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ABSTRACT

This study aimed to describe the methodological design of the Project entitled “Effects of the
Sport Education Model (SEM) in Physical Education classes on physical, emotional, cognitive
and socio-affective outcomes of students in different high school contexts”. An experimental
study will be carried out with pre- and post-test measures in an experimental group (SEM)
and in a comparator group (Traditional Teaching Model) randomized by clusters. The study
hypothesizes that SEM will present positive and superior effects to the traditional model
in all analyzed variables. The detailed description of the rationale and the methodological
procedures of the Project will allow a better understanding of the results that will be presented
after the end of the study.

RESUMO

O estudo tem por objetivo descrever o desenho metodolégico da pesquisa intitulada “Efeitos
do Sport Education Model (SEM) nas aulas de Educagdo Fisica sobre os desfechos fisicos,
emocionais, cognitivos e socioafetivos de escolares em trés contextos distintos do ensino
médio”. Sera realizado um estudo experimental com medidas pré e pés-teste em um grupo
experimental (SEM) e em um grupo comparador (Modelo de Ensino Tradicional) randomizado
por clusters. Temos como hipdtese que o SEM apresentara efeitos positivos e superiores ao
modelo tradicional em todas as variaveis analisadas. A descricdo detalhada da base tedrica
e dos procedimentos metodoldgicos da pesquisa permitira uma melhor compreensao dos
resultados que serdo apresentados apds o término do estudo.

RESUMEN

El trabajo pretende describir el disefio metodolégico del estudio titulado “Efectos del Modelo
de Educacion Deportiva (MED) en las clases de Educacidn Fisica sobre los dominios fisicos,
emocionales, cognitivos y socio-afectivos de los escolares en tres contextos diferentes de la
escuela secundaria”. Serd un estudio experimental con medidas pre y post test, con grupo
experimental (MED) y comparador (Ensefianza Tradicional) aleatorizados por conglomerados.
Nuestra hipétesis es que la MED tendra efectos positivos y superiores al modelo tradicional en
todas las variables analizadas. La descripcién detallada de las bases tedricas y procedimientos
metodoldgicos de la investigacién permitird una mejor comprensién de los resultados que se
presentaran después de la finalizacion del estudio.
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A protocol study of the sport teaching models

INTRODUCTION

Although advances in the academic debate on
Sport Pedagogy, the traditional teaching model (TTM)
of sports is still predominant in Physical Education (PE)
classes (Giusti et al., 2017). The TTM is teacher-centered
and focused on teaching sports skills, privileging the
development of the motor aspects to the detriment
of cognitive, emotional, and socio-affective aspects
(Siedentop et al., 2004; Galatti et al., 2017).

Sport Education Model (SEM) was conceived to
surpass the paradigm established by TTM. When designing
the SEM, Siedentop’s main objectives were to develop
competent literate and enthusiastic sportspersons.
SEM has six key features (affiliation, formal competition,
record keeping, festivity, culminant event and season)
to provide a teaching environment that values the sport
context. In this line, Siedentop (1994) recognizes the
importance of introducing other sports characters in the
school setting, such as the coach, journalist, game analyst,
physical trainer and referee. Performing other duty roles
related to the world of sports favor the development
of students’ autonomy and protagonism, in addition to
expanding sports knowledge.

Unlike other Teaching Models (TM), SEM was
idealized, planned, and specifically designed to be
implemented in PE classes. A review study by Evangelio
Caballero et al. (2018), which included children and
adolescents enrolled in elementary, middle and high
school levels, showed positive effects of SEM on the
cognitive, emotional, physical, and socio-affective
domains in the school context. With a similar target
public, the review study by Bessa et al. (2021) indicated
that SEM has positive effects compared to TTM, especially
in cognitive, motor, and socio-affective aspects. Both
reviews mainly included studies in Europe (Spain
and Portugal) and North American (USA) countries.
Few studies on SEM have been carried out in the Brazilian
school context (Vargas et al., 2018; Lopes and Carlan,
2020; Ginciene and Matthiesen, 2017), and none of them
compared the effects on different learning domains with
the TTM. In addition, experimental studies with pre-and
post-test measures on the subject in the Brazilian school
reality are unknown.

