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The Way to Increase the Motor and
Sport Competence Among Children:
The Contextualized Sport
Alphabetization Model

Sixto Gonzalez-Villora*, Manuel Jacob Sierra-Diaz, Juan Carlos Pastor-Vicedo and
Onofre Ricardo Contreras-Jordan

EDAF Group, Didactics of Musical, Plastic and Physical Education Department, Faculty of Education, University of
Castilla-La Mancha, Cuenca, Spain

There is a concern to implement games that will be able to increase the students’ motor
and sport competence during the sport contents in Physical Education. Some games
encompassed in Models-Based Practice (MsBP) are more beneficial for physical and
physiological development than others. The main purpose of this study is to compare
the degree of physical and physiological performance in several futsal games that
have been implemented through two MsBP: the Teaching Games for Understanding
(TGfU) and the Contextualized Sport Alphabetization Model (CSAM). The second
objective is to analyze the relationship between physical and physiological variables.
A quasi-experimental and cross-sectional study with pre- and post-test evaluations had
been carried out. The sample was composed of 112 Primary Education students from
First to Sixth grade (9.35 + 1.76 years). Polar Team Pro® technology was implemented
to compare and analyze the physical and physiological variables. Data was analyze
comparing both models with a two-step cluster model. Afterward, Student’s t-test was
executed to compare the progression of both models. Besides, two-level multilevel
model (MANOVA-ANOVA, followed by MANCOVA- ANCOVA) were also executed by
means of applying a 4 versus 4 Small-Sided and Conditioned Game (SSCG). Finally,
Pearson correlation between physical and physiological variables was calculated.
Results showed that physical and physiological performance was higher in CSAM
groups. In this regard, throughout the intervention of both models, results showed
significant differences in physical and physiological variables at SSCGs implemented
in the CSAM over the games implemented during the TGfU. Additionally, multilevel
and MANCOVA post-test analyses shows significant differences in the physical and
physiological performance during the post-test 4 vs. 4 SSCG at the CSAM students,
in contrast to the TGfU students (o < 0.001). These results demonstrate that both
physical (e.g., distance covered) and physiological performance (e.g., Edwards’ TRIMP)
are significantly higher during CSAM in contrast to TGfU. Moreover, relationship between
physical and physiological variables help teachers to adapt sessions to the features of
the context.

Keywords: Small-Sided and Conditioned Games (SSCGs), physiological performance and education, child
physical development, futsal, sport literacy, Models-Based Practice (MsBP)
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INTRODUCTION

There is a concern about the acquisition of fundamental motor
skills that enables children to participate in physical activities
satisfactorily (Barela, 2013). Indeed, the majority of curriculums
around the world establishes that Physical Education (PE) is the
most important subject that facilitate the development of the
motor competence at the early childhood (from 6 to 12 years
old). According to Holfelder and Schott (2014), this competence
is defined as the capacity of executing a coordinated wide
range of gross and fine motor skills. In fact, motor competence
is closely related to perceived motor competence, which is the
self-physical concept that inference in the level of physical activity
(Utesch et al., 2018).

Particularly, PE has an important curricular part focused on
the introductory stage of sports alphabetization learning or sports
literacy (Kirk et al., 2006). Apart from the motor competence, the
sports literacy contents also contribute to the acquisition of a
specific competence, which enables students to solve a wide range
of tactical/technical problems during their sports practice, called
sports competence (Kolovelonis and Goudas, 2018). Nevertheless,
pedagogical strategies are needed in both PE and extracurricular
context to design suitable lesson plans or sessions to consolidate
the tactical/technical elements, which included decision-making
and skill-execution, respectively (Metzler, 2017). Therefore,
rooted in the ideas of implementing Pedagogical Models
(Haerens et al., 2011), whichever highlight the interdependence
of the most important aspects of sport pedagogy (i.e., context,
content, and teaching/learning process), Casey and MacPhail
(2018) proposed the term Models-Based Practice (MsBP). This
new concept aims to guarantee a contextualized and meaningful
sport learning based on real practice.

