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Abstract—This research-to-practice full paper describes a study
that employs the CTProgER educational process [37] within High
School environments to enhance programming skills. Computa-
tional Thinking (CT) is recognized as crucial for developing these
skills, especially in high school programming education. Teaching
programming presents challenges, necessitating improved educa-
tional processes and guidelines. Based on the Anthropological
Theory of Didactics, CTProgER operates on the principle that
human-created entities are interconnected with individuals, form-
ing relationships denoted as R(X,O). This research investigates
the efficacy of CTProgER through a rigorous intervention study
conducted in a Brazilian Technical and Vocational High School
(TV High School). The results reveal a significant performance
disparity between the experimental and control groups, with
the experimental group showing notable improvements. These
findings highlight the potential of CTProgER to guide and
enhance programming instruction within high school curricula,
offering valuable insights for validating educational processes.

I. INTRODUCTION

Practical problem-solving skills are vital for personal and
academic development, particularly in an increasingly digital
world. Computational Thinking (CT) has emerged as an ap-
proach to enhance these skills, emphasizing logical thinking
and algorithmic problem-solving. While programming educa-
tion is recognized as a means to foster CT in High School
students, the challenge lies in implementing an effective edu-
cational process.

The CTProgER educational process, as proposed by Souza et
al. [37], addresses this challenge by integrating CT principles
into programming instruction in High Schools. Grounded in
the Anthropological Theory of Didactics (Chevallard, 1989),
CTProgER frames programming education within a structured
educational process to facilitate meaningful learning experi-
ences for students. This process is guided by the understanding
that every human-created entity, known as an Object (O), is
associated with at least one individual, forming a connection
expressed as R(X,O). The CTProgER comprises six didactic
moments: Problematic, Analysis, Discovery, Implementation,
Validation, and Assessment.

This research-intervention study aims to evaluate the effective-
ness of the CTProgER educational process in improving Tech-
nical and Vocational High School (TV High School) students’
programming skills, observing the relation between students
(X) and programming concepts (O) in TV High School to
observe the impact of CTProgER on learning programming.
Specifically, it aims to answer the research question: (RQ)

What is the effectiveness of the CTProgER educational process
in improving TV High School students’ programming skills?

The study comprises two main steps: (1) Conducting a re-
search intervention in TV High School to implement CT-
ProgER and (2) Analyzing the effectiveness of CTProgER
on students’ programming skills. The sample includes 93
students divided into experimental and control groups based
on their exposure to robotics. The experimental group receives
programming instruction using the CTProgER educational
process, while the control group follows conventional pro-
gramming teaching methods without CT integration. Pre-test
and post-test assessments are conducted using pseudocode
questions to evaluate programming performance.

Statistical analysis, including the paired Mann-Whitney (U)
test and Cohen’s effect size (d), is employed to assess the
impact of CTProgER on programming learning. Results in-
dicate a significant improvement in post-test scores for the
experimental group compared to the control group across all
evaluated lessons, highlighting the efficacy of CTProgER in
enhancing programming proficiency.

Although statistical significance is not consistently achieved,
CTProgER positively impacts programming learning, sug-
gesting its effectiveness in TV High School settings. Future
research will delve deeper into the research intervention’s
effects on individual groups, providing further insights into
the efficacy of CTProgER.

This paper is organized as follows: Section II, describes the
concepts of CT, Educational Robotics, Anthropological Theory
of Didactics, and the CTProER educational process. Section
III presents related works. Section IV details the technique
used in our research. In Section V, presents the results,
discussions, and threats to validity. Finally, Section VI presents
the conclusions and future works.

II. BACKGROUND

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

A. Computational Thinking

The concept of CT originates from Seymour Papert’s 1980
constructionist learning studies [31], [32], which focused on
developing thinking skills through computer science princi-
ples. Its importance increased in 2006 when Jeannette Wing



highlighted it as a fundamental problem-solving skill in her
paper [22]. Wing described CT as a universally applicable
mindset and skill for both computer scientists and learners
[40].

