing several sports with similar tactical elements through the alternated
TUs seems interesting (Viciana & Mayorga-Vega, 2016) (Paper XI). However, the influence
of students’ baseline tactical skills levels on the effectives of these PE-based TUs should be

considered (Paper XII).
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OBJETIVOS

General

El objetivo general de la presente Tesis Doctoral fue examinar el efecto empirico de los

modelos de unidades didacticas (UD) intermitentes, alternadas, irregulares y reforzadas en

la planificacion de la Educacion Fisica (EF).

Especificos

Los objetivos especificos de la presente Tesis Doctoral fueron los siguientes:

1.

Comparar el efecto de las UDs intermitente y tradicional de acondicionamiento
tisico en EF sobre los niveles de CCR en escolares (Articulo I).

Evaluar el efecto de una UD de mantenimiento (es decir, de refuerzo), con
contenidos de AF en el medio natural y expresién corporal sobre el mantenimiento
de los niveles objetivos de CCR en escolares (Articulo II).

Examinar el efecto de dos UDs alternadas dentro-fuera del centro escolar sobre el
conocimiento de los escolares sobre su entorno para el acondicionamiento fisico en
el tiempo extraescolar, sus barreras percibidas hacia la practica de la AF, apoyo a la
autonomia del profesor y la motivacién autodeterminada hacia la AF (Articulo III).
Evaluar el efecto de una UD irregular (es decir, de mantenimiento), a través de
programas individuales realizados durante los recreos y tiempo extraescolar sobre el
mantenimiento de los niveles objetivos de CCR en escolares (Articulo IV).
Construir y validar una prueba escrita de eleccion mdltiple ad hoc para evaluar el
conocimiento de los escolares sobre el entorno proximo al centro educativo para el
acondicionamiento fisico (Articulo V).

Examinar la influencia de la capacidad cardiorrespiratoria basal (saludable/no
saludable) de los escolares en el efecto de una UD de acondicionamiento fisico
tradicional e intermitente en EF sobre sus niveles de capacidad cardiorrespiratoria
(CCR) y actividad fisica (AF) (Articulos VI'y VII).

Valorar el efecto de un periodo de desentrenamiento de cuatro semanas posterior a
una UD de acondicionamiento fisico a corto plazo en EF sobre la CCR en
escolares (Articulo VIII).

Comparar el efecto de una UD de acondicionamiento fisico en EF sobre la mejora
de los niveles de CCR de los escolares con diferentes perfiles de motivacion hacia la

EF mediante un analisis de clusteres (Articulo IX).
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9. Comparar el efecto de las UDs intermitente y tradicional de acondicionamiento
fisico en EF sobre los niveles de motivacion, experiencia autotélica, y autoconcepto
fisico de los escolares (Articulo X).

10. Estudiar el efecto de una UD alternada de deportes de invasiéon (fatbol y
baloncesto) sobre la transferencia de aprendizaje entre ambas modalidades
deportivas; y examinar la influencia del nivel tactico inicial de los escolares sobre

dicha transferencia de aprendizaje (Articulos XI y XII).



AIMS

Overall
The overall objective of the present Doctoral Thesis was to examine the empirical effect of

the intermittent, alternated, irregular, and reinforced TUs models in the PE planning.

Specifics

The specific objectives of the present Doctoral Thesis were the following:

1. To compare the effect of the intermittent and traditional PE-based physical fitness
TUs on CRF levels in schoolchildren (Paper I).

2. To evaluate the effect of a maintenance TU (i.e., of reinforcement), with outdoor
PA and body expression contents on the maintenance of objective CRF levels in
schoolchildren (Paper II).

3. To examine the effect of two inside-outside school alternated TUs on students’
knowledge of their environment for physical conditioning in the out-of-school
time, their perceived barriers toward the PA practice, teacher autonomy support,
and self-determined motivation towards PA (Paper 11I).

4. To evaluate the effect of an irregular TU (i.e., of maintenance), through individual
programs performed during school recesses and out-of-school time on the
maintenance of objective CRF levels in schoolchildren (Paper IV).

5. To build and develop and ad hoc multiple-choice written test to assess the
schoolchildren’s knowledge of the environment around the educational center for
physical conditioning (CENAFT) (Paper V).

6. To examine the influence of schoolchildren’s CRF baseline (healthy/unhealthy) on
the effect of a traditional and intermittent PE-based physical fitness TU on their
CRF and PA levels (Papers VI and VII).

7. To assess the effect of a four-week detraining period after a short-term PE-based
physical fitness TU on schoolchildren’s CRF (Paper VIII).

8. To compare the effect of a PE-based physical fitness TU on the improvement of
CRF levels of schoolchildren with different motivational profiles toward PE using a
cluster analysis (Paper IX).

9. To compare the effect of the intermittent and traditional PE-based physical fitness
TUs on motivation toward PE, autotelic experience, and physical self-concept

levels of schoolchildren (Paper X).
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10. To study the effect of an alternated TU of invasion sports (soccer and basketball)
on the transfer of learning between both sport modalities; and to examine the

influence of schoolchildren’s baseline tactical level on such transfer of learning

(Papers XI and XII).
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MATERIAL AND METHODS [MATERIAL Y METODOS]

The material and methods section of the present Doctoral Thesis is summarized in the
Table 1. This table includes the most relevant methodological features from the scientific
studies that compose the present Doctoral Thesis. For further information of any study,

please check the material and methods sections of the corresponding papers.
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Table 1. Summary of the main methodological features of the studies of the present Doctoral Thesis

Paper Study design  Participants Procedure
I. Effect of a Physical Education-based Cluster- 126 second/third-  Traditional group: 9 weeks, 2
intermittent teaching unit on high school randomized grade secondary sessions/week, 50 min
students’ cardiorespiratory fitness: A cluster- controlled trial ~ students (53 males I . .
. . ntermittent group: 9 weeks, 2
randomized controlled trial balanced by and 73 females) . .
sessions/week, 50 min
grade
I1. Effect of a Physical Education-based Cluster- 107 first/second-  Experimental groups 1-2:
reinforced program through outdoor randomized grade secondary Development: 9 weeks, 2
physical activities and body expression on controlled trial ~ students (55 males  sessions/week, 50 min
secondary school student§ cardiorespiratory not balanced by and 52 females) Detraining: 4 weeks
fitness: A cluster-randomized controlled grade
trial Experimental group 2:
Maintaining: 6 weeks, 2
sessions/week, 50 min
III. Effect of inside-outside school Cluster- 146 first-to-third-  Traditional group: 4 weeks, 2
alternated teaching units on knowledge of randomized grade secondary sessions/week, 50 min
the environment for Physmal condl@onlng controlled trial  students (73 males Alternated group: 4 weeks, 2
and related psychological outcomes in the balanced by and 73 females) . .
} . . sessions/week, 50 min
Physical Education setting: A cluster grade

randomized control trial



Table 1. Continued

IV. Effect of a Physical Education-based
irregular teaching unit on high school
students’ cardiorespiratory fitness and
related psychological outcomes: A cluster
randomized control trial from a Self-
Determination Theory perspective

V. Assessment of the knowledge about
the environment for physical conditioning
(CENAF]) in schoolchildren

0S

Cluster-
randomized
controlled trial
balanced by
grade

Validation

128 second/third-
grade secondary
students (62 males
and 66 females)

189 first-to-
fourth-grade
secondary students
(94 males and 95
females)

Traditional and Irregular groups:
9 weeks, 2 sessions/week, 50
min

Irregular group: Maintaining: 6
weeks, 3 x 20-minutes school
recesses + 2 x 30-minutes out-of-
school periods/week

1. Construction and definition
of the structure and purpose of
the test

2. Content validation by experts
3. Pilotage

4. Depuration and application of
the final instrument

5. Test-retest reliability
assessment

6. Discriminant validity
assessment



D
)

Table 1. Continued

VI. Does a Physical Education-based fitness
program benefit everyone independently of
the students’ physical fitness profile? A
cluster-randomized controlled trial

VII. An intermitent physical fitness teaching
unit only improves cardiorespiratory fitness
levels of students with an unhealthy physical
fitness profile

VIII. Effect of a short-term physical fitness
program on students’ cardiorespiratory
fitness and its posterior reduction in the
Physical Education setting

IX. Does students’ self-determination
motivation toward Physical Education
influence the effectiveness of a fitness
teaching unit? A cluster-randomized
controlled trial and cluster analysis

Cluster-
randomized
controlled trial
and ex post facto
not balanced by
grade

Clustet-
randomized
controlled trial
and ex post facto
balanced by
grade

Cluster-
randomized
controlled trial
balanced by
grade

Cluster-
randomized
controlled trial
and ex post facto

107 first/second-
grade primary
students (55 males
and 52 females)

92 second/third-
grade secondary

students (34 males
and 58 females)

76 second/third-
grade secondary

students (31 males
and 45 females)

181 seventh-to-
nineth-grade
secondary students
(86 males and 95
females)

Experimental group: 9 weeks, 2
sessions/week, 50 min

Experimental group: 9 weeks, 2
sessions/week, 50 min

Experimental group: 9 weeks, 2
sessions/week, 50 min

Detraining: 4 weeks

Experimental groups 1-4: 9
weeks, 2 sessions/week, 55 min



Table 1. Continued

X. Could an intermittent Physical
Education-based fitness teaching unit

affect secondary school students’
motivation, autotelic experience, and
physical self-concept? A cluster-randomized
controlled trial

XI. Effect of two alternated teaching units
of invasion team sports on the tactical
learning in primary schoolchildren

XII. Tactical learning in invasion sports in
Physical Education: Influence of students’
baseline level

Cluster-
randomized
controlled trial
balanced by
grade

Cluster-
randomized
controlled trial

balanced by
grade

Cluster-
randomized
controlled trial
balanced by

grade

126 second/third-
grade secondary
students (53 males
and 73 females)

85 fourth/fifth-
grade primary
students (39 males
and 46 females)

85 fourth/fifth-
grade primary
students (39 males
and 46 females)

Traditional group: 9 weeks, 2
sessions/week, 50 min

Innovative group: 9 weeks, 2
sessions/week, 50 min

Traditional teaching unit group:
8 weeks, 2 sessions/week, 55
min

Alternated teaching unit group:
8 weeks, 2 sessions/week, 55
min

Experimental group 1-2: 8
weeks, 2 sessions/week, 55 min

Note. ANOVA: Analysis of variance; ANCOVA: Analysis of covariance; CENAFI: Conocimiento del Entorno para el Acondic
for Physical Activity; PASSES: Perceived Autonomy Support Scale for Exercise Settings; BREQ-3: Behavioral Regula
Psychological Needs in Exercise Scale; PACSQ: Physical Activity Class Satisfaction Questionnaire; PACE: Physician-base
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ABSTRACT
BACKGROUND: The aim of this study was to compare the effect of the intermittent and
traditional physical fitness-based teaching units on cardiorespiratory fitness and physical

activity levels in high school students during Physical Education sessions.

METHODS: One hundred and three high school students (Mage = 13.6 + 0.7) from six
classes, balanced by grade, were cluster-randomly assigned into traditional (TG),
intermittent (1G), and control (CG) groups. The TG performed a fitness teaching unittwice a
week for nine weeks (35-40 minutes of the main part of each session). The 1G worked during
the first half of the sessions’ main part (18-20 minutes) similarly to the TG, and during the
second half they worked on technical-tactical aspects of invasion sports. Students’
cardiorespiratory fitness was measured at the beginning and-at the end of the teaching unit.
Physical activity levels were measured objectively through a heart rate monitor and
subjectively by a self-reported scale during Physical Education sessions.

RESULTS: Both traditional -and intermittent teaching units developed students’
cardiorespiratory fitness levels (A post-pre-intervention: TG, Ma = 19.8, SE = 9.4; IG, Mj =
16.6, SE = 7.7); p < 0.01). Additionally, both TG (M = 86.2, SE = 9.9) and I1G (M = 90.9, SE
= 7.6)-had higher. physical activity levels than the CG (M = 76.3, SE = 13.5) (p < 0.05).
However, no-differences in physical activity levels were found between the IG and TG (p >
0.05).

CONCLUSIONS: The intermittent teaching unit allowed the simultaneous development of
cardiorespiratory fitness and another curricular objective in the same Physical Education
sessions.

Key words: Educative intervention — Health-related physical fitness — Cardiovascular

endurance — Physical activity — Adolescents.
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Introduction

Cardiorespiratory fitness (CRF) is considered one of the most important health
markers among adolescents.! Higher levels of CRF during adolescence are associated with
better quality of life and academic performance.?? Unfortunately, in the last decades CRF
has been declining among adolescents.* As a consequence, a low CRFhas hecome a
worldwide problem which affects, on average, 46% of girls and 33% of boys.! Therefore,
good CRF levels during adolescence should be included in health promotion policies in
different contexts such as sport programs or schools.!

Among other contexts, schools and specifically Physical Education (PE) subject,
have an important role in the improvement of CRF levels in adolescents.> In fact, several
countries require in their national educational curricula the acquisition of good CRF levels.®’
However, achieving an improvement.in students’ CRF levels during PE sessions is hindered
by several difficulties. Examples of these difficulties include: the great volume of contents to
develop during the academic year, the heterogeneous levels of students, the limited
curriculum time appointed to the PE subject (e.g., on average, worldwide only about two
hours per week), or holidays.%°

Despite these difficulties, previous studies have shown the effectiveness of short-
term teaching units for improving students’ CRF levels in the PE setting.}%!* However, with
these traditional teaching units (i.e., working the whole session during several sessions in a
row in order to reach an objective) just the objective of improving CRF would be achieved
and, after that, considering the limited curriculum time appointed to the PE subject,®° a large
amount of curriculum objectives would have to be developed in a reduced period of time.
Furthermore, in the aforementioned teaching units the learning was isolated, without links to

other subject matters.*?
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A feasible solution to the above mentioned difficulties in PE could be developing
CRF simultaneously with other curricular contents through the intermittent teaching unit
structure proposed by Viciana and Mayorga-Vega.'? This innovative structure of the
teaching unit consists of only a few minutes of each PE session for several sessions. Thus, it
allows for dividing the session into several parts (i.e., two) and developing two_or more
related curricular objectives during the same session. Previous empirical studies have found

that this PE-based teaching unit model is effective for developing different health-related
curricular objectives.***® Another example of an intermittent teaching unit could consist of

the development of students” CRF during several minutes of the PE sessions while another
learning objective such as technical-tactical skills of ‘invasion sports could be developed
during the rest of the session. This could provide teachers a more efficient use of the limited
PE time for developing various goals during the sessions, and students the opportunity to
establish relationships between-different. PE-related contents. For instance, an intermittent
teaching unit centered on the development of both students’ CRF and technical-tactical
learning of invasion-sports could be applied. The PE sessions should have two marked parts,
one focused-on CRF development.and another focused on the technical-tactical learning in
invasion sports. This structure would allow students to achieve both objectives, to relate both
contents (e.g., performing physical fitness exercises to improve students’ performance in
technical-tactical situations), and to reduce physical fitness-related tasks developed along the
main part of the session, which could circumvent the continuous physical effort of students.
Similarly to the present study, Mayorga-Vega et al.*® focused on maintaining CRF
levels previously acquired through performing sports-integrated activities during 15 minutes
of the main part of the session twice a week for eight weeks. However, the aforementioned
authors, apart from applying a teaching unit for maintaining CRF, which is easier than

developing it, did not make comparisons with a traditional teaching unit. Unfortunately, to
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our knowledge there are no previous studies examining the effect of an intermittent teaching
unit on the development of students’ CRF levels in the PE setting. Consequently, the main
purpose of the present study was to compare the effect of the intermittent and traditional
physical fitness-based teaching units on CRF levels in high school students. The secondary
purpose of this study was to compare the effect of the intermittent and traditional physical
fitness-based teaching units on physical activity (PA) levels during PE sessions in high
school students.

Materials and methods

Study design

The present study is reported according to the current CONSORT guidelines for
cluster randomized trials.*® The protocol conforms-tothe Declaration of Helsinki statements
(64th WMA, Brazil, October 2013). The Ethical Committee for human studies of the

University of Granada (649/CEIH/2018) approved the present study protocol. For practical
reasons and because of the nature of the present study (i.e., natural groups from an
educational setting) a cluster-randomized controlled trial was used (i.e., randomization was
per classes not per individuals).*1" Six natural classes, balanced by grade (i.e., eighth- and
ninth-grade classes), were randomly assigned to form one of the following study groups:
control group (CG), intermittent group (IG) or traditional group (TG). However, the students
had been previously assigned randomly into classes by the school center. This study was
non-blinded (treatments were not masked from the students or teachers), and parallel-group
(study with three different treatment),*® with two evaluation phases.
Participants

The head and the PE teacher of two similar state high schools (chosen by
convenience) of the province of Ciudad-Real (Castilla-La Mancha Region, Spain) were

contacted. They were informed about the project, and permission to conduct the study was
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requested. After the approval of the schools were obtained, all the 126 students (53 boys and
73 girls) from the eighth and ninth grade of secondary education (i.e., 13-15 years old) of the
selected school centers were invited to participate in the present study. Adolescents and their
legal tutors were completely informed about the features of the study. Participants’ signed
written informed assent and their legal guardians’ signed written informed consent were
obtained before taking part in the study. According to the center’s reports, all the students’

families had a middle socioeconomic level.

The inclusion criteria were: a) being enrolled in the eighth to ninth grades of the
secondary education level; b) participating in the normal PE classes; ¢) being free of any
health disorder such as heart diseases, uncontrolled-asthma, bone/joint problems or other
reasons why children should not undergo PA, d) presenting the corresponding signed
consent by their parents or legal guardians; and e) ‘presenting the corresponding signed
assent by the students. The exclusion criteria were: a) not having performed correctly the
CREF test in each measured moment (i.e., pre-intervention and post-intervention), and b) not
having an attendance rate equal or over 85% for PE classes during the intervention period.
Sample size

Based on_the main dependent variable (i.e., CRF), and assuming independency of
observations-as previous personal related (unpublished) studies have shown, a priori sample
size calculation was estimated with the G*Power Version 3.1.9.4 for Windows. Parameters
were set in a conservative manner as follows: effect size f = 0.15, significance level a = 0.05,
statistical power (1 — B) = 0.80, and correlation among repeated measures r = 0.7. A
minimum final sample size of 69 was estimated.

Randomization

Recruitment was carried out in June of 2017, and the intervention was done from

September to December of 2017. The six established classes, with their students, were



NP RR RR RBR RR R
O W oON OUT AW NP OLOOONO U WN -

N NN N
A wWN PR

NN
a

W INNN N
O Vo

HW WW WWW WW W
LV ONOOTULID WN -

A~ bAb
w N

A DD DD
OLooNO U b~

(2020, ]
N~ O

Ul 0
U b~ w

Page 7 of 29

randomly assigned to one of the three conditions (two interventions and one control). Before
the pre-intervention evaluation was administered, an independent researcher, blinded to the
study objectives, performed the allocation. Randomization was conducted at the class-level,
using a computerized random number generator.
Intervention

Figure 1 shows the general scheme of the intervention. The traditional group (TG)
and intermitent group (IG) students performed a physical fitness-based teaching unit during
the PE sessions twice a week for nine weeks. Because of meteorological problems, in the
end the TG and IG students completed a total of 16 sessions. The sessions (50 minutes each)
were designed and delivered by the PE teachers of the participating high schools with the
supervision of the main researcher. The PE teachers had 15-years of experience. During the
warm-up (5-to-10-minutes) the students carried out low-to-moderate aerobic exercises
followed by some joint mobility. and stretching exercises. In the main part (35-to-40-
minutes), the TG students performed traditional PE-based physical fitness sessions during
the whole period-(e.g., circuit training; interval training, running games or fartlek). For
example, in.the fartlek session students performed different kinds of fartleks (i.e., five times
of: 4 minutes running soft plus 1 minute running fast) during 25 minutes, followed by team
relay races for 10 minutes. At the end of the sessions there were five-minute cool-down (i.e.,
walking slowly around the sports court).

