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Abstract: Background: The aim of this study was to test the efficacy of an eight-week physical
education program based on circuit training to better improve the overall physical and military-specific
performance compared to a conventional physical education program in military high school students.
Methods: Sixty-four students were enrolled in this study and randomly assigned to an experimental
(EG, circuit training) or a control group (CG, traditional physical education program). Immediately
before and after the eight-week training period, participants were tested on strength and endurance
performance, circuit training tests, and military tests. Moreover, the acquisition of the educational
objectives and the pleasantness of the experimental intervention were tested using a qualitative
approach. Results: Despite the higher workload in EG than CG during the training period, the effect
of the experimental intervention compared to the control was only possibly to likely positive for a
few strength and endurance performances and circuit training tests, respectively. A trivial effect was
shown in the military tests. On the contrary, the high percentage of motivation (76%), understanding
(78%) and collaboration (86%) showed by the students suggests the achievement of acquisition of
the educational objectives and a fair pleasantness of the lessons. Conclusions: A lack of clear and
marked effect of the experimental intervention could be ascribed to an insufficient exposure time to
the training and a high subjective overall workload encountered in military high school students.
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1. Introduction
Physical fitness represents one of the most important aspects for military personnel [1] and
good levels of endurance, force and power are pivotal for individuals who choose this profession [2].
Furthermore, some specific physical complex competences such as dragging and transporting a
wounded person are also necessary and are part of the training of soldiers [3]. Indeed, in some
countries all over the world, being successful in certain specific cultural, psychological and physical
tests is compulsory to enter army careers at different levels (soldier, non-commissioned officer,
officer) [4]. The army career can begin at a young age by attending military schools from the age
of 16. These schools have the main aim of preparing young persons for military academies and the
attitudinal tests to access them. Besides, as schools, the educational aspects should be observed and,
concerning physical education, physical literacy should be included. Physical literacy can be defined
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as a set of physical competences, motivation, confidence, knowledge and understanding necessary for
physical activity during the lifespan considering individual characteristics [5]. An emergent concept
in the present interpretation of physical literacy is competence with the meaning of proven capacity
of facing an individual task or groups of tasks (e.g., study, work, personal development), using a
structured set of knowledge (procedural or declaratory), abilities (cognitive, physical) and attitudes
(personal, social, interpersonal) [6,7]. Indeed, these observations highlight that students have to learn
how to manage the knowledge and abilities acquired. Given these premises, pedagogy should focus
on teaching and learning methods that stimulate reflection and consciousness through a constant
process of metacognition [8]. In this context, a research style where the researcher works explicitly
with and for students, rather than only for research results [9], can be appropriate. The reality task
of reflection-action used in the present project is composed of academy entrance physical tasks that
represent a complex and problematic situation to fix using the abilities acquired during the student’s
experience and transferring them into a different context compared to didactic daily practice [10].
1.1. The Operative Context
The Teulié Military High School is an Italian military high school where cadets study to graduate
and get prepared for the military academies. Programs and teaching are the same as in conventional
schools and physical education lessons do not encompass any specific training typical of soldiers.
This might not be sufficient to train and prepare cadets for the physical tests that are mandatory to
access the academies. Adding specific training for this aim is not always feasible due to the large
daily psychophysical load already undertaken by the cadets. For these reasons, part of the physical
education lessons should be implemented with specific activities and the so-called “circuit training” [1]
might represent a valid tool. In this context, the purpose of the present research evidences how
physical education, in order to acquire social usefulness even in the last years of a high school, has to
build connections that can be useful for the objectives of physical and specific disciplines. This could
represent the way to promote useful experiences for a multicultural vision where the notions acquired
in other disciplines can be really applied to the gym environment [8].
Moreover, physical education should aspire to complete individual formation, to the construction
of the self, to the building of right and significant relationships with others and positive interactions
with social and scientific realities [9,10]. In a rapidly changing society that requires critical and reflexive
thinking, communication and collaboration capacities, psychophysical energy, self-management in
uncertainty and a capacity for self-control, physical education is crucial for building citizenship
competence and soft skills for a better quality of life [8,10].
1.2. Aim of The Study
The main aim of the present study was to verify whether a specific training, which alternates
sessions of circuit training and sessions of power training for lower and upper limbs, could enhance
overall physical performance compared to a conventional physical education program based on sport
activity in a classical and scientific military high school. The second aim was to investigate whether
this kind of training can determine an improvement in the results of the physical entrance tests for the
military academies. We hypothesized that this specific situation involving students into reality tasks
can stimulate them through a reflexive approach and the use of cognitive, affective, and relational
resources to reach a goal. A quantitative and a qualitative approach was used to verify this construct.
Of note, this study intends also to fill a gap in the literature considering the lack of data regarding the
physical fitness of students of military high schools.
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2. Materials and Methods
2.1. Participants
Seventy students of the Teulié Military School of Milano volunteered to participate in this study.
The students regularly participated in two physical education lessons per week of 1 h each. Of these
seventy students, only sixty-four completed the experimental training period and were included in the
analysis. All participants were eighteen years old and were randomly divided into an experimental
group (n = 27, 10 females and 17 males; body mass = 67.9 ± 9.8 kg; height = 1.72 ± 0.1 m; body mass
index = 23 ± 2.3 kg·m−2 ) and a control group (n = 36, 15 females and 21 males; body mass = 67.0 ± 6 kg;
stature = 1.72 ± 0.1 m; body mass index = 22.7 ± 1.5 kg·m−2 ). All participants were informed about
the purpose and the experimental protocol of the study. They provided written informed consent
before the investigation. In accordance with the Declaration of Helsinki, the study was approved by
the Ethics Committee of the University of Milano (approval number: 2/12). Moreover, this study was
approved by the Teulié Military School.
2.2. Functional-Quantitative Approach, Product Referred
2.2.1. Experimental Protocol
The present
wasREVIEW
carried out using a pretest-posttest, randomized, controlled design.
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1. Experimental design.