On top of that, in spite of the fact that MsBP shared common
features, such as the acquisition of motor and sport competences,
they are divided according to their specific contents and didactic
strategies that reinforce important aspects of the sport literacy.
Hence, MsBP based on the teaching tactical/technical intelligence
of the game, such as the Teaching Games for Understanding
(TGfU; Morales-Belando et al., 2018), are included in the
Games-Centred Approach (GCA; Harvey and Jarrett, 2014).
According to Pill (2016), this framework is mainly composed
by some modifications of Small-Sided and Conditioned Games
(SSCGs) to emphasize a particular tactical and motor skill
learning inside the game, as well as a to promote critical thinking
by using discovery style through questions promoted by the
teachers/coaches.

Specifically, TGfU aims to develop competent students who
will be able to apply their tactical/technical knowledge properly
according to each specify moment of the game, increasing
gradually their autonomy (Harvey et al., 2018). The structure of
this model are mainly divided into six parts (Metzler, 2017). First,
the session starts with the implementation of a Modify Game.
After the practice, pupils are asked about important tactical
problems that they have just experienced during the game, as well
as the best way to solve them. Thirdly, technical skill exercises
are implemented in order to practice some technical skills related
to the implemented game. After the exercises, students are asked

about the most important aspects to focus on the technical
ability (technical awareness). Afterward, the Modify Game is
implemented again emphasizing the tactical and technical aspects
learned and practiced throughout the session. Finally, a general
reflection of the most important outcomes is carried out to
conclude the session.

However, Kirk (2017) showed some limitations in the
implementation of the TGfU in the educational context: (I) the
important tension between prescription and adaptation, (II) the
complex teacher preparation of a flexible and adaptable lesson
plans attending each students’ needs and (III) the restriction
of active participation during the questions moments. For this
reason, Kirk (2017) proposed the design of a new model,
which overcome the limitations observed meanwhile it adapt
to the teacher and student necessities: the Contextualized Sport
Alphabetization Model (CSAM). This new model aims to develop
intelligent players who demonstrate cognitive (tactical), physical
(technical) and social skills that enable them to gradually evolve
toward more complex game formats.

On account of the limitations that have been found in
the TGfU, Kirk (2017) highlighted that this new model
should integrate some critical elements (inherent to the
model), whichever are: (I) the pedagogy strategy based on
the student-centered approach as well as the adaptation to
the context; (II) the implementation of SSCGs adapted to the
characteristics of the students, teacher and context; and (III) the
holistic assessment which included contextual, small-group/team
as well as individual criteria to ensure an integrate sports learning.
Since each student has a different sport background, this new
model is designed to have a flexible structure. On the one
hand, the less skilled students learn, practice and consolidate the
most basic tactical/technical intelligence. On the other hand, the
students with an important sport background learn, practice and
consolidate advanced contents using SSCGs.

Otherwise, it is observed a lack of investigation in the
physiological responses during the implementations of MsBP
at PE classes (Edwards et al., 2018). Above all, physiological
scientific literature tends to focus on some physiological
responses in high level performance SSCGs context such as the
cardiorespiratory system and the exercise economy (Halouani
et al., 2014), or the heart rate (HR) responses (Clemente et al.,
2017). Furthermore, a wide range of research is focus in youth
soccer athletes in an extracurricular context (Gibler et al., 2018).
For that reason, the lack of investigation about physical and
physiological performance could be a limitation when MsBP are
evaluated to be implemented in the educational context as a
recommended way to increase the motor and sport competence
(Goodyear et al., 2016).

Essentially, McLaren et al. (2017) observed that the training
load (TL) has the potential to guarantee significant and adapted
training sessions in team sports. Moreover, Paulson et al. (2015)
also observed that the TLs help coaches or physical experts to
avoid injury risks. The TLs are divided into two dimensions:
(I) the external TL dimension, related to the physical demand
stimulated by the athlete (i.e., distance, speed, or power); and
(II) the internal TL dimension, related to the physiological
and biochemical responses (i.e., metabolic, neurological, and
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cardiovascular systems responses; Vanrenterghem et al., 2017).
Impellizzeri et al. (2005) spotlit that the external TL is the main
factor that determines the internal TL. Besides, the TLs are a
great indicator for understanding the dose-response relationship
between the training and the athletes’ adaptation (Akubat et al,,
2014). With regards to this, the internal TL is an important
measurement to prevent both under- and over-training, as well
as to achieve the desired athletes’ performances during match and
training sessions (Akubat et al., 2018).