Although for the IG students the warm-up and cool-down phases were identical to

the TG, the main part of the IG students’ sessions was divided into two halfs. In the first
half (18-20 minutes approximately), which had the objective of developing students’ CRF
levels, the 1G students performed similar PE-based physical fitness exercises to the TG
students (i.e., three times of: 4 minutes running soft plus 1 minute running fast, followeb by

team relay races for 5 minutes). However, in the second half (18-20 minutes approximately),
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in order to make the sessions more motivating and participatory,’® IG students developed
invasion sports tasks in order to learn technical and tactical aspects of both sports (football
and basketball). The PE teacher placed special emphasis on reaching a moderate-to-vigorous
intensity during the whole main part (i.e., 35-40 minutes) in the TG sessions, and only
during the first half of the main part (i.e., 18-20 minutes) in the IG sessions.

Regarding the control group (CG) students, they also participated in their PE sessions

twice a week during the intervention period, with a similar structure as the TG and IG (i.e.,
5-t0-10-minute warm-up, 35-to-40-minute main part, and five-minute cool-down). The

warm-up and cool-down phases were identical to the intervention groups’. Nevertheless, the
content (body expression and outdoor PA) and methodology followed during the main part
of the sessions were different (mostly based on- the recreation and without any special focus
on PA intensity). For example, during.the body expression sessions, students had to make an
acrosport choreography with the figures that they had previously learned, while during the
outdoor PA sessions students performed different track games.
*Insert Figure 1 here*

Measures

Students’ CRF evaluation was carried out during a PE session at the beginning (pre-
intervention)-and at the end (post-intervention) of the teaching unit. All evaluations were
carried out under the same conditions, with the same instruments, and by the same tester.

The CRF measurements were taken in an indoor sports facility with a non-slippery floor, on

the same day of the week, under the same environmental conditions, and at the same time for
each student. Prior to the CRF test, the participants completed a standardized warm-up
consisting of five minutes of running from low-to-moderate intensity followed by some joint
mobility exercises. General characteristics of the participants (i.e., age, grade, gender, body

mass, body height, and habitual PA) were registered at the beginning of the study. Body
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mass and body height (and body mass index) were measured following the ISAK
procedure.?’ Habitual PA was estimated by the Spanish version of the PACE questionnaire
for adolescents.?!

Cardiorespiratory fitness. The 20-meter shuttle run test was used to assess CRF.?2
Participants ran between two parallel lines placed 20 meters apart, in a progressive rhythm
marked by a recorded beep until they were not able to reach the line two consecutive times.

During the test each participant wore a heart rate monitor (Polar® RS300X, Finland). The
total number of completed laps (n) and shuttles (timed in seconds) were retained.In order to

ensure the test maximality, only the scores of those participants who reached a heart rate
value equal to or higher than 90% of the estimated maximum heart rate were used.?® The
maximum heart rate was estimated by the following equation: 209 — 0.7 x age (in years).?*
The 20-meter shuttle run test has demonstrated adequate reliability and criterion-related
validity among adolescents (e.g., ICC =0.89; r, =0.78).22?°

Physical activity. Students’ PA levels during the teaching unit sessions were
measured objectively by-heart rate monitors and subjectively by a self-reported scale. In

each research group, five students-per class were randomly selected to wear a heart rate
monitor (Polar® RS300X, Finland). These five students were different in each session, for
example, in_the second session five students different from the first session wore the heart

raté monitor, and so on until all students’ work intensity of the same class were measured.
Therefore, all students” PA was monitored about two or three times during the intervention
period. Additionally, at the end of each PE session all the students reported their global
perceived exertion using a pictorial perceived exertion scale (from 0 = “‘not tired at all’’ to
10 = ““very, very tired’”), which has demonstrated adequate reliability and validity among
adolescents (test-retest reliability, ICC = 0.95; validity, r = 0.89).%6 For the intensity control,

rating of perceived exertion, average heart rate (expressed as beats per minute and
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percentage of estimated maximum heart rate), total PA and moderate-to-vigorous PA
(MVPA) (percentage of total time involved in an intensity equal or over 50% and 70% of
estimated maximum heart rate, respectively), and the achievement of the MVPA
recommendation (at least 50% of time of the PE session in MVVPA) were calculated.
Statistical analysis

Descriptive statistics (mean + standard deviation or percentage) for-the general

characteristics of the included participants and dependent variables were calculated. All the
statistical tests assumptions were first checked and met for each dependent variable by

common procedures (e.g., histograms and normal Q-Q plots for normality). Chi-squared
analyses were carried out to test the ratio differences of gender and grade between the three
groups. A one-way analysis of variance' (ANOVA) was conducted ‘to examine potential
differences between the three groups-in-terms of body mass, body height, body mass index,
and habitual PA levels. The intra-class-correlation coefficients (ICC, also known as intra-
cluster correlation coefficients) showed empirical evidence of the independency of
observations (CRF = 0.00; perceived PA = 0.38; objective PA = 0.00-0.08; Wald Z, p >

0.05). However, according to Li et al.,?” because the unit of intervention was the class, a
Mixed-Multilevel -Linear Model with participants nested within classes was selected. The
maximum likelihood estimation method was used. According to Field’s recommendation,?®

the approach was starting from “basic” models in which all the parameters were fixed and
then progressively random coefficients and exploring confounding variables was followed.
The — 2 log-likehood (- 2LL, i.e., comparing the change in the chi-square test) and Akaike’s
information criterion (AIC, i.e., absolute value) were used to compare the models fit. From
all the explored potential confounding variables (i.e., gender, grade, age, body mass, body
height, body mass index, habitual PA, record session time, intervention attendance, and the

CREF pre-intervention scores for each particular dependent variable), CRF pre-intervention

10
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scores for the dependent variables CRF, and total PA were used. The post-hoc with the
Bonferroni adjustment was used for pairwise comparisons. Effect sizes were estimated using
the Cohen’s d.

Also, the chi-square test was calculated in order to compare the percentage of
students that met the MVVPA recommendation during the PE sessions between-the three
groups. Effect sizes were estimated using the Cramer’s V.2 All statistical analyses were

performed using the SPSS Version 21.0 for Windows (IBM® SPSS® Statistics). The
statistical significance level was set at p < 0.05, except for the pairwise comparisons with the

chi-squared test that were set at p < 0.017.
Results

Final sample and general characteristics

Figure 2 shows a flow chart corresponding to the participants included in the present
study. Although all the invited 126 students (57.9% girls) agreed to participate and met the
inclusion criteria, finally 103 students (54.4 % girls) satisfactorily passed the exclusion
criteria and were analysed. No participant was lost because of the rejection to continue in the
study or change of the school.. Table 1 shows the general characteristics of the included
participants and differences between the three groups. The chi-square analysis showed that
the three groups had-an unbalanced representation of girls to boys (p < 0.05). However, the
chi-square analysis showed that the three groups had a balanced representation of eighth-/

ninth-grade students (p < 0.05). Additionally, the one-way ANOVA results did not show

statistically significant differences in terms of body mass, body height, body mass index, and

habitual PA levels between the three groups (p > 0.05). The IG and TG participants obtained

an average attendance of 93% and 89% in the physical fitness teaching unit, respectively.
*Insert Table | here*

*Insert Figure 2 here*

11
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Cardiorespiratory fitness
Figure 3 shows the effect of the intermittent and traditional physical fitness-based

teaching units on CRF levels in high school students. The results of the Mixed Multilevel
Linear Model (- 2LL = 1066.335; AIC = 1078.335; F = 7.861; p = 0.001), followed by the
pairwise comparisons showed that the both the IG and TG students improved statistically

significantly (1G, Ma=16.6, SE=7.7,p<0.01,d =0.18; TG, Ma=19.8, SE=9.4, p <0.01,
d = 0.20; CG, Ma= -8.3, SE = 6.9). However, between the 1G and TG no statistically
significant differences were found (p > 0.05; d = 0.02).
*Insert Figure 3 here*
Physical activity
Table 2 shows the comparison of the perceived (i.e., RPE) and objective (i.e.,

average heart rate, average of the percentage of maximum-heart rate, total PA and percentage
of total time involved in MVVPA) PA levels during the PE sessions between the three groups.
The results of the Mixed Multilevel Linear Model (p < 0.01) followed by the pairwise
comparisons showed that both the IG and TG students had statistically significantly higher

objective and perceived PA levels. during PE sessions than students from the CG (p < 0.05).
However, statistically significant differences in objective and perceived PA levels during the
PE sessions between-the 1G and TG were not found (p > 0.05).

*Insert Table 1l here*

Figure 4 shows the comparison of the percentage of students that met the MVPA
recommendation during the PE sessions between the three groups. The results of the chi-
square test (y° = 15.134; p <0.001; Cramer’s V = 0.383) followed by the the two x two chi-
square test showed that in the 1G and TG there were higher proportions of students that met
the MVPA recommendation during the PE sessions than in the CG (IG vs. CG, y? = 15.251;

p <0.001; Cramer’s V =0.409; TG vs. CG, Xz =9.041; p<0.01; Cramer’s V = 0.350).

12
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However, between the 1G and TG no statistically significant differences in the percentage of
students that met the MVPA recommendation during the PE sessions were found (%? = 0.503;
p>0.017; Cramer’s V = 0.077).
*Insert Figure 4 here*
Discussion
The main purpose of this study was to compare the effect of the intermittent and

traditional physical fitness-based teaching units on CRF levels in high school students.
Results showed that both types of physical fitness-based teaching units performed twice a

week for only nine weeks significantly improved high-school students’ CRF levels.
Similarly, in previous studies short-term physical fitness teaching units have also shown to
be effective for improving students’ CRF during PE sessions.'®!! In“the aforementioned
studies, the experimental group students only developed one PE curricular objective during
the whole PE session (i.e., to increase the students” CRF) as in the TG of this study.
However, since many curricular objectives have to be developed during the academic year,®°
this type of teaching unit, which only develops one curricular objective, seems to not be the
most appropriate option to address all curricular aims. Therefore, the application of another
teaching unit structure, where several PE objectives can be developed simultaneously, seems
to‘ be a good alternative in facilitating PE teachers to achieve all PE curriculum objectives.
Acéording to the structure of the intermittent teaching units proposed by Viciana and
Mayorga-Vega,*? results of the present study showed that it is possible to improve CRF only
working intensely during the first 18-20 minutes of the main part of the PE session, and to
dedicate the other half of the session to develop another PE objective like the learning of
technical-tactical aspects of invasion sports. Similarly, Mayorga-Vega et al.'° applied an
intermittent teaching unit to maintain CRF levels previously acquired performing sports-

integrated activities during only 15 minutes of the main part of the session during eight

13
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weeks. However, the aforementioned authors focused their intervention on maintaining the
students’ CRF instead of developing it, which is easier. To our knowledge this study is the
first that examines the effectiveness of this teaching unit structure on developing CRF
simultaneously with other curricular objectives during the same sessions in the PE setting,
which is, consistently, an important outcome for scientists and PE teachers.

Regarding the magnitude of the effects of the teaching units on CRF, previous

studies that have performed a short-term physical fitness teaching unit found similar-effects
in CRF (d = 0.07-0.47, mean d = 0.26)1%11?° as in the present study (d = 0.19). In'spite of the

magnitude of the effects being a bit small, according to Valentine and Cooper, it should
take into account that even lower values of effect size could be considered of practical
importance in educational research.

It is important to denote that the second objective of the sessions developed by the IG

students, technical-tactical learning of invasion sports could influence the PA levels
developed, as will be commented posteriorly in the PA'section, and consequently the CRF
could also be influenced. Therefore, future research could investigate the effect of

intermittent.teaching units centered on.the increment of CRF and, as the second objective,
working.with any other content of the PE subject (e.g., body expression).

Regarding .the 'second objective of the study, it was to compare the effect of the
intermittent and traditional physical fitness-based teaching units on objective and perceived
PA levels during PE sessions in high school students. The PE subject has an important role
in students” PA levels, being an effective means to increase daily MVPA levels among
adolescents.®>* The Association for PE® recommends that students should spend at least
50% of the PE session time in MVPA. Results of this study showed that during the physical
fitness-based teaching units, the TG and IG students had higher average levels of MVPA

than the CG (46.3%, 52%, and 24.8%, respectively). Additionally, during the PE sessions in

14
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the TG and IG, there was a higher proportion of students that met the MVPA
recommendation during the PE sessions® than in the CG (39%, 55%, and 13%, respectively).
Similar to this study, in their systematic review about interventions aimed to increase MVPA
levels during PE sessions, Lonsdale et al.>® found that only interventions specifically

designed for this purpose achieved an increment of the time involved in MVVPA. However, if
a specific intervention is not applied, the average proportion of PE session time spent in

MVPA (40,5%) is lower than recommended.®* As regards perceived exertion levels; results
showed that the TG and IG students reported higher perceived exertion levels than the CG

students, similar to the results found by Mayorga-Vega et al.l°. Despite the fact that TG
students maintained a continuous effort during the whole session in comparison with the 1G
students, who had more pauses during the sessions (in order to explain‘and organize them),
both groups stated similar levels of perceived exertion. This could be because team sports
have shown to be one of the contents that causes-a more.intense student participation in the
PE subject.®

Regardingthe magnitude effects of the intervention, the present study showed similar

results to previous studies focused.on the increment of MVPA levels during PE sessions (d =
1.18-1.50 vs. 0.13-2.81, respectively).>® Moderate-to-high magnitude effects were obtained,
indicating that the physical fitness based-teaching units applied were effective in increasing
MVPA levels during PE sessions.

Finally, although the IG students only worked physical fitness specifically during 18-
20 minutes of the main part of the session, the difference found in MVPA between the TG
and 1G students (46.3 % and 52 % of PE session time, respectively) may be because team
sports have been shown as being a PE content with higher levels of MVVPA in comparison

with others.®

15
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This study had some limitations that should be considered. The main limitation was
that the technical-tactical learning was not measured because of feasibility issues. In Spain,
the time destined for PE is limited (only two hours per week) and the academic year is
interrupted by holidays about every three months. Therefore, since the objective technical-
tactical learning assessment would have needed more evaluation sessions,-it could not be
performed. Secondly, instead of applying a true randomized control trial, a cluster-

randomized control trial was applied. However, because of the nature of the context and with
the objective of keeping the ecological validity, this design was maore appropriate: The third

limitation was that the study was not balanced by gender. However, when gender had an
effect, it was statistically controlled. Future research studies that do not have this time
restriction should also measure technical-tactical learning ‘in-order to examine if an
intermittent teaching unit, in addition to the improvement in CRF levels, also improves
students’ technical-tactical skills.
Conclusions

Besides improving students” CRF levels, an intermittent teaching unit simultaneously
leaves enough time during the sessions to work on another PE objective. Moreover, another
important outcome of this study is the fact that this new structure of teaching unit increased
the ‘sessions’ intensity ‘in a similar way to a traditional teaching unit, also achieving the
recommendations of 50% of PE sessions time involved in MVPA levels. Therefore, an
intermittent teaching unit of physical fitness and invasion sports seems to be an effective

way to achieve various objectives in the PE setting.

16
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Table I.— General characteristics of the included participants and differences between the three
groups

Total CG IG TG 0

(n=103) (n=138) (n=42) (n=23)

Age (years) 13.6(0.7) 136(0.7) 13.8(0.8) 135(0.6) -
Grade (8™/ 9™ 42.7/57.3 47.4/52.6  38.1/61.9 43.5/.56.6 0.702
Gender (girls/ boys) 54.4/456 68.4/31.6 52.4/47.6 34.8/ 65.2 0.036
Body mass (kg) 54.1(11.1) 54.2(9.0) 54.7(127) 52.8(11.3) 0.810
Body height (cm) 162.5(7.9) 160.8(7.6) 163.2(7.8)  163.8(8.3) 0.270
Body mass index (kg/ m?) 20.4(35) 21.0(3.4) 20.4(3.8) 19.5(3.0) 0.290
Habitual PA (days/ week) 29 (1.7) 2.4 (1.5) 29 (L7~ 34(21) ' -0.107

Note. Data are reported as mean (standard deviation) for age, body mass, body height,_ body mass index and habitual
physical activity variables, or percentage for grade and gender variables; CG_= Control group; IG = Intermittent

group; TG = Traditional group; PA = Physical activity.

2 Significance level from the one-way analysis of variance for -body ‘mass, body height, body mass index and

habitual PA, and from the chi squared test for the gender and grade ratios.
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} Table 1l.—— Comparison of perceived and objective physical activity levels during the Physical Education sess
Z CG IG TG Mixed Multilevel Linear Model?

5 (n =38) (n=42) (n =23) -2LL AIC F p

6 RPE 3.0(0.8) 5.9 (0.8)*** 6.4 (0.5)*** 192.183 202.183 29.362 - 0.00
7 Heartrate (bpm) 121.3(12.8) 141.6 (13.0)** 143.0 (11.3)** 810.096 820.096 26.503 = 0.00
8 Heart rate (%)° 61.1 (6.5) 71.3 (6.5)** 71.9 (5.7)** 669.408 679.408 25.413 = 0.00:
9 Total PA (%)° 76.3 (13.5) 90.9 (7.6)*** 86.2 (9.9)*** 766.154 778.154 25909 < 0.0
10 MVPA (%) 248 (18.2)  52.0(17.8)* 46.3 (14.0)*  871.654 881.654 - 13.981 . 0.00

11 Note. Data are reported as mean (standard deviation); CG = Control group; IG = Intermittent group; TG = Traditional group. RI5E =1
12 physical activity; MVPA = Moderate-to-vigorous physical activity.
13 aMixed Multilevel Linear Model with the post hoc analysis with Bonferroni adjustment: Difference statistically significant betwee

14 ***p < 0.001). P Percentage of estimated maximum heart rate calculated according to the formula-209 — 0.7 x age. (in years) during
15 total time of Physical Education sessions involved in an intensity equal or over 50% of estimated-maximum heart rate. d Percentag
16 involved in an intensity equal or over 70% of estimated maximum heart rate. '
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Figure 1.—General scheme of the intervention.

Figure 2.— Flow chart of the school classes and students of the present study. All numbers
are school classes [students].

Figure 3.— Effect of the intermittent and traditional physical fitness-based teaching units on
cardiorespiratory fitness in high school students. The bars represent the adjusted mean
(difference value = post-intervention - pre-intervention) and the error bars represent the
standard error. The results of the Mixed Multilevel Linear Model (F = 7.861; p= 0.001)
followed by the pairwise comparisons with the Bonferroni adjustment (Control' vs.

Intermittent/ Traditional groups: **p <0.01).

Figure 4.— Comparison of the percentage (number represented with the bars) of students
that met the moderate-to-vigorous physical activity (MVPA) recommendation during the

Physical Education sessions between the three groups (Control vs. Intermittent/ Traditional
groups: **p < 0.01; ***p < 0.001).
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Summary

Objective: The main aim was to examine the effects of a Physical Education-based
reinforced program through outdoor physical activities and body expression on
cardiorespiratory fitness in secondary students. A secondary aim was to analyze the
physical activity levels during the Physical Education-based development and
reinforced programs.

Methods: A sample of 92 secondary students ( M age 12.4 + 0.7 years), from five
classes, were cluster-randomly assigned into experimental group 1, experimental
group 2, and control group. The experimental groups students performed a physical
fitness development program twice a week for nine weeks. Then, the experimental
group 2 completed a reinforced program through outdoor physical activities and body
expression twice a week for six weeks. Students’ cardiorespiratory fitness was
measured at the beginning and at the end of the development program, as well as at
the end of the reinforced program. Physical activity levels were measured objectively
through a heart rate monitor and subjectively by a self-reported scale during Physical
Education sessions.