Today, CT is a key topic in Computer Science education
research, though its definition continues to evolve. It is widely
recognized for its role in problem-solving processes [22]
and is considered vital for future adaptability, supporting its
inclusion in early education [49]. Many researchers advocate
integrating CT into curricula across all educational levels, from
kindergarten to university [27], [43], [44].

In 2011, the International Society for Technology in Edu-
cation, with the National Science Foundation and the Com-
puter Science Teachers Association, introduced the Model
Curriculum for K-12 Computer Science [41]. At the High
School level, CT typically involves computing, programming,
and technology. Programming education has gained global
traction for developing CT skills among High School students,
extending beyond computer and engineering courses [48].

B. Educational Robotics

Educational Robotics (ER) refers to a learning environment
that integrates various materials or kits containing motors and
sensors controllable by computers and software, allowing the
construction of models that can be programmed [18]. It can
also be defined as creating mechanisms that computers can
control for educational purposes [42]. Research in ER explores
how robot interactions can facilitate and enhance learning
across different age groups, from young children to adults
[3], [50]. ER strategies typically fall into two categories: 1)
Learning about Robots, which focuses on education in robotics
or robotics as a science, and 2) Learning with Robots, which
emphasizes using robotics for educational purposes [15]. ER
programs can be integrated into the curriculum or offered
as extracurricular activities, depending on the educational
objectives [28].

ER serves various purposes in basic education, including
teaching programming, introducing robotics as a scientific
field, interdisciplinary science education, computer program-
ming development, participation in competitions, and Olympic
events [36]. Whether delivered as part of the curriculum or
as extracurricular activities, educational practices with ER
often emphasize problem-solving situations, aiming to teach
curriculum science and programming logic [36]. This approach
typically involves hands-on learning, where students instruct
robots to perform specific tasks. Regardless of the particular
goals and learning strategies employed, there is a common
emphasis on planning, designing, or implementing algorithms
to control the behavior of robots, which directly contributes
to the development of CT skills [7], [33].

C. Anthropological Theory of Didactics

The Anthropological Theory of Didactic, developed by Yves
Chevallard in the field of mathematics education, focuses
on studying the processes of didactic transposition [5], [8],

[10], [9], [11]. According to this theory, mathematics, in
its various dimensions, is fundamentally linked to human
activities. Therefore, it can be applied in diverse contexts that
facilitate the execution of tasks and the acquisition of neces-
sary knowledge. In the Anthropological Theory of Didactic,
the object of study is considered a human activity resulting
from constructed knowledge, which can be transmitted, taught,
or learned through different technical tasks and technologies
[47].

The Anthropological Theory of Didactic comprises structural
elements, such as praxeologies, and functional elements, in-
cluding didactic moments. The realization of didactic moments
involves the constitution of praxeologies and their associated
elements [T, τ , θ, Θ], ultimately leading to the establishment
of a relationship between the Personal (X) (e.g., students
and teachers) and the Object (O), denoted as R(X,O). This
successful relationship is indicative of learning [14].

D. The CTProgER Educational Process

The CTProgER was initially presented and validated from the
perspective of experts in Souza et al. [37]. Subsequently, it
was validated from the student’s perspective by observing the
development of CT through an intervention study that applied
CTProgER and assessed its impact using the Román-Gonzalez
CT test [20] in [38].

The CTProgER, designed for teaching programming through
ER with a focus on CT skills, draws upon methodologies
established in commercial ER, such as LEGO® Education, and
integrates concepts proposed by the Anthropological Theory
of the Didactic along with findings from the study [16],
[17], [21], [39], [36]. Within this framework, an educational
Institution [I] serves as the setting for teaching practices. Here,
an Object (O) is provided as input, and the goal is to foster a
relation R(X,O) as output (see Figure 1).