In fact, there are a myriad of invasive and non-invasive
methods to evaluate the external TLs, such as the distance
covered, the body load or the number of accelerations (Buchheit
and Simpson, 2017); as well as the internal TLs, such as the
low-frequency fatigue, the HR frequency, the lactate levels or
the session-Rate of Perceived Exertion (Heishman et al., 2018).
Therefore, it exists many integrated measures to quantify the
TLs (Sanders et al.,, 2017). One of the most popular methods,
proposed by Banister et al. (1975), is the training impulse
(TRIMP). This method integrates the training load duration,
the mean HR of the whole training session and the intensity of the
exercise. Lately, Edwards (1993) proposed a modification of the
formula using five arbitrary HR zones. All in all, evidence support
the use of the quantification of the training loads using HR (Hoff
et al.,, 2002; Castagna et al., 2011).

According to Jaspers et al. (2018), the implementation
of monitoring technology enables coaches, physical trainers,
teachers and researchers to obtain objective and reliable
results using non-invasive methods. Indeed, it is also observed
that the real-time data, as well as the clarity of obtaining
some of the aforementioned measurements in a “friendly”
way, enables coaches and teachers to design more enriching
sessions, optimizing the athletes’ performance (Malone et al.,
2017). Although the way of monitoring and collecting the
TLs depend on the manufacturer, it is essential to use
validated devices such as Polar™ or Wimu™ (Molina-
Carmona et al.,, 2018) in order to obtain reliable results which
could be used to customize the sessions and to improve
the performance confidently. In addition, recent studies have
analyzed physiological variables using monitoring technology
in invasion games. In the soccer context, Rojas-Inda (2018)
assessed the internal and external workload among young
soccer athletes during SSCGs. Besides, Scott and Lovell
(2017) analyzed the soccer training using external (GPS) and
internal loads (HR and ratings of perceived exertion) among
female soccer players.

However, as it has been exposed above, some limitations
have been observed in the use of monitoring technologies
in the educational context (i.e., expensive and complex
devices). Even though the mentioned disadvantages, a new
research line is focusing on quantifying the physical activity
using accelerometers devices during the implementation
of MsBP in Primary Education (Rocamora et al, 2019).
However, to our knowledge, there is no studies focus
on analyzing TLs during the models implementation in
educational context.

For all the above, two objectives have been proposed in the
present study. The main objective of this investigation is to

determine and compare the degree of physical performance,
including external TLs (i.e., distance covered, speed and number
of sprints), as well as the physiological factors, including internal
TLs (i.e., HR variables, integrated measurement Edwards’ TRIMP
and calories), presented in several futsal sessions during the
implementation of two MsBP: the TGfU and the CSAM. The
second objective is to evaluate the relationship between external
and internal TLs. The first hypothesis of this research indicated
that when the game is properly adapted to the necessities of the
students, an increase of physical and physiological aspects would
be produced in contrast to general games for all the class. The
second hypothesis stated that the performance global indicator
Edwards’ TRIMP are positively correlated to the external TL
distance covered.

MATERIALS AND METHODS
Study Design and Variables Under Study

In order to achieve the objective of the current study, a
quasi-experimental and cross-sectional study has been carried
out in the educational context. In addition, pre-test and post-test
evaluations were also implemented in order to determine the
evolution of the physiological variables during the application of
both models (Hernandez-Sampieri, 2016).

Figure 1 summarizes the study design. Even though the
content applied in each grade was the same (i.e., tactical attack
and defense principles), the lesson plans were designed according
to the main features and pedagogical strategies of the TGfU
and CSAM. The participant allocation in each group, based
on the models, was randomized. After the anthropometric
measurements, the implementation of both models was applied
throughout 12 sessions of 135 min per week monitoring the
physical and physiological variables. In addition, 4 vs. 4 SSCGs
called “mini-futsal” was carried out at the beginning and the end
of the units as pre-tests and post-tests.