Thus, it is essential to understand better how the use
of sports teaching models during school PE classes may
contribute to developing different skills in adolescents,
such as game performance, knowledge, motivation
to the PE class, sportsmanship, basic psychological
needs, and intention to be physically active (Evangelio
Caballero et al., 2018). Considering the promising results
presented by SEM in other countries and the lack of
studies on the subject in Brazil (Bessa et al., 2019, 2021;
Evangelio Caballero et al., 2018), more studies on the
subject are important to understand whether the effects
of SEM on cognitive, emotional, physical and socio-
affective aspects will also be positive in school contexts
in underdeveloped and developing countries. In addition,

it is worth noting that in some Brazilian regions, full-time
schooling is in the implementation phase and that the
time allocated to sports may be extended in this format.
Finally, the present study goes further by proposing to
analyze the effects of SEM in three different teaching
contexts.

Given this, the present study aimed to describe the
methodological design of the Project entitled “Effects of
the Sport Education Model in Physical Education classes
on the physical, emotional, cognitive and socio-affective
outcomes of students in three different contexts of high
school”, that aims to analyze the effects of using SEM
during Physical Education classes in high school in several
learning domains of Brazilian schoolchildren.

METHODS

DESIGN AND SETTINGS

An experimental study with pre and post-test
measures in 3 experimental groups (SEM) and in
3 comparator groups (TTM) randomized by clusters
(Figure 1) will be carried out involving high school
students during the PE classes. It will be carried out in
three different teaching networks (state, federal, and
private) in Pelotas city, Brazil.

PARTICIPANTS

The study sample will be high school students from
the three different teaching networks from Pelotas, Brazil.
Municipal school students were not included because
it only had one high school, which would not allow
controlling the risk of sample contamination.

SAMPLE SIZE ESTIMATION

The effect size of all dependent variables in similar
studies was identified. The sportsmanship showed the
lowest effect size value (Casado-Robles et al., 2020)
(Cohen’s d = 0.24). Thus, to calculate the sample size,
the following parameters were imputed in the G*Power
software: (a) effect size of reference study; (b) alpha
of 5%; (c) 95% power; (d) 6 groups participating in the
study (3 SEM and 3 TTM) and (e) 2 measurements to
be performed. From these parameters, the estimated
sample size was 96 participants. We opted for 95%
to have greater power to accept the researcher’s
hypothesis, implying a larger sample size. However,
considering possible losses and refusals and the three
different teaching networks of the study, approximately
120 students will be included in the sample.

SAMPLING AND GROUP ALLOCATION
PROCESS

Initially, the 5 Regional Coordination of Education
(5t CRE) will be contacted to identify all the high schools
that integrate the state, federal, and private teaching
networks of the Pelotas, Brazil. In the second moment, PE
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Figure 1. Allocation of the Experimental (EG) and Comparator Group (CG).

Source: elaborated by the authors.

teachers from the three teaching networks will be invited
to participate in a lecture entitled “The classification of
sports based on Motor Praxeology”, thus approaching a
sensitive theme to sport but without direct relation to the
TM. The project will be presented to the teachers at the
end of the lecture. Then, they will be invited to answer
a questionnaire [adapted from Giusti et al. (2017) and
Silva et al. (2021)] aiming to select teachers to participate
of the study.

The teachers and schools’ selection of will be based
on a questionnaire and according to the following order
of criteria: 1) teachers who are interested in performing
the course; 2) teachers who work in schools that have
the physical structure and resource material to receive
the study; 3) For the SEM application, preferably,
teachers who present an interactionist approach, game-
based teaching, and student-centered teaching will be
selected. Likewise, the preference for the application of
TTM will be of the teachers who present an empiricist
teaching approach, teacher-centered teaching, and
analytical teaching method; 4) to avoid contamination,
the experimental and comparator group teachers must
not work in the same school; 5) two teachers will be
selected (one for each group) per network teaching,
totaling six teachers. In case of more than one teacher
meets the criteria, randomization will be performed to
define the applicators.

After defining the teachers, an invitation will be
made to each selected school. At this moment, a project
summary will be delivered, so schools know about the
intervention program. A cooperation agreement between
researchers and schools will be formalized if the school
manifests interest.

