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Abstract. Problem-solving is an essential human development skill that can be
fostered through Computational Thinking (CT). Programming education has
been explored to develop CT in High Schools. However, teaching programming
can be challenging, being necessary educational processes that improve guide-
lines to direct this teaching. In the past, we proposed an educational process
based on methods for teaching programming with Educational Robotics (ER)
and the Anthropological Theory of Didactics. However, we still need to con-
clude the effectiveness validation of this educational process. This study aims
to evaluate our educational process’s effectiveness in developing Technical and
Vocational High School students’ CT skills. We intend to answer the research
question: RQ) How effective is the impact of an educational process of teaching
programming with ER on students’ CT skills in High School? The development
of CT skills was evaluated through the Román-Gonzalez CT Test. The overall
results indicated that the educational process is effective in teaching program-
ming with ER impacting CT skills. This study’s result contributes to the scientific
community in the sense of guiding the validation of an educational process.

1. Introduction
Problem-solving is an essential skill for human development. Computational Thinking
(CT) is a modern approach to improve problem-solving skills and can be defined as a
problem-solving process exploring common skills of Computer Science (Wing, 2006).
Programming education has been explored to develop CT in High School. However, tea-
ching programming can be challenging (Fu, 2021). Consequently, educational processes
are essential in this context.

We proposed an educational process [Souza et al. 2022] based on methods for te-
aching programming with Educational Robotics (ER) and the Anthropological Theory of
Didactics (Colomb, 1986). Also, we validated two educational process instances through
the Delphi method (Murry and Hammons, 1995) that showed the concordance between
instantiating and guidelines through experts’ evaluation. However, observing the statisti-
cal aspect to define our educational process’s effectiveness is essential.

This study aims to evaluate the effectiveness of our educational process to develop
High School students’ CT skills. We intend to answer the following research question:
RQ) How effective is the impact of an educational process of teaching programming with
ER on students’ CT skills in High School? This study is based on a research-intervention
method in two steps: (1) application the intervention on High School students submitted



to our educational process; (2) analysis of the impact on the students’ CT Skills. We
used a sample of 93 students representing 92.1% of students who enrolled in a Brazilian
Technical and Vocational High School (TV High School) in 2022.

We classified the students as experimental and control groups, according to their
contact with the educational process in 2022. Each group interacted with the same pro-
gramming and robotics content; however, the experimental group followed the educati-
onal process. The interventions arise between September, October, and November 2022
with a total workload of 10h, being carried out with weekly classes of 1h40min distributed
over six weeks according to the school calendar.

We evaluated the CT skills development of the students through the performance
in CT Test by Román-Gonzalez, before and after the intervention. We used the Mann-
Whitney test (U test) (paired and unpaired) and Cohen’s d effect size to answer the RQ.
The unpaired U Test indicated a significant difference between the experimental and con-
trol groups’ performance (U=12973, p-value < 0.05). The paired U Test showed that
the experimental group presented a significant difference between their CT pre-test and
CT post-test performance (U=1903, p-value < 0.05). The experimental group achieved a
mean of 10.59% and a median performance of 2% better than the control group; so, we
considered that the significant difference shown in all (U test) is positive, demonstrating
that the experimental group has a better CT development. Finally, Cohen’s d effect size
on both groups has a smaller positive impact caused by the educational process.

Those results indicated that the educational process has effectiveness in teaching
programming with ER impacting CT skills. We are working on a qualitative study consi-
dering observational data from the intervention to more precisely characterize the impact
and better understand the effectiveness of the educational process.

2. Background
This section presents the fundamental concepts that are the basis of this study.

2.1. Computational Thinking
The CT idea began in 1980 with the Seymour Paper [Papert and Harel 1991, Papert 1980]
studies about constructionist learning that defends developing students’ thinking skills
through computer science concepts. It gained visibility in 2006 when Jeannette Wing
[Jeannette M 2006] recognized it as a “fundamental, not rote skills”for problem-solving
in your paper published in Communications of the ACM magazine. Jeannette mentioned
that CT designates a universally feasible attitude and skill that computer scientists and
anyone willing to learn can use [Tekdal 2021].

