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the pandemic closure brings [4], [5]. This plan was a challenge 
to K-12 students from Public Schools: physical exercises in 
which the students could learn in a playful and experiential 
way a concept of Natural Sciences [6]. This challenge focused 
on building cognitive, socio-emotional, and behavioral skills, 
and on quality of life through the care of the physical health 
of educational actors [7]. 

The chosen concept was the “center of mass” because it is 
a biometric, dynamic, and contextual variable linked to body 
movement - kinesiology [8], [9], where students could be 
experienced in the quarantine period (‘lockdown’) through 
physical exercises. Also, there is a significant probabilistic 
relationship between the more a child is physically active 
(spontaneous and induced sports practices), the more the 
child's ability to learn and solve problems (within the zone of 
proximal development) [10], [11]. 

An Interactive Model (“Change your Center of Mass!”) 
was built based on a mathematical model with the center of 
mass as a dependent variable and independent variables: body 
mass index and vertical jump, in which students and teachers 
could insert data, and qualify as your center of mass is: from 
regular (not very active physically) to excellent (in activity 
with high performance). And this interaction with the Model 
could be a motivating factor for the student to remain active 
during and after the pandemic. 

The center of mass is a hypothetical point where the whole 
mass converges as if all external forces were being applied at 
that point. The center of mass can coincide with the center of 
gravity when a human body is under the influence of a uniform 
gravitational field [8], [12], [13]. This biophysical variable is 
important because it is related to the student's biomechanics 
and biometrics, his body volume has a direct and proportional 
relationship with his movement, it can be quantified (e.g. body 
mass index on running speed) and qualified: the perceptual 
effort used to get out of inertia (e.g. laziness) [14]. 

Jumping jacks is a physical exercise in which you can 
study and analyze the center of mass about its induced 
variation because it is a vertical movement in which, over 
time, we can verify a variation in the position of the center of 
mass in student (or athlete), if students are actives and change 

Abstract—The pandemic caused by Sars-CoV-2 resulted in a 
period of physical distance and school closures. This motivated 
us to elaborate on some physical and psychological harm 
reduction plan for the students. A challenge was proposed to K-
12 students from Public Schools of the Recife City: physical 
exercises in which the students could learn playfully and 
experientially a concept of Natural Sciences. The chosen concept 
was the "center of mass" because it is a biometric, dynamic, and 
contextual variable linked to body movement, which could be 
experienced in the quarantine period. The objectives of this 
work were: (i) to propose a challenge through the physical 
exercise to K-12 students (jumping jacks), which implies the 
study of “center of mass” (COM) concept, (ii) to quantify the 
dependent variable COM and to relate with independent 
variables (e.g. body mass index), (iii) to build a learning object 
“Interactive Model” from the data obtained, (iv) to evaluate the 
didactic process. The objectives proposed were successfully 
implemented. The Interactive Model: "Change your Center of 
Mass!" was built and evaluated by teachers of Public Schools 
(Brazil), who highlighted its potential (impact, complexity, 
applicability, innovation) suggesting the model to the 
educational system.  

Keywords—playfulness, national common curricular base, 
biophysics, sustainable development goals, praxis 

I. INTRODUCTION

On March 11, 2020, the World Health Organization 
declared a State of World Emergency due to the COVID-19 
Pandemic [1]. Before that, on February 25, 2020, in 
Pernambuco State, Brazil, the first COVID-19 suspect with 
symptoms was registered on a “Silver Shadow” Transatlantic 
Ship, anchored at the Pernambuco Passenger Maritime 
Terminal (Porto Recife). On March 17, 2020, there was the 
first protocol confirmation of a person contaminated with 
Sars-Cov-2, the date on which the Governor of the State of 
Pernambuco decreed the Physical Distance Measures - 
Quarantine [2], following Federal Law [3]. 

As of March 18, 2020, the closure of schools became 
official, but before that, educational establishments already 
reported a reduction in the attendance of some students and 
education professionals. This motivated us to elaborate on 
some physical and psychological damage reduction plan that 
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their independent variables: BMI and height of vertical jump 
[15]. 

In this period when students are at the Concrete 
operational stage (7 to 12 years old), they develop three skills 
[16]: (i) to establish relationships between different points of 
view and integrate them in a way logical and coherent; (ii) to 
internalize the actions, the student begins to perform 
operations mentally and not just through physical actions 
typical of sensory-motor intelligence; and (iii) to construct the 
reversibility, which is the ability to think simultaneously the 
initial and the final state of some transformation carried out on 
objects, subjects, and the environment. 