2.2.2. BPT
2.4. Statistical Analysis
The BPT is a test to assess the explosive force of the upper limbs [11]. Participants performed 3
Data are reported as means ± standard deviations (SD). The Shapiro–Wilk normality test was
repetitions at maximal speed with a starting weight of 20 kg (10 kg for women) and after 2 min of
used to verify the normality of the data distribution. A Bayesian-like approach, the magnitude-based
rest, a further load of 10 kg was added to the barbell. This procedure was repeated until maximal
inference (MBI), was used to analyze the data according to Hopkins et al. [29]. All data have been
power and force at maximal power were recorded. Power was measured by means of a linear encoder
log-transformed to reduce bias [29] The analysis has compared results for experimental and control
(SmartCoach Power Encoder, SmartCoach Europe, Stockholm, Sweden) connected perpendicularly to
group in pre- and post-intervention, then the differences between pre and post for both groups were
the barbell of a Smith machine [11]. The interpolation of the points representing the actual power at
analyzed. The main outcome of the MBI statistics is expressed as the chance that a true effect of the
each step was used to get a second order equation to calculate estimated peak power and the level of
experimental intervention occurs. All analyzed data were evaluated according to established
force at peak power.
criteria: <1%, almost certainly not; 1–5%, very unlikely; 5–25%, unlikely; 25–75%, possible; 75–95%,
likely;CMJ
95–99%, very likely; >99%, almost certain (Hopkins et al., 2009). A clinically unclear effect
2.2.3.
(unclear) is defined by a probability >5% for both harmful and beneficial effects. In this case, it is
The CMJtotest
[12] was
using
a portable
force platform
(Quattro Jump,
Kistler, Winterthur,
impossible
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theperformed
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In order
to analyze
the reliability
of qualitative
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Each
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3
bilateral
single
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from
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with
Cochran’s Q test was applied in the within-subject analysis and the extended chi-square testarms
was
applied in the between-subjects analysis. The α-value was set to 0.05. The MBI approach used to
analyze the data has the advantage of detecting the effects of a treatment even with a small sample
size (i.e., approximately one third compared to the traditional method) [30]. Considering a medium
effect size (d = 0.6), that was the one used as standardized threshold value for the MBI, a power of 0.9
(1-β), and an α error of 0.05, the total sample size required for a pairwise comparison was 32. Sample
size and power calculation were carried out using G-Power (Version 3.1.9.2, Franz Fraul, University
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akimbo. During the concentric phase of each CMJ, peak power output (PPO), peak force (F) and jump
height (JH) were measured. The mean of the three values was used for the analysis.
2.2.4. Yo-Yo IRL1
The Yo-Yo IRL1 [13,14] consisted of 20-meter shuttle runs performed at increasing velocities
(beginning speed of 10 km·h−1 ) with 10 s of active recovery between runs until exhaustion. The test
concluded when participants failed to complete the distance on time twice with acoustic pacer (objective
evaluation) or due to volitional fatigue (subjective evaluation). The total distance covered during
Yo-Yo IRL1 was considered as the test outcome [14]. A rating of perceived exertion by the Borg CR-10
scale was recorded at the end of the test.
2.2.5. CTT
Participants were required to execute the maximal number of repetitions within 1 min in different
exercises (operationally defined as RM) (separated by 3 min of passive recovery) [1]. Exercises were:
carrying a 70 kg manikin (simulating an injured individual) for 20 m as many time as possible (TIM),
20 m shuttle run (SR) (one way front run, return backward run and arrival in prone position), sit-ups,
push-ups (start and arrival with chest touching the ground), squat (SQ) (lifting 20 kg moved from the
ground to the head with outstretched arms) and pull-ups (PLU) (start with full extension of the arms,
arriving to the chin over the bar).
2.2.6. MT
The MT consisted of several physical evaluations, each one yielding a result expressed as number
of repetitions, distance, height, or time. The tests were: a 2000 m run to complete as fast as possible,
transport of the wounded (TW) (in which a 70 kg manikin had to be dragged for 40 m as fast as
possible), lifting the bomb (LB) (moving a weight of 20 kg from the ground up to the head with arms
extended as much times as possible), rope climb (RC) (the subject had to climb on a 4 m rope as fast as
possible with the help of the lower limbs), loading of the machine gun (LMG) (the maximal number of
repetitions of specific movement of the military discipline, comparable to the movement performed
during the rowing exercise with dumbbell), high jump (HJ) (maximum height of jumping a pole).
For each test, a score was assigned as expressed in the official evaluation table of entrance test for the
military academy (Table 1). Scores were summed up in order to assess the total score for the MT.
Table 1. Official evaluation table of entrance tests for the military academy.

MEN

Tests

Parameters of Eligibility

2000 m run

Time limit: 9 min.

Simulation of lifting the mortar bomb
from 120 mm. Weight: 18.86 kg (LB).