A cluster randomization process will be carried
out to define the experimental and comparator group
(Figure 1). The randomization units will be composed
of the selected teachers’ classes. Will be included in the
random allocation process all high school classes that

present the following characteristic: (a) mixed classes;
(b) at least 20 students; (c) invasion sports as content;
and (d) students between 15 and 18 years old. At the
end of randomization, all students regularly enrolled
in the selected classes will be included in the study.
Students with a medical certificate of physical or cognitive
incapacity to perform physical activities will be excluded
from the study.

INTERVENTION

TEACHER’S INSTRUCTION IN SEM

A 20-h instruction program will be performed to
improve the teachers’ knowledge of SEM. The program
will be composed of 10 hours of theoretical and 10 hours
of practical. One month before the beginning of the
instruction, complementary theoretical material will
be delivered to the teachers, containing a handout and
scientificarticles (in Portuguese or translated) about SEM.
Instruction will begin with the practical module, in which
planning, conducting, and implementation activities will
be carried out on the phases and characteristics of SEM.
The theoretical module will introduce teachers to SEM
and its teaching concept, objectives, and configuration.

The formation instructions will be delivered in
person and during the same week to promote an
intensive and immersive formation, according to other
successful instruction experiences (Cho et al., 2012).
However, if this is not possible, it will be readjusted
according to the availability of teachers involved.

At the end of the two modules, a pilot study will
be carried out only with students who will not be part
of the main study. During this period, the teacher trainer
will support the teachers in planning, implementing,
and evaluating SEM applications. A pilot study has been
fundamental in other studies (Burguefio et al., 2020;
Cho et al., 2012) for teachers to apply SEM with greater
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confidence and reliability. The theoretical bases of
Metzler (2017) and Siedentop et al. (2004) will be used
to design the content of the instruction program.

SPORT EDUCATION MODEL - INTERVEN-
TION CHARACTERISTIC

SEM organizes teaching units as sports seasons. This
way, the intervention will take place with the development
of a season with 20 classes. The intervention will be carried
out during PE classes and can be distributed between
one to three classes per week, lasting 45 to 50 minutes,
depending on the organization of each school. Teachers
responsible for the intervention will choose which
invasion sport will be implemented.

The SEM intervention protocol will be designed
according to Metzler (2017) and Siedentop et al. (2004)
and distributed in five phases: (a) Introduction (1 lesson
— 5%) — the main features of TM will be presented to
students. It will also be time to form the teams; (b)
Directed (6 lessons —30%) — phase in which the teacher
will propose learning tasks for the tactical-technical-
strategic development of students. At this stage, the
teacher will also prepare coaches and captains to carry
out their activities from the next stage; (c) Pre-season
(8 lessons — 40%) — at this stage, in addition to carrying
out the practical task of the classes, students will assume
the roles of coach and team captain, with the student/
coach responsible for conducting games and activities
within your team with the support of the captain.
The students/coaches will plan the learning tasks, and

they will also organize a game schedule. Teachers will
support all these tasks. Teachers will also prepare other
students to perform other sports roles (journalist,
game analyst, referee, etc.) during the competition; (d)
Formal Competition (4 lessons — 20%) — the competitive
event will be organized and conducted by the students.
Those not participating as players will conduct the event
assuming sports roles related to competition. These roles
will involve, for example, participating in the refereeing
team, the reporting team, the broadcasting team, etc.);
(e) Culminating Event (1 lesson — 5%) — it will be the last
phase of the season, being a time of great festivity and
celebration with the awarding of prizes to the students.
The teachers will plan the protocol to be applied with
the support of the teacher trainer. A summary example
of an intervention protocol based on SEM is presented
in Chart 1.

TRADITIONAL TEACHING MODEL

The teachers of the TTM group will be instructed
to carry out a traditional skill-drills approach, distributed
in the following stages: (a) warm-up; (b) learning
task for skill acquisition; (c) formal game; (d) end of
class. In addition, teachers must keep the following
characteristics in classes: (a) teacher-centered teaching
process, (b) students reproduce technical actions; (c)
teacher should apply the direct instruction method; (d)
learning tasks individually, in pairs, or trios. The TTM
protocol (see Chart 1) will be developed with the same
sport and number of classes as SEM.

Chart 1. Protocol: sport education and traditional teaching.

INVASION SPORTS PROTOCOL'’S — FIVE-A-SIDE INDOOR SOCCER

Models Content

Learning Tasks

Social Relationship

Tactical Problems: keep possession
of the ball; create goal-scoring
opportunities.