As in another Piagetian stage, the construction of a 
systematic and regular 'habitus' is fundamental for the 
perception of variation (�), and the concrete recognition of 
change. The construction of a playful challenge is the potential 
to start the migration of concrete knowledge to hypothetical-
deductive thinking (Formal operational stage) [17]. 

The ‘Interactive Models’ are those in which the user 
(student) can modify the independent variables and 
automatically observe the reflection of this change in the 
dependent variable [18]. With this, the student can change 
scenarios and situations on a deterministic (concrete) and 
probabilistic (formal) scale [19]. These interactive models 
take advantage of playfulness to present the real on a micro or 
macro scale (simulators) or to present the ideal with real data 
[20]. They are excellent, in addition to playfulness, to 
challenge the variation of ‘habitus’ in an educational 
environment (leaving the comfort zone). 

In the literature, for the target audience in question and for 
the intentionality in the educational system, several interactive 
models were built to think about the concept of center of mass 
for: Sport Science [21], Modeling [22], [23], Instructional 
Design [24], [25], [26], [27], [28] and, Didactics [29], [30], 
[31]. STEM is an education policy and curriculum choices in 
schools to improve competitiveness in science and technology 
development [14], [23]. 

The objective of this work was to build a STEM tool as an 
Interactive Model on the biophysical concept of "Center of 
Mass" in which educational actors could, in a contextual way, 
build knowledge in a theoretical and practical way at the time 
of the social distance measures used to contain the virus 
SARS-CoV-2. The specific objectives were: (i) to propose a 
challenge through the physical exercise to elementary school 
students, which implies the study of the physical concept of 
"Center of Mass"; (ii) to quantify the dependent variable 
(Center of Mass) and related independent variables 
throughout the challenge period, and model these variables 
mathematically; (iii) to build an “Interactive Model” learning 
object from the data obtained; and, (iv) to evaluate the didactic 
process on criteria of technical and technological production. 

II. METHODS 

The sample group analyzed was formed by students from 
the Middle School (K-12 education), 5th Grade (Brazilian 
System), who are nine to ten years old, from Public Schools at 
the Recife City, Brazil. The criteria for the participation of 
these students were: (i) voluntary acceptance of students and 
parents or guardians; (ii) to have a conventional measuring 
tape, scale and camera (e.g. cell phone, computer, ...) at home; 
and (iii) to perform the daily challenge of running jumping 
jacks in their homes (1,000 repetitions per day) over 120 days 

of quarantine in the COVID-19 Pandemic. On the 120 days, 
16 days of rest (one per week) were allowed for those who 
wished. A person need to burn around 500 Kcal per activity 
(about 1,000 repetitions per day) for a significant change in 
body mass index in the medium term (e.g. three months). [32] 

The direct and active participation of parents or guardians 
was essential for the supervision and validation of the data 
collected. They were contacted in the “Movimenta Recife” 
and “Academia Recife” projects, projects to encourage the 
practice of physical exercises as an integrating factor to the 
quality of life [33]. 

Every day, each student measured their: (i) body mass 
index (BMI = mass · height-2 = kg · m-2, [34]), and (ii) height 
of the vertical jump (cm) = distance from the foot to the 
surface at the moment zero speed of the body in a vertical 
jump (Fig. 1); and filmed it 360° at rest and running jumping 
jacks (videos  25 fps). 

 

 
Fig. 1. Center of Mass variation (�CM) and vertical jump measures. 

 

From the videos, the center of body mass of each student 
was estimated by the optimized models of training to identify 
patterns in PoseNet and DefNet videos [35], [36] using the 
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database that defined the concept of center of mass for the type 
of targeting sample group [8], [12], [13], (Fig. 2).  

 

 

Fig. 2. (A) Frames of recorded video, and (B) Output of the Center of Mass 
estimation from the 3D body structure (Adapted [35]). 

 

Statistical comparison between the periods #Day0 and 
#Day120 of each variable was performed using the parametric 
test T paired (95% confidence). Pearson's correlation (�) was 
performed among the independent variables to calculate the 
degree of proportionality between them [37]. The Normal 
Distribution requirement for parametric statistical was 
calculated from the D’agostino Distribution Test [38]. 
Statistical calculations were performed using the BioEstat 5.3 
program [39]. 

 As the basis of the Interactive Model to be created, a 
multiple linear mathematical model [37] was used to generate 
an automatic estimation equation for �CM. The student and 
teacher could observe interactively, over the days of execution 
of the exercises, the evolution or involution of this biometric 
variable [20]. As a dependent variable (�CM) and as 
independent variables (BMI and height of vertical jump) (1): 

 

�CM = �0 + �1 · BMI + �2 · Vertical Jump + � (1) 

 

Where, � = regression coefficient and � = residual 
regression error. Residual error was normalized for the child's 
natural growth and for the calculation of BMI over time, 
according to the World Health Organization - WHO human 
growth curve [40]. The parameters and coefficients of the 
multiple linear mathematical model were calculated in the 
BioEstat 5.3 program [39]. Multicollinearity between 
variables was calculated [41]. 