Minimum 6 repetitions.
Time limit: 60 s.
Time limit: 60 s on a 20 m
shuttle.

Transport of the Wounded 70 kg (TW).
4 m rope climb (RC).

Time limit: 30 s.

Simulation of the loading of a 20-kg
machine gun (LMG).

Minimum 6 repetitions.
Time limit 60 s.
Minimum height: 1.20 m
(maximum 2 trials for each
height).

High jump (HJ).

WOMEN

2000 m run.

Time limit: 10 min.

Simulation of lifting the mortar bomb
from 120 mm. Weight: 18.86 kg (LB).

Minimum 4 repetitions.
Time limit: 80 s.
Time limit 80 s on a 20 m
shuttle.

Transport of the Wounded 70 kg (TW).
4 m rope climb (RC).

Time limit 4 s.

Simulation of the loading of a 10-kg
machine gun (LMG).

Minimum 4 repetitions.
Time limit: 80 s.
Minimum height: 1 m
(maximum 2 trials for each
height).

High jump (HJ).

Scoring Parameters
0.025 points for each second less (maximum 60 s)
than the maximum time.
0.25 points for each further lift (up to a maximum of
12 in addition to the minimum).
0.075 points for each second less (up to a maximum
of 40 s less).
Below 10 s: 1.5 points; from 10 to 20 s: 1 point; from
20 to 30 s: 0.5 points.
0.125 points for each further traction (up to a
maximum of 24 in addition to the minimum).
Height 1.40 m: 1.5 points; height 1.30 m: 1 point;
height 1.20 m: 0.5 points.
0.025 points for each second less (maximum 60 s)
than the maximum time.
0.25 points for each further lift (up to a maximum of
12 in addition to the minimum).
0.1 points for each second less (up to a maximum of
30 s less).
Below 20 s: 1.5 points; from 20 to 30 s: 1 point; from
30 to 40 s: 0.5 points.
0.125 points for each further traction (up to a
maximum of 24 in addition to the minimum).
Height 1.20 m: 1.5 points; height 1.10 m: 1 point;
height 1 m: 0.5 points.