Institution [I]

Problematic

Analyze

Discovery

Implementation

Validation

Assessment

Object (O)

R (X , O)

Fig. 1. CTProgER Educational Process by Souza et al. [37]



The input identifies programming concepts teachers aim to
impart, facilitating students’ development of specific knowl-
edge. This development encompasses conceptual, procedural,
and attitudinal dimensions related to facts, principles, prac-
tical skills, and behavioral aspects. The output represents
the relation between the individual (student) and the object
(CT skills cultivated through programming concepts). In the
Anthropological Theory of the Didactic, any task arising
from human activity is regarded as an object (O), enabling
individuals (X) to establish a relationship with it—an action
represented by R(X,O). Thus, when R(X,O) ̸= 0 indicates a
positive relationship, it suggests learning the concepts provided
as input.

To support this proposition, Souza et al. proposes six didactic
moments based on the Anthropological Theory of Didactics
and the lessons learned from previous research:

1) Problematic: Involves presenting a problem/situation
that favors the teaching-learning of concepts given as
input. The presentation of the problem must be con-
textualized and based on natural elements to simplify
the adaptation in real environments. At this didactic
moment, it is necessary to establish a relation between
the problem and the student; for this, the teacher must
explore methods and resources that they find appropri-
ate.

2) Analysis: Involves a closer connection between the
elements presented in the problem/situation and the
student’s prior knowledge in a practical context. At
this didactic moment, the teacher’s responsibility is to
instigate the student’s active participation to promote
strategies to solve the proposed problem. The teacher
needs to play the mediator, and the student must be the
protagonist of their proposed solutions.

3) Discovery: Involves the understanding of the concepts
studied given as input. At this didactic moment, the
teacher must lead the students to connect the new
knowledge to the previous ones to clarify the necessary
procedures to implement the strategies conceived in
the “Analysis” didactic moment. The teacher must be
a mediator, facilitator, and articulator of knowledge,
provoking students to learn from their proposals.

4) Implementation: Involves the conception of the codi-
fication strategy. At this didactic moment, the students
must implement the concepts defined as input using a
programming language to solve the proposed problem.
The students must take the lead in their practices, and
the teacher should facilitate the application of the new
concepts studied.

5) Validation: Involves the execution and analysis of the
code built in the “Implementation” didactic moment
using a robotic assembly provided. At this didactic
moment, the student must analyze the code execution,
correct possible errors, and validate the proposed strat-
egy. The teacher must mediate on the results achieved

by the student to learn the concept given as input.
6) Assessment: Involves the application of instruments to

observe the student’s learning of the concepts presented
as input and the CT skills development”

E. The CTProgER Educational Lessons

The CTProgER lessons have been developed by Souza et
al. [37] to correspond to each 1.5-hour programming class
following CTProgER guidelines. Three lessons were available,
each lasting 1.5 hours, focusing on teaching programming with
ER to enhance CT skills. Students are grouped into teams of
five, and a detailed lesson plan is provided in Table I.

TABLE I
LESSONS PLAN

Lesson Duration Contents

1 - The Cleaner Robot 1 Week
1h30min Concept of algorithms; Prob-

lems in the construction
and execution of algorithms;
Construction of algorithms
in natural language.

2 - The Accountant Robot 1 Week
1h30min Data input and output; Data

types; Variables; Constants;
Touch sensor.

3 - The Driver Robot 1 Week
1h30min Data input; Condition

Control Structure; Ultrasonic
sensor.

The instances were developed for teaching-learning any pro-
gramming language that could be worked with robotics. Con-
sequently, they do not have code in a specific programming
language, only the concepts involved. The teacher needs to
perform the programming syntax during the lesson according
to the guidelines from the teacher’s material. Figure 2 illus-
trates the format and design of the created instances.

EQUIPADO COM CÂMERA,  FAZ ROBÔ-ASPIRADOR
VIGILÂNCIA E NÃO ESPALHA SUJEIRA PELA CASA

“Ser capaz de administrar múltiplas tarefas é uma 
exigência do mercado de trabalho, não só para humanos, 
mas para os robes também, aparentemente. Apresentado 
na CES 2020, em Las Vegas, a robô-aspirador Lucy é 
equipada com uma câmera e inteligência artificial, que lhe 
permitem não só limpar os cômodos, como vigiar a 
residência.