The independent variables included the type of models
(i.e., TGfU and CSAM) and the academic grade. In this
sense, Spanish education curriculum established six mandatory
grades. The first grade correspond to under-seven (U-7) years
old students, second grade to under-eight (U-8), third grade
to under-nine (U-9), fourth grade to under-ten (U-10), fifth
grade to under-eleven (U-11), and sixth grade corresponds to
under-twelve (U-12) years old students. On the other hand,
the dependent variables included the physical performance
variables (external TLs; e.g., total distance covered) and the
physiological response variables (internal TLs; e.g., Edwards’
TRIMP). In addition, anthropometric measurements, including
height, weight, and waist circumference was carried out in order
to contextualize the sample.

Sample, Random Allocation, and Ethical

Requirements

The sample under study was composed by 112 Primary
Education (6-12 years old) male and female students from
First to Sixth grade (mean age: 9.35 + 1.76) from a State
School in Cuenca, Spain. The distribution of the participants
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FIGURE 1 | Scheme of the study design and data collect protocol.

by courses was: 17.9% from First grade (n = 20; mean age:

6.95 + 0.38), 17.0% from Second grade (n = 19; mean
age 7.79 £ 0.29), 17.0% from Third grade (n = 19; mean
age: 9.05 £ 0.41), 18.8% from Fourth grade (n = 21; mean
age 991 £ 0.42), 13.4% from Fifth grade (n = 15; mean
age: 11.11 £ 0.57) and finally, 16.1% was from Sixth grade

(n = 18 mean age: 11.84 £ 0.27). As is it observed in
Table 1, each grade was divided randomly into two groups
(i.e., TGfU and CSAM group), following the CONSORT 2010
statement (Schulz et al., 2010). In each grade, every student
was assigned a random identification number. The numbers
were tabulated into a statistical spreadsheet. One external
research from the Faculty of Education execute the random
assignment command in order to obtain randomized TGfU
and CSAM groups.

Throughout the investigation, the ethical standards of the
Declaration of Helsinki (World Medical Association, 2013)
were exhaustively followed. In addition, all the experimental
procedures and the ethical considerations were approved by
the Faculty of Education of Cuenca from the University of
Castilla-La Mancha (UCLM). First of all, written consent had
been elaborated according to the requirements of Faden et al.
(1986). Secondly, after a meeting with all the members of
the school (management team, teachers, and parent delegates),
the head of studies, the principal and the PE teacher
give their approval to carry out the investigation in the
school. Finally, the participants’ parents or participants’ legal

guardians signed a written consent. Besides, all the participants
voluntarily participated during the study. The privacy and the
confidentiality of the participants’ personal information were
exhaustively protected.

Instruments and Materials

In order to facilitate the interpretation of the results, the
implemented instruments and materials in this study have been
divided into three categories.

The first category is concerning the anthropometric
measurements. An exhaustive protocol was designated in
order to minimize the external influence (e.g., skin temperature
or hydration status) in the body composition measurement
(Pinto, 2012). Primarily, height and weight values were measured
twice with a 5-min interval between measurements. Height was
measured using to the nearest millimeter using the calibrated
stadiometer SECA™ Model 213 (SECA, Corp., Hamburg,
Germany). Weight, fat mass and lean mass was measured to
the nearest 100 g using the bioelectrical impedance analysis
system TANITA DC - 430 MA™ (TANITA, Corp., Tokyo,
Japan; Elia, 2013). Based on the protocol, students must not
have perform any kind of intense physical activity in the last
24 h, they also must not consume soft drinks (e.g., Coca-Cola™
or Fanta™) or sugared drinks (e.g., orange juice) 30 min
before, and they also have to urinate at least 30 min before
the bioimpedance measurement. Both objective measurements
were used to calculate the Quetelet Index or the Body Mass

TABLE 1 | Distribution of the sample into the two models by academic grade.

TGfU group CSAM group

Distribution Percentage (%) Frequency Mean age Percentage (%) Frequency Mean age

First grade 18.18 n=10 6.96 + 0.46 17.54 n=10 6.94 4+ 0.30
Second grade 16.36 n=9 7.77 £0.33 17.54 n=10 7.81+£0.26
Third grade 16.36 n=9 9.07 + 0.46 17.54 n=10 9.04 £+ 0.39
Fourth grade 18.18 n=10 9.73 + 0.50 19.30 n=11 10.08 £ 0.24
Fifth grade 12.73 n=7 11.15+0.42 14.04 n=8 11.08 + 0.70
Sixth grade 18.18 n=10 11.77 £0.23 14.04 n=8 11.90 + 0.30
Total 100 n=>55 9.35 +1.75 100 n=>57 9.35+1.78
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Index (BMI) as weight (in kilograms) divided by the square
of the height (in meters). Then, the waist circumference
was measured with a flexible tape in centimeters at the
natural waist (which is the midpoint between the last rib and
the iliac crest).