Results: The experimental group 2 students maintained their cardiorespiratory fithess
levels through reinforced program of outdoor physical activities and body expression (
p <0.001). Additionally, both experimental groups had higher physical activity levels
than the control group during the development program ( p < 0.05). Moreover, the
experimental group 2 had higher physical activity levels during the reinforced program
than the control group and experimental group 1 ( p < 0.01).

Conclusion: Reinforced programs allow Physical Education teachers to maintain
students’ cardiorespiratory fithess levels and achieve other standards of the Physical
Education subject.

Effet d'un programme renforcé basé sur I'éducation physique par des activités
physiques en plein air et I'expression du corps sur la condition cardiorespiratoire des
éléves du secondaire: un essai contrdlé randomisé en grappes

Résumé

Objectifs: Le but principal était d'examiner les effets d'un programme renforcé basé sur
I'éducation physique a travers des activités physiques en plein air et I'expression du
corps sur la condition cardiorespiratoire chez les éléves du secondaire. Un objectif
secondaire de cette étude était d'analyser les niveaux d'activité physique pendant le
développement basé sur I'éducation physique et les programmes renforcés.

Méthodes: Un échantillon de 92 éléves du secondaire (&ge moyen = 12,4 + 0,7 ans),
de cinq classes, ont été répartis au hasard dans le groupe expérimental 1, le groupe
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expérimental 2 et le groupe témoin. Les étudiants des groupes expérimentaux ont
effectué un programme de développement de la condition physique deux fois par
semaine pendant neuf semaines. Puis, le groupe expérimental 2 a achevé un
programme renforcé par des activités physiques en plein air et I'expression corporelle
deux fois par semaine pendant six semaines. La condition cardiorespiratoire des
étudiants a été mesurée au début et a la fin du programme de développement, ainsi
qu'a la fin du programme renforcé. Les niveaux d'activité physique ont été mesurés
objectivement par un moniteur de fréquence cardiaque et subjectivement par une
échelle autodéclarée pendant les séances d'éducation physique.

Résultats: Les étudiants du groupe expérimental 2 ont maintenu leur niveau de
condition cardiorespiratoire a travers de un programme renforcé d'activités physiques
en plein air et d'expression corporelle (p < 0.001). De plus, les deux groupes
expérimentaux avaient des niveaux d'activité physique plus élevés que le groupe
témoin pendant le programme de développement (p < 0.05). De plus, le groupe
expérimental 2 avait des niveaux d'activité physique plus élevés pendant le
programme renforceé que le groupe témoin et le groupe expérimental 1 (p < 0.01).
Conclusion: Des programmes renforcés permettent aux professeurs d’éducation
physique de maintenir le niveau de condition cardiorespiratoire des éléves et
d’atteindre d’autres normes en matiére d’éducation physique.
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Summary

Objective: The main aim was to examine the effects of a Physical Education-based reinforced
program through outdoor physical activities and body expression on cardiorespiratory fitness
in secondary students. A secondary aim was to analyze the physical activity levels during the
Physical Education-based development and reinforced programs.

Methods: A sample of 92 secondary students (Mage 12.4 + 0.7 years), from five classes, were
cluster-randomly assigned into experimental group 1, experimental group 2, and control
group. The experimental groups students performed a physical fitness development program
twice a week for nine weeks. Then, the experimental group 2 completed a reinforced program
through outdoor physical activities and body expression twice a week for six weeks.
Students’ cardiorespiratory fitness was measured at the beginning and at the end of the
development program, as well as at the end of the reinforced program. Physical activity
levels were measured objectively through a heart rate monitor and subjectively by a self-
reported scale during Physical Education sessions.

Results: The experimental group 2 students maintained their cardiorespiratory fitness levels
through reinforced program of outdoor physical activities and body expression (p < 0.001).
Additionally, both experimental groups had higher physical activity levels than the control
group during the development program (p < 0.05). Moreover, the experimental group 2 had
higher physical activity levels during the reinforced program than the control group and
experimental group 1 (p < 0.01).

Conclusion: Reinforced programs allow Physical Education teachers to maintain students’
cardiorespiratory fitness levels and achieve other standards of the Physical Education subject.
Key words: Educative intervention; Health-related physical fitness; Cardiovascular

endurance; Physical activity; Adolescents
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Résumé

Obijectifs: Le but principal était d'examiner les effets d'un programme renforcé basé sur
I'éducation physique a travers des activités physiques en plein air et I'expression du corps sur
la condition cardiorespiratoire chez les éléves du secondaire. Un objectif secondaire de cette
étude était d'analyser les niveaux d'activité physique pendant le développement basé sur
I'éducation physique et les programmes renforcés.

Méthodes: Un échantillon de 92 éléves du secondaire (dge moyen = 12,4 £ 0,7 ans), de cing
classes, ont été répartis au hasard dans le groupe expérimental 1, le groupe expérimental 2 et
le groupe témoin. Les étudiants des groupes expérimentaux ont effectué un programme de
développement de la condition physique deux fois par semaine pendant neuf semaines. Puis,
le groupe expérimental 2 a achevé un programme renforcé par des activités physiques en
plein air et I'expression corporelle deux fois par semaine pendant six semaines. La condition
cardiorespiratoire des étudiants a été mesurée au début et a la fin du programme de
développement, ainsi qu'a la fin du programme renforcé. Les niveaux d'activité physique ont
été mesurés objectivement par un moniteur de fréquence cardiaque et subjectivement par une
échelle autodeclarée pendant les séances d'éducation physique.

Résultats: Les étudiants du groupe expérimental 2 ont maintenu leur niveau de condition
cardiorespiratoire a travers de un programme renforcé d'activités physiques en plein air et
d'expression corporelle (p < 0.001). De plus, les deux groupes expérimentaux avaient des
niveaux dactivité physique plus élevés que le groupe témoin pendant le programme de
développement (p < 0.05). De plus, le groupe expérimental 2 avait des niveaux d'activité
physique plus élevés pendant le programme renforcé que le groupe témoin et le groupe

expérimental 1 (p < 0.01).
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Conclusion: Des programmes renforcés permettent aux professeurs d’éducation physique de
maintenir le niveau de condition cardiorespiratoire des éleéves et d’atteindre d’autres normes
en matiere d’éducation physique.

Mots clés: Intervention éducative; Condition physique liée a la santé; Endurance

cardiovasculaire; Activité physique; Adolescents
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Effect of a Physical Education-based reinforced program through outdoor physical
activities and body expression on secondary school students’ cardiorespiratory fitness:
A cluster-randomized controlled trial
Effet d'un programme renforcé basé sur I'éducation physique par des activités
physiques en plein air et I'expression du corps sur la condition cardiorespiratoire des

éléves du secondaire: un essai controlé randomisé en grappes

Summary

Objective: The main aim was to examine the effects of a Physical Education-based reinforced
program through outdoor physical activities and body expression on cardiorespiratory fitness
in secondary students. A secondary aim was to analyze the physical activity levels during the
Physical Education-based development and reinforced programs.

Methods: A sample of 92 secondary students (Mage 12.4 + 0.7 years), from five classes, were
cluster-randomly assigned into experimental group 1, experimental group 2, and control
group. The experimental groups students performed a physical fitness development program
twice a week for nine weeks. Then, the experimental group 2 completed a reinforced program
through outdoor physical activities and body expression twice a week for six weeks.
Students’ cardiorespiratory fitness was measured at the beginning and at the end of the
development program, as well as at the end of the reinforced program. Physical activity
levels were measured objectively through a heart rate monitor and subjectively by a self-
reported scale during Physical Education sessions.

Results: The experimental group 2 students maintained their cardiorespiratory fitness levels
through reinforced program of outdoor physical activities and body expression (p < 0.001).
Additionally, both experimental groups had higher physical activity levels than the control

group during the development program (p < 0.05). Moreover, the experimental group 2 had
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higher physical activity levels during the reinforced program than the control group and
experimental group 1 (p <0.01).

Conclusion: Reinforced programs allow Physical Education teachers to maintain students’
cardiorespiratory fitness levels and achieve other standards of the Physical Education subject.
Key words: Educative intervention; Health-related physical fitness; Cardiovascular

endurance; Physical activity; Adolescents

Résumé

Obijectifs: Le but principal était d'examiner les effets d'un programme renforcé basé sur
I'éducation physique a travers des activités physiques en plein air et I'expression du corps sur
la condition cardiorespiratoire chez les éléves du secondaire. Un objectif secondaire de cette
étude était d'analyser les niveaux d'activité physique pendant le développement basé sur
I'éducation physique et les programmes renforcés.

Méthodes: Un échantillon de 92 éléves du secondaire (4ge moyen = 12,4 + 0,7 ans), de cing
classes, ont été répartis au hasard dans le groupe expérimental 1, le groupe expérimental 2 et
le groupe témoin. Les étudiants des groupes expérimentaux ont effectué un programme de
développement de la condition physique deux fois par semaine pendant neuf semaines. Puis,
le groupe expérimental 2 a achevé un programme renforcé par des activités physiques en
plein air et I'expression corporelle deux fois par semaine pendant six semaines. La condition
cardiorespiratoire des étudiants a été mesuree au début et a la fin du programme de
développement, ainsi qu'a la fin du programme renforcé. Les niveaux d'activité physique ont
été mesurés objectivement par un moniteur de fréquence cardiaque et subjectivement par une
échelle autodéclarée pendant les séances d'éducation physique.

Résultats: Les étudiants du groupe expérimental 2 ont maintenu leur niveau de condition

cardiorespiratoire a travers de un programme renforcé d'activités physiques en plein air et
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d'expression corporelle (p < 0.001). De plus, les deux groupes expérimentaux avaient des
niveaux d'activité physique plus élevés que le groupe témoin pendant le programme de
développement (p < 0.05). De plus, le groupe expérimental 2 avait des niveaux d'activité
physique plus élevés pendant le programme renforcé que le groupe témoin et le groupe
expérimental 1 (p < 0.01).

Conclusion: Des programmes renforcés permettent aux professeurs d’éducation physique de
maintenir le niveau de condition cardiorespiratoire des éleéves et d’atteindre d’autres normes
en matiére d’éducation physique.

Mots clés: Intervention éducative; Condition physique liée a la santé; Endurance

cardiovasculaire; Activité physique; Adolescents
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1. Introduction

Cardiorespiratory fitness (CRF) is considered one of the most important health markers
among adolescents [1]. Higher CRF levels during adolescence have been associated with
better quality of life and academic performance [2,3]. Unfortunately, in the last decades CRF
has been declining among adolescents [4]. As a consequence, the high prevalence of
adolescents having an unhealthy CRF level has become a worldwide problem (on average,
46% of females and 33% of males between the ages of 10 and 17) [1]. Therefore, health
promotion policies should promote the acquisition of healthy CRF levels in adolescence
through different contexts such as sports programs or in school [1].

The school context, and specifically the Physical Education (PE) subject, is
considered a crucial setting for improving CRF levels in adolescents [5]. Developed countries
require in their national PE curricula the acquisition of good CRF levels among adolescents
[6]. Consequently, the PE subject plays an important role in developing and maintaining
healthy CRF levels among adolescents [6]. To ensure the achievement of this objective, the
Association for PE recommends that students should be involved in moderate-to-vigorous
physical activity (MVPA) during at least 50% of the PE session time [5]. Unfortunately, this
recommendation is hardly ever met [7], except when interventions are specifically designed
to improve MVPA levels during PE sessions [8]. In this line, Maziero et al. [9] found a
positive association among PE session time spent working in a MVPA intensity and students’
CRF.

However, achieving an increment in students’ CRF levels through PE is hindered by
several limitations. Examples of these limitations include: the great volume of contents to
deliver during the academic year, the limited curriculum time appointed to the PE subject
(e.g., on average, worldwide only about two hours per week), school holidays, or the

heterogeneous levels of students [10,11]. Despite the fact that long-term programs seem to be
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the best way to improve CRF in adolescents [12], other studies have showed that short-term
programs applied twice a week can improve CRF as well [6,13].

In addition to all of the aforementioned limitations, another PE-based planning
limitation is the fact that after a period of detraining, the CRF levels decrease [14,15]. In this
sense, Viciana and Mayorga-Vega [16] proposed that PE teachers should apply reinforced
programs after a physical fitness development program in order to maintain the students’
CRF levels during the whole academic year. For example, after four weeks of detraining,
Mayorga-Vega et al. [13] showed the effectiveness of a PE-based four-week reinforced
program to maintain CRF levels previously achieved, through applying alternated sessions of
physical fitness and traditional games. However, with these kinds of reinforced programs a
high amount of PE time is consumed (i.e., one out of every two sessions of the week), and
may interfere with the normal development of the rest of the PE curricular contents [6].

A possible solution to this issue could be planning the physical fitness reinforced
program through other PE curricular contents (e.g., sports, outdoor physical activity (PA) or
body expression). These programs, apart from maintaining the CRF levels previously
acquired, might allow PE teachers to achieve objectives related to other curricular contents at
the same time. For instance, Mayorga-Vega et al. [6] observed that, after carrying out a
physical fitness development program, a team sports-based fitness reinforced program was
effective in maintaining students’ CRF. Another possibility could be planning a reinforced
program with outdoor PA and body expression contents. Outdoor PA refers to activities
where the students are allowed to learn about the environment that surrounds them and the
possibilities of carrying out different PA within it (e.g., track games or orientation races)
[17]. Additionally, outdoor PA favors CRF development, because the activities carried out in
natural environments require walking or running [17]. These kinds of activities can be carried

out in natural areas such as parks, or in schools that have green areas within the school
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grounds [18,19]. Regarding body expression, the term refers to activities which allow the
students to improve their creativity and ability to express oneself through body movement
within a choreography [20,21]. Furthermore, previous studies have shown that body
expression interventions are effective in improving CRF levels among adolescents [22]. To
our knowledge, no previous studies were found examining the CRF maintenance through
outdoor PA and body expression contents in the PE context. Consequently, the main aim of
the present study was to examine the effects of a PE-based reinforced program, through
outdoor PA and body expression sessions on CRF in secondary school students. A secondary
purpose of this study was to analyze the perceived and objective PA levels during the PE-
based development and reinforced programs.

2. Method

2.1. Study design

The present study is reported according to the current CONSORT guidelines for cluster
randomized trials [23]. The protocol conforms to the Declaration of Helsinki statements (64th
WMA, Brazil, October 2013). The Ethical Committee for human studies of the University of
[omitted for blind review] approved the present study protocol. Recruitment of participants
was carried out in June of 2016, and the intervention was done from September 2016 to
February 2017. For practical reasons and because of the nature of the present study (i.e.,
established classes from an educational setting) a cluster-randomized controlled trial was
used (i.e., randomization was per classes not per individuals) [6,24]. This study was non-
blinded (treatments were not masked from the students or teachers), and parallel-group (study
with three different treatments) [25], with three evaluation phases.

2.2. Participants

The principal and the PE teacher of a state high school (chosen by convenience) from an

urban area situated in [omitted for blind review] were consulted for the implementation of the
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study. They were informed about the project, and permission to conduct the study was
requested. After the school approvals were obtained, all the 107 students (55 males and 52
females) from the seventh to eighth grade of secondary education (i.e., 12-14 years old) of
the selected school center were invited to participate in the present study. Adolescents and
their legal guardians were fully informed about the features of the study. Participants’ signed
written informed assent and their legal guardians’ signed written informed consent were
obtained before taking part in the study. According to the center’s reports, all the students’
families had a middle socioeconomic level.

The inclusion criteria were: a) being enrolled in the seventh to eighth grades of the
secondary education level; b) participating in the normal PE sessions; ¢) being exempt of any
health problem such as bone/joint problems, uncontrolled asthma, heart illnesses, or other
motives why children should not undergo PA; d) presenting the corresponding signed consent
by their legal guardians, and e) presenting the corresponding signed assent by the students.
The exclusion criteria were: a) not having performed all the dependent variables correctly
following their rules of administration, and b) not having an attendance rate equal to or over
80% for PE sessions during both the development and reinforced programs.

2.3. Sample size

Based on the main dependent variable (i.e., CRF), and assuming independency of
observations as previous personal related (unpublished) studies have shown, a priori sample
size calculation was estimated with the F-test ANOVA function by the G*Power Version
3.1.9.4 for Windows. Parameters were set in a conservative manner as follows: effect size f =
0.15, significance level o = 0.05, statistical power (1 — B) = 0.95, and correlation among
repeated measures r = 0.7. A minimum final sample size of 87 was estimated.

2.4. Randomization

11
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Randomization was conducted at the class-level, using a computerized random number
generator. Before the pre-intervention evaluation was administered, five established classes
of the selected school center (three 7! and two 8" grade classes) were randomly assigned by
an independent researcher, blinded to the study objectives to form one of the following study
groups: control group (CG, one seventh-grade class), experimental group 1 (EG1, two
classes, one seventh- and one eighth-grade) or experimental group 2 (EG2, two classes, one
seventh- and one eighth-grade). However, according to the education rules, prior to the start
of the scholar year the students who composed each of these five classes had been assigned
randomly by the school center following the criterion that the classes should be balanced
between males and females (i.e., each class should have the same proportion of males and
females).
2.5. Intervention
Fig. 1 shows the general scheme of the intervention. The PE teacher of the participating
school performed all of the experimental and control sessions with the supervision of the
main researcher. Prior to each program, the main researcher provided the PE teacher with
guidelines to correctly giving the sessions of each program (e.g., “during the development
physical fitness program, it is important that students achieve a moderate-to-vigorous
intensity as long as possible during the sessions™). The PE teacher had 15 years of experience
teaching the PE subject.

First, the EG1 and EG2 received a physical fitness-based development program twice
a week for nine weeks. Due to meteorological problems, in the end only 16 sessions were
completed by the two EGs. Then, after a four-week detraining period, the EG2 participants
completed a reinforced program twice a week for six weeks.

The duration of each PE session was approximately 50 minutes and consisted of a 5-

to-10-minute warm-up, performing low-to-moderate aerobic activities followed by some joint
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mobility and stretching exercises; a main part of 35-to-40-minutes carrying out sessions such
as running games, interval training, fartlek or circuit training, and ending with team games;
and a five-minute cool-down. For example, in the circuit training session students carried out
a circuit with eight stations three times during 25 minutes, followed by team relay races for
10 minutes. Each station consisted of an exercise lasting 30 seconds (push-ups, squats, abs,
skipping, zig-zag between cones, heels to the buttocks, lateral race between cones, and
skipping rope) followed by 20 seconds of rest between exercises. Between circuits students
rested for one minute. During the work time the students should complete as many repetitions
as possible in a controlled manner [14]. The PE teacher placed special emphasis on reaching
a MVPA intensity during the development sessions.