Fabricada pela Trifo, Lucy pode reconhecer e dividir 
salas automaticamente. “Por exemplo, se ela vir uma 
cama, ela entenderá e rotulará aquele cômodo como um 
quarto”, explica o comunicado da empresa liberado à 
imprensa. Integrada à assistente virtual Alexa, Lucy 
também segue instruções para limpar ou não limpar 
determinados cômodos.”

Fonte: Olhar Digital - Disponível em: 
https://bit.ly/3tAPlOV

CONHECENDO O PROBLEMA

O aluno Miguel, da 1ª Série do Ensino Médio Integral da Escola 

Estadual Nossa Senhora das Graças, resolveu ensinar a seu robô 

construído com LEGO, a lhe ajudar na limpeza de sua casa. 

Inicialmente, ele deseja que o robô faça a limpeza apenas nos 

cantos de sua sala, que têm o formato de um quadrado. 

Infelizmente, o robô não possui sensores, ou seja, Miguel não 

poderá fazer com que o robô seja autônomo, ele precisa passar as 

coordenadas exatas para que o robô execute de forma eficiente 

seu trabalho. Sua tarefa é propor uma solução que auxilie Miguel 

nessa tarefa de ensinar ao seu robô, sabendo que cada lado de sua 

casa mede 7 metros.
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Olá! 
Eu sou Miguel! 
Este é meu

robô faxineiro.

Vou programá-lo
para limpar 
minha casa!

 O Robô O Robô

 Faxineiro Faxineiro

3

Fig. 2. The Cleaning Robot Lesson Illustration

The CTProgER Educational Lessons are available by Souza
et al. [37] online1.

III. RELATED WORK

Over the past decade, computer programming has been in-
creasingly integrated into Education, either as part of the

1https://github.com/isabellelimasouza/CTProgER.git



curriculum or as an extracurricular activity, aiming to foster
CT skills in students [23]. CT, which extends beyond coding,
forms the foundation for effective programming teaching and
learning [19]. Numerous educational proposals have emerged,
yet only some have rigorously validated the effectiveness of
programming learning outcomes.

Nouri et al. [30] conducted interviews with experienced
programming teachers to identify the skills students develop
through programming. Their findings align with the CT frame-
work by Brennan and Resnick [6], encompassing computa-
tional concepts, practices, and perspectives. Similarly, Alegre
et al. [2] designed an elective course to teach programming and
mathematical problem-solving skills to High School students
using Codeworld, demonstrating improvements in language
proficiency and programming fundamentals.

High School programming education often centers on block-
based languages and visual tools [19], [24], [25], [26], [34],
[46]. Malizia et al. [25] introduced block-oriented program-
ming to develop CT skills, emphasizing the manipulation
of tangible objects. Similarly, Noh and Lee [29] found that
teaching programming through robotics enhanced CT and
creativity among elementary students.

Various methodological proposals aim to integrate CT into
Education. Schiavani [35] employed ER in physics educa-
tion, aligning with LEGO® Education’s methodology. This
approach offers insights into structuring ER activities for
enhanced contextualization. Chevalier et al. [7] developed a
model to identify CT concepts within ER activities. In contrast,
this thesis quantitatively assesses High School students’ CT
skill development, indirectly applying the Anthropological
Theory of Didactics. Azman and Mohamed [4] proposed a
framework integrating CT into the innovation process, similar
to this thesis’s focus on CT development through ER.

This work proposes to observe the CTProgER validates based
on teaching programming with ER, rooted in the Anthropolog-
ical Theory of Didactics [37]. This work explores the relation
between students (X) and programming concepts (O) in High
School to observe the impact of CTProgER on learning pro-
gramming and to understand more as an educational process
validated can improve students to learn programming.

IV. METHODOLOGY

This study employs a research-intervention method that aims
to explore the relation between students (X) and programming
concepts (O) in TV High School to observe the impact of
CTProgER [37], [38] on learning programming within the
Brazilian TV High School context.