The result of �CM could be qualified regarding the 
student's activity and the biometric consequence of this 
activity on a scale of four categories: excellent (16 � BMI � 
18 and 24 � vertical jump � 35), very good (18 � BMI � 20 
and 16 � vertical jump � 24), good (20 � BMI � 22 and 10 � 
vertical jump � 16) and regular (22 � BMI � 24 and 8 � 
vertical jump � 10), according to [40] and [32]. For didactic 
purposes, the term “regular” has been replaced by a 
motivational term: “Let´s go!” [42]. 

From the calculated previous equation, the Interactive 
Model was built in the Visual Basic for Applications language 
in the Microsoft Excel spreadsheet editor [43], due to the ease 
and popularity of handling (input and output). 

 Diagnostic evaluation was carried out before #Day0 to 
observe the collective knowledge of the concept of "Center of 
Mass", asking students: What is the word that comes up when 
you hear about "Center of Mass"? In the end, after #Day120, 
this same question was asked to assess the change in 
perception about the concept to be taught [44]. The answers 
were systematized in word clouds [45]. 

The teachers of the students who participated in the 
challenge validated the Interactive Model according to the 
technical production criteria of the Coordination for the 
Improvement of Higher Education Personnel (CAPES) [46], 
on a Likert scale [47] (from 0 = did not meet the criterion, 10 
= completely met the criterion). The criteria are: (i) Impact (if 
the evaluation of this criterion is related to the changes that 
will result from the use of this Technical and Technological 
product in the environment in which it is inserted); (ii) 
Applicability (reference is made to the ease with which 
technical / technological production can be employed to 
achieve its specific objectives for which it was developed); 
(iii) Innovation (innovation is defined here as the rupture with 
the paradigms and everyday methods for the development of 
more efficient and effective products and techniques in 
professional practice with social implications); and, (iv) 
Complexity (Complexity can be understood as a property 
associated with the diversity of actors, relationships and 
knowledge necessary for the elaboration and development of 
technical / technological products). 

As a complement to the evaluation by these five criteria, 
teachers were asked in an open survey: What are potentials 
and limitations of the Interactive Model for educational 
context? 

 At the end of the 120 days, a virtual meeting was held with 
everyone for the discussion and theoretical consolidation of 
the “Center of Mass” concept between students and teachers. 
This project was carried out from March 23 to July 20, 2020. 

III. RESULTS AND DISCUSSION 

Of the 250 invited students, 117 students participated and 
completed the challenge, resulting in the collective average in 
a reduction of the body mass index (BMI), an increase in the 
vertical jump and an increase in the variation of the Center of 
Mass, from #Day0 to # Day120, all significantly (p < 0.001, 
Fig. 3). BMI data (kg m-2) were within the range {x | 23 � x 
� 16} established by WHO [40] and vertical jump (cm) {x | 8 
� x � 40} as estimated by [32], for the age of the established 
sample group. 

Over time, the curves of the independent variables BMI 
and vertical jump were non-linear (Fig. 3), however between 
the two there was a strong correlation (�> 0.912), when the 
body volume was reduced, there was an increase in the vertical 
jump by lower gravitational resistance [12]. Despite the 
correlation, the independent variables did not show 
multicollinearity (p > 0.05), which allowed them to be used in 
a multiple linear model [41]. The data for all variables had a 
normal distribution (p > 0.05). The linear trend over time of 
the variation of the Center of Mass certified that the activity 
improved the students' physical capacities, according to [8]. 
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Fig. 3. BMI = body mass index, vertical jump, and �CM = variation of the 
center of mass over the 120 days of challenge, where the students perform 
1,000 jumping jacks daily. * Scale is the qualification of the status regarding 
the student's activity and the biometric consequence of that activity. ** p < 
0.001 result of the T Test paired between #Day0 and #Day120. 

 

The multiple linear mathematical model found obtained 
significance in all adjusted coefficients (p < 0.001) and in the 
determination coefficient (R2 = 0.98), and obtained an 
adjustment error of less than 2%, including normalities of the 
possible growth of students (2). 
 