Regarding the reinforced program, both the EG1 and EG2 carried out an outdoor PA
program twice a week for three weeks as well as a body expression program twice a week for
three weeks. Prior to these programs, students had not received any exposure on these topics.
The main difference between the two EGs was the intensity of the sessions of the reinforced
programs. Regarding the EG2, the reinforced sessions were designed to reach a MVPA
intensity (e.g., carrying out different track games with a short time limit to finish the task in
the outdoor PA sessions, or performing zumba choreographies in the body expression
sessions). The difficulty was increased by incrementing the number of tracks to find or
increasing the number of choreographies to perform, respectively for the two reinforced
programs. Regarding the EG1, they carried out track games and choreographies as well, but
without a special focus on reaching a MVPA intensity during sessions (e.g., carrying out
different track games without a time limit, where the most important thing was to follow the
tracks and finish them, in the outdoor PA sessions, or performing figure and brief story

representations in the body expression sessions).
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Regarding the CG students, they also carried out two PE sessions a week during the
intervention period, with a similar structure as the two EGs (i.e., 5-to-10-minute warm-up,
35-t0-40-minute main part, and five-minute cool-down). However, the contents and
methodology (based on technique-learning practices and recreation) developed in the main
part of the sessions were different. During the development program period, the CG carried
out basketball and hockey sessions instead of physical fitness. Finally, during the reinforced
program period, the CG carried out alternative games (e.g., indiaca or frisbee). Table 1 shows
the scope and instructions given during the Physical Education-based development and
reinforced programs for the three groups. Supplementary Tables 1 and 2 show an in depth
description of the main part of the sessions during the Physical Education-based development
and reinforced programs, respectively.

*Insert Figure 1 here*

*Insert Table 1 here*
2.6. Measures
Students’ CRF evaluation was carried out during a PE session at the beginning and at the end
of the developmental program (pre-intervention and post-intervention, respectively), as well
as at the end of the reinforced program (post-maintenance). All evaluations were carried out
under the same conditions, with the same instruments and by the same tester. The CRF
measurements were taken in an indoor sports facility with a non-slippery floor, under the
same environmental conditions, on the same day of the week and at the same time for each
student. Prior to the CRF test, the participants completed a standardized warm-up consisting
of five minutes of running from low to moderate intensity followed by some joint mobility
exercises. General characteristics of the participants (i.e., age, grade, gender, body mass,
body height, and habitual PA) were registered at the beginning of the study. Body mass and

body height (and body mass index) were measured following the international standards for
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anthropometric assessment [26]. Habitual PA was estimated by the Spanish version of the
PACE questionnaire for adolescents [27].

Cardiorespiratory fitness. The 20-meter shuttle run test was used to assess CRF [28].
Participants ran between two parallel lines placed 20 meters apart, in a progressive rhythm
marked by a recorded beep until they were not able to reach the line two consecutive times.
During the test, each participant wore a heart rate monitor (Polar® RS300X, Finland). The
total number of completed laps (n) and shuttles (time in seconds) were retained. In order to
ensure the test maximality, only the scores of those participants who reached a heart rate
value equal to or higher than 90% of the estimated maximum heart rate [29] were used. The
maximum heart rate was estimated by the following equation: 209 — 0.7 x age (in years) [30].
Then, the maximum oxygen uptake (VO2amax, iIn ml/ kg/ min) was estimated using the
following equation: 31.025 + 3.238 x speed - 3.248 x age + 0.1536 x speed x age [28].
Finally, participants were categorized as having a healthy or unhealthy CRF status according
to the maximum oxygen uptake cut-off points [31]. The 20-meter shuttle run test has
demonstrated adequate reliability and criterion-related validity among adolescents (e.g., ICC
=0.89; rp, = 0.78) [28,32].

Physical activity. According to the procedure followed in previous studies [6]
students’ PA levels during the development and reinforced programs sessions were measured
objectively by heart rate monitors and subjectively by a self-reported scale. In each research
group, five students per class were randomly selected to wear a heart rate monitor (Polar
RS300X, Finland). These five students were different in each session, for example, in the
second session five students different from the first session wore the heart rate monitor, and
so on until all students’ work intensity of the same class were measured. Therefore, all
students’ PA was monitored about two or three times during the intervention period.

Additionally, at the end of each PE session all the students reported their global perceived
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exertion using a pictorial perceived exertion scale (from 0 = “‘not tired at all’’ to 10 = ““very,
very tired’”). The pictorial perceived exertion scale has demonstrated adequate reliability and
validity among adolescents (ICC = 0.95; r = 0.89) [33]. For the intensity control, rating of
perceived exertion, average heart rate (expressed as beats per minute and percentage of
estimated maximum heart rate), total PA (percentage of total time involved in an intensity
equal to or over 50% of the estimated maximum heart rate), MVPA (percentage of total time
involved in an intensity equal to or over 70% of the estimated maximum heart rate), and the
achievement of the MVPA recommendation (at least 50% of time of the PE session in
MVPA) were calculated.

2.7. Statistical analysis

Descriptive statistics (mean * standard deviation/ error or percentage) for the general
characteristics of the included participants and dependent variables were calculated. All the
statistical tests’ assumptions were first checked and met for each dependent variable by
common procedures. It should be highlighted that despite the sample size being unbalanced
between the experimental arms because of the availably of the classes in the present study,
both graphic exploration and the Levene test showed that the homoscedasticity assumption
was met. On the other hand, although in the present study the unit of intervention was the
class (i.e., the independency of observations could be violated), the intra-class correlation
coefficients (ICC, also known as intra-cluster correlation coefficients) showed empirical
evidence of the independency of observations (ICC, CRF = 0.00-0.01; PA = 0.12-0.13; Wald
Z, p > 0.05). Similarly, the results of the Runs test showed that the observations were
independent and random (p > 0.05). Therefore, a General Linear Model procedure was
followed [34]. After exploring if any recorded descriptive variable would contaminate in the
analysis of variance (ANOVA) models (i.e., age, grade, gender, body mass, body height,

body mass index, habitual PA, attendance and the pre-intervention scores of each particular
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variable), only those that showed a contamination effect were used as covariates. Chi-squared
analyses were carried out to test the ratio differences of gender and grade between the three
groups. A one-way ANOVA was conducted to examine potential differences between the
three groups in all measured variables. Then, the effect of the development and reinforced
programs on CRF was examined using a mixed two-way (3 x 3) analysis of covariance
(ANCOVA), with the between-subjects factor group (CG, EG1, EG2) and the within-subjects
factor time (pre-intervention, post-intervention and post-maintenance) as fixed effects, and
gender/ attendance rate as covariates. The post-hoc with the Bonferroni adjustment was used
for pairwise comparisons. The exacted McNemar’s test was calculated in order to examine if
the PE-based development program increased the proportion of students with a healthy CRF
profile.

A one-way ANOVA (and a one-way ANCOVA with grade as covariance when the
PA variables for the development program were analyzed) was used to compare the average
obtained in the objective/perceived PA levels between the three groups. The post-hoc with
the Bonferroni adjustment was used for the pairwise comparisons. Additionally, the chi-
square test was calculated in order to compare the percentage of students that met the MVPA
recommendation during the PE sessions in both the development and reinforced programs.
Effect sizes were estimated using the partial eta squared (n?%) and Cohen’s d for the overall
and pairwise comparisons, respectively (except for the percentage of students that met the
MVPA recommendation during the PE sessions where the Cramer’s V was used) [35].
Finally, although all the statistical tests’ assumptions were met, due to the fact that for
practical issues the final sample was quite small, for the continuous variables the robust
ANOVA (trimmed mean = 10%; bootstrap = 1,000 samples) [36] and non-parametric
Kruskal-Wallis test followed by the Mann-Whitney U test (for the CRF variables the post-

intervention — pre-intervention and post-maintenance — pre-intervention changes were used)
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[35] were performed as sensitivity analyses (Supplementary Tables 3-4). All statistical
analyses were performed using the SPSS Version 21.0 for Windows (IBM® SPSS®
Statistics), except for the sensitivity analyses where the R Studio 3.6.1 for Windows (R Core
Team) was used instead. The statistical significance level was set at p < 0.05.
3. Results
3.1. Final sample and general characteristics
Fig. 2 shows a flow chart corresponding to the participants included in the present study.
Although all the invited 107 students (48.6% females) agreed to participate and met the
inclusion criteria, finally 92 students (52 % females) satisfactorily passed the exclusion
criteria and were analysed. No participant was lost because of the rejection to continue in the
study or change of the school. Table 2 shows the general characteristics of the included
participants and differences between the three groups. The three groups had an unbalanced
representation of males and females (p < 0.05). Additionally, the EG2 students were taller in
a statistically significant manner than those from the CG (p < 0.01). However, there were no
statistically significant differences in terms of body mass, body mass index, habitual PA or
CRF baseline between the three groups (p > 0.05). The EG1, EG2, and CG participants
obtained an average attendance of 95%, 97%, and 89% in the development and reinforced
programs, respectively.

*Insert Figure 2 here*

*Insert Table 2 here*
3.2. Cardiorespiratory fitness
Table 3 shows the effect of the PE-based development and reinforced programs on CRF
levels. The results showed a significant interaction effect between the group and time
variables for CRF levels (p < 0.001). Subsequently, both the EG1 and EG2 increased

statistically significantly from pre-intervention to post-intervention (p < 0.01). However,
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while the EG2 retained the CRF levels with the reinforced program (post-intervention vs.
post-maintenance, p > 0.05; pre-intervention vs. post-maintenance, p < 0.001), the EG1’s
values returned to the baseline (post-intervention vs. post-maintenance, p < 0.001; pre-
intervention vs. post-maintenance, p > 0.05). For the CG no statistically significant
differences were found (p > 0.05). Sensitivity analyses with both robust ANOVA and non-
parametric tests found the same outcomes (Supplementary Table 3).

*Insert Table 3 here*

Moreover, results showed that for the EGs there was a statistically significant increase
on the proportion of students with a healthy CRF level from pre-intervention to post-
intervention (78% vs. 89%, respectively) (p < 0.01). However, for the CG statistically
significant differences were not found (p > 0.05).
3.3. Physical activity
Overall statistically significant differences between the three groups (p < 0.01) are shown in
Table 4 for the objective and perceived PA levels in the development and reinforced
programs. Both the EG1 and EG2 had statistically significant higher PA levels during the
development program than the CG (p < 0.05). However, statistically significant differences
between the EG1 and EG2 were not found (p > 0.05). Moreover, the EG2 had statistically
significant higher PA levels during the reinforced program than the CG and EG1 (p < 0.01),
and there were no statistically significant differences between the CG and EG1 (p > 0.05).
Sensitivity analyses with both robust ANOVA and non-parametric tests found the same
outcomes (except for the robust ANOVA for the total PA during the development program
that p was equal to 0.073) (Supplementary Table 4).
*Insert Table 4 here*

Regarding the percentage of students that met the recommendation (> 50% of the PE

session time in MVPA) during the development program, there was a higher proportion of
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students that met this recommendation in the EG1 and EG2 than in the CG (53%, 63% and
5% respectively; ¥ = 19.627; p < 0.001; Cramer’s V = 0.462). Regarding the reinforced
program, there was a higher proportion of students that met this recommendation in the EG2
than in the CG and EG1 (50%, 5% and 0% respectively; *> = 30.074; p < 0.001; Cramer’s V
= 0.575).
4. Discussion
The main aim of the present study was to examine the effects of a PE-based reinforced
program, through outdoor PA and body expression sessions, on CRF in secondary school
students. Long-term physical fitness programs seem to be the best way to improve students’
CREF levels [12]. However, several PE-based planning limitations such as the great volume of
curricular contents that have to be delivered during the academic year, the limited curriculum
time appointed to the PE subject, school holidays, or the heterogeneous levels of students
[10,11], hindered the acquisition and maintenance of good CRF levels among students.
Therefore, because physical fitness programs cannot last the whole academic year or a large
part of it, short-term physical fitness programs need to be verified in the PE setting as a
possible solution to the abovementioned PE limitations [10,11]. Results of the present study
show that it is possible to significantly improve CRF in students with a PE-based physical
fitness program performed twice a week for only nine weeks as shown by previous research
[6,13]. Moreover, the present study showed an increase of the proportion of students with a
healthy cardiorespiratory status after the development program according to the maximum
oxygen uptake cut-off points [31].

However, previous studies found that after a detraining period, CRF gains were
considerably reduced [14,15]. Therefore, the application of PE-based reinforced programs is
necessary for maintaining the students’ CRF levels during the rest of the academic year [16].

Likewise, other PE contents such as outdoor PA, body expression, or sports could be applied
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at the same time in order to help PE teachers to achieve the rest of the curriculum standards.
For example, Mayorga-Vega et al. [13] found that a PE-based reinforced program carried out
once a week during four weeks alternating physical fitness sessions with sports sessions,
allowed students to maintain their previously acquired CRF levels. Nevertheless, in the
aforementioned study, the reinforced program was carried out with physical fitness contents
instead of through other PE contents such as in the present study. Consequently, the total
amount of sessions delivered with physical fitness contents consumed too much time
considering the limited time allocation for PE [10,11]. Thus, this kind of reinforced programs
would interfere in the teaching of the rest of the PE curricular contents. Similar to the present
study, Mayorga-Vega et al. [6] found that after a development physical fitness program
(through sports contents) was effective in avoiding the loss of students” CRF previously
acquired, as well as to develop other curricular contents such as sports at the same time. To
our knowledge the present study is the first in which the students maintained their CRF levels
through outdoor PA and body expression, which is, consequently, an important outcome for
PE teachers. Therefore, this finding might help PE teachers to design programs that would
allow for an effective and feasible development and maintenance of CRF during PE sessions,
without neglecting other curricular contents and objectives.

Regarding the magnitude of the effects of the intervention, previous studies carried
out with a short-term physical fitness development program found lower effects on CRF (d =
0.07-0.47, mean d = 0.26) [6,13,37] than in the present study (d = 0.47-0.64). Regarding the
reinforced program, nevertheless, to our knowledge there are no previous studies examining
the effect of a PE-based reinforced program through outdoor PA and body expression
sessions. However, Mayorga-Vega et al. [6] carried out a reinforced program twice a week
during nine weeks showing similar effects as in the present study after the reinforced

program (d =-0.06 vs. d = 0.08).
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Regarding the second aim of this study, it was to analyze the perceived and objective
PA levels during the PE-based development and reinforced programs. The PE subject is
considered to be a good opportunity for adolescents to contribute to achieving the daily
MVPA levels recommended by the World Health Organization [38,39], due to it being a
compulsory subject in the students’ academic curriculum [11]. Results of the present study
showed that the EGs achieved the recommendation of the Association for PE (at least 50% of
the PE session time in MVVPA) [5] during the development program. In addition, this amount
of time was higher (53.7% to 59.5%) than in the CG (15.2%). However, during the reinforced
program, EG2 students showed higher levels of MVPA (47.8%) than the EG1 (12.1%) and
CG (17.4%). Likewise, Mayorga-Vega et al. [6] found similar MVVPA levels during their
intervention (57.6% to 59.3%).

Furthermore, in the present study, the proportion of students that complied with the
recommended MVPA levels during the development program was 57% of the EG1 students,
and 63% of the EG2 students; while during the reinforced program, only 50% of the EG2
students complied with this recommendation. However, the proportion of students who meet
this recommendation is practically zero when the PE sessions are not specifically designed to
achieve this goal [40]. Therefore, this is another good contribution of the present study to the
PE subject, showing the achievement of 50% of the PE session time involved in MVPA
through outdoor PA and body expression contents. Similar to the present study, in their
systematic review of interventions with the objective to increase MVPA levels, Lonsdale et
al. [8] found that there is only an increment of the time involved in MVPA during PE
sessions when the intervention is specifically designed for that goal. Nevertheless, the
average proportion of PE session time spent in MVPA (40.5%) is lower than recommended

when a specific intervention for this purpose is not applied [7].
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Regarding perceived PA, results showed that both EGs reported higher perceived PA
levels than the CG during the development program. However, during the reinforced
program, the EG2 reported higher perceived PA levels than the EG1 and CG, as only this
group continued the emphasis on reaching a MVPA intensity during the sessions. Similar
results were found in the study of Mayorga-Vega et al. [6]. Finally, the present study has
shown similar results regarding the magnitude effects of the intervention to previous studies
focused on the increment of MVPA levels during PE sessions (d = -0.30 to 1.90 vs. 0.13 to
2.81) [8].

Some limitations should be considered in the present study. The main limitation was
that the loss in CRF after the detraining period was not checked for practical reasons, seeing
as too many evaluations would suppose an excessive effort for students. However, EG1 was
used to control and contrast what could happen without the reinforced program. The second
limitation is that the study was not balanced by gender and grade/group sizes due to the
nature of the study and the natural groups’ availability, respectively. However, for the CRF
and PA variables these potential confounders were statistically controlled when necessary.
Additionally, sensitivity analyses with both robust ANOVA and non-parametric tests found
the same outcomes. Future research studies should examine the effects of PE-based
reinforced programs through other PE contents.

In conclusion, to our knowledge this is the first study that examines the effects of a
short-term physical fitness program followed by a reinforced program through outdoor PA
and body expression sessions in the PE setting. The results of the present study suggest that it
is possible to maintain CRF through outdoor PA and body expression in a PE setting.
Furthermore, another important outcome of the present study is the fact that the development
and reinforced programs increased the perceived and objective PA levels, achieving the 50%

of PE sessions time involved in MVPA levels recommended. Therefore, findings of this
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study might help PE teachers to design programs that would allow for an effective and more
complete development of the total PE curriculum objectives.
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Table 2 General characteristics of the included participants and differences between the three groups.

Total CG EG1 EG2 i
(n=92) (n=19) (n=34) (n=39) P
Age (years) 12.4(0.7) 11.8 (0.7) 12.5(0.7) 12.5(0.7) -
Grade (7"/8™) 55/ 45 100/ 0 41/ 59 46/ 54 <0.001
Gender (males/females) 48/ 52 47/ 53 68/ 32 39/ 62 0.045
Body mass (kg) 48.8 (10.6)  49.5(9.9) 46.8(75)  50.2(12.9) 0377
Body height (cm) 148.7 (7.6)  144.9(6.0)  147.6(74) 151.5(7.5)**  0.004
Body mass index (kg/ m?) 21.9 (3.7) 23.5(4.1) 21.4 (2.8) 21.6 (4.1) 0.120
Habitual PA (days/week) 3.2(1.8) 2.7 (1.5) 3.7(2.0) 2.9 (1.7) 0.056
20-m shuttle run test (s)°  295.0 (118.4) 253.0 (119.7) 326.6 (104.4) 287.8 (124.6) 0.083
VO;max (ml/kg/min)® 435 (5.0) 425 (5.4) 44.6 (4.3) 43.1 (5.4) 0.271

Note. Data are reported as mean (standard deviation) or percentage; CG = Control group; EG1 = Experimental group 1;

EG2 = Experimental group 2; PA = Physical activity; VO,max = Maximum oxygen uptake.

aSignificance level from the one-way analysis of variance and the chi squared test for the continous and categorical

variables, respectively. ® Pre-intervention values.

**p < 0.01 in the pairwise comparison with Bonferroni adjustment between the CG and EG2.
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Table 3 Effect of the Physical Education-based development and reinforced programs on cardiorespiratory fitness.

21
22
23
24
25

Pre-intervention (1)

Post-intervention (2)

Post-maintenance (3)

Two-way ANCOVA?

M (SE)

M (SE)

M (SE)

F

p

nzp

27

28

29 CG (n=19)
30

31 EG1 (n=34)
32

33

34 EG2 (n=39)

35

26 20-m shuttle run test (s)

244.9 (26.3)
313.5 (18.9)

303.2 (17.9)

36 VO2 max (ml/ kg/ min)

37
38
39
40
41 EG1 (n=34)
42

43 -

aa EG2 (n =39)
45

CG (n = 19)

42.4 (1.1)
43.9 (0.8)

43.7 (0.8)

231.9 (28.6)
348.2 (20.6)**

361.7 (19.4)***

41.8 (1.2)
45.6 (0.9)**

46.2 (0.8)***

232.1 (28.0)
288.2 (20.1)F+1

355.6 (19.0)***

41.6 (1.2)

42.9 (0.9)1++
46.0 (0.8)***

11.926

9.962

<0.001

<0.001

0.21

0.18

46 Note. M = Mean adjusted by the gender and attendance rate covariables; SE = standard error; CG = Control group; EG1 = Experimental gro

47

48 ° Two-way analysis of covariance (with gender and attendance rate as covariables) with the post hoc analysis with Bonferroni adjustment: C

49

50 to post-development/ post-maintenance (**p < 0.01, ***p < 0.001) and from post-development to post-maintenance (711p < 0.01).
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Table 4 Comparison of perceived and objective physical activity levels during the Physical Education-based

between the three groups.