A. Research Design

This research-intervention study aims to explore the relation
between students (X) and programming concepts (O) in TV
High School to observe the impact of CTProgER on learning
programming. The development of this study was divided into
two steps: (1) application of the research intervention on TV

High School students submitted to CTProgER and (2) analysis
of its effectiveness on TV High School students. The following
research questions and hypotheses guided the development of
this research-intervention study:

(RQ) What is the effectiveness of the CTProgER educational
process in improving High School student’s programming
skills?

- H.0: There is no significant evidence that the CTProgER
educational process improves High School students’ program-
ming skills.

- H.1: The CTProgER educational process has a significant
impact on improving High School students’ programming
skills.

Table II outlines the research-intervention study design con-
ducted by the primary author. The design includes two student
groups, namely the control and experimental groups, each with
similar profiles. Both groups engaged with identical program-
ming and robotics content during the research-intervention.
However, the experimental group followed the CTProgER
educational process guidelines for programming teaching with
educational robotics, while the control group underwent tradi-
tional programming learning. In the control group, the teacher
presented the content expository, followed by students attempt-
ing to program the robots using the learned content. The design
incorporates several variables. High School (HS) is an inde-
pendent variable representing the actions undertaken during
the academic year. Educational Robotics (ER) signifies using
robotics as a teaching tool. Programming Teaching (PT)
refers to the approach to programming instruction. CTProgER
encompasses the guidelines and lessons proposed in [37], [38].
The dependent variable, Learning Programming Skills (LP),
measures students’ performance in programming language
tests, which include pseudocode questions solved by applying
the concepts covered in each lesson.

TABLE II
RESEARCH-INTERVENTION DESIGN

Groups Independent Variable Dependent Variable
Experimental HS + ER + PT + CTProgER LP1

Control HS + ER + PT LP2

An example of questions in the pseudocode of programming
language tests are illustrated in Listing 1. The formulation
of pseudocode questions involved collaboration with exter-
nal researchers and CT experts, ensuring their meticulous
construction and review. These questions were intentionally
crafted to assess programming logic skills without necessitat-
ing proficiency in any specific programming language.

Listing 1. Pseudo-code question example
What i s t h e r e s u l t o f numAtual ?

numAtual = 10
c o u n t e r = 5



BEGIN
FOR c o u n t e r = 5 t o 0 REPEAT

IF ( c o u n t e r / 2 ) = 0 THEN
numAtual = numAtual + 20

ELSE
numAtual = numAtual + 10

END
END
PRINT ( ” numAtual = ” + numAtual )

END

B. Sample and Data Collection

This study involved a sample of 93 students from the Com-
puting TV High School in Brazil public school. The students
were divided into experimental and control groups based on
their exposure to the educational process in 2022. The control
group comprised 40.86% (38) students, while the experimental
group comprised 59.14% (55). Both groups engaged with iden-
tical programming and robotics content during the research
intervention. However, the experimental group followed the
CTProgER educational process guidelines for programming
teaching with educational robotics, whereas the control group
underwent traditional programming learning. In the control
group, the teacher presented the content expository, followed
by students attempting to program the educational robots using
the learned content.

To determine whether our sample of students was represen-
tative, 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)

Considering the student population size of 101 students, the
sample size calculation results indicate that the sample is
represented with an error margin of 2.87% at a 95% confidence
level. This means that there is a high probability that the actual
sampling error is less than the accepted sampling error.

Data collection was conducted between September, October,
and November 2022, encompassing quantitative data on stu-
dents’ cognitive development both in programming language
before and after the three programming lessons that composed
the research intervention.

The students in the experimental and control groups were
selected from various classrooms within the target school
using random sampling methods. The sample consisted of 93
students, with 42 (45.16%) males and 51 (54.84%) females.

C. Data Collection and Analysis

The students’ data were collected by administering the test,
which comprises pseudocode questions that can be logically
solved by applying the concepts covered in each lesson (see

Subsection II-E). The control and experimental groups par-
ticipated in the test and were briefed in advance about its
structure, duration, and procedures for resolving it. During
the correction process, each question was evaluated, with
one point assigned for each correct answer. The results were
recorded in a spreadsheet.