Nowadays, CT has been explored in Computer Science education research, and its
definition is still in progress, but there is a trend related to the problem-solving cognitive
process. CT’s idea relates to thinking of a computer scientist when facing problems to
be solved [Jeannette M 2006]. However, CT is fundamental not only to computer scien-
tists, but it can be applied in daily life, and is needed to adjust to the future and should
be taught at early ages [Zapata-Cáceres et al. 2020]. That way, many researchers propose
studies to foster CT skills or some of its skills. Some of these studies indicate incor-
porating CT into the curriculum at all educational levels, from kindergarten to univer-
sity [Mongeon and Paul-Hus 2016, Voogt et al. 2015, Yadav et al. 2011]. In partnership



with National Science Foundation and the Computer Science Teachers Association in
2011, the International Society for Technology in Education launched the Model Curri-
culum for K-12 Computer Science [Tucker 2003]. In High School, the CT introduction,
in general, involves computing, programming, and the use of technology. Specifically,
programming education has been explored worldwide to stimulate CT in High School
students, becoming no longer an exclusive practice in Computer and Engineering courses
[Zanetti and Oliveira 2015].

3. Educational Robotics
The ER is the learning environment that combines scrap materials or assembly kits com-
posed of motors and sensors controllable by computers and software that operate the
built models through programming [Ebenezer Takuno de and Thais Helena dos 2015]. It
is still possible to define ER as the construction of the mechanism that a computer can
control for an educational purpose [Viviane Gurgel de 2008]. ER research tries to unders-
tand how relations with robots can foster and support learning in humans (from young
children to adults) [Alimisis 2013, Zawieska and Duffy 2015]. The ER strategies can be
categorized into two goals: 1) Learning about Robots (Education in Robotics or Robotics
as a Science); 2) Learning with Robots (Robotics for Education) [da Silva Petini 2018].
Also, the ER could be offered as intra-curricular or extra-curricular, according to the edu-
cational proposed goal [Mubin et al. 2013].

When considering Basic Education, ER’s use involves several goals: teaching
programming, teaching robotics as a science, interdisciplinary science teaching, PC de-
velopment, participation in tournaments, and Olympics [Souza et al. 2021c]; offered in
an intra-curricular or extra-curricular way. Although the purpose of educational practices
with ER is diverse, it is possible to identify a practical nature involving problem situati-
ons, whether to teach curriculum science or programming logic [Souza et al. 2021c]. The
student is engaged in “learning by doing”, commonly called hands-on. In this context,
students are meant to instruct the robot to perform a distinct task. Regardless of the pur-
pose and learning strategies, there is a trend to plan, design, or implement an algorithm
to control the robot’s behavior to perform a specific task [Chevalier et al. 2020a], an idea
directly related to solving problems from the CT Skills [Pivetti et al. 2020].

3.1. Anthropological Theory of the Didactic
The Anthropological Theory of the Didactic is research in mathematics education by
Yves Chevallard that studies didactic transposition processes [Bosch and Gascón 2006,
Chevallard 1989, Chevallard 1992b, Chevallard 1992a, Chevallard 1999]. For this theory,
mathematics in its various dimensions is about human activities. Therefore, it is possible
to apply it in different activities that favor the establishment and execution of tasks and
the necessary knowledge for their accomplishment. In this theory, the object is a human
activity resulting from constructed knowledge. This knowledge can be known, taught,
or learned as long as different technical tasks and technologies are applied to work with
them [Zanardi 2013]. The Anthropological Theory of the Didactic comprises structural
(praxeologies) and functional (didactic moments). Didactic moments realization involves
the praxeology constitution and its elements of the set [T, τ , θ, Θ] that, at the end of the
process, it is possible to establish a relation between the Personal (X) (e.g., students and
teachers) and Object (O) determined as R(X,O). This successful relation is understood as
learning [Colomb 1986].



3.2. Delphi Method

The Delphi method assists judgmental prediction and decision-making in various research
domains. Delphi was initially devised to help experts (judges) achieve better forecasts
than they might through a formal group meeting [Rowe and Wright 2001]. The Delphi
method allows for a progressive consensus to be reached on a study object. This method
occurs through questioning rounds to an expert group, in which the answers are analyzed
for a consensus. The consensus criteria depend on the researcher’s study. However, the
strictness of the consensus criteria must be respected [Williams and Webb 1994]. The
main characteristics of the Delphi method are the specialist’s anonymity, the statistical
representation of the distribution of results, and feedback from the expert’s responses for
re-evaluation in subsequent rounds [Wright et al. 2000].