Methods: game-based approach.

Sports Characters: players, coaches,
captains, referees, journalists, and
statisticians/game analysts.

Tactical Principles: create pass line;
support.

Game Components: pass, control,
SEM | ball reception, ball conduction, fake,
communication, kick on goal.

Learning Environment: conditional
games, pre-sports game, and
functional structure (2x1, 4x3+Gol).

Role of Students: practitioner
- guide the team during the
game, encourage sportsmanship,
manage the events (competition
and culminant event), publicize
the individual events’ results, and
analyze game performance.

Sportsmanship: fair play, social
relationships in sports (player-
referee, fans-referee, fans-players,
players-players, fans-fans), value the
effort, and relativizing victory.

Main Game: 3x3,4x40or5x5.

Role of Teachers: support sports
characters, mediate and evaluate
the sports characters.

Technical Fundamentals: pass,
kick on goal, ball reception and
conduction.

Method: analytical and global.

Sports Characters: players.

Sportsmanship: fair play, social
relationships in sports (player-
referee, fans-referee, fans-players,

™

Learning Environment: Individual,
pairs or trios tasks to skill
development

Role of Students: practitioner -
reproduce the sports technique
during the learning tasks and game
formal.

players-players, fans-fans), value the
effort, and relativizing victory.

Main Game: 5 x 5.

Role of Teachers: instruction and
correction of the learning tasks.

SEM: Sport Education Model; TTM: Traditional Teaching Model.

Source: elaborated by the authors.
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SPORTS TEACHING MODELS VALIDATION

To assess the validity of both sports TM, two
experienced external observers will analyze the teachers’
lesson plans and four recorded lessons from each class
that will be part of the study (Hastie et al., 2017). Both the
pilot and the main studies will assess fidelity according
to the benchmarks proposed by Hastie et al. (2013).
An external member using the “Random Function” of
the Office Excel package will define the lessons to be
analyzed. The inter-observer agreement adopted will
be 0.80.

VARIABLES AND INSTRUMENTS

An instrument composed of sociodemographic
(gender, age, family income in minimum wages, skin
color), school (enrolled teaching network and class), and
sports experience information (experience with sport
in PE lessons, experience with sport in clubs, time of
experience with the sport, level of experience with the
sport, experience with other invasion sports) will be built
for participants’ characterization.

The dependent variables of the study and the
respective instruments are presented in Chart 2.

Chart 2. Description of the dependent variables and instruments according to learning domains.

Cognitive Domain

Knowledge of Sports Content

knowledge.

Description: the following sporting knowledge will be considered: (a) rules; (b) tactical-technical knowledge; (c) sportsmanship; (d) general sports

reproducibility

Instrument: a Sports Content Knowledge Test (SCKT) will be elaborated by the researchers and teachers’ applicators of the intervention (EG and CG). The
SCKT will consist of multiple-choice questions and video analysis may be used. The following steps will be respected to elaborate the SCKT: (a) teachers
applicator will indicate themes to elaborate the items; (b) researcher trainer will elaborate on the initial version of the SCKT; (c) debate among teachers
applicators and improvements in the initial version; (d) validation of the instrument by the group of expert (Hastie et al., 2013) and (e) analysis of

Game Performance (GP)

Greco, 2010; Santos, 2016).

Description: the GP will be analyzed from the cognitive and physical domain interactions perspective. Thus, the GP will show the processual knowledge
of practitioners, composed of elements such as decision-making, skill execution, and support (Mitchell et al., 2013; Chatzipanteli et al., 2016; Matias and

Instrument: the Game Performance Assessment Instrument — GPAI (Mitchell et al., 2013) will be used to analyze the GP. The present study will analyze skill
execution (successful/unsuccessful), decision-making, and support (appropriate/inappropriate) (Memmert and Harvey, 2008).

Game Involvement (Gl)

level.

Description: the Gl is composed of the same elements that GP but is calculated differently. It is important to measure to identify the game’s participation

Instrument: will be used the GPAI to analyze the GI (Memmert and Harvey, 2008).

Emotional Domain

Motivation for PE lessons

students’ motivation for PE lessons.

Description: the classification and the levels of motivational regulation proposed by the self-determination theory (SDT) will be used to analyze the

Instrument: the Brazilian version to students of the Perceived Locus of Causality (PLOC) will be used to assess the students’ level of motivation during PE
lessons. Guedes et al. (2020) carried out the translation and cross-cultural adaptation into the Portuguese language of Brazil.