�CM = 232.01 – 9.35 · BMI – 1.21 · Vertical Jump (± 0.018) (2) 
 

Based on this mathematical model, the interactive model 
“Change your Center of Mass!” was built (Fig. 4). Students 
and teachers can add data in the fields of independent 
variables and observe on the �CM scale what their 
qualifications are regarding the student's activity and the 
biometric consequence of that activity. 

41 teachers from the Municipal Public Schools evaluated 
the Interactive Model and all highlighted the potential of this 
educational object and scored it with high weights (> 8 = 
Very Good) in all CAPES criteria [46] for the evaluation of 
the Technical and Technological Product: impact, 
complexity, innovation and applicability (Fig. 5). What the 
teachers highlighted that the challenge moved the student in 
the individual and collective sphere. 

Individual, because of the students at the moment of the 
challenge viewed and associated in a quantitative (biometric 
variables) and qualitative (e.g. feeling of disposition) changes 
in their physical and mental data. This association of two 
different analyzes (quanti-quali) is an incentive for the 
student to change on the Piagetian cognitive stage, from the 
Concrete operational stage (concrete logical analysis) to the 
Formal operational stage (hypothetical deductive thinking) 
[16]. This activity can be classified as the beginning of the 
consolidation of scientific literacy for the student [48], [17]. 

And collectively, because at the same time, the student 
observed and communicated with other participants in the 
challenge, which motivated them by the competition. 
Socioconstructivist interaction is a potential for individual and 
collective learning to transform a zone of potential proximal 
development (activity as a “means”) to real (activity as an 
“end”) [10]. 

In the context of physical and mental health, the teachers 
emphasized the importance of physical exercises for the 
cognitive development and academic performance of 
students, that corroborated to the literature that investigated 

students in detention environments [49], [50], and mainly for 
the studied moment of closure by the pandemic [4], [5]. 

Teachers pointed out that a possible limitation of the 
Interactive Model could be its meta-construction. As it is 
based on an adjustment of data to a mathematical model, few 
teachers would have the competence to change the decision 
tree on the Excel Platform to try to apply the Model with other 
variables. At the same time, that the teachers pointed out this 
possible difficulty, they highlighted the complex character of 
the Model, which needs an interdisciplinary team to 
transform it, which ends up being a positive and essential 
point in dealing with educational contexts [51]. 
 
 

 
Fig. 4. Interactive Model "Change your Center of Mass!". 

 

At the end of the validation by teachers, everyone stressed 
the adherence of this Model to the United Nations Sustainable 
Development (SDG) objectives [52], objective 3 - Health and 
Well-Being (Ensuring a healthy life and promoting well-being 
for everyone, at all ages) and objective 4 - Quality Education 
(Ensuring quality inclusive and equitable education, and 
promoting lifelong learning opportunities for all) [7]; and to 
the objectives of the Common National Curricular Base that 
establishes knowledge, skills, and abilities that all students are 
expected to develop throughout basic schooling [6]. 
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 When comparing the answers to the diagnostic question: 
What is the word that comes up when you hear about "Center 
of Mass"? (Fig. 6), the students' responses indicated the 
change in perception and construction of knowledge about the 
taught content (from #Day0 to #Day120), closing a teaching-
learning cycle in a practical-theoretical way, first to practice 
and then the consolidation of theory [53]. All the answers went 
towards what the biophysical variable represents, no students 
were left behind in the field of building knowledge about the 
physical concept taught. And this confirms that theories in the 
field of exact sciences do not have a degree of difficulty that 
is in the imagination of students, especially in basic education, 
what is missing is the engagement of students in a direct 
application of the concept [54], [55], [56], [57], [58], [59]. 

 
Fig. 5. Evaluation by teachers of the “Interactive Model” based on CAPES 
Criteria on Technical Production. 

 
Fig. 6. What is the word that comes up when you hear about "Center of Mass"? 
(A) Question asked before #Day0 and (B) Question asked after #Day120. 

IV. CONCLUSIONS 

The objectives proposed by this project were successfully 
implemented. The challenge was accepted by students: 1,000 
jumping jacks per day and got involved in the study of the 
physical concept of "Center of Mass". The collected variables 
were significant and used in the hypothetical mathematical 
model. The Interactive Model: "Change your Center of 
Mass!" was built, made available, and evaluated by teachers 
from Public Schools of Recife City, Brazil.  

Teachers highlighted the potential and limitation of the 
Interactive Model, suggesting the proposal to the educational 
system by impact, complexity, applicability, and, innovation 
parameters. 

To students, the challenge, the interaction with the model 
and the final synthesis indicated that the teaching and 
learning cycle of a biophysical variable is a potential path for 
individual and collective learning, far from an imaginary that 
exact science concepts (STEM) may possess a degree of 
difficulty before it is learned. 
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