4. Related Work
Some studies propose a kind of educational process for some teaching [Colomb 1986,
Schivani 2014, Chevalier et al. 2020b, Azman et al. 2017]. However, few have discussed
how these models or educational processes are validated. As far as we know, no study
proposes and validates educational processes for teaching programming through ER fo-
cusing on CT development in TV High School.

The Anthropological Theory of the Didactic [Schivani 2014] had been used by
Schivani [Schivani 2014] as a tool to determine the necessary elements for didactic mo-
ments application. The author performed an intervention study in Physics teaching in
High School through the ER. With this work, Schivani observes that the ER use, mainly
aimed at teaching Physics, allows a comprehensive approach, whether related to theory or
practice, to the two blocks of Anthropological Theory of the Didactic: practical-technical
and technological-theoretical. Schivani’s proposal is a methodological proposal for tea-
ching physics with ER. In addition to proposing a methodological foundation, he applies
it and presents the essential guidelines for its replication.

Our study is similar to that proposed in Schivani [Schivani 2014] because we
applied or educational process built considering the Anthropological Theory of Di-
dactic to teach students from High School through ER. However, we used the Anth-
ropological Theory of Didactic indirectly when we applied our educational process.
In [Souza et al. 2022], we showed our educational process based on the Anthropolo-
gical Theory of Didactic and ER consolidated methodologies to teach sciences like
LEGO® Education [ZOOM 2010], besides our ER experiences [Souza et al. 2016a,
Souza et al. 2016b, Isabelle M. L. et al. 2019, Souza et al. 2021b, Souza et al. 2021c]. In
this study, we described the results of an intervention that observed how high school stu-
dents develop CT skills with or without contact with our educational process. Hence,
with the results, which indicated that students who had contact with the educational pro-
cess were more impacted, we constituted guidelines for validating educational processes
in terms of quantitative aspects.

Azman and Mohamed [Azman et al. 2017] proposed an educational process to
foster CT in higher education. For this, the author, from an analysis of CT research,
offers an educational process based on four ideation process steps. Our study is similar
to that presented in Azman and Mohamed [Azman et al. 2017] in using the ER to CT
foster. However, we focused on understanding how our educational process quantitatively



impacts the CT’s skills to validate our proposal presented in [Souza et al. 2022]] and,
consequently, contribute to the literature with guidelines that can be applied to validate
educational processes. In addition, with this study, we could endorse our past studies
[Isabelle M. L. et al. 2019, Souza et al. 2021b, Souza et al. 2021a] that indicated ER as
an instrument capable of fostering CT skills in TV High School students.

5. Methodology

This study is based on a research-intervention method that aims to apply our educational
process presented in [Souza et al. 2022] to obtain evidence that helps to understand its
effectiveness and how to teach programming through ER better in the Brazilian TV High
School context.

5.1. Research Design

This intervention study aims to evaluate the effectiveness of our educational process to
develop High School students’ CT skills. The development of this work was divided
into two steps: (1) application the intervention on High School students submitted to our
educational process; (2) analysis of the impact on the students’ CT Skills. The following
research questions and hypotheses guided the development of this intervention study:

(RQ) How effective is the impact of an educational process of teaching programming
with ER on students’ CT skills in High School?

- H.0: There is no evidence that an educational process of teaching programming with
educational robotics impacts the students’ CT skills in High School.

- H.1: An educational process of teaching programming with educational robotics impacts
the students’ CT skills in High School.

Table 1 presents the design for our intervention study, which the study’s primary
author conducted. This design consists of two student groups (control and experimen-
tal) with similar profiles. Each group interacted with the same programming and robo-
tics content in the intervention; however, the experimental group intervention follows the
educational process guidelines for programming teaching with educational robotics. The
control group interventions considered traditional programming learning, i.e., the con-
tents were shown previously in an expository way by the teacher, and after the students
tried to program the robots using the contents. Some variables are part of this design:

- High School (HS): This independent variable represents the actions performed during
the school year from High School;

- Educational Robotics (ER): This independent variable represents the ER use as a tea-
cher instrument;

- Programming Teaching (PT): This independent variable represents the programming
teaching;

- Educational Process: This independent variable represents the use of all guidelines and
lessons proposed in this thesis proposal;

- CT Skills Performance (CT): This dependent variable represents students performance
in CT tests. The CT test is from the tool or instrument to measure CT skills.