Maximal Score
(n Points)
1.5
3
3
1.5
3
1.5

1.5
3
3
1.5
3
1.5
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2.2.7. Session-RPE
The Session-RPE method takes into consideration the intensity and the duration of the lesson,
in order to calculate the training load [15]. At the end of each lesson, participants of both groups
reported the perceived RPE, and the training load was evaluated by multiplying the given value for
the minutes of the lesson. In this way, it is possible to evaluate the internal load of each participant.
2.2.8. Nasa Task Load Index (Nasa TLX)
To assess possible differences in terms of perceived workload relative to daily activity, the Nasa
TLX [16] was administered to 16 students of the Teulié Military School and 13 students of the same age
at another scientific high school in Milan. The questionnaire was performed after a typical school day
for both institutes. The questions deal with the overall experience of workload that students experience
in their typical school day.
2.2.9. Training Interventions
The two groups underwent eight weeks of training intervention, with two sessions per week.
In the first session of the week, the participants of the experimental group performed a training
program aimed at improving strength and power. After a 5-min warm-up with mobility exercises,
participants performed 12 repetitions with 50% of their bodyweight at the bench press exercise and half
back squat exercise. After that, they performed 3 sets of 10 repetitions at the bench press using the load
referred to as Force (kg) expressed at maximal Power, recorded in the BPT, and 4 sets of 6 repetitions of
half back squat with a load of 60% of the maximal strength recorded in the CMJ. In the second session
of the week, the participants took part in a circuit training program composed of the same exercises as
the CTT (2 sets of circuits with 1 min of recovery between each exercise). In the first, third, fifth and
seventh week, the load was 50% of RM, whereas in the second, fourth, sixth and eighth week it was
70% of RM. The participants of the control group underwent a traditional physical education based on
track-and-field sport disciplines (such as special runs and high jump) and volleyball. Thirty minutes
after the end of each session, the participants provided their rating of perceived exertion relative to the
entire session, using the Borg CR-10 scale according to the Session-RPE method [17,18]. Participants
in the study who did not take part at least in 75% of the training sessions were excluded from the
data analysis.
2.3. Phenomenological-Qualitative Approach, Process Referred
2.3.1. Pedagogical Principles
The experimental project proposed through this study, in harmony with the aims of an
action-research [19], goes beyond obtaining research results to improve understanding of a determined
knowledge and discover simply whether an approach works better than another one. Rather, this project
aims to ensure sustainability of research in the field of education through the analysis of a specific
field of experience to introduce a contribution to verify improvements in the interpretation of exercise
sciences, and their cultural utility in a very particular context such as military high schools. Within this
educational project, the research-action perspective is as a field-based experience allowing the subjects
to be actors of their training process [19]. In this framework, the proposal should be intended as
perfectly integrated into a school project to the national indications for the high school curriculum,
established by the Ministry of Public Education. Table 2 shows the educational design that has allowed
the practical application of this research [20,21].
2.3.2. Criteria and Empirical Observation Sheets
To evaluate the acquisition of educational objectives such as social skills and collaboration,
motivation and understanding, sixteen random subjects from the experimental group were observed
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and evaluated with an observation grid (Planned Activity Check (PLACHECK) system). This sub-group
of sixteen students was divided into two groups for a more correct and precise analysis and each
group was observed in two different lessons (once with circuit training and once in exercises with
barbell). Three different observers completed the grid evaluating the same sixteen subjects in three
different days, in order to assess the within-subject and between-subjects reliability. The observation
indicators were the following: the pupil is motivated and engaged in the proposed activity; the student
demonstrates that he or she has understood the information, uses the advice given by the teacher and
gives advice for a partner when assisting someone; the student is available to collaborate with the
partner during the execution of the exercises. The grid was compiled indicating Yes/No according
to the response (or lack thereof) of what is expressed by the indicator. The Planned Activity Check
system (PLACHECK) [22,23] was used to register appropriate or inappropriate student behavior
during sessions [23]. The PLACHECK system [24] is a sampler procedure which is used to register
group behavior. This system makes it possible to verify activities which have been programmed for
group work, comparing the total number of individuals forming the group over a specific time period.
The reported data are portrayed as a percentage. The inter-observer rate obtained for the PLACHECK
system was 94.9% [25]. In particular, the evaluation was positive (Yes) for motivation when the student
had participated with commitment and interest in the lesson (the student actively participated in the
motor activity by carrying out the planned work); for understanding when the student demonstrates
that he or she has understood a piece of information and has acquired a concept (to correct himself
or herself, after performing an exercise, the student resorted to the teacher’s advice or gave effective
and useful feed-back to the partner; the student proves to have read some recommended in-depth
papers). Positive evaluation was also given for collaboration when a student assisted his companions
in carrying out the exercises and had a collaborative attitude (he has given help putting himself in the
correct position to assist his partner, guaranteeing his active presence for the duration of the exercise).
2.3.3. Interviews with Students
To complete the feedback of the experience, the same students from the observation grid were
interviewed and asked the following questions by means of semi-structured interviews [26]: What did
you like about the lessons given and why? What didn’t you like and why? After collecting and
analyzing the results of the interviews of the experimental group, in order to acquire further information
on the experience and research-action experience carried out by the students, the same questions
were asked to 16 random subjects from the control group. The data were collected by three external
interviewers and were analyzed identifying a coding process [27]. From the semi-structured interviews,
emergent features of students’ perception appeared and were analyzed. Firstly, a line-by-line coding
procedure was performed to obtain specific labels; secondly, common labels were created and counted;
lastly, the relationships between each category were examined, creating a diagram according to the
grounded theory method [28]. The overall experimental design is shown in Figure 1.
2.4. Statistical Analysis
Data are reported as means ± standard deviations (SD). The Shapiro–Wilk normality test was
used to verify the normality of the data distribution. A Bayesian-like approach, the magnitude-based
inference (MBI), was used to analyze the data according to Hopkins et al. [29]. All data have been
log-transformed to reduce bias [29] The analysis has compared results for experimental and control
group in pre- and post-intervention, then the differences between pre and post for both groups were
analyzed. The main outcome of the MBI statistics is expressed as the chance that a true effect of
the experimental intervention occurs. All analyzed data were evaluated according to established
criteria: <1%, almost certainly not; 1–5%, very unlikely; 5–25%, unlikely; 25–75%, possible; 75–95%,
likely; 95–99%, very likely; >99%, almost certain (Hopkins et al., 2009). A clinically unclear effect
(unclear) is defined by a probability >5% for both harmful and beneficial effects. In this case, it is
impossible to define the true effect. In order to analyze the reliability of qualitative data, the Cochran’s
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Q test was applied in the within-subject analysis and the extended chi-square test was applied in the
between-subjects analysis. The α-value was set to 0.05. The MBI approach used to analyze the data has
the advantage of detecting the effects of a treatment even with a small sample size (i.e., approximately
one third compared to the traditional method) [30]. Considering a medium effect size (d = 0.6), that was
the one used as standardized threshold value for the MBI, a power of 0.9 (1-β), and an α error of 0.05,
the total sample size required for a pairwise comparison was 32. Sample size and power calculation
were carried out using G-Power (Version 3.1.9.2, Franz Fraul, University of Kiel, Germany).
Table 2. Educational design (program for competences) [31].
Title of Disciplinary Learning Unit

Research-Action as a Basic Element of an Innovative School Motor Culture.

European skills developed

Digital skills; learning to learn; social and civic skills; initiative spirit and entrepreneurship;
awareness and cultural expression.

Citizenship skills developed to create a competent student

Learning to learn; designing; communicating; collaborating and participating;
acting independently and responsibly; problems solving; identifying links and relationships;
acquiring and interpreting information.

Learning objectives (Ministerial Italian School Program)

Self-perception and functional development of motor skills; health, wellness and prevention;
relationship with the natural and technological environment.

Goals for the development of competences
(Ministerial Italian School Program)

Awareness of your body through the stimulation of motor skills both as a specific objective
and as a condition for reaching higher levels of ability and motor performance; knowing how
to act responsibly, reasoning about what you are putting into action and being able to
analyze your own and others’ performance, identifying positive and negative aspects;
working both in group and individually to learn cooperating with others following shared
rules for a common goal; acquiring knowledge of methods, work techniques and experiences
for the purpose of acquiring the awareness and the ability to organize autonomously one’s
own physical development and maintenance plan with the goal of a performance; maturing
the need to reach and maintain an adequate level of psychophysical fitness to be able to face
every day needs as study, future work, sport and leisure; acquiring opportunities to be
familiarized with and practice the use of innovative technologies and tools applicable to
activities and other disciplines.