CG EG1 EG2 One-way ANOVA?

(n=19) (n=34) (n=39) F P n
Development program
RPE 2.3(0.2) 5.7 (0.2)*** 5.4 (0.2)*** 67.289  <0.001 0.6
Heart rate-average (bpm) 120.4 (3.4) 142.6 (2.3)***  149.0 (2.2)*** 24.418 <0.001 0.3
Heart rate-average (%) 60.3 (1.7) 715 (L.2)*** 747 (1.1)*** 24529  <0.001 0.3
Total PA (%) 75.3 (3.7) 89.1 (2.6)* 88.5 (2.4)* 4.933 0.009 0.1
MVPA (%) 22.6 (4.3) 51.3 (3.0)***  58.0 (2.7)*** 23433  <0.001 0.3
Reinforced program
RPE 2.8 (0.3) 2.5 (0.2)F 1+ 5.0 (0.2) *** 44337  <0.001 0.5
Heart rate-average (bpm) 115.4 (3.3) 111.1 (2.5) 11  141.2 (2.3)*** 43.875 <0.001 0.4
Heart rate-average (%) 57.7 (1.7) 55.7 (1.2) 7 70.8 (1.2)*** 44.657 <0.001 05
Total PA (%) 62.9 (5.5) 62.7 (4.1) 111 85.6 (3.9)** 10.189  <0.001 0.1
MVPA (%) 17.4 (3.7) 12.1 (2.8)t1t  47.8 (2.6)*** 48138  <0.001 0.5

Note. Data are reported as mean/ mean adjusted by the covariable grade in the development program (standard error); CG = Contrc
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adjustment: Difference statistically significant between the CG and EG1/ EG2 (*p < 0.05, **p < 0.01, ***p < 0.001) and EG1 and EG
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Assessed for eligibility (n =5 [107])

A 4

Excluded (n=010])

Randomized (n =5 [107])

A 4

\ 4

\ 4

Allocated to control
group (n=11[21])
¢ Received the allocated
intervention: (n = 1 [21])
[21 seventh graders]
[11 males and 10 females]

Allocated to experimental
group 1 (n =2 [40])
o Received the allocated
intervention: (n = 2 [40])
[16 seventh graders and 24 eighth
graders]
[26 males and 14 females]

l

|

Control group

Lost to follow-up (n =0 [2]):

e Meeting the exclusion
criteria (n =0[2])

Experimental group 1

Lost to follow-up (n =0 [6]):
e Meeting the exclusion
criteria (n = 0 [6])

Allocated to experimental
group 2 (n =2 [46])
¢ Received the allocated
intervention: (n = 2 [46])
[22 seventh graders and 24 eighth
graders]
[18 males and 28 females]

l

Experimental group 2

Lost to follow-up (n =0 [7]):
e Meeting the exclusion
criteria (n=017])

A4

\4

Analysed (n=1[19])
o Excluded from the analysis:
» Meeting the exclusion
criteria (n =0 [2])
[19 seventh graders]
[9 males and 10 females]

Analysed (n =2 [34])
¢ Excluded from the analysis:
» Meeting the exclusion
criteria (n =0 [6])
[14 seventh graders and 20 eighth
graders]
[23 males and 11 females]

Analysed (n =2 [39])
e Excluded from the analysis:
» Meeting the exclusion
criteria (n=01[7])
[18 seventh graders and 21 eighth
graders]
[15 males and 24 females]

Figure 2 Flow chart of the school classes and students of the present study. All numbers are

school classes [students].
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Supplementary Table 1

Supplementary Table 1

Main part of the sessions during the Physical Education-based developmental programs of the three groups

Sessions

Experimental groups 1 and 2

1

25 minutes: Four series of five minutes of continuous running with a
rest of one minute between series.

10 minutes: 10 team passing game.

25 minutes: Circuit-training: Push-ups, squats, abs, skipping, zig-zags
between cones, heels to the buttocks, lateral race between cones, and
skipping rope. 30 seconds of work in each station plus 20 seconds of
rest between stations. Between circuits there was a rest of one minute.
10 minutes: Team relay races.

Continuous run during seven minutes.

18 minutes: Five series of two minutes and a half of individual skipping
rope. One minute of rest between series.

10 minutes: Dodgeball game with one ball.

23 minutes: Five series of three minutes of sprints with two minutes of

25 minutes: Ball dribbling ¢
hands).

10 minutes: Ball dribbling
25 minutes: Ball dribbling «
circuit marked with cones).
10 minutes: Ball dribbling

game).

25 minutes: Stationary pass

overhead pass, baseball pas

10 minutes: Star game with

25 minutes: Active passing




rest between series.

12 minutes: Ultimate game.

20 minutes: Fartlek with rhythm changes.

15 minutes: Colpbol game (a Spanish invasion game composed of two
teams of seven players where points are achieved by hitting a ball with
the hand and introducing it in the goal).

25 minutes: Three series of seven and a half minutes of continuous
running with a one minute rest between series.

10 minutes: Game of tag in pairs.

25 minutes: Circuit-training: Squats, abs, lateral race between cones,
high knee bench toe touches, jumping jacks, zig-zag between cones,
skipping rope, and burpees. 30 seconds of work in each station plus 20
seconds of rest between stations. Between circuits there was a one
minute rest.

10 minutes: 10 team passing game with a rugby ball.

20 minutes: Six series of two and a half minutes of individual skipping

rope. One minute of rest between series.

overhead pass, baseball pas
10 minutes: Star game with
25 minutes: Stationary thro

10 minutes: KO game.

25 minutes: Active throwin

10 minutes: Game of 3 on :

35 minutes: Review sessior

(e.g., dribbling, passing, an

35 minutes: Competition of

basketball aspects learned c




10

11

12

15 minutes: Dodgeball game with two balls.
25 minutes: Five series of three minutes of sprints with two minutes of
rest.

10 minutes: Ultimate game.

25 minutes: Fartlek with different terrains (steps and slopes).

10 minutes: Colpbol game.

25 minutes: Two series of twelve minutes of continuous running with a
rest of two minute between series.

10 minutes: Matball game.

25 minutes: Circuit-training: Climbers punches, lateral race between
cones, high knee bench toe touches, heels to the buttocks, jumping
jacks, zig-zag between cones, skipping rope, and burpees. 30 seconds
of work in each station plus 20 seconds of rest between stations.
Between circuits there was a rest of one minute.

10 minutes: Game of cops and robbers.

passes, the handkerchief wi
25 minutes: Ball dribbling ¢
between two lines marked \
10 minutes: Ball driving ga
the stick).

25 minutes: Ball driving ex
following a circuit marked
10 minutes: Ball driving ga
25 minutes: Stationary pass
pairs changing the pass dist
10 minutes: Precision game
25 minutes: Active pass an
pairs performing a pick anc
10 minutes: Precision game

objective with cones).




23 minutes: Six series of three minutes of individual skipping rope. - 25 minutes: Shooting exerc

One minute of rest between series. point shooting to the goal).
12 minutes: Team relay races. - 10 minutes: Game of 2 on -
30 minutes: Continuous run test. - 25 minutes: Shooting exerc
10 minutes: Matball game. pick and roll, and fromam

the ball to the goal).
- 10 minutes: Game of 30n

25 minutes: Fartlek with rhythm changes and different terrains (steps 35 minutes: Review sessior

and slopes). driving, passes, and shootir

10 minutes: Ultimate game.

35 minutes: Body combat. - 35 minutes: Competition of
hockey aspects learned dur

4 0n4).




Supplementary Table 2

Supplementary Table 2

Main part of the sessions during the Physical Education-based reinforced programs of the three groups

Sessions

Experimental group 1

Experimental group 2

1

20 minutes: Hide and Seek with groups of
five.

15 minutes: Tug of war game in groups of
five.

20 minutes: In groups of four, students had to
find the clues that the teacher proposed for
them (e.g., a symbol painted in the wall of the
school center). There was no time limit to
find the clues.

15 minutes: Parachute game.

20 minutes: In pairs, students had to find the
clues that the teacher proposed for them (e.g.,
specific element of the school center). There

was no time limit to find the clues.

20 minutes: Cops and robbers game in pairs.

15 minutes: Dodgeball game with four balls.

20 minutes: In groups of four, students had to
find the clues that the teacher proposed for them
(e.g., a symbol painted in the wall of the school
center). There was a time limit to find the clues.

15 minutes: Flag catch game per groups.

20 minutes: In pairs, students had to find the
clues that the teacher proposed for them (e.g.,
specific element of the school center). There

was a time limit to find the clues.




15 minutes: Knotting game.

35 minutes: Individual orientation race
without a limited time to find the clues. Each
student had a different map. Students had to
find different figures inside envelopes in
various places around the school center.

35 minutes: Individual orientation race
without a limited time to find the clues. Each
student had a different map. Students had to
find different words of a same sentence
inside envelopes in various places around the
school center.
35 minutes: Individual orientation race
without a limited time to find the clues. Each
student had a different map. Students had to
find different elements of the school center

indicated on the map.

15 minutes: Team relay races.

35 minutes: Individual orientation race with a
limited time to find the clues. Each student had
a different map. Students had to find different
figures inside envelopes in various places
around the school center.

35 minutes: Individual orientation race with a
limited time to find the clues. Each student had
a different map. Students had to find different

words of a same sentence inside envelopes in

various places around the school center.

35 minutes: Individual orientation race with a
limited time to find the clues. Each student had
a different map. Students had to find different
elements of the school center indicated on the

map.




7

10

35 minutes: Short story presentations in -
groups of five. The teacher gave the students

a card with a story they had to present. They
were then given a small amount of time to
prepare before presenting it.

35 minutes: Learning and implementation of -
individual

different and pair figures of

acrosport.

35 minutes: Learning and implementation of -

different group figures of acrosport.

35 minutes: Creation of an acrosport -
choreography in groups of eleven-twelve

components.

35 minutes: Zumba choreographies
different songs (approximately three and a half
minutes each song). Between songs there was a
two minute rest.
35 minutes: Zumba choreographies with
different songs (approximately three and a half
minutes each song). Between songs there was a
two minute rest.
35 minutes: Zumba choreographies with
different songs (approximately three and a half
minutes each song). Between songs there was a
one and a half minute rest.

35 minutes: Zumba choreographies with
different songs (approximately three and a half
minutes each song). Between songs there was a

one and a half minute rest.

with -



11 - 35 minutes: Creation of an acrosport - 35 minutes: Zumba choreographies with -
choreography in groups of eleven-twelve different songs (approximately three and a half
components. minutes each song). Between songs there was a

one minute rest.

12 - 35 minutes: Review and presentation of the - 35 minutes: Zumba choreographies with -
different acrosport choreographies. different songs (approximately three and a half

minutes each song). Between songs there was a

one minute rest.




Supplementary Table 3

Supplementary Table 3

Effect of the Physical Education-based development and reinforced programs on cardiorespiratory fitness using ser

Pre- Post- Post- Robust two-way Krt
intervention (1)  intervention (2)  maintenance (3) ANOVA?

M (SE) M (SE) M (SE) F p Comp. H

20-m shuttle run test (s) 11.798 <0.001 Overall 22
CG (n=19) 239.4 (19.1) 212.7 (19.5) 204.4 (20.1) EG1-CG 3.
EG1 (n=34) 328.3 (15.0) 365.0 (16.8)* 310.4 (18.3)F EG2-CG 4.
EG2(n=39)  281.3(17.8) 3445 (19.3)*  338.0 (19.4)* EG2-EGL 1.
VO2 max (ml/ kg/ min) 8.047 <0.001 Overall 17
CG (n = 19) 41.8 (0.9) 40.7 (0.9) 40.4 (0.9) EG1-CG 3.
EG1 (n = 34) 44.5 (0.6) 46.5 (0.7)* 44.0 (0.8)t EG2-CG 4.
EG2 (n = 39) 42.9 (0.7) 45.7 (0.8)* 45.5 (0.8)* EG2-EG1 0.

Note. M = 10% trimmed mean; SE = 10% trimmed standard error; CG = Control group; EG1 = Experimental group 1; EG2 = Experimental

@ Robust two-way mixed analysis of variance using trimmed means. Post hoc analysis: Change statistically significant from pre-interventio



0.05) and from post-development to post-maintenance (1p < 0.05). ® Kruskal-Wallis test (overall, statistical significance level: p < 0.05) fol

comparisons (statistical significance level: p < 0.017).



Supplementary Table 4

Supplementary Table 4

Comparison of perceived and objective physical activity levels during the Physical Education-based

programs between the three groups using sensitivity analyses

CG EG1 EG2 Robust one-way ANC
(n=19) (n=34) (n=39) F [
Development program
RPE 1.9 (0.1) 5.8 (0.2)*** 5.5 (0.1)*** 141.197 <0.
Heart rate-average (bpm)  115.3 (2.7) 145.1 (2.1)*** 150.9 (1.6)*** 40.694 <0.
Heart rate-average (%) 57.7 (1.3) 72.7 (L.1)*** 75.7 (0.8)*** 41.220 <0.
Total PA (%) 77.6 (4.5) 91.4 (1.0)**° 90.2 (1.4)*d 3.175 0.0
MVPA (%) 12.7 (2.8) 54.6 (3.1)*** 59.9 (2.1)*** 47.054 <0.
Reinforced program
RPE 2.7(0.3) 2.4 (0.2) 4.8 (0.1)***/11+ 36.978 <0.
Heart rate-average (bpm)  114.9 (3.3) 111.1 (1.8) 140.6 (1.4)***/+1+ 49.740 <0.



Heart rate-average (%) 57.5(1.6) 55.7 (0.9) 70.5 (0.7)***/1%+ 50.423 <0.
Total PA (%) 64.4 (7.4) 64.1 (4.1) 87.3 (1.9)*/+++ 10.567 <0.

MVPA (%) 14.3 (2.5) 9.9 (1.5) 47.6 (2.6)***/1++ 51.232 <0.

Note. Data are reported as 10% trimmed mean (10% trimmed standard error); CG = Control group; EG1 = Experimental grouj
RPE = Rating of perceived exertion; Total PA = Total physical activity; MVPA = Moderate-to-vigorous physical activity.

2 Bootstrap version of the heteroscedastic one-way analysis of variance for trimmed means. Post hoc analysis: Difference statis
and EG1/ EG2 (*p < 0.05, ***p < 0.001) and EG1 and EG2 (+11p < 0.001). ® Kruskal-Wallis test (overall, statistical significan
Mann-Whitney U test for the pairwise comparisons (statistical significance level: p < 0.017; pairwise comparisons showec

ANOVA, except otherwise it is pointed out: ¢ p < 0.017, ¢ p > 0.017).
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Abstract:

The main aim was to examine the effect of inside-outside alternated
teaching units on students’ environmental knowledge for physical
conditioning outside of school, their perceptions of barriers, autonomy
support, and motivation towards physical activity (PA). A secondary aim
was to examine the effect of alternated teaching units on students’
intention to be physically active, their habitual and extracurricular PA,
and the regular use of their environment for practicing PA in the Physical
Education setting. One hundred and forty-six high school students (50%
females) aged 11-15 years old participated in the study. Six pre-
established classes, balanced by grade, were cluster-randomly assigned
into the alternated group (n = 75) or traditional group (n = 71). The
alternated group students performed two fitness-based teaching units
twice a week for four weeks, alternating lessons inside and outside the
school. Meanwhile, the traditional group students performed a fitness
teaching unit solely having lessons inside the school center. All variables
were measured before and after the intervention by validated
questionnaires. Results of the Multilevel Linear Model showed that the
alternated teaching units improved students’ knowledge of their
environment for physical conditioning, autonomy support, and
autonomous motivation toward PA, as well as decreased perceived
barriers (p < 0.05; d = -0.35-1.42), while the rest of variables were not
affected (p > 0.05). In conclusion, short-term inside-outside school
alternated teaching units improve students’ key predisposition variables
of habitual PA, but not the practice in itself. Some ideas are discussed in
order to improve future Physical Education programs.
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Abstract

The main aim was to examine the effect of inside-outside alternated teaching units on
students’ environmental knowledge for physical conditioning outside of school, their
perceptions of barriers, autonomy support, and motivation towards physical activity (PA). A
secondary aim was to examine the effect of alternated teaching units on students’ intention to
be physically active, their habitual and extracurricular PA, and the regular use of their
environment for practicing PA in the Physical Education setting. One hundred and forty-six
high school students (50% females) aged 11-15 years old participated in the study. Six pre-
established classes, balanced by grade, were cluster-randomly assigned into the alternated
group (n = 75) or traditional group (n = 71). The alternated group students performed two
fitness-based teaching units twice a week for four weeks, alternating lessons inside and
outside the school. Meanwhile, the traditional group students performed a fitness teaching
unit solely having lessons inside the school center. All variables were measured before and
after the intervention by validated questionnaires. Results of the Multilevel Linear Model
showed that the alternated teaching units improved students’ knowledge of their environment
for physical conditioning, autonomy support, and autonomous motivation toward PA, as well
as decreased perceived barriers (p < 0.05; d = -0.35-1.42), while the rest of variables were not
affected (p > 0.05). In conclusion, short-term inside-outside school alternated teaching units
improve students’ key predisposition variables of habitual PA, but not the practice in itself.
Some ideas are discussed in order to improve future Physical Education programs.

Keywords: Innovative program, indoor-outdoor, physical fitness, high school students,

learning, autonomy
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Introduction

Physical fitness is considered a powerful health marker among adolescents (Tomkinson et al.,
2016). During adolescence, higher levels of physical fitness are positively associated with
better quality of life and mental health (Eddolls et al., 2018). Unfortunately, adolescents’
physical fitness has been declining during the last decades (Tomkinson et al., 2019),
becoming a global problem which affects, on average, 46% of female and 33% of male
adolescents (Tomkinson et al., 2016). Worldwide, more than 80% of adolescents do not meet
the daily physical activity (PA) recommendation (Guthold et al., 2020).This is why, PA is
considered a key element for improving physical fitness (Lang et al., 2016), and
consequently, the promotion of better physical fitness levels through an increment in
adolescents’ PA levels is a priority public health objective (World Health Organization,
2018).