Tabela 1. Intervention Experiment Design

Groups Independent Variable Dependent Variable
Experimental HS + ER + PT + Educational Process CT1

Control HS + ER + PT CT2

5.2. Sample and Data Collection

This study considered a sample of 93 students from the Computing TV High School in the
Paraı́ba state. We classified the students as experimental and control groups, according
to their contact with the educational process in 2022. The control group was composed
of 40.86% (38) students, and the experimental group of 59.14% (55) students. Each
group interacted with the same programming and robotics content in the intervention;
however, the experimental group intervention follows the educational process guidelines
for programming teaching with educational robotics. The control group interventions
considered other programming learning, i.e., the contents were shown in an expository
way by the teacher, and after the students tried to program the ER using the contents.

To determine whether our sample of students was representative, we applied the
sample size calculation in Equation 1, where n = calculated sample, N = population size,
Z = standardized normal variable associated with the confidence level, p = true probability
of the event, and e = sample error.

n =
N · Z2 · p · (1− p)

Z2 · p · (1− p) + e2 · (N − 1)
(1)

Given the size of the students’ population of 101 students, the result of the sam-
ple size calculation indicates that our sample is represented with an error (the difference
between estimated and real numbers) of 2.87% with 95% confidence (the probability that
the useful sampling error is less than the admitted sampling error).

We conducted the data collection between September, October, and November
2022. This data collection contemplated quantitative data regarding the students’ cogni-
tive development before and after the intervention. These data were obtained by applying
a survey, the CT Test by Román-Gonzalez et. al [González 2015].

The students in the experimental and control groups were from different classro-
oms of the target school and were randomly selected. The sample comprised 93 students,
42 (45,16%) male, and 51 (54,84%) female.

5.3. Intervention Design

The intervention consisted of three different lessons, and the CT test was applied before
(pre-test) and after (post-test) the three lessons. We observed the students’ CT skills from
both groups before the programming lessons and after. Hence, we intended to notice the
educational process’s impact on the students’ CT skills.

5.4. Instruments

The the CT Test by Román-Gonzalez et. al [González 2015] was used as an instrument to
obtain the CT skills data after the intervention. The test consisted of 28 questions, spread



over 12 pages, with approximately three questions each. All questions had four answer al-
ternatives (A, B, C, and D), of which only one was correct. From the beginning of the test,
participants had up to 45 minutes to answer the questions. However, it was not determi-
ned that all questions would be answered. The test1 used was developed by Prof. Doctor
Román-Gonzalez from the Universidad Nacional de Educación a Distancia (UNED) and
translated/adapted by the researchers Rafael Marimon Boucinha and Christian Puhlmann
Brackmann, having uses in this study duly authorized by them.

5.5. Data Collection and Analysis

The students’ data were collected by applying the CT Test by Román-Gonzalez. The CT
Test was applied on the same day, for 45 min, following the guidelines of the test authors,
involving the control and experimental groups. Both groups were guided in advance about
the structure, duration, and procedures for the test resolution. For the correction process,
each question was corrected, considering that the answer could be correct or incorrect, and
one point was attributed to each correct question. The result was stored in a spreadsheet.

We used the R programming language for the statistical data analysis, a graphical
analysis procedure, and hypothesis tests to assess whether the parameterization of the data
and guide the statistical tests were suitable. Due to non-parametric data, the U Test (paired
and unpaired) test was chosen to evaluate if there is a significant difference between the
performance of both groups (experimental and control) in CT through the CT Test result.
Cohen’s effect size index was used to calculate and analyze the educational process effect
under the students’ CT performance [Cohen et al. 2011]. In the tests, we considered a
confidence level of 95%, a statistical significance of α = 0.05, and the U Test since we
were dealing with non-parametric data. Also, the specific statistical assumptions of the
test were obeyed.

5.6. Ethics Code

As this study involved human beings, it followed the resolution 196/96 of the Brazilian
National Health Council. Thus, we registered this study proposal on ”Plataforma Bra-
sil”2 under the number CAAE 90723918.5.0000.5182. Before starting the established
activities, we explained to the participants about actions that would be carried out; each
participant read and signed the appropriate consent terms. for carrying out this study.
Besides that, we treat all data anonymously.