Reality task (based on military academy test)

The reality task was used to create a learning situation that aimed to develop abilities in an
experimental way. The reality task, regardless of results, highlights multi-disciplinary
theoretical references that corroborate the student experience and knowledge. Adding an
appropriate reflective activity to this process, the reality task gives a greater value to learning
that would not be possible with an aseptic research without a direct and reflective
involvement of the students.

Research-action

The style of teaching assets based on comparison of ideas and strategies represents a useful
element to activate the cognitive tools intended to direct the subjects to a process of
research-action in which they feel empowered and like leaders. This is a “research in the
research”, with the objective of a project for the creation of high cultural and professional
profiles that can adapt situationally to the requests for a double and complex reality,
the military and the high school, in which body culture plays a relevant role.

Specific learning objectives: knowledge

Knowing the possible interactions between the different components influencing motor
performance; knowing the effects of the practice exercises; knowing technological tools
useful for a precise monitoring of the motor capabilities to develop; knowing the criteria
followed in experimental research; knowing the criteria for organizing a motor project aimed
at performance; knowing the relationship between the qualities developed through the
training and performance of military tests also through analyzing scientific literature.

Specific learning objectives: skills

Ability based on the capacity to perceive your body and recognize fatigue, analyzing the
effects of training through the use of perception of effort stairs; using consciously and
appropriately the exercises useful to develop the different capacities; recognizing the
methodological path adopted in the research; ability to perform correctly the monitoring
exercises; ability based on the capacity to perform exercises correctly and safely to avoid
injury and micro-traumas during exercises; ability based on the capacity for adequate work
in an appropriate manner and adequate organization of training sessions; ability to organize
work according to the environment in which we act, the time available and the objectives;
ability to adopt the specific procedures for work in circuit and with weights; ability to relate
with the technological environment in the use of specific tools for monitoring strength and
power of lower and upper limbs.

Cultural axes involved (chosen in the Ministerial Italian
School Program)

Mathematical axis: knowing how to analyze data and interpret them, developing deductions
and reasons with the aid of graphical representations, consciously using potentiality offered
by specific informatics applications.Scientific-technological axis: observing, describing and
analyzing phenomena belonging to reality and recognizing systems and complex concepts in
various forms. Being aware of the potentialities and limitations of technology in the cultural
and social context in which they are applied.Social-historical axis: understanding the change
and diversity in historical times of the body concept in a diachronic dimension through the
comparison between periods and in a synchronous dimension between different
cultural areas.

3.1. Functional-Quantitative Approach, Product Referred
3.1.1. Bench
Press Test, CMJ, Yo-Yo IRL1, Circuit Training Test, Military Tests
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Table 3. Descriptive statistics, magnitude-based inferences, and effect sizes of the bench press test, countermovement jump test and Yo-Yo IRL1.
Mean ± SD
Test

Bench press
test

Variable
P (W)
F (N)
PPO (W)

CMJ

F (N)
JH (cm)

Yo-Yo IRL1

Distance (m)

Magnitude-Based Inference

CG Pre

EG Pre

CG Post

EG Post

260.7 ±
104.5
37.3 ±
13.0
3012.2 ±
589.9
1690.1 ±
305.8
40.7 ±
7.1
924.2 ±
475.5

263.7 ±
93.4
37.0 ±
10.4
3264.5 ±
877.2
1769.8 ±
322.6
41.0 ±
7.6
1120.0 ±
585.2

264.9 ±
108.7
38.5 ±
13.8
3038.7 ±
593.8
1583.2 ±
250.8
39.3 ±
7.1
753.7 ±
364.5

265.5 ±
89.8
36.8 ±
9.8
3219.8 ±
736.0
1741.3 ±
326.4
39.5 ±
7.40
972.2 ±
460.0

CG Pre vs.
EG Pre

CG Post vs.
EG Post

CG Pre vs.
CG Post

EG Pre vs.
EG Post

Possibly
trivial
Possibly
trivial

Possibly
trivial
Possibly
trivial

Unclear

Unclear

Very likely
trivial
Most likely
trivial
Most likely
trivial
Possibly
positive
Possibly
positive
Possibly
positive

Most likely
trivial
Possibly
positive
Very likely
trivial
Possibly
positive
Possibly
positive
Likely
positive

Possibly
positive
Possibly
positive
Possibly
positive

Likely trivial
Very likely
trivial
Likely
positive

Effect Size (Cohen’s d)
Effect
Very likely
trivial
Possibly
positive
Unclear
Possibly
positive
Most likely
trivial
Likely trivial

CG Pre vs.
EG Pre

CG Post vs.
EG Post

CG Pre vs.
CG Post

EG Pre vs.
EG Post

0.03

0.01

0.05

0.03

−0.03

−0.15

0.13

−0.01

−0.29

−0.20

−0.09

0.08

0.25

0.54

−0.54

−0.12

0.05

0.02

−0.26

−0.29

0.36

0.52

−0.57

−0.40

Values are mean ± SD. CG: control group. EG: experimental group. Bench press test: power (P), force (N). Countermovement jump (CMJ): peak power output (PPO); peak force (F);
jump height (JH). Yo-Yo IRL1: distance. Established criteria of MBI: <1%, almost certainly not; 1–5%, very unlikely; 5–25%, unlikely; 25–75%, possibly; 75–95%, likely; 95–99%, very likely;
>99%, almost certain; no percentage prevalence, unclear. Positive = beneficial effect, Negative = harmful effect, Trivial = no effect.
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Table 4. Descriptive statistics, magnitude-based inferences, and effect sizes of the circuit training test.
Mean ± SD
Test