Schools, and specifically the Physical Education (PE) subject, is considered an ideal
context to acquire healthy physical fitness levels through the promotion of health-enhancing
PA levels (World Health Organization, 2018). In fact, one of the main PE national standards
worldwide is the acquisition of healthy physical fitness levels, as well as the promotion of
lifelong PA to maintain them (European Commission/EACEA/Eurydice, 2013; SHAPE
America, 2013). Due to the low weekly frequency of the subject (Hardman et al., 2014) it is
not possible to achieve the daily PA recommendations only in the PE setting, therefore, the
promotion of students’ PA in the out-of-school setting is key. In this sense, national standards
also consider transferring the learning from the classroom to students’ daily life is another
priority objective of PE (European Commission/EACEA/Eurydice, 2013; SHAPE America,
2013). Therefore, in order to work in this direction, the implementation of effective PA
interventions in the PE setting requires an understanding of the determinant factors that

influence students’ PA behavior (Sheeran et al., 2017).

https://mc.manuscriptcentral.com/epe
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PE teachers play an important role providing students with tools to become competent
in practicing PA autonomously (Viciana and Mayorga-Vega, 2018). The Social Cognitive
Theory (Bandura, 2004) postulates that health-related fitness knowledge (e.g., fitness and PA
knowledge) is a core determinant on the design of PA interventions in order to promote an
improvement in physical fitness. This knowledge, which can be easily acquired by students,
represents the first step toward generating a behavior change (Bandura, 2004). Demetriou et
al. (2015) found that school-based PA interventions can improve students’ health-related
fitness knowledge levels, and the acquisition of this knowledge may lead to a change in
students’ out-of-school PA (Ennis, 2015; Wang and Chen, 2020). Additionally, transferring
this learning from the classroom to students’ daily life would make students even more
autonomous in their PA practice in the out-of-school time (Viciana and Mayorga-Vega,
2018). For instance, the transferability of learning could consist of teaching students how to
use the environment that surrounds the school center and their particular community
providing them authentic and situational PA practices (Viciana and Mayorga-Vega, 2018).
This transference of learning could be achieved through the application of alternated teaching
units (Viciana and Mayorga-Vega, 2016). The alternated teaching units method is an
innovative teaching proposal that consists of implementing two teaching units with
complementary contents while making students aware that both contents are based on the
same learning’s principles, avoiding, therefore, the unconnected learning perceived by
students in traditional and isolated teaching units (Viciana and Mayorga-Vega, 2016).
Consequently, PE teachers could connect in-school physical fitness work (inside the school)
with one that could be practiced in the immediate environment (outside the school),
facilitating students a tool for developing and maintaining their physical fitness levels
autonomously in their out-of-school time (Ferkel et al., 2014). According to the Theory of

Expanded, Extended, and Enhanced Opportunities, this mechanism for promoting students’
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PA is called expansion, and is defined as the introduction of an entirely new PA opportunity
(Beets et al., 2016). Additionally, this learning may help students to solve perceived barriers
toward the PA practice such as the lack of facilities (Nifierola et al., 2006), which have been
shown to be associated with a higher prevalence of physical inactivity during their leisure-
time (Dias et al., 2015).

Furthermore, the teaching style used by the PE teacher is another key determinant
factor that can also have important consequences for students’ PA behavior, determining their
motivation toward PA, as well as their interest in remaining active in the out-of-school setting
(Sevil-Serrano et al., 2020). The Self-Determination Theory (SDT, Deci and Ryan, 1985)
postulates that autonomy support is an important factor for encouraging higher levels of
autonomous motivation. The autonomy-supportive teaching style is characterized by making
students feel that they can participate in their own learning (Ryan and Deci, 2020). For
example, providing students the opportunity of having a choice, different opportunities to do
PA, promoting the sense of initiative, considering their opinions about PA practice, or
justifying the aim of the tasks (Ryan and Deci, 2020). Previous studies in the PE setting have
shown that autonomy-supportive teaching styles are effective for improving students’ self-
determined motivation toward PA, as well as their intention to continuous practicing of PA
out-of-school (Cheon and Reeve, 2013; Yli-Piipari et al., 2018). Therefore, in addition to the
effectiveness shown by autonomy-supportive settings in PE for promoting students’ PA
practice out-of-school (Cheon and Reeve, 2013; Yli-Piipari et al., 2018), the improvement of
students’ knowledge of the possibilities offered by the environment for PA practice during
the out-of-school time might be a key tool in continuing the autonomous development and
maintenance of physical fitness levels (Ferkel et al., 2014; Wang and Chen, 2020).
Unfortunately, to the best of our knowledge, no previous studies have examined the effect of

two alternated teaching units on the environmental knowledge for the development and
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maintenance of physical fitness, perceived barriers toward PA practice, motivation, and PA
participation transferred from the PE class to real-life settings. Consequently, the main aim of
the present study was to examine the effect of two PE-based inside-outside alternated
teaching units on students’ knowledge of their environment for physical conditioning in the
out-of-school time, their perceived barriers toward the PA practice, teacher autonomy
support, and self-determined motivation towards PA. A secondary aim of this study was to
examine the effect of two PE-based inside-outside alternated teaching units on students’
intention to be physically active, their habitual and extracurricular PA, and the regular use of
their environment for practicing PA.

Method

Study design

The present study is reported according to the CONSORT for cluster randomized trials
guidelines (Campbell et al., 2012). The protocol conforms to the Declaration of Helsinki
statements (64th WMA, Brazil, October 2013) and it was approved by the Ethical Committee
for Human Studies at the University of [omitted]. Recruitment of participants was carried out
in June of 2019, and the intervention was done from September 2019 to December 2019. For
practical reasons and due to the nature of the present study (i.e., pre-established classes in a
school setting), a cluster randomized controlled trial design was used (Guijarro-Romero et al.,
2020a). This study was non-blinded (treatments were not masked from the students or
teacher), parallel-grouped (study with two different treatments; Spieth et al., 2016), and had
two evaluation phases. However, although the study treatments could not be blinded, none of
the participants, regardless of the study group to which they belonged, were informed of the
specific objective of the study to prevent subject-expectancy effects on study outcomes.

Participants

https://mc.manuscriptcentral.com/epe
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The principal and the PE teachers of a state high-school center in the city of [omitted] chosen
by convenience were contacted and informed about the study, requesting its permission to
conduct it. After obtaining the approval to carry out the present study, all 146 students (50%
female) from the seventh to ninth grades of secondary education (i.e., aged 11-15 years old)
were invited to participate in it. Adolescents and their legal tutors were fully informed about
the study features. Participants’ signed written informed assent and their legal tutors’ signed
written informed consent were obtained before taking part in the study. According to the
center’s reports, all of the students’ families had a middle class socioeconomic level.

The inclusion criteria were: a) being enrolled in the seventh to ninth grade at the
secondary education level (grades in which approval of the school was obtained); b)
participating in the normal PE classes; c) being exempt of any health problem that would
make them unable to engage in PA normally; d) presenting the corresponding signed written
consent by their legal tutors, and e) presenting their own corresponding signed written assent.
The exclusion criterion was defined as not having performed the evaluation of the dependent
variables correctly at the beginning and/or at the end of the intervention program following
the administration rules (being removed only for incomplete variables and not for the overall
study).

Sample size

A priori sample size calculation was estimated with the Optimal Design Plus Empirical
Evidence Software Version 3.01 for Windows. Parameters were set as follows: significance
level a = 0.05, number of participants per cluster n = 25, effect size 6 = 0.50, intra-class
correlation coefficient p =0.01, and statistical power (1 — B) = 0.80. A total number of six
clusters was estimated.

Randomization
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1
2
z Randomization was conducted at the class-level, using a computerized random number
5 .
6 generator, even though the school center had already assigned the students randomly and
7
8 balanced by gender to each class, before starting the scholar year. This was done before the
9
1(1) pre-intervention evaluation was administered, and the six pre-established classes (i.e., two 7%,
12 .
13 two 8" and two 9™ grade classses) were randomly assigned, balanced by grade, by an
14
15 independent researcher blinded to the study aim, and following a 1:1 ratio into the traditional
16
17 group (TG) or alternated group (AG).
18
19 Intervention
20
21
22 Figure 1 shows the general scheme of the intervention. Before the intervention, the PE
23
24 teacher (16 years of experience) responsible for teaching all of the control and experimental
25
;? lessons received two teacher-training sessions regarding the specific features of the teaching
28 . . . . oy
29 units. Both teaching units were carefully designed by the research group, providing
30
31 guidelines to the PE teacher for correctly delivering the lessons. The main researcher
32
;2 supervised all the lessons and made sure all guidelines were taken into account during the
35
36 program (Table 1).
37 . . . . .
3d able 1. Strategies applied during the intervention.
39
40 Alternated Group Traditional Group
41
:y\]arm-up -Implementation of low-to-moderate aerobic activities and joint mobility exercises is performed
44
4Main part -Interrogative feedbacks are given with the aim [ ] -Instructional feedbacks are given regarding []
46
47 of making students reflect on the similarities how to perform the endurance and strength
48
:g between the elements of inside-outside contexts exercises
51 _
52 regarding the work of endurance and strength
53
54 -Individualized tasks are given according to [] -No individualized tasks are given [
55
26 students’ level
57
58 . .. . . .. .
59 -Physical activity benefits are explained [ -Physical activity benefits are not explained [
60

8
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1

2

z -Daily physical activity habits are asked, [ -Daily physical activity habits are not asked [
5 . . . .

6 empathizing and showing concern regarding

7

8 students’ difficulties for practicing physical

9

1(1) activity outside the class

12 . . .. . .
13 -References regarding the physical activity -There are no references regarding physical [
14

15 barriers are mentioned and solved activity barriers

16

17 -Improving fitness levels applying lesson tasks -There are no references in regard to leisure []
18

;g in the free time is encouraged time physical activity

21

22 -Music chosen by the students is used -No music is used

23

2€ool-down  -Interrogative feedbacks are given with the aim -Instructional feedbacks are given regarding
25

;g of making students reflect on the similarities how to perform the flexibility exercises

28 .. d

29 between the elements of inside-outside contexts

30

31 regarding the work of flexibility

32

;2 -Students are expressing themselves about what [ ] -Students do not have the opportunity to []
;g they think about the lesson express their thinking

37

38

39

40 Both TG and AG students carried out a physical fitness-based teaching unit twice a

41

:g week for four weeks. Each PE lesson lasted approximately 50 minutes and consisted of the

44

45 following parts: a 5-to-10-minute warm-up (performing low-to-moderate aerobic activities

46

47 followed by some joint mobility); a 35-to-40-minute main part; and a five-minute cool-down

48

:g (performing stretching exercises).

51 . . . ..

52 The AG students carried out two alternated teaching units (Viciana and Mayorga-

53

54 Vega, 2016) for the work of inside and outside school physical fitness (specifically of the

55

:g basic physical capacities of endurance, strength, and flexibility). It consisted of delivering

58 .. . . . . . . el .

59 one inside lesson (i.e., in school teaching unit, using conventional school facilities like a

60
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sports courts or a gym) followed by another outside lesson in the immediate environment
(i.e., out-of-school teaching unit, using green zones, outside facilities and features, or a
municipal sports center) during the whole program (four of each modality). The main part of
the lessons was focused on the work of physical fitness (e.g., fartlek, continuous running, or
circuit-training methods). During both in-school and out-of-school lessons of the same week,
students worked the same contents (i.e., tasks and methods for working physical fitness). The
main difference was the space and the material used in each of them. This teaching unit
structure was developed with the purpose of establishing a learning transference from the PE
class to the out-of-school context, making the immediate environment known to the students
for the autonomous development and maintenance of their physical fitness. That is, during
inside PE lessons, the teacher explained to students how they could do the same exercises in
the out-of-school context using the elements of their immediate environment. In addition to
the connection between inside-outside school contexts, the teaching methodology was
focused on motivational strategies and support of students’ autonomy in order to encourage
PA participation through the increase of autonomous motivation (See Table 1; Teixeira et al.,
2020; Wang and Chen, 2020).

Regarding the TG students, they received similar contents, lesson structure, and tasks
as the AG. Similar to the AG, the main part of the lesson was focused on improving physical
fitness. Nevertheless, unlike the AG, students only received in-school lessons using
conventional school materials and facilities. Thus, no transference of learning from the PE
context to the out-of-school context in the immediate environment was promoted. Moreover,
the teaching methodology followed more of an instructional character (Metzler, 2017).

[insert Figure 1.]

Measures
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Prior to carrying out the intervention, general characteristics of the participants (i.e., age,
grade, gender, body mass, and body height) were registered during one PE lesson. Body mass
and body height were measured following the ISAK protocol (Stewart et al., 2011). Then, the
body mass index was calculated as body mass divided by body height squared (kg/m2).
Finally, students’ body weight status was categorized by the body mass index thresholds
(Cole et al., 2000).

Afterward, three PE lessons were used to administrate the knowledge test and
questionnaires at the beginning (pre-intervention) and at the end of the teaching unit (post-
intervention). Each evaluation was carried out by the same tester, instruments, protocols, and
conditions. The students filled out the knowledge test and questionnaires in an ordinary
classroom under silent conditions. Students were asked for their maximum sincerity, and they
were guaranteed the confidentiality of the obtained data. Although instructions on how to
correctly respond to the questionnaire were printed at the top, the researcher was present
during the entire evaluation session to clarify any question that might arise. The measurement
protocol followed with each variable is detailed below.

Knowledge of the environment for the practice of physical fitness test. Students’
knowledge was measured through the Knowledge about the Environment for Physical
Conditioning in schoolchildren test (CENAFI; Guijarro-Romero et al., 2020b). It consisted of
30 questions with four possible answers where only one was correct (e.g., “In which of the
following spaces could you work endurance using a distance and terrain fartlek?””). The three
knowledge dimensions (i.e., declarative, procedural, and causal) and contents were balanced
(10 questions for each knowledge dimension: two about the basic physical capacity of
endurance, four on strength and four on flexibility). The Spanish version of the CENAFI test

has shown adequate reliability and validity among high-school students (ICC = 0.65;
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adequate difficulty and discrimination indices; discriminant validity, intervention vs. control:
p <0.001, d =1.41) (Guijarro-Romero et al., 2020b).

Barriers toward physical activity. Students’ perceived barriers toward PA practice
were measured through the Spanish version of the Self-Perceived Barriers for Physical
Activity (SPBPA) questionnaire (Nifierola et al., 2006). It consists of 17 items that measure
specific barriers in PA in relation to four dimensions. Due to the purpose of the present study,
only the environment and facilities dimension was used (e.g., “Being too far from the place
where I can exercise”). The items were preceded by the sentence: “I do not usually do

b

physical exercise because...”. A 10-point Likert-type scale, ranging from 1 (“Low
probability”) to 10 (“High probability”) was used in order to facilitate the evaluation of the
items, making them similar to the qualifications that Spanish school-aged children receive in
their scholar marks (Guijarro-Romero et al., 2020a). The Spanish version of the SPBPA has
shown adequate psychometric properties among high school students (Cronbach’s a = 0.69)
(Nifierola et al., 2006).

Perceived autonomy support. The PE teacher autonomy-support was assessed
through the Spanish version of the Perceived Autonomy Support Scale for Exercise Settings
(PASSES, Moreno et al., 2008). It consists of 12 items (e.g., “My PE teacher understands
why I decide to do physical exercise in my free time”) that evaluate a single factor of
autonomy support. The items were preceded by the sentence: “In my PE classes...”. A 10-
point Likert-type scale, ranging from 1 (“Totally disagree”) to 10 (“Totally agree”) was used.
The Spanish version of PASSES has shown adequate psychometric properties among high-
school students (CFI = 0.92; IFI = 0.92; TLI = 0.90; SRMR = 0.04; RMSEA = 0.08;
Cronbach’s o =0.91) (Moreno et al., 2008).

Self-determined motivation towards physical activity. Students’ motivation

towards PA was measured using the Spanish version of the Behavioral Regulation in
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Exercise Questionnaire (BREQ-3, Gonzalez-Cutre et al., 2010). It consists of 23 items (e.g.,
“Because it agrees with my way of life”’) distributed into six dimensions (intrinsic motivation,
integrated regulation, identified regulation, introjected regulation, external regulation, and
amotivation). The questionnaire was preceded by the sentence: “I do PA..”. A 10-point
Likert-type scale, ranging from 1 (“Not true for me”) to 10 (“Very true for me”) was used.
The autonomous (i.e., averaging intrinsic, integrated, and identified regulation) and
controlled (i.e., averaging introjected and external) motivations were also calculated
(Chemolli and Gagné, 2014). The Spanish version of the BREQ-3 has shown adequate
psychometric properties among high-school students (CFI = 0.91; IFI = 0.91; RMSEA =
0.06; SRMR = 0.06; Cronbach’s a = 0.66-0.87) (Gonzalez-Cutre et al., 2010).

Intention to be physically active. Students’ intention to be physically active during
their free time was measured using the Spanish version of the Intention to partake in leisure-
time PA questionnaire (Granero-Gallegos et al., 2014). It is composed of three items. Due to
the purpose of the study, the original items were slightly modified (e.g., “I intend to do
physical exercise using the urban environment at least three times a week next month”). The
items were preceded by the sentence: “In my free time, outside of high-school...”. A 10-point
Likert-type scale, ranging from 1 (“very unlikely”) to 10 (“most likely”) was used. The
Spanish version of this questionnaire has shown adequate psychometric properties among
high-school students (GFI = 1.00; RMR = 0.02; NFI = 1.00; NNFI = 0.99; CFI = 1.00;
RMSEA = 0.03; Cronbach’s a = 0.93; modified version: Cronbach’s o = 0.94) (Granero-
Gallegos et al., 2014).

Habitual physical activity. Students’ habitual PA was measured using the Physician-
based Assessment and Counseling for Exercise (PACE) questionnaire (Martinez-Gomez et
al., 2009). It consists of two questions that measure how many days in the last week (PACE

1, “In the last 7 days, how many days did you do physical activity for 60 minutes or more?)
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and in a habitual week (PACE 2, “In a normal week, how many days do you do physical
activity for 60 minutes or more?) at least 60 minutes of PA are performed. A 7-point Likert-
type scale, ranging from 0 to 7 was used. The PACE questionnaire has shown adequate
convergent validity (accelerometer) among high-school students (» = 0.43) (Martinez-Gémez
et al., 2009).

Extracurricular physical activity. Students’ extracurricular hours of PA practice
were measured through the enKid questionnaire (Martinez-Gomez et al., 2009). It consists of
one question: “How many hours do you spend on extracurricular sport activities weekly?”. A
7-point Likert-type scale, ranging from 0 to “more than 5” was used. The enKid questionnaire
has shown convergent validity (accelerometer) properties among high-school students (» =
0.43) (Martinez-Gomez et al., 2009).

Habitual use of the environment for practicing physical activity. Students habitual
use of the environment for practicing PA was measured using a modified version of the
PACE questionnaire. It consists of two questions that measure how many days in the last
week (“In the last 7 days, how many days did you use the nearby urban environment to
practice PA autonomously?) and in a habitual week (“In a normal week, how many days do
you use the nearby urban environment to practice PA autonomously?) the urban environment
is used to practice PA autonomously. A 7-point Likert-type scale, ranging from 0 to 7 was
used. Reliability of this questionnaire was adequate (Cronbach’s o = 0.87).

Statistical analysis

Descriptive statistics (mean + standard deviation or percentage) for the general characteristics
of the participants and dependent variables were calculated. Statistical test assumptions were
checked and met by common procedures (e.g., histograms and normal Q-Q plots for
normality). The one-way analyses of variance (ANOVA) (continuous variables) and the chi-

squared test (categorical variables) were conducted to examine potential differences in terms
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of general characteristics between the two groups. The internal consistency of the dependent
variables measured by the questionnaires was examined with the Cronbach’s alpha.

All the participants were included in the statistical analyses regardless of adherence to
the protocol (i.e., intention-to-treat approach). All the participants that did not follow protocol
had failed to sustain a 100% attendance rate. Because the unit of intervention was the class, a
Multilevel Linear Model (MLM) with participants nested within classes was selected (Li et
al., 2017). According to Field’s (2017) recommendation, the approach started from “basic”
models in which all the parameters were fixed and then progressively more random
coefficients and exploring confounding variables were followed. The maximum likelihood
estimation method was used. The —2 log-likelihood was used to compare the models fit (i.e.,
comparing the change in the chi-square test). From all the potential confounding variables
explored (i.e., gender, age, body mass, body height, body mass index, habitual PA, and
intervention attendance), age was used as a covariable for declarative knowledge,
extracurricular PA, and perceived barriers toward the environment/facilities; body height was
used as covariable for controlled motivation; and habitual PA was used as covariable for
habitual PA. Effect sizes were estimated using the Cohen’s d for pairwise comparisons.
Finally, although an intention-to-treat approach was followed in the present study, as a
sensitivity analyses, all the above-mentioned analyses were also carried out with a per-
protocol approach (i.e., including the participants, taking into consideration their adherence to
the protocol, that is, eight lessons). All statistical analyses were performed using the SPSS
version 25.0 for Windows (IBM® SPSS® Statistics). The statistical significance level was
set at p <0.05.