Basic Psychological Needs (BPN)

(c) relatedness — a sense of belonging to a group.

Description: will be considered the three BPN: (a) competence — the feeling of mastery, (b) autonomy — a sense of initiative and ownership in one’s action,

perceptions of BPN.

Instrument: the Basic Psychological Needs in Physical Education Questionnaire [BPNQ-PE - Pires et al. (2010)] will be used to verify the students’

Intention to be Physically Active (IPA)

Description: the variable identifies whether the students intend to practice physical activity in the future (Cuevas et al., 2016; Gil-Arias et al., 2017).

Instrument: the Intention to be Physically Active Scale [IPAS - Moreno et al. (2007)] will be used to analyze the IPA.

Socio-affective Domain

Sportsmanship

participants (Vallerand et al., 1996).

Description: sportsmanship is understood as attitudes and behaviors that promote respect for the rules, refereeing, and positive interactions among all

Instrument: the Multidimensional Sportsmanship Orientations Scale (the Brazilian version of MSOS) will be used to analyze the students’ sportsmanship.
The translation and cross-cultural adaptation into the Portuguese language of Brazil were carried out (Andaki and Salles, 2018).

Physical Domain

Intensity of PE lessons

Description: the intensity of physical activity is an important health benchmark, being categorized as follows way: (a) light; (b) moderate, and (c) vigorous.

Instrument: a triaxial accelerometer (ActiGraph®) will be attached by an elastic strap at the waist of the participants to assess the intensity of physical
activity. Data collection will be analyzed using the software ActiLife (ActiGraph®) and calculated in metabolic equivalents (METs). The categorization will be
carried out according to Haskell et al. (2007): (a) Light PA < 3METs; (b) Moderate PA between 3 and 6 METs; and (c) Vigorous PA > 6METs. Participants who
achieve at least 50% of the lesson time in moderate to vigorous PA will be classified as “Meet the Recommendations”.

EG: Experimental Group; CG: Comparator Group; PA: Physical Activity.
Source: elaborated by the authors.
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LOGISTIC

TEAM RESEARCH TRAINING

Before starting the pilot study, the questionnaire and
SCKT applicators will participate in training. This training
will consist of the following steps: (a) presentation of
the instruments and of the application procedures; (b)
application of the instruments among applicators; (c)
application of the instruments in the pilot study. In addition,
two observers will be trained in GP analysis. Will be
performed kappa test to analyze intra-observer and inter-
observer agreement (0.80 or higher). At the end of the studly,
it will be rechecked the agreement of 20% of participants
with the external observer, a value suggested by Hastie et al.
(2017). The 20% of participants will be selected at random.

PILOT STUDY

The pilot study will take place the semester before
the intervention and will consist of 12 lessons on the
sport selected for the main study. With the training
researcher’s support, three teachers implementing the
SEM will conduct the pilot study. The participation of
graduating classes in the pilot study will be prioritized to
keep all classes eligible for the next academic year. This
pilot study will have the following objectives: (a) provide
an authentic practical experience for teachers who will
implement SEM; (b) analyze the fidelity of the SEM-based
protocol; (c) train the team of the questionnaire and SCKT
applicators; (d) analyze of reproducibility of the SCKT and
guestionnaires and (e) analyze of agreement test among
GP and IG analysts with the expert analysts.

DATA COLLECTION

Data collection will be carried out on the premises
of the schools. The SCKT and questionnaires will be

applied in the classroom, ensuring a quiet and peaceful
environment. Before baseline collection, the main
researcher will lead a meeting with each class to present
the research project aiming to invite students to formalize
their participation in the study by signing the Term of
Free and Informed Assent (TFIA). In addition, students’
participation will be conditioned to bring the Term of
Free and Informed Consent Term (TFIC) signed by a legal
guardian. After the presentation of the research and
delivery of the TFIA and TFIC, the two groups (SEM and
TTM) will have the same data collection flow: (a) baseline;
(b) post-intervention.