Circuit
Training Test

Magnitude-Based Inference

Variable

CG Pre

EG Pre

CG Post

EG Post

TIM (rep)

62.0 ±
13.2

58.3 ±
18.0

66.8 ±
14.3

70.4 ±
17.2

SR (rep)

8.2 ± 1.4

7.9 ± 1.5

8.8 ± 1.2

9.0 ± 1.0

SU (rep)

44.5 ±
9,4

43.0 ±
9.4

51.0 ±
7.3

48.5 ±
6.9

37.4 ±
15.9
20.9 ±
7.1
11.5 ±
9.6

38.5 ±
12.9
17.8 ±
6.6
10.1 ±
7.5

46.1 ±
15.2
23.9 ±
5.7
14.9 ±
10.9

45.2 ±
15.1
24.0 ±
8.0
13.4 ±
8.5

PU (rep)
SQ (rep)
PLU (rep)

CG Pre vs.
EG Pre

CG Post vs.
EG Post

CG Pre vs.
CG Post

EG Pre vs.
EG Post

Very Likely
Trivial
Very Likely
Trivial
Most
Likely
Trivial
Possibly
Positive
Possibly
Negative
Likely
Trivial

Unlikely
Positive
Possibly
Positive

Very Likely
Trivial
Possibly
Positive

Possibly
Positive
Likely
Positive

Most Likely
Trivial

Likely
Positive

Possibly
Positive

Possibly
Positive
Likely
Positive
Likely
Positive

Likely Trivial
Likely Trivial

Effect Size (Cohen’s d)
Effect

CG Pre vs.
EG Pre

CG Post vs.
EG Post

CG Pre vs.
CG Post

EG Pre vs.
EG Post

Likely Trivial

−0.01

0.41

0.43

0.98

Likely Trivial

0.04

0.42

0.67

1.39

Likely
Positive

Most Likely
Trivial

−0.04

−0.22

1.08

1.09

Possibly
Positive
Possibly
Positive
Likely
Positive

Very Likely
Trivial

0.39

0.28

0.69

0.78

Likely Trivial

−0.28

0.07

0.70

1.08

Likely Trivial

−0.03

0.03

0.32

0.52

Values are mean ± SD. CG: control group. EG: experimental group. Circuit training test: Transport of injured manikin (TIM), shuttle run (SR), sit-up (SU), push-up (PU), squat (SQ),
pull-up (PLU). Established criteria of MBI: <1%, almost certainly not; 1–5%, very unlikely; 5–25%, unlikely; 25–75%, possibly; 75–95%, likely; 95–99%, very likely; >99%, almost certain;
no percentage prevalence, unclear. Positive = beneficial effect, Negative = harmful effect, Trivial = no effect.
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Table 5. Descriptive statistics, magnitude-based inferences, and effect sizes of the military tests.
Mean ± SD
Test

Military Tests

Magnitude-Based Inference

Variable

CG Pre

EG Pre

CG Post

EG Post

CG Pre vs.
EG Pre

CG Post vs.
EG Post

CG Pre vs.
CG Post

EG Pre vs.
EG Post

2000 m run (s)

529.5 ±
55.8

515.1 ±
42.9

494.1 ±
52.4

451.5 ±
136.4

Very Likely
Trivial

Very Likely
Trivial

LB (rep)

13.39 ±
6.96

13.58 ±
6.85

6.79 ±
8.35

10.00 ±
8.57

Unclear

Likely Trivial

TW (s)

33.8 ±
6.9

34.1 ±
10.0

27.9 ±
6.5

28.4 ±
9.1

Likely
Trivial

Likely Trivial

RC (s)

19.14 ±
6.71

17.84 ±
5.92

19.37 ±
7.51

16.93 ±
5.47

Likely
Trivial

Possibly
Negative

LMG (rep)

18.3 ±
6.6

23.5 ±
5.1

23.5 ±
5.5

25.2 ±
6.3

Possibly
Positive

Likely Trivial

HJ (cm)

128.2 ±
15.4

129.4 ±
10.7

130.9 ±
13.8

133.1 ±
10.1

Likely
Trivial

Likely Trivial

TS

8.92 ±
2.25

9.39 ±
2.36

6.93 ±
3.38

8.71 ±
3.71

Likely
Trivial

Possibly
Positive

Possibly
Negative
Most
Likely
Trivial
Likely
Negative
Most
Likely
Trivial
Likely
Positive
Most
Likely
Trivial
Likely
Negative

Possibly
Negative
Most
Likely
Trivial
Possibly
Negative
Most
Likely
Trivial
Very Likely
Trivial
Most
Likely
Trivial
Likely
Trivial