Results

Final sample and general characteristics
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Figure 2 shows the flow chart of the participants included in the present study. All the invited
146 students (50.0% females) agreed to participate and satisfactorily met the inclusion and
exclusion criteria. No participants were lost because of the rejection to continue in the study
or change of school. Table 2 shows the general characteristics of the participants. The results
of the one-way ANOVA and the chi-square test did not show statistically significant
differences in terms of general characteristics between the two groups (p > 0.05). Regarding
the attendance rate, the AG and TG participants obtained an average of 98.3% and 98.4%,
respectively (overall = 98.4%). The results of the chi-square test did not show statistically
significant differences on the percentage of students with attendance equal or not to 100%
(i.e., 8 lessons) between the AG (92.0%) and TG (88.7%) (x> = 0.449, p = 0.503). In the
sample of the present study, the internal consistency of all the dependent variables measured
by dimensional questionnaires was above 0.70 (except for the knowledge test, a = 0.65;
controlled motivation, a = 0.53; and environment/facilities perceived barriers, a = 0.54).

Table 2. General characteristics of the participants and differences between the two groups.

Total Alternated Traditional
F/y? P
(N=146) (n="175) (n=171)
Age (years) 13.1 (1.0) 13.1 (1.0) 13.1 (1.0) 0.140 0.709
Gender (females/males) 50.0/50.0 48.0/52.0 52.1/47.9 0.247 0.619
Grade (7th/8h/9th) 31.5/31.5/37.0 32.0/33.3/34.7 31.0/29.6/39.4  0.400 0.819
Body mass (kg) 52.9(11.8) 52.8 (13.2) 52.9(10.2) 0.001 0.977
Body height (cm) 160.6 (8.9) 160.3 (9.9) 160.9 (7.7) 0.181 0.672
Body mass index (kg/m?) 20.4 (3.9) 20.4 (4.2) 20.4 (3.5) 0.002 0.961
Overweight-obese (no/yes) 78.1/21.9 77.3/22.7 78.9/21.1 0.051 0.822
Habitual PA (days/week) 3.2(1.7) 3.3(1.7) 3.1(1.6) 0.255 0.615

Note. Continous variables (i.e., age, body mass, body height, body mass index, and habitual PA) are
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reported as mean (standard deviation) and categorical variables (i.e., gender, grade and overweight-
obese) as percentage.
a Significance level from the one-way analysis of variance for continous variables and the chi
squared test for categorical variables.
[insert Figure 2.]
Knowledge of the environment for the practice of physical fitness
Table 3 shows the effect of inside-outside alternated teaching units on students’ knowledge of
the environment for physical conditioning. The MLM results showed that the AG participants
had a statistically significant improvement to their declarative, procedural, and overall
knowledge compared with those from the TG (p < 0.01; d = 0.96-1.42). However, for the
causal knowledge statistically significant difference were not found (p > 0.05).
Table 3. Effect of the inside-outside alternated teaching units on knowledge about their environment for

physical conditioning.

Pre-intervention Post-intervention Difference  Multilevel Lineal Model  ES
Variable Group

M (SE) M (SE) M (SE) -2LL F » d

Declarative Alternated 3.3 (0.2) 5.8(0.2) 2.7(02) 579.024 53356 <0.001 1.42
Traditional 3.4 (0.2) 3.9(0.2) 0.5 (0.2)

Procedural Alternated 4.5 (0.2) 6.4 (0.2) 1.9(0.2) 625.155 21.198 <0.001 0.96
Traditional 4.7 (0.2) 5.0 (0.2) 0.3 (0.2)

Causal  Alternated 4.0 (0.2) 5.7(0.2) 1.7(0.2) 614.946 2.175  0.188 0.32
Traditional 3.3 (0.2) 4.4(0.2) 1.2 (0.3)

Overall  Alternated  11.8 (0.4) 17.9 (0.5) 6.0(0.5) 792307 34.155 0.001 124
Traditional ~ 11.4 (0.4) 13.3 (0.4) 1.9 (0.5)

Note. ES = Effect size; M = Adjusted mean; SE = Standard error; - 2LL = -2 log-likelihood; d = Cohen’s d

effect size; Alternated, n = 75, Traditional, n = 71.
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Perceived barriers, perceived autonomy support, and self-determined motivation toward

Table 4 shows the effect of inside-outside alternated teaching units on environment/facilities

10 perceived barriers, perceived autonomy support in PE, and self-determined motivation toward

PA. The MLM results showed that the AG participants had a statistically significant

15 improvement to their environment/facilities perceived barriers (d = -0.35), perceived

17 autonomy support (d = 1.40), integrated regulation (d = 0.24), amotivation (d = -0.35), and

autonomous motivation (d = 0.19) compared with those from the TG (p < 0.05). However,

22 for the intrinsic motivation, identified, introjected, and external regulations, and controlled

24 motivation statistically significant differences were not found (p > 0.05) (Supplementary File

26 1)

29 Table 4. Effect of the inside-outside alternated teaching units on perceived barriers, perceived autonomy support,

31 and self-determined motivation toward physical activity?.

Variable Group

Pre-intervention Post-intervention Difference

Multilevel lineal model  ES

M (SE)

M (SE)

M (SE)

-2LL

F p d

38 Perceived barriers

40 Environment/  Alternated

42
43
44
45 Perceived autonomy support
46

47 Autonomy Alternated
48
49
50

Facilities Traditional

Traditional

51
52 Self-determined motivation
53

54 Autonomous Alternated
55
56
57

Traditional

58
59 Controlled Alternated
60

2.4(0.2)

1.9 (0.1)

7.2(0.2)

7.1(0.2)

7.8 (0.2)
8.0(0.2)

3.0(0.2)

1.7 (0.1)

2.0 (0.1)

8.2 (0.2)

5.7(0.2)

7.9 (0.2)
7.7(0.2)

2.9(0.2)

-0.6(0.1)

0.1 (0.1)

0.9 (0.2)

1.4(0.2)

0.0 (0.1)
0.3 (0.1)

-0.1(0.1)

https://mc.manuscriptcentral.com/epe

427.436

537.169

403.434

440.554

12.286 0.001 -0.35

53.618 <0.001 1.40

4.089 0.045 0.19

0.216 0.643 -0.05
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1

2

z Traditional 2.7(0.2) 2.7(0.2) -0.1 (0.1)

5

6 Note. ES = Effect size; M = Mean; SD = Standard deviation; - 2LL = -2 log-likelihood; d = Cohen’s d effect size;
7

8 Alternated, n = 75, Traditional, n = 71.

9

1? aVariables that do not appear in this table are reported in the Supplementary File 1.

g Intention to be physically active, habitual and extracurricular physical activity, and
14

15 habitual environment use for practicing physical activity

16

17 Supplementary File 2 shows the effect of inside-outside alternated teaching units on intention
18

;g to be physically active, habitual and extracurricular physical activity, and habitual
21

22 environment use for practicing PA. The MLM results did not show statistically significant
23

24 differences for intention to be physically active, habitual and extracurricular PA, and habitual
25

;? environment use for practicing PA, between the AG and TG students (p > 0.05).

28 \e .

29 Sensitivity analysis

30

31 The sensitivity analysis (i.e., per-protocol approach) found the same outcomes as the main
32

;i analysis (i.e., intention-to-treat approach) in 15 out of 18 variables. Specifically, for the
;Z integrated regulation and autonomous motivation statistically significant differences between
37

38 AG and TG were not found (p = 0.031 vs. p = 0.060 and p = 0.045 vs. p = 0.050,
39

40 respectively), while statistically significant differences between both groups in intrinsic
41

:g motivation were found (p = 0.074 vs. p = 0.010) (Supplementary File 3).

44

45 Discussion

46

47 The main objective of the present study was to examine the effect of two PE-based inside-
48

:g outside alternated teaching units on students’ knowledge of their environment for physical
51

52 conditioning in the out-of-school time, their perceived barriers toward PA practice, teacher
53

54 autonomy support, and self-determined motivation towards PA. Results showed that overall,
55

:? the alternated teaching units significantly improved AG students’ knowledge on how to use
:g their immediate surroundings for improving physical fitness. These findings represent an
60
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important contribution to the field of the promotion of autonomous physical fitness in the out-
of-school context. According to Bandura (2004), the acquisition of knowledge represents the
first step toward generating a behavior change in PA practice. Previous studies pointed out
the importance of students’ knowledge of how to work physical fitness and how to practice
PA out-of-school (Ennis, 2015; Wang and Chen, 2020). In this sense, the alternated teaching
units allowed students to transfer the learning from the PE class to their daily life (European
Commission/EACEA/Eurydice, 2013; SHAPE America, 2013; Viciana and Mayorga-Vega,
2018), improving, therefore, their knowledge and making them more autonomous and
capable to work on physical fitness autonomously in the out-of-school context. Previous
studies have shown the importance of providing students with fitness knowledge during PE
lessons to encourage the PA practice during the out-of-school time (e.g., Hodges et al., 2016).
Nevertheless, these studies were mainly focused on the knowledge of fitness training
principles. To our knowledge, this is the first study that examines the effectiveness of this
innovative teaching unit structure on students’ knowledge about their nearby environment for
physical conditioning. However, it should be highlighted that causal knowledge did not
improve. This could be because the feedback given during the lessons was only focused on
making students reflect on the similarities between the elements of both contexts, but it did
not delve into the understanding of why a particular exercise performed in a specific element
of the environment allows for working one physical capacity or another. Consequently, future
studies should provide more specific feedback that facilitates students to reason and
understand why a fitness capacity can be worked or not in a specific element, space, or
environment.

Regarding perceived barriers toward PA practice, results of this study showed that the
alternated teaching units reduced the AG students’ perceived barriers related to

environment/facilities. This could be because the knowledge acquired by the students led
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them to understand how they can use their nearby environment for physical conditioning, as
well as to perceive the autonomy support from their PE teacher, which was also increased in
AG students after the intervention. The effect of the various strategies used in the teaching
unit could produce this outcome: (1) the continuous meaningful reasons provided during the
innovative teaching unit explaining why it is important to maintain an active and healthy
behavior (e.g., having good fitness levels) (Dobbins et al., 2013; Reeve, 2009); (2) the
teaching methodology used, mainly based on fostering students’ autonomous motivation
(e.g., considering students’ opinion, encouraging them to put in practice what they have
learned in PE lessons) (Reeve, 2009); and (3) the use of the out-of-school context (i.e.,
nearby environment) for delivering some PE lessons, where the students could experience
authentic and situational PA practices transferable to their daily life (Viciana and Mayorga-
Vega, 2018). These results are in line with previous studies that have applied similar
autonomy-supportive strategies (Cheon and Reeve, 2013; Yli-Piipari et al., 2018).
Additionally, as a consequence of applying these aforementioned strategies, innovative
teaching units have also shown a positive effect on students’ autonomous motivation toward
PA, as well as a decrease in their amotivation. It is in line with the autonomy support fostered
by the SDT (Deci and Ryan, 1985), as well as with previous studies in which autonomy
supportive teaching styles have been applied (e.g., Gonzalez-Cutre et al., 2018). This increase
in autonomous motivation could be associated with the students’ increment in competence
and autonomy, as a consequence of the improvement of the knowledge about the
environment for working on physical fitness (Wang and Chen, 2020).

Regarding the secondary aim of this study it was to examine the effect of two PE-
based inside-outside alternated teaching units on students’ intention to be physically active,
their habitual and extracurricular PA, and the regular use of their environment for practicing

PA. Results of this study showed that the alternated teaching units did not influence any of

21

https://mc.manuscriptcentral.com/epe



coNOULT A~ WN =

European Physical Education Review

these variables. Although AG students knew how they might use their knowledge about the
environment to practice physical conditioning, and they perceived higher autonomy support,
as well as increased their autonomous motivation, this was not translated into an
improvement in their present PA behavior nor an increase in the future intention of doing it.
Unlike the present study, previous studies carried out in the PE setting that have also applied
autonomy-supportive teaching styles found that students intention to be physically active
increased (Cheon and Reeve, 2013; Yli-Piipari et al., 2018). This could be due to the fact that
AG students were specifically asked for their intention to practice PA autonomously using
the immediate environment. Moreover, the short length of the intervention (four weeks) could
also be a limitation to achieving better results in the aforementioned actual PA variables.
Previous literature suggests applying longer school-based PA interventions (around 12 weeks
and up) in order to attain changes in PA behavior (Dobbins et al., 2013). However, the large
number of curricular objectives that have to be developed during the scholar year, together
with the low frequency of the PE subject (only two hours per week) (Hardman et al., 2014),
make the application of longer interventions difficult for a specific educational objective.
Additionally, it is possible that the applied motivational and autonomy-supportive strategies
were not enough to achieve a more specific intentionality such as using the environment to
practice PA autonomously. Therefore, future studies that do not have this time restriction
should apply longer interventions (Dobbins et al., 2013), incorporating other strategies such
as Epstein’s TARGET principles, which have shown to be effective for improving
specifically adolescents’ intention to be physically active in the out-of-school time (Cecchini
et al., 2014). Furthermore, according to the expansion mechanism of the Theory of Expanded,
Extended, and Enhanced Opportunities, complementing the intervention with an

extracurricular program where the students could put in practice the learnings acquired during
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PE lessons with their peers may help them to achieve more easily a PA behavioral change
during the out-of-school time (Gonzalez-Cutre et al., 2018).

The main strength of the present study was that, to the best of our knowledge, this is
the first study that examines the effect of two inside-outside alternated teaching units on: 1)
students’ environmental knowledge for physical conditioning in the out-of-school context,
their perceived barriers, perceived autonomy support, and motivation toward PA; and 2)
students’ intention to be physically active, their habitual and extracurricular PA, and the
regular use of their environment for practicing PA. Additionally, because of the nature of the
context (i.e., school) and with the objective of keeping the ecological validity, the use of a
cluster-randomized controlled trial design (balanced by grade) was more appropriate for the
present research objective (Campbell et al., 2012). Furthermore, the comparison with a TG
that also worked physical fitness, but only inside the school, allows us to check that the
innovative teaching units are more effective than the traditional practice for achieving the
main study objective. Finally, the evaluation of the effect of the teaching unit with a Mixed
Multilevel Linear Model with participants nested within classes, represents an advancement
with respect to the commonly applied analyses (Li et al., 2017).

This study also has some limitations that should be acknowledged. Firstly, the non-
probabilistic and relatively small sample size provides a lower generalization power. This
limits the generalizability of the obtained outcomes to the particular studied population and
context. However, due to human and material resource restrictions, a probabilistic and larger
sample could not be examined. Additionally, the present innovative teaching units were
developed with a very specific content (physical fitness), which is one of the more worked
globally in PE (Hardman et al., 2014) and could be the most applicable to students’ free-time
(individually or in small groups with friends), but these effects should also be studied with

other PE contents. Moreover, the teaching unit length could have been a limitation to
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achieving greater effects on the PA variables. However, considering the large volume of
objectives that have to be developed throughout the academic year with a very limited time
for the PE subject (Hardman et al., 2014), the purpose was to carry out a real study that
would be feasible to perform in the context of PE.

In conclusion, the results of the present study showed that inside-outside alternated
teaching units are effective for improving students’ knowledge about the environment for
physical conditioning, their perceived barriers, perceived autonomy, and autonomous
motivation towards PA. However, these innovative teaching units did not change students’
intention to be physically active, their habitual and extracurricular PA, nor their regular use of
the environment for practicing PA. Future research studies should examine if longer indoor-
outdoor alternated teaching units might have an effect on students’ intention to be physically
active.
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Figure 1. General scheme of the intervention.

Figure 2. Flow chart of the school classes and students of the present study. All numbers are

school classes [students].
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2 Supplementary File 2. Effect of the inside-outside alternated teaching units on intention to be physically active,
2 habitual and extracurricular physical activity, and habitual environment use for practicing physical activity.
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28

29 Traditional 1.6 (0.2) 1.3(0.2) -0.2 (0.2)

30
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z Supplementary File 3. Effect of the inside-outside alternated teaching units on knowledge about their
2 environment for physical conditioning, perceived barriers, perceived autonomy support, self-determined
; motivation toward physical activity, intention to be physically active, habitual and extracurricular physical
?(1) activity, and habitual environment use for practicing physical activity.

1; Pre-intervention Post-intervention Difference Multilevel lineal model  ES
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E Traditional 2.0 (0.2) 2.0 (0.2) 0.0 (0.1)
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34
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2‘5‘ Extracurricular PA Alternated 3.3 (0.3) 3.6 (0.2) 0.2(0.1) 384733  0.642 0.424 0.05
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Effect of a Physical Education-based irregular teaching unit on high school students’
cardiorespiratory fitness and related psychological outcomes: A cluster randomized

control trial from a Self-Determination Theory perspective



Abstract

The main aim was to examine the effect of a Physical Education (PE)-based fitness irregular
unit on the maintenance of high school students’ cardiorespiratory fitness. Secondarily, this
study was aimed at examining the effect of the intervention on: 1) students’ satisfaction of the
basic psychological needs, autonomy support, motivation toward physical activity (PA),
health improvement and fun and enjoyment satisfaction, intention to be physically active, and
their habitual and extracurricular PA; and 2) perceived and objective PA levels during PE
lessons. A sample of 128 high school students (51.6% females; Mage 12.4 + 0.7) participated
in the study. Six pre-established classes, balanced by grade, were cluster-randomly assigned
into the irregular (1G), traditional (TG), or control groups (CG). The IG and TG performed a
fitness development unit twice a week for nine weeks. Then, the IG completed a fitness
irregular unit (three 20-minutes school recesses plus two 30-minutes out-of-school periods
per week) for six weeks. All variables were measured before and after the development unit,
as well as at the end of the irregular unit. PA levels were measured objectively through a
heart rate monitor and subjectively by a self-reported scale during PE lessons. The IG
maintained their cardiorespiratory fitness levels through the irregular unit (p < 0.001).
Furthermore, the intervention improved IG autonomy support, basic psychological needs, and
autonomous motivation toward PA (p < 0.05). Additionally, both 1G and TG had higher PA
levels than the CG during the development unit (p < 0.001). No differences were found for
the rest of variables (p > 0.05). Irregular units allow P teachers to maintain students’
cardiorespiratory fitness levels and achieve other objectives of the PE subject.

Keywords: Innovative intervention, cardiovascular endurance, secondary school students,

autonomy, basic psychological needs, physical activity.



Introduction

Cardiorespiratory fitness (CRF) is considered a powerful health marker among adolescents
(Raghuveer et al., 2020). During adolescence, higher levels of CRF are positively associated
with mental health and quality of life (Eddolls et al., 2018). Unfortunately, adolescents’ CRF
has been declining during the last decades (Raghuveer et al., 2020), becoming a worldwide
problem which affects, on average, 46% of female and 33% of male adolescents (Tomkinson
et al., 2016). Consequently, the promotion of healthy CRF levels among adolescents’ through
different contexts like sport programs or in schools, is a priority public health objective
(Tomkinson et al., 2016).