Most of the baseline collection will be performed
before starting the intervention. The exceptions will
be the GPAI and the accelerometer. The baseline data
collection will have the following application flow:
1st lesson - SCKT; 2nd lesson — PLOC, BPNES, and
guestionnaire to characterize the participants; 3rd lesson
- MSOS and IPAS. The GPAI will be analyzed in the second
lesson of the intervention, when the first formal game
will take place. Finally, accelerometry data will also be
collected from the second class onwards.

As in the baseline, the post-intervention collection
will be carried out at different times. For GPAI analysis,
the post-intervention stage will be considered the
penultimate lesson in which the formal game occurs.
The 19th lesson will also be the last that the students
will use the accelerometer. After the last intervention
lesson, three more lessons will be needed to apply the
instruments, respecting the order used in the baseline
collection. Figure 2 describes the different stages of the
study.

BLINDING

The following research members and participants
will be blinded: (a) instrument applicators; (b) GP and

TIMEPOINT STAGES - DESCRIPTION

T-1
Pre-collection

T-2 TO
Preparatory Baseline

T2
Intervention end

T3
Post-intervention

T1
Intervention start

Teacher
Selection

Group

Allocation stera

Covariates
H PLOC-BR
BPNQ-PE#

Instruction

SEM

Present the Project
to students

MSOS

| | Elaboration of
SCKT IPAS#

L| Delivery of TFIC
and TFIA

Instruction

Applicators
and Observer

Pilot Study

Figure 2. Description of the study stages.

L 1 L 20
L esson esson ’ L SCKT

EGeCG EGeCG

Lesson 2*
esson PLOC-BR

H Accelerometry | BPNQ-PE#

GPAI

Lesson 19*
— Accelerometry —
GPAI

MSOS
IPAS#

Source: elaborated by the authors. *Accelerometry will be collected continuously between the 2" and 19 lesson. GPAI will
be collected in the 2" and 19% lesson. # Instruments allocated together will be applied on the same day.
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Gl analysts; (c) research members responsible for data
analysis; (d) students on the objectives of emotional and
socio-affective variables.

DATA ANALYSIS

Fleiss Kappa test will be used (0.80 or higher) to
assess the SCKT reproducibility and to assess intra and
inter-observer agreement in the GPAI.

The dependent variables will be tested for normality
according to Shapiro-Wilk test before the analysis is
performed. Then, descriptive and bivariate analyzes will
be carried out on the baseline data. Bivariate analyzes
will assess if there is a difference between groups
(intervention and comparator) regarding sex, age, sports
experience, and dependents variables. A significance
level of p < 0.05 will be adopted.

After the intervention, a mixed Anova (two-way
repeated measures) will be performed. Thus, it will be
possible to analyze the effects of the interventions by
(EG and CG) groups and stratified by school context, by
time (pre and post-test) and the group*time interactions.
Effect size Cohen’s “d” will also be computed and
interpreted as Insignificant (<0,19), Weak (0,20 — 0,49),
Moderate (0,50—-0,79), Strong (0,80—1,29) e Very Strong
(>1,30), according to Rosenthal (1996).

ETHICAL ASPECTS

The School of Physical Education Ethics Committee
from the Federal University of Pelotas analyzed and
approved this study (protocol number 5.428.713).
In addition, to participate in the study will be necessary
to bring TFIC and TFIA signed by legal guardians.

DISCUSSION

This study aimed to describe the methodological
design of the study entitled “Effects of the Sport
Education Model in Physical Education classes on
physical, emotional, cognitive and socio-affective
outcomes of students in different high school contexts”.
When describing the methodological approach, it is
necessary to make some considerations. Initially, it is
necessary to recognize that the study design has some
limitations. The main ones are the need for an extensive
preparatory stage to train teachers and the dependence
on teachers’ engagement in the research project.

Onthe other hand, it should be noted that the Project
presents several contributions, the main ones being: (a)
to verify the effects of teaching sports on models-based
approach in three different national high school contexts;
(b) evaluate the effects of a pedagogical model on various
learning domains; (c) present an ecological study design
on pedagogical model; (d) promote teachers’ continuous
formation; (e) assist in the dissemination of knowledge
about teaching sports models-based approach among
the basic education teachers and; (f) present teachers

with possible alternatives for teaching projects adjusted
to the contextual demands of full-time schools.

Finally, conducting more experimental studies on
the national stage about Sport Pedagogy and, more
specifically, about teaching sport in school may promote
significant advances in knowledge scientific and practice
applications.
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