Effect Size (Cohen’s d)
Effect

CG Pre vs.
EG Pre

CG Post vs.
EG Post

CG Pre vs.
CG Post

EG Pre vs.
EG Post

Very Likely
Trivial

−0.29

−0.39

−0.91

−0.89

Very Likely
Trivial

−0.04

−0.11

0.01

0.41

Likely Trivial

0.03

0.06

0.08

0.03

Most Likely
Trivial

−0.23

−0.49

0.06

−0.25

Possibly
Negative

0.90

0.28

0.01

0.03

Likely Trivial

0.09

0.24

−0.10

0.09

Likely Trivial

0.20

0.50

0.69

0.22

Values are mean ± SD. CG: control group. EG: experimental group. Military tests: 2000 m run, lifting the bomb (LB), transport of the wounded (TW), rope climb (RC), loading of the
machine gun (LMG), high jump (HJ), total score (TS). Established criteria of MBI: <1%, almost certainly not; 1–5%, very unlikely; 5–25%, unlikely; 25–75%, possibly; 75–95%, likely; 95–99%,
very likely; >99%, almost certain; no percentage prevalence, unclear. Positive = beneficial effect, Negative = harmful effect, Trivial = no effect.
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ES (Cohen’s d)
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Table 6. Nasa TLX results.
TD

87.5 MD
± 6.8
80.3 ± PD
9.2
83.4 ±TD
7.2
65.8 ± 23.0
55.8 ± 27.4
59.6 ± 18.5
Likely positive Likely positive
Very Likely positive
87.5
80.3
83.4
1.34 ± 6.8
1.26 ± 9.2
1.77 ± 7.2

P

E

F

46.3 ±P7.4
45.8 ± 25.4
Unlikely positive
46.3
0.03± 7.4

82.2 ±E8.8
76.9 ± 10.1
Possibly positive
82.2
0.56± 8.8

38.1 ±F21.9
66.9 ± 32.2
Possibly positive
38.1
± 21.9
−1.07

Mental demand (MD), physical demand (PD), temporal demand (TD), performance (P), effort (E) and frustration
High school
65.8 ±
55.8 ±
(F). All data are shown as mean ± SD. Established criteria
of ±
MBI:
<1%, almost
very unlikely;
59.6
18.5
45.8 ±certainly
25.4 not;
76.91–5%,
± 10.1
66.9 ± 32.2
students
23.0 75–95%,27.4
5–25%,
unlikely; 25–75%, possible;
likely; 95–99%, very likely; >99%, almost certain. Positive = beneficial
effect, Negative
effect, Trivial =Likely
no effect. Effect
sizes
(ES) are expressed
as Cohen’s
d values.
MBI = harmfulLikely
Very
Likely
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Possibly
Possibly

Comparisons
positive
positive
positive
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ES (Cohen’s d)
1.34 Approach,
1.26Process Referred
1.77

positive
0.03

positive
0.56

positive
−1.07

Mental
demand
demand in
(PD),
temporal demand
(TD),for
performance
(P),peffort
(E) for
All
analyzed
data(MD),
werephysical
found reliable
within-subject
(p = 0.905
motivation;
= 0.584
and
frustration
(F).
All
data
are
shown
as
mean
±
SD.
Established
criteria
of
MBI:
<1%,
almost
understanding and p = 0.607 for collaboration) and between-subjects analysis (p = 0.963 for motivation;
certainly
not; 1–5%, very
unlikely;
5–25%,
unlikely; 25–75%,
possible; 75–95%,
95–99%,
very
p = 0.848
for understanding
and
p = 0.666
for collaboration).
Percentages
of Yes likely;
and No
for each
field
almost
= beneficial
effect, Negative = harmful effect, Trivial = no effect.
and forlikely;
each >99%,
evaluator
arecertain.
shownPositive
in Table
7.
Effect sizes (ES) are expressed as Cohen’s d values.
Table 7. Results of empirical observation grid expressed in percentage.

3.2. Phenomenological-Qualitative Approach, Process Referred
Motivation

Understanding

Collaboration

All analyzed
were2 found
in within-subject
(p
= 0.905
for motivation;
0.5843 for
Day 1data Day
Dayreliable
3
Day
1
Day 2
Day
3
Day
1
Day 2 p = Day
understanding and p = 0.607 for collaboration) and between-subjects analysis (p = 0.963 for
Yes 75% Yes 75% Yes 75% Yes 75% Yes 81% Yes 75% Yes 81% Yes 88% Yes 81%
Observer 1 p = 0.848 for understanding and p = 0.666 for collaboration). Percentages of Yes and No
motivation;
No 25% No 25% No 25% No 25% No 19% No 25% No 19% No 12% No 19%
for each fieldYes
and
for each
evaluator
are shown
in Table
7. Yes 75% Yes 88% Yes 88% Yes 81%
75%
Yes 81%
Yes 69%
Yes 81%
Yes 88%
Observer 2