The second category is related to the monitoring devices,
Polar Team Pro™ hardware and software (Polar Electro,
Corp., Finland), used to collect, in an objective way, all the
physical and physiological values during the implementation
of the MsBP. The main important part of this technology
is (I) the Polar Team Pro™ Sensor, which incorporates an
integrated GPS (10 Hz), a sensor for the HR frequency,
and three microelectrical mechanical components system (i.e.,
accelerometer, gyroscope, and digital compass; 200 Hz). This
sensor has to be used with the Polar Team Pro™ soft strap.
The total weight of which was 60 g. In addition, sensors are
chargeable using a lithium polymer rechargeable battery station
called (II) Polar Team Pro Dock™. Lastly, (IIT) the Polar Team
Pro App™, compatible with iPad™, was used enabling the
collection of the real-time data of each student. Before starting
the investigation, the profiles of each student participated in
the research had been created in the Polar App™, including
information about the height, weight, VO, max (Patterson
et al, 2018) and birthdate. During the implementation of the
MsBP, each student wore a sensor around the chest. In fact, it
was possible to extract the following physical and physiological
variables with this system: the total distance covered; the distance
per minutes; the maximum speed threshold (2.8 m/s?); the
average speed; the number of sprints; the maximum, minimum,
and average HR; the time in each of the five HR zones
(i.e,, very light: 50-60%, light: 60-70%, moderate: 70-80%,
hard: 80-90%, maximum: 90-100%); and the calories burned.
Goodie et al. (2000) validated the use of Polar™ technology
in research contexts. In addition, Polar Team Pro™ was
used in this investigation due to it is a device that can be
easily adaptable to childhood (the size XS and S soft straps
were used) and manage to collect all the data in a precise
way in contrast to other devices made for adult population
(Belton and MacDonncha, 2010).

The third category is regarding the method used to extract,
the estimation of the VO, max, as well as the Edwards TRIMP
values. Due to the complexity of obtaining the exact VO, max in
the educational context, the recommendation of implementing
the multistage 20-m shuttle run test (Léger et al., 1988) was
taken into account. In this test, students are required to run
back and forth on a 20 m track. They have to touch the 20 m
line before the sound signal of a prerecorded track was emitted.
However, the frequency of the sound signals increases in such
a way that running speed is increased by 0.5 km per hour
each minute. The starting speed is set at 8.5 km per hour.
Each student’s test finishes when student is not able to follow
the set pace. In the educational context, an extra session was
previously implemented in order to explain this test (Ruiz et al.,
2011). In addition, at the beginning of the test, a researcher
also performed the test as a model together with the children
to guide them. According to Lang et al. (2018) and Patterson
et al. (2018) the VO, max could be estimated from the number

of stages (periods) of the test and the age of the students with
the formula:

VO, max = 31.025 4 3.238 - stage — 3.248 - stage +

0.1536 - stage - age

On the other hand, in order to obtain an internal TLs global
indicator of the HR, Edwards’ TRIMP was calculated using the
following formula:

Edwards’ TRIMP = (minutes in maximum HR zone - 5) +
(minutes in hard HR zone - 4) + (minutes in moderate HR
zone - 3) + (minutes in light HR zone - 2) 4+ (minutes in very
light HR zone - 1).

Procedure Protocol

Antropometric Measurements

The previous week of starting the implementation of both
models, the height, weight, and waist circumference were
measured following the bioimpedance body composition
protocol (see section “Instruments and Materials”; Pinto, 2012)
in the school gymnasium, in order to contextualize the sample,
and to configure the Polar Team Pro™ sensors. In addition, the
20-m shuttle run test (see section “Instruments and Materials”)
was implemented in each grade.