Schools and specifically the Physical Education (PE) subject is considered an ideal
context to acquire healthy CRF levels (Association for PE, 2015). In fact, one of the main
national standards of PE worldwide is the acquisition and maintenance of healthy CRF levels
(European Commission/EACEA/Eurydice, 2013; Hardman, Murphy, Routen, & Tones, 2014;
SHAPE America, 2013). To achieve this purpose, the Association for PE (2015) recommends
that students should be involved in moderate-to-vigorous physical activity (MVPA) for at
least 50% of the PE lessons time. However, achieving an increment in students’ CRF levels
through PE lessons is hindered by several limitations. Examples of these limitations include:
the limited curriculum time appointed to the PE subject (e.g., on average, worldwide only
about two hours per week), the great volume of contents to deliver during the academic year,
the heterogeneous levels of students, or school holidays (Guijarro-Romero, Casado-Robles,
& Mayorga-Vega, 2019; Hardman et al., 2014). Despite these limitations, previous studies
have shown the effectiveness of short-term teaching units (TU) for improving students’ CRF
levels in the PE context (Mayorga-Vega, Montoro-Escafio, Merino-Marban, & Viciana, 2016;

Mayorga-Vega, Viciana, & Cocca, 2013).



Additionally, another PE-based planning limitation is the fact that after a period of
detraining, the CRF levels decrease (Mujika & Padilla, 2001). In this sense, Viciana and
Mayorga-Vega (2016) suggested that PE teachers should apply maintenance teaching units
after a fitness development TU in order to maintain the students’ CRF levels during the
whole academic year. Previous studies have shown the effectiveness of several types of
maintenance units during PE lessons (Mayorga-Vega et al., 2016; Mayorga-Vega, Viciana, &
Cocca, 2013). Nevertheless, with these type of maintenance TU, PE lesson time has to be
used. Therefore, considering the low weekly frequency of the subject (Guijarro-Romero et
al., 2019; Hardman et al., 2014), the available time to achieve the rest of PE curricular
objectives is reduced.

A possible alternative could be maintaining students’ CRF by using the extra-
curricular time such as school recesses or out-of-school time applying the irregular TU
structure proposed by Viciana and Mayorga-Vega (2016). This innovative structure of TU
would allow PE teachers to increase and reinforce the active time for learning, achieving
important outcomes such as increments of MVVPA levels during these periods of time and to
maintain students’ CRF over the scholar year (Viciana & Mayorga-Vega, 2016).
Consequently, it is extremely important that during PE lessons, teachers provide students
with different options to perform physical activity (PA), and delegating the responsibility of
their autonomous development using an individualized style of teaching (e.g., individualized
programs carried out in couples or in small groups) (Viciana & Mayorga-Vega, 2016).
Furthermore, using the extra-curricular time may increase students’ autonomy toward PA
practice during their free time (Gonzalez-Cutre, Sierra, Beltran-Carrillo, Pelaez-Pérez, &
Cervello, 2018), which is also another main standard of PE curriculum (European
Commission/EACEA/Eurydice, 2013; SHAPE America, 2013). According to the Theory of

Expanded, Extended, and Enhanced Opportunities, this mechanism for promoting students’



PA is called expansion, and is defined as the introduction of an entirely new PA opportunity
(Beets et al., 2016).

Additionally, in order to achieve better outcomes with the intervention, it should be
based on theoretical frameworks in order to design and apply specific and effective
guidelines to promote the PA practice (Biddle, Mutrie, Gorely, & Blamey, 2012). The Self-
Determination Theory (SDT) is a motivational theory widely used to understand the
antecedents and consequences of motivation toward PA (Ryan, Williams, Patrick, & Deci,
2009). The SDT postulates that everyone has three basic psychological needs (autonomy,
competence, and relatedness) whose satisfaction leads students to acquire more autonomous
forms of motivation toward PA (Ryan et al., 2009). The SDT also postulates that PE teacher
autonomy support in PE plays a key role in the development of a more autonomous
motivation toward PA (Ryan et al., 2009), which is positively associated with the interest in
remaining active in the out-of-school time (Sevil-Serrano, Aibar, Abds, Generelo, & Garcia-
Gonzalez, 2020). The autonomy-supportive teaching style is characterized by making
students feel that they can participate in their own learning (Ryan & Deci, 2020). For
example, providing students different opportunities to do PA, the opportunity of having a
choice, considering their opinions about PA practice, promoting the sense of initiative, or
justifying the aim of the tasks (Ryan & Deci, 2020). In this sense, students’ satisfaction with
PE lessons or extra-curricular programs is positively associated with more time spent on an
activity, commitment, and intention to continue (Sicilia, Ferriz, Trigueros, & Gonzéalez-Cutre,
2014).

Similarly to this study, Gonzalez-Cutre et al. (2018), based in SDT principles,
examined the effect of a fitness TU during PE lessons as well as an extra-curricular program
on students’ daily self-reported PA levels. These authors found that the intervention

improved students’ self-reported daily PA levels, as well as motivational aspects such as their



perceived autonomy support, basic psychological needs, and motivation toward PA.
However, Gonzélez-Cutre et al. (2018) were focused on the promotion of PA levels instead
of on the effect of the intervention on students’ CRF levels. Furthermore, the extra-curricular
program was completely directed by the PE teacher and performed in a specific timetable.
This may reduce the promotion of autonomy of students regarding the possibility to choose
the more appropriate timetable to perform the program according to their extra-curricular
activities. Additionally, the school recess, whose contribution to students’ recommended
daily MVPA levels is approximately 33% (Viciana, Mayorga-Vega, & Martinez-Baena,
2016), was not used to carry out the extra-curricular PA. Unfortunately, to the best of our
knowledge, no previous studies have examined the effect of a fitness irregular TU, performed
autonomously by students during school recesses and out-of-school time and based on SDT
principles, on the maintenance of students’ CRF levels. Consequently, the main aim of the
present study was to examine the effect of a PE-based fitness irregular TU on the
maintenance of high school students’ CRF. Secondarily, this study was aimed at: 1)
examining the effect of the fitness development and irregular TUs on students’ satisfaction of
the basic psychological needs, perceived teacher autonomy support, motivation toward PA,
health improvement and fun and enjoyment satisfaction, intention to be physically active, and
their habitual and extracurricular PA; and 2) analyzing the perceived and objective PA levels
during PE lessons.

Methods

Study design

The present study is reported according to the CONSORT for cluster randomized trials
guidelines (Campbell et al., 2012). The protocol conforms to the Declaration of Helsinki
statements (64th WMA, Brazil, October 2013) and it was approved by the Ethical Committee

for Human Studies at the University of [omitted]. Recruitment of participants was carried out



in September of 2018, and the intervention was done from January 2019 to May 2019. For
practical reasons and due to the nature of the present study (i.e., pre-established classes in a
school setting), a cluster randomized controlled trial design was used (Guijarro-Romero,
Mayorga-Vega, Casado-Robles, & Viciana, 2020). This study was non-blinded (treatments
were not masked from the students or teacher), and parallel-grouped (study with three
different treatments; Spieth et al., 2016), with three evaluation phases. However, none of the
participants, regardless of the study group to which they belonged, were informed of the
specific objective of the study to prevent subject-expectancy effects on study outcomes.
Participants

The principal and the PE teachers of two state high-school centers of [omitted] chosen by
convenience were contacted and informed about the study, requesting its permission to
conduct it. After obtaining the approval to carry out the present study, all 128 students
(51.6% females) from the eighth and ninth grades of secondary education (i.e., 13-15 years
old) were invited to participate in it. Adolescents and their legal tutors were fully informed
about the study features. Participants’ signed written informed assent and their legal tutors’
signed written informed consent were obtained before taking part in the study. According to
the center’s reports, all the students’ families had a middle socioeconomic level.

The inclusion criteria were: a) being enrolled in the eighth to ninth grade at the
secondary education level (grades in which approval of the school was obtained); b)
participating in the normal PE classes and in individual programs; c) being exempt of any
health problem that would make them unable to engage in PA normally; d) presenting the
corresponding signed written consent by their legal tutors, and e) presenting their own
corresponding signed written assent. The exclusion criterion was not having performed the

evaluation of the dependent variables correctly in each measured moment (i.e., pre-



intervention, post-intervention, and post-maintenance) following the administration rules
(being removed only for incomplete variables and not for the overall study).

Sample size

A priori sample size calculation was estimated with the Optimal Design Plus Empirical
Evidence Software Version 3.01 for Windows. Parameters were set as follows: significance
level o = 0.05, number of participants per cluster n = 25, effect size 6 =0.50, intra-class
correlation coefficient p =0.01, and statistical power (1 — ) = 0.80. A total number of six
clusters (123 participants) was estimated.

Randomization

Randomization was conducted at the class-level, using a computerized random number
generator, even though the school center had already assigned the students randomly and
balanced by gender to each class, before starting the scholar year. This was done before the
pre-intervention evaluation was administered, and the six pre-established classes (i.e., three
8" and three 9" grade classses) were randomly assigned, balanced by grade, by an
independent researcher blinded to the study aim, and following a 1:1:1 ratio into the
traditional group (TG), irregular group (1G), or control group (CG).

Intervention

Figure 1 shows the general scheme of the intervention. Before the intervention, the PE
teachers (15 years of experience) responsible for teaching the control and experimental
lessons were instructed about how to give the lessons in each study group. Inthe TG and CG,
the teachers were simply told to teach the lessons the same way they usually taught.
However, the teacher of 1G lessons was trained during two sessions (2 hours each one) over
one week in motivational and autonomy-supportive strategies to foster satisfaction of

students’ basic psychological needs during the whole intervention period. The main



researcher supervised all the lessons and made sure all guidelines were taken into account
during the intervention (Table 1).

Firstly, the TG and IG received a fitness-based development TU twice a week for nine
weeks. Then, the IG students completed an irregular TU for six weeks consisting of five
individual programs per week: three 20-minutes school recesses plus two 30-minutes out-of-
school periods.

Each development lesson lasted 50 minutes approximately and consisted of: a 5-to-
10-minute warm-up (performing low-to-moderate aerobic activities followed by some joint
mobility and stretching exercises); a main part of 35-to-40-minutes (performing traditional
fitness lessons such as interval training, skipping rope, running games, circuit training or
fartlek, finishing with team games); and a five-minute cool-down (performing stretching
exercises). In the first IG development lesson, benefits and recommendations of practicing
regular PA were explained to students, placing a poster of them in the PE classroom.
Furthermore, both teacher and 1G students signed a contract named “I improve my fitness” in
which students compromised to actively participate in the whole intervention to develop and
maintain their CRF, and the teacher to help them to get this goal. During the development
TU, the PE teacher progressively provided more autonomy to IG students to perform the
lessons autonomously by themselves. Firstly, after five lessons completely given by the
teacher, students started to perform the warm-up by themselves. Then, during the last four
development lessons, the next step was to perform some parts of the main part of the lessons,
and finally the whole lesson, always with the help of the teacher if it was necessary. The PE
teacher placed special emphasis on reaching a MVPA intensity during the development
lessons. Additionally, in order to promote PA participation through the increase of

autonomous motivation, motivational and autonomy support strategies were applied during



the lessons to satisfy IG students’ basic psychological needs (See Table 1; Teixeira et al.,
2020).

Regarding the irregular TU, the IG students worked during three 20-minutes school
recesses plus two 30-minutes out-of-school periods per week for six weeks on individual
programs chosen by them which were related with the contents worked in the development
TU. The activities were: competitions of ten passes game and soccer by small groups created
by students, and challenge of getting 2000 steps during the recesses, and three series of eight
minutes of continuous running with two minutes of rest between series during the out-of-
school periods. Before the beginning of the irregular TU, during one tutoring hour, each
student was given an individual form with the programs systematized per days (as a
orientation), a diary in which they had to write down information about the programs
performed to self-monitoring their progress, and all doubts about the irregular TU were
solved. A poster with the rules and schedule of the competitions was placing in the bulletin
board of the school center. During the cool-down of PE lessons of this intervention period, as
well as during one tutoring hour every two weeks, reflections about the progress achieved,
difficulties and doubts to performed the programs, their possible solutions, as well as positive
reinforcement were commented. Furthermore, according to Ludwig, Arthur, Sculthorpe,
Fountain, and Buchan (2018) five text messages were individually sent every week, one each
day that students had to perform an individual program. These messages, reviewed by a SDT
specialist, were also focused on promoting students’ satisfaction of the basic psychological
needs (e.g., “You make the decisions how far you can go”). Additionally, each IG student
wore a PA wristband (Xiaomi mi band 3) from Monday to Saturday during the whole
irregular TU in order to: 1) control that the individual programs were performed, since
students had to select the option “exercise” every time they performed a program; and 2) be

another motivational factor (Nuss, Moore, Nelson, & Li, 2020) that encourage students to
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perform the individual programs, since the options of inactivity alert, achieved goal alert, and
event reminders were activated. Before the irregular TU, students were familiarized with the
use of the wristbands, as well as with the “MiFit” application (official application of the used
wristband) where students could check their PA progress over the intervention.

Regarding the CG students, they also carried out two PE lessons a week during the
intervention period, with a similar structure as the TG and 1G (i.e., 5-to-10-minute warm-up,
35-t0-40-minute main part, and five-minute cool-down). However, the contents (acrosport
and volleyball) and methodology (based on recreation and technique-learning practices)
developed in the main part of the lessons were different during the development TU period.
Finally, during the irregular TU period, the CG worked the same contents during PE lessons
as TG and IG (i.e., juggle and basketball).

*Insert Table 1*

*Insert Figure 1*
Measures
Prior to carrying out the intervention general characteristics of the participants (i.e., age,
grade, gender, body mass, body height, and organized extra-curricular activities) were
registered during one PE lesson. Body mass and body height were measured following the
ISAK protocol (Stewart et al., 2011). Then, the body mass index was calculated as body mass
divided by body height squared (kg/m2). Finally, students’ body weight status was
categorized by the body mass index thresholds (Cole et al., 2000).

Afterward, two PE lessons and one tutoring hour were used to evaluate students’ CRF
(1% lesson) and questionnaires (2" and 3" lessons) at the beginning (pre-intervention) and at
the end (post-intervention) of the developmental TU, as well as at the end of the irregular TU
(post-maintenance). All evaluations were carried out under the same conditions, with the

same instruments and by the same tester. The CRF measurements were taken in an indoor
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sports facility with a non-slippery floor, under the same environmental conditions, on the
same day of the week and at the same time for each student. Prior to the CRF test, the
participants completed a standardized warm-up consisting of five minutes of running from
low to moderate intensity followed by some joint mobility exercises. The researcher was
present during all evaluation sessions in order to clarify any question that might arise.

Cardiorespiratory fitness. The 20-meter shuttle run test was used to assess CRF
(Léger et al., 1988). Participants ran between two parallel lines placed 20 meters apart, in a
progressive rhythm marked by a recorded beep until they were not able to reach the line two
consecutive times. During the test, each participant wore a heart rate monitor (Polar®
RS300X, Finland). In order to ensure the test maximality, only the scores of participants who
reached a heart rate value equal to or higher than 90% of their estimated maximum heart rate
(Mahar et al., 2018) were used. The maximum heart rate was estimated by the following
equation: 209 — 0.7 x age (in years) (Shargarl et al., 2015). The total number of completed
laps (n) and time (in seconds) were retained. Then, the maximal oxygen uptake (in
ml/kg/min) was using the following equation: 31.025 + 3.238 x speed - 3.248 x age + 0.1536
x speed x age (speed expressed in km/h and age in the lower rounded integer) (Léger et al.,
1988). Finally, participants were categorized as having a healthy or unhealthy CRF status
according to the maximum oxygen uptake cut-off points (Ruiz et al., 2015). The 20-meter
shuttle run test has demonstrated adequate reliability and criterion-related validity among
high school students (e.g., ICC = 0.89; r, = 0.78) (Léger et al., 1988; Mayorga-Vega,
Aguilar-Soto, & Viciana, 2015).

Basich psychological needs. Students’ perceptions of autonomy, competence, and
relatedness satisfaction in PE and physical exercise were assessed using the Spanish version
of the Basic Psychological Needs in Exercise Scale (BPNES, Sanchez & Nufiez, 2007). It

consists of 12 items (four items per factor) that assessed: autonomy (e.g., ““I feel very strongly
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that I have the opportunity to make choices with respect to the way I exercise”), competence
(e.g., “I feel that I execute very effectively the exercises of my training program”) and
relatedness (e.g., “I feel that I associate with the other exercise participants in a very friendly
way”’) introduced by the stem “When I do PA...”. To adapt the scale of the questionnaire to
the Spanish students’ school grades a 10-point Likert-type scale, ranging from 1 (“Totally
disagree”) to 10 (“Totally agree”) was used according to previous studies (Guijarro-Romero
et al., 2020). The Spanish version of BPNES has shown adequate psychometric properties
among high-school students (CFI = 0.95; IFI = 0.95; SRMR = 0.05; RMSEA = 0.08;
Cronbach’s a = 0.74-0.87) (Sanchez & Nufiez, 2007).

Perceived autonomy support. The PE teacher autonomy-support was assessed
through the Spanish version of the Perceived Autonomy Support Scale for Exercise Settings
(PASSES, Moreno, Parra, & Gonzalez-Cutre, 2008). It consists of 12 items (e.g., “My PE
teacher understand why | decide to do physical exercise in my free time”) that evaluate a
single factor of autonomy support. The items were preceded by the sentence: “In my PE
classes...”. A 10-point Likert-type scale, ranging from 1 (“Totally disagree”) to 10 (“Totally
agree”) was used. The Spanish version of PASSES has shown adequate psychometric
properties among high-school students (CFI = 0.92; IFI = 0.92; TLI = 0.90; SRMR = 0.04;
RMSEA = 0.08; Cronbach’s a. = 0.91) (Moreno et al., 2008).

Self-determined motivation towards physical activity. Students’ motivation
towards PA was measured using the Spanish version of the Behavioral Regulation in
Exercise Questionnaire (BREQ-3, Gonzalez-Cutre, Sicilia, & Fernadndez, 2010) consists of 23
items (e.g., “Because it agrees with my way of life””) distributed into six dimensions (intrinsic
motivation, integrated regulation, identified regulation, introjected regulation, external
regulation, and amotivation). The questionnaire was preceded by the sentence: “I do PA...”.

A 10-point Likert-type scale, ranging from 1 (“Not true for me”) to 10 (“Very true for me”)
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was used. The autonomous (i.e., averaging intrinsic, integrated, and identified regulation) and
controlled (i.e., averaging introjected and external) motivations were also calculated
(Chemolli & Gagné, 2014). The Spanish version of the BREQ-3 has shown adequate
psychometric properties among high-school students (CFI = 0.91; IFI = 0.91; RMSEA =
0.06; SRMR = 0.06; Cronbach’s o = 0.66-0.87) (Gonzalez-Cutre et al., 2010).

Health improvement and fun and enjoyment satisfaction. Students’ health
improvement and fun and enjoyment satisfaction was measured using the Spanish version of
the Physical Activity Class Satisfaction Questionnaire (PACSQ, Sicilia, Ferriz, Trigueros, &
Gonzalez-Cutre, 2014). It consists of 45 items that measure satisfaction in relation to nine
dimensions. In the present study, the improvement of health and fitness and fun and
enjoyment dimensions were used. The questionnaire was preceded by the sentence: “Indicate
your satisfaction level with the PE lessons received regarding...”. A 10-point Likert-type
scale, ranging from 1 (“Not true for me”) to 10 (“Very true for me”) was used. The Spanish
version of the PACSQ has shown adequate psychometric properties among high-school
students (CFI = 0.90; IFI = 0.90; RMSEA = 0.065; SRMR = 0.00519; Cronbach’s a. = 0.88-
0.92) (Sicilia et al., 2014).

Intention to be physically active. Students’ intention to be physically active in their
free time was measured using the Spanish version of the Intention to partake in leisure-time
PA questionnaire (Granero-Gallegos, Baena-Extremera, Pérez-Quero, Ortiz-Camacho, &
Bracho-Amador, 2014). It is composed of three items (e.g., “I intend to do physical exercise
at least three times a week next month”). The items were preced