Observer 3
Days Mean

No 25%
Yes 75%
No 25%

No 19%
Yes 75%
No 25%
Yes 76%
No 24%

No 31%
Yes 81%
No 19%

No 19%
Yes 81%
No 19%

No 12%
Yes 75%
No 25%
Yes 78%
No 22%

No 25%
Yes 75%
No 25%

No 12%
Yes 94%
No 6%

No 12%
Yes 88%
No 12%
Yes 86%
No 14%

No 19%
Yes 88%
No 12%
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The most common answers recorded from the interviews are represented in Figure A1, within
Appendix A. Responses regarding the perception of PE lessons highlight that free play and competitions
were the preferred activities by the CG (44%). In contrast, EG preferred to learn new exercises and to
acquire new knowledge (35%) that in CG is based on sport skills (31%); moreover, learning how and
why to use a perception scale (12%) and consciousness (12%) are mentioned only by the EG. Technology
and experimentation are reported by EG (15%) and CG (19%). In the same way, the teachers were
appreciated for professional skills jointly with the feedback of students in EG (26%) and for their
passion in CG (6%). The CG reported dissatisfaction for not being part of EG (53%) and for missing
some activities as volleyball, the yo-yo test and other activities (16%). The EG reported dissatisfaction
in reconciling the gym training with others school commitments (33%); moreover, the EG reported
excessive effort (23%) and lack of playful aspects (11%). However, 33% of the EG and 31% of CG
reported no dissatisfaction with the physical education program content.
4. Discussion
4.1. Functional-Quantitative Approach, Product Referred
The present study aimed to compare the effect of a specific training program with an ordinary
school program carried out in a very peculiar educative environment such as a military school.
The main findings showed that varying ordinary physical education with a specific strength plan and
circuit training performed twice a week for eight weeks did not improve strength and power capacities,
endurance, circuit trainings outcomes and scores achieved following a military test battery in the
experimental group compared to a control one. Nevertheless, the experimental group were able to
maintain the total score results during the academic year. On the contrary, the total score result of the
control group decreased (see Table 5, CG post vs. EG post).
In order to contextualize the physical level of the military school sample, test results have
been compared with the literature. Concerning lower limbs, male high school handball players
showed similar values of force (1759 ± 293 N) and jump height (42 ± 4 cm) but lower values of
power (2006 ± 440 W) in the CMJ test [32]. In power of upper limbs, military students’ sample of
the present research seemed to have lower power than their American peers in the same exercise
(366.3 ± 115.7 W) [33].
In the literature, it is well known that circuit training can be useful for improving abilities and
health of high school students [34,35]. A recent study found that the circuit training method improved
physical fitness parameters as cardiorespiratory fitness, flexibility, jumping ability and isometric arm
strength, reducing body fat in adolescents [35]. Another study investigated the effect of circuit training
method in high school female sprinters [34]. The circuit training was able to improve sprinting ability,
particularly in beginners [34].
In the present research, despite greater values in Session-RPE compared with the control group,
the experimental group did not show higher improvements in the different tests and measures
compared to the control group. It is worth noting that only one lesson per week was dedicated to
strength and power training and only one lesson of the same length was dedicated to circuit training.
Some authors have investigated the effects of different strength and power session on squat jump
and bench press throw in men [36]. These studies evaluated peak power and peak force in squat
jump [36], and the maximal velocity and the load at maximal repetition [37]. These studies showed
that three training sessions per week for fourteen weeks were able to improve strength and power.
A similar training volume of circuit training has been shown to improve lower limb strength and
power in non-athlete male individuals [38]. However, it should be noted that these protocols could not
be adopted in the scholastic system due to reduced school hours.
In the literature it is evidenced that athlete-students can experience greater amounts of stress due
to physical and scholastic demand [39]. This is accompanied by an increment in cortisol level that,
when excessive, might negatively influence physical performance and impair recovery [40]. Although
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stress is indispensable in promoting physical improvement [41], excessive levels of physical stress
can reduce the body’s adaptation capacity [42]. Comparing students of Military School and Scientific
High School, it is evident how MS students seem to have higher values of variables considered to be
stress-related (MD, PD, TD, and E). This was probably caused by a higher load in the academic program,
military career admission tests simulations, exercises and military routine. Moreover, the higher values
of Session-RPE reported by the experimental group in most sessions enhances the idea of a negative
effect due to excessive physical and scholastic load.
4.2. Phenomenological-Qualitative Approach, Process Referred
The methodological approach has made extensive use of a reflective approach and cooperative
learning [43], providing an abundance of student-centered activities in which it also gave a certain
autonomy to the students by putting them at the center of the learning experience [44]. This emerged
very well in the data collected with the observation grid and in the answers of the 16 students to the
questions asked at the end of the project. As seen in other studies that have investigated the effect
of cooperative learning, by evaluating the results, positive effects emerged on the classroom climate
and on learning, favored by the relationship and by the direct and conscious involvement of students
in the research-action work [45,46]. Of note, students increased their awareness of the presence of a
relationship between specific motor areas and other areas, such as the cognitive and psychological
ones, involved in the daily routine of college military life and in other school commitments (Table 4).
Again, from the interviews it is possible to observe that the students also better understood the activities
to be carried out thanks to the teacher’s support and the tools used, such as perceptive scales and
technological instrumentation. This active involvement stimulated interest and motivation during
the intervention. In particular, autonomy, competences, and social-relation capacity are fundamental
elements of scholastic didactics and play a crucial role in both physical and cognitive development
and quality of life. It should be acknowledged that in the present study we assessed the quantity of
motivation (using observation indicators) rather than the quality of motivation, which can be either
intrinsic or extrinsic [47]. We provide evidence that further studies should consider the assessment
of the quality of motivation, as it has been shown that intrinsic motivation is related to adolescents’
performance in moderate-to-vigorous physical activity [48].
5. Conclusions
It is possible to conclude that an intervention based on circuit training, power training and
strength training did not improve physical performance in military high school students when included
into a scholastic reality at the military high school. In this environment, the limited amount of
physical education hours (due to ministerial programs) and the high psychophysical effort probably
interfered with the expected improvement. Nevertheless, the application of a method based on an
action-reflection principle, where participants are protagonists of their improvement and learning
process, was widely appreciated by the students, demonstrating the sustainability of our educational
approach. This highlights how an active involvement can interact with interest and motivation during
the intervention, differently from an aseptic results-based approach. Moreover, it is worth noting the
importance of active reflection during physical education class as a multidisciplinary learning tool.
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