Statistical data analysis was performed using the R program-
ming language. This involved graphical analysis procedures
and hypothesis testing to assess whether the data parame-
terization was appropriate and to guide the statistical tests.
Given the non-parametric nature of the data, the U Test (both
paired and unpaired) was selected to evaluate whether there
was a significant difference in the performance of both groups
(experimental and control) in programming language based
on the test results. Cohen’s effect size index was utilized to
calculate and analyze the effect of the CTProgER educational
process on students’ programming language performance [13].
A confidence level of 95%, a statistical significance of α =
0.05, and the U Test were considered for the tests, given
the non-parametric nature of the data and adherence to the
specific statistical assumptions of the test. The application
of these statistical tests aims to understand how the relation
between between the Personal (X) and the Object (O), denoted
as R(X,O), evolved after each research-intervention class.

D. Ethics Code

This study adhered to Brazilian National Health Council Res-
olution 196/96 and was registered on the “Plataforma Brasil”
2 under CAAE 90723918.5.0000.5182. Before beginning, par-
ticipants received detailed explanations of the procedures and
signed consent forms. All data were handled anonymously to
ensure confidentiality and privacy.

V. RESULTS

o address the research inquiry (RQ), we analyzed the mean,
median, standard deviation (SD), mean difference, and me-
dian difference between the experimental and control groups
regarding programming performance, as measured by the pro-
gramming test in each lesson. Three lessons were administered
during the research intervention, with tests conducted before
and after each lesson.

The results presented in Table III indicate that, in all lessons,
the control group demonstrated superior performance in the
pre-test of programming compared to the experimental group.
This difference is evidenced by the negative mean differences,
which represent the superiority of the control group over
the experimental one. Specifically, in Lesson 1, the mean
difference was 10.64%; in Lesson 2, it was 32.02%; and
in Lesson 3, it was 47.52%. It is important to note that
the negative values in the table result from the calculation’s
positioning, which places the experimental group first. Since
the control group’s performance is higher, the difference is
expressed as a negative value, thus demonstrating the control
group’s superiority over the experimental one.

2Plataforma Brasil: http://plataformabrasil.saude.gov.br/login.jsf



The same trend is observed in the median difference only in
the pre-test of Lesson 2, where the control group exhibits a
median difference of 1% higher than the experimental group.
These data demonstrate that the control group is somewhat
superior to the experimental group in the pre-tests, i.e., before
the research-intervention lessons.

The mean difference in the post-test for all lessons showed that
the experimental group outperformed the control group, with
a difference of 20.31% in Lesson 1, 6.56% in Lesson 2, and
24.72% in Lesson 3. However, the median difference remained
unchanged. Nevertheless, given that the mean difference con-
sistently favored the experimental group, we understand that
the research intervention based on CTProgER may positively
impact students’ performance in programming learning.

TABLE III
GROUPS PERFORMANCE FROM PROGRAMMING LANGUAGE TEST

Lesson Test Experimental Control Mean
Difference

Median
DifferenceMean Median SD Mean Median SD

1 Pre-test 0.89 1.00 0.87 1.00 1.00 0.88 -10.64 0.00
Pos-test 1.72 2.00 0.54 1.43 2.00 0.65 20.31 0.00

2 Pre-test 0.42 0.00 0.58 0.61 1.00 0.56 -32.02 -1.00
Pos-test 0.69 1.00 0.75 0.65 1.00 0.55 6.56 0.00

3 Pre-test 0.24 0.00 0.49 0.47 0.00 0.63 -47.52 0.00
Pos-test 1.12 1.00 0.67 0.90 1.00 0.71 24.72 0.00

To check the H.0 null hypothesis (There is no significant
evidence that the CTProgER educational process improves
High School students’ programming skills.), 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 programming after
(post-test) each lesson. We applied the unpaired test (Mann-
Whitney U) for this. The p-value obtained in this test demon-
strated a significant difference between both groups in Lesson
1 and 3 (see Table IV).