6. Results
To answer the research question (RQ), we analyzed the mean, median, standard deviation
(SD), mean difference, and median difference of the experimental and control groups
concerning the CT observing the CT Test.

Considering the pre-test, we observed that the experimental and control groups
presented similar performances, with the experimental group being slightly better than the
control one, with a mean difference of 2.33% and a median difference of 0.50% higher
than the control group. This data indicate that the booth group showed CT starting skills
compatible. After the intervention, the experimental group achieved a mean difference of

1The CT test is available on: https://github.com/isabellelimasouza/CTProgER Tese Doutorado.
2Plataforma Brasil: http://plataformabrasil.saude.gov.br/login.jsf



10.59% and a median difference of 2.00% higher than the control group, data that indica-
ted the educational process may have had a more significant impact on the experimental
CT skills. Table 2 presents the performance of each group.

Tabela 2. Groups Performance From Román-Gonzalez CT Test

Test Experimental Control Mean
Difference

Median
DifferenceMean Median SD Mean Median SD

Pre-Test 14.27 14.00 4.70 13.95 13.50 4.65 2.33% 0.50%
Post-Test 16.33 16.00 4.36 14.76 14.00 4.69 10.59% 2.00%

To check the H.0 null hypothesis (there is no evidence that an educational process
of teaching programming with educational robotics impacts the students’ CT skills in
High School.), we performed a non-parametric hypothesis test (Mann-Whitney U) (paired
and unpaired) applied to the two independent samples. Initially, we observed whether
there was a significant difference between the experimental and control groups in CT
skills after (post-test) the interventions. We applied the unpaired test (Mann-Whitney U)
for this. The p-value obtained in this test demonstrated a significant difference between
both groups. This significant difference in favor of the experimental group was due to
the median difference (data that must be considered in non-parametric tests) that is better
than the control group (see Table 3).

Tabela 3. Hypothesis Unpaired Test From Román-Gonzalez CT Test

Test U Test p-value Confidence Level
Min Max

Post-Test 12973 <0.05 0.00001539296 3.999984

In addition, to verify if there is a significant change between the preliminary and
final performance on the CT test of the experimental and control groups, we applied
the paired test (Mann-Whitney U). This test identifies the changes in the behavior of the
groups distinctly, i.e., it verifies if there is a change between the pre-test and the post-test
of each group individually. Then, we can see the evolution of each group statistically.
The p-value obtained in this test demonstrated a significant difference in the experimental
group’s preliminary and final CT skills (see Table 4). We considered this significant
difference as positive because the median from the post-test is better than the pre-test
(see Table 3). However, the p-value obtained in this test did not demonstrate a significant
difference in the control group’s preliminary and final CT skills.

Tabela 4. Hypothesis Paired Test From CT Test

Groups U Test p-value Confidence Level
Min Max

Experimental 1903.0 <0.05 0.0000553709 0.0000553709
Control 786.5 0.5013 -1.9999610000 2.9999780000

According to the information presented in Tables 3 and 4, we can reject the null
hypothesis with a confidence level of 95% and accept the alternative hypothesis H.1:
an educational process of teaching programming with educational robotics impacts the
students’ CT skills in High School.

We also analyzed the effect of the educational process on student performance in
the experimental and control groups. Calculating Cohen’s d effect size index, we obtained



Tabela 5. Effect Size in CT From Román-Gonzalez CT Test

Effect (d) Effect Size
Experimental Post-Test x Control Post-Test 0.35 Small

Experimental Pre-Test x Experimental Post-Test 0.45 Small
Control Pre-Test x Control Post-Test 0.17 Insignificant

d = 0.35 (see Table 5). As d is equivalent to the tabulated Z-score of a standard normal
distribution [Coe 2002], we have that 64% of students from the experimental group have
a higher mean concerning the students from the control group. Following Cohen’s defini-
tion, [Cohen et al. 2011] this effect is small, since d ≥ 0.35.

To better understand the small effect when considering the experimental and con-
trol groups, we analyzed the effect of the interventions on the groups separately. We
observed that the effect caused in the experimental group was small (d = 0.45). However,
in the control group, it was insignificant (d = 0.17). Hence, despite being small, the in-
tervention had different effects on the groups. The intervention based on the educational
process had a small effect on the experimental group. In contrast, the intervention that did
not follow the educational process had an insignificant effect on the control group.