Random Allocation and Pre-test SSCGs

In the first session of the model, the students in each grade were
divided into the TGfU group and the CSAM group (see Table 1)
following the randomization procedure (see section “Sample,
Random Allocation, and Ethical Requirements”). In this first
session, a pre-test 4 vs. 4 futsal SSCG was implemented in order
to assess the initial level of the physical and physiological aspects.
This SSCG is called “mini-futsal,” and it is played on a pitch with
dimensions of 30 m x 40 m (Tavares, 2015). The objective of the
game is to score a point in the goal of the other team. However, in
order to reinforce the active participation of every student, each
player of the team should hold or controlled the ball at least once
before shooting the ball. Each SSCGs lasts 5 min in one-isolated
period. There are no goalkeepers.

The implementation of both MsBP were developed in 12
sessions of 45 min each at the same time during the classes of
PE. The content implemented in both models and in every grade
were futsal, an extensively sport in Spanish students. Both models
were implemented at the same time in the same class in order to
avoid biased data. In fact, the school sport-center was divided into
two parts. In each part, one model was implemented.

The TGfU Group

The TGfU groups followed the structure of session proposed
and adapted by Metzler (2017): (I) implementation of a Modify
Game, (II) common tactical awareness of the important aspect
of the previous game through guided questions; (III) common
technical execution and reinforcement of some technical
skills; (IV) technical awareness through guided questions; (V)
implementation of the Modify Game, stimulating the technical
and tactical aspects developed before; and (VI) common and final
reflection on the session.
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In general terms, three sessions were dedicated to learn and
practice each of the three tactical attack principle [(I) keep
the possession of the ball, (II) progress to the rival goal, and
(II) achieve the goal] and defense principle [(I) recover the
possession of the ball, (II) avoid the progression of the rival
team, and (III) defense the goal]. In addition, three sessions
were dedicated to integrate all of the tactical principles with the
best technical skill solutions. Throughout the implementation
of these sessions, the students in each Modify Games were
randomly changed.

The school PE teacher, an expert in the implementation
of this model (more than 60 h of theoretical and practical
training), designed the lesson plans together with two
authors of the present research (SGV and MJSD) the TGfU
lesson plans. He also was trained to implement the lesson
plans in every grade, using the aforementioned structure
(Metzler, 2017), by the researchers of the current paper.
During the implementation, he was supervised by an external
researcher (SGV).

The CSAM Group

On the other hand, sessions of the CSAM were adapted to
the necessities to the students. Even though the CSAM do
not have a “non-negotiated” structure, the sessions included
(I) a beginning common reflection, (II) implementations of
several SSCGs oriented to a one of the basic tactical principles
of attack and defense, (III) progression of the game and
reinforcement of some tactical aspect of skill of the game, and
(IV) final reflection and self-evaluation. Each student in this
model had to bring tracking sheet. This sheet (different in each
grade) is organized in several levels (i.e., basic, intermediate,
and advance) in order to facilitate the adaptation of each
student’s necessities and the establishment of the individual and
collective objectives.

In this model, the group was divided into several teams or
sub-groups. In contrast to the TGfU, the students in each team
was maintained during the first classes. The session starting with
5-min common reflection in order to establish the objectives of
the session in each team (i.e., to practice the dynamic passes
in a SSCGs which reinforce the idea of not seeing the ball -
from a third grade tracking sheet). Thereby, each team was
proposed to implement different SSCGs to fulfill the objectives
that had been proposed.

Instead of implementing common tactical awareness outside
the game context, as TGfU did, the reflection of the most
important tactical and technical aspects was carried out through
“freezing the game.” At the end of the class, a 5-min reflection of
the session was implemented, in order to check if the individuals
and team objectives has been achieved, and to analyzed the best
outcomes of the session.

One author of the present paper (MJSD), who is also a
PE teacher, designed together with the rest of the researchers
(SGV, JCPV, and ORC]), the lesson plans for this group. All
authors were experts in the implementation, assessment and
investigation of MsBP with more than 30 years of practice.
In addition, an external researcher (SGV) also supervised the
implementation of this model.

Data Monitoring and Post-test SSCGs
During each session, the Polar Team Pro™ technology collected
the real-time physical and physiological data of each student.