6.1. Discussion
Studies show that using ER to teach programming can impact CT skills. Programming
can be solitary, whereas working with ER is usually done in groups and includes social,
personal, and emotional aspects[Bers et al. 2014a, Chalmers 2018]. Compared to a tradi-
tional curriculum activity in play, ER helps programming, CT development, and sequen-
cing ability [Yang et al. 2022]. Besides, in [Souza et al. 2021b], we show that contact
with computational-based ER can positively impact CT skills; however, this impact could
be even more significant if supported by an educational process built to foster CT.

Validating an educational process is still challenging because it involves sol-
ving complex problems proposition to academic practice [Plomp et al. 2013]. In
[Souza et al. 2022], we introduce an educational process for teaching programming in
High School with ER that we considered in this study. Also, we validate two educational
process instances through the Delphi method. In this study, we performed a real-world
validation, considering student CT performance, to define our educational process effec-
tiveness in a complementary way. In this sense, we conducted an intervention with two
student groups from a Computing TV High School, an experimental group, which had
contact with the educational process, and a control group, which had no contact with the
educational process. It is essential to elucidate that both groups had contact with pro-
gramming concepts through ER. This study indicates that both groups could be their CT
skills minimally impacted by the contact with the teaching programming through ER.
We believe that this minimal impact is assigned to teaching programming through ER,
as indicated in [Bers et al. 2014b, Chalmers 2018, Yang et al. 2022, Souza et al. 2021b].
Although the experimental group showed significant statistical test results, the control
group had a minimal impact on CT performance when comparing its pre-test and post-test
data. Although, statistically, it was without effect. However, the difference is significant
when the intervention follows the educational process, demonstrating that it may be the
best way to teach programming through ER.

The existence of a better way of teaching programming through ER is strengthe-



ned in our study when we observe the size of the effect that the intervention caused in
the groups. When comparing the experimental and control groups, the effect is small.
However, when the effect is analyzed individually, the effect in the experimental group,
considering the pre-test and post-test, is small but insignificant in the control group. We
observed a small index when we compared the effects of the experimental and control
groups. According to our knowledge about the ER as a tool to foster CT skills, we as-
sign this index to the experimental group effect, which supports our understanding of our
educational process validity. However, the qualitative evidence obtained during the in-
terventions, arising from observations and interaction with students, integrates a set of
subjective knowledge that cannot be quantified or statistically tested but is essential for
the validation process of our educational process. The statistical data presented in this
study constitutes a set of procedures that can be used quantitatively to validate the ef-
fectiveness of our educational process because there is a statistical difference between
the participants who had contact with the educational process. We believe that the pro-
cedures presented by us in [Souza et al. 2022], with this study results and the subjective
knowledge that we will analyze, will contribute to the scientific community in the sense
of guiding the validation of an educational process.

6.2. Threats of Validity
This study has threats to validity. The CT performance data were obtained manually from
Román-Gonzalez CT Test, which can generate errors due to human factors. The Román-
Gonzalez CT Test questions used in the study may not be straight, interfering with student
performance and the statistical test results presented. The sample analyzed is representa-
tive of the student population of the TV High School in a Brazilian public school, so we
can not generalize the results to other populations. Moreover, it was impossible in this
study to control factors of academic life that may influence the analysis, such as School
dependences, elementary school quality, and extracurricular activities.

7. Concluding Remarks and Future Works
Intending to evaluate the effectiveness of our educational process to develop High School
students’ CT skills, we performed a study based on a research-intervention method consi-
dering two steps: (1) application of an intervention to apply the educational process with
High School students; (2) analysis of the impact on students’ CT skills.

The results highlight that the educational process built to teach programming th-
rough ER is capable of helping the student to develop his CT skills better because we
observe a significant difference between the participants who had contact with the edu-
cational process. However, we can not generalize the results to other student populati-
ons since we only considered data from students enrolled in a Brazilian public TV High
School. The statistical data presented in this study constitutes a set of procedures that
can be used, in a quantitative way, in the process of validating the effectiveness of our
educational process [Souza et al. 2022]. We believe that the procedures presented by us
in [Souza et al. 2022], together with the result of this study, contribute to the scientific
community in the sense of guiding the validation of an educational process.

We intend to work on a qualitative study considering observational data from the
intervention to more precisely characterize the impact and better understand the effecti-
veness of our educational process.
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