TABLE IV
HYPOTHESIS UNPAIRED TEST FROM PROGRAMMING LANGUAGE TEST

Lesson U Test p-value Confidence Level
Min Max

1 854 <0.05 -0.00006243391 0.9999828
2 644 0.3769 -0.00006510172 0.00004438377
3 794 <0.05 0.00002163388 0.9999935

While the results from Lesson 2 did not demonstrate signif-
icant differences, the outcomes observed in Lessons 1 and 3
allow for the observation of significant distinctions between
the experimental and control groups. This data indicates
that the educational process of teaching programming with
educational robotics, augmented by the CTProgER, yielded
discernible effects on students’ programming skills in TV High
School, as depicted in Tables IV. Thus, we can reject the
null hypothesis with a confidence level of 95% and accept the
alternative hypothesis H.1: The CTProgER educational process
has a significant impact on improving High School students’
programming skills.

However, further studies and complementary analyses are war-
ranted to comprehensively understand the factors contributing
to the need for significant differences in Lesson 2. These
additional investigations can provide insights into the specific
dynamics during this instructional session, shedding light on
potential areas for improvement or modification in future
implementations. Therefore, to verify if there is a significant
change between the preliminary and final performance on the
programming test of the experimental and control groups, we
applied the paired test (Mann-Whitney U). This test distinctly
identifies the changes in the behavior of the groups, 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 experi-
mental and control group’s preliminary and final programming
performance in Lessons 1 and 2 (see Table V).

TABLE V
HYPOTHESIS PAIRED TEST FROM PROGRAMMING LANGUAGE TEST

Lesson Group U Test p-value Confidence Level
Min Max

1 Experimental 1676 <0.05 0.0000274809 1.0000360000
Control 869 <0.05 0.0000193866 0.9999997000

2 Experimental 1367 0.07632 -0.0000503064 0.0000440930
Control 496 0.80790 -0.0000058192 0.0000130522

3 Experimental 1992 <0.05 0.9999780000 1.0000470000
Control 600 <0.05 0.0000161000 0.9999836000

The significant changes observed in the experimental and
control groups’ preliminary and final performance can be
attributed to several factors. Firstly, it’s crucial to note that both
groups underwent programming lessons, implying they were
exposed to the same content and utilized identical robotics in-
struments. The sole difference lies in applying the CTProgER
educational process to the experimental group. This distinction
is pivotal as it allows for the isolation of the impact of
CTProgER on the experimental group’s performance.

Analyzing such a context solely through statistical measures is
challenging, as even minor changes could influence outcomes.
However, despite this challenge, the results from both groups
align with existing literature [39], [36], [1], [45]. It’s widely
acknowledged that integrating robotics into programming edu-
cation and fostering CT can yield favorable outcomes. There-
fore, the observed impacts in both groups corroborate with
established findings. However, exploring potential reasons be-
hind the lack of significant changes in lesson 2 is noteworthy.
This could be attributed to various factors, including the
complexity of the lesson content, individual differences in
student engagement, or instructional variations. Lesson 2 may
have involved concepts or tasks that could have been more
conducive to applying CTProgER, leading to less pronounced
effects than other lessons. Factors such as the timing of the
research intervention or the duration of exposure to CTProgER
could also influence the observed outcomes.

To truly discern the impact of CTProgER on programming
learning, it’s imperative to scrutinize the effects that each



lesson exerts. This requires a more profound analysis beyond
mere statistical comparisons. One helpful tool for this purpose
is Cohen’s effect size, which helps quantify the magnitude
of the differences observed between groups. By calculating
Cohen’s d effect size index, we can gain further insights into
the practical significance of the observed effects.

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 d = 0.49
in Lesson 1, 0.06 in Lesson 2, and 0.33 in Lesson 3 (see Table
VI). Cohen’s d allows us to interpret the proportion of students
who exhibit a higher mean performance in the experimental
group compared to the control group.

TABLE VI
EFFECT SIZE WHEN EXPERIMENTAL POST-TEST X CONTROL POST-TEST

IS CONSIDERED

Lesson Effect (d) Effect Size
1 0.49 Small
2 0.06 Insignificant
3 0.33 Small

As d is equivalent to the tabulated Z-score of a standard normal
distribution [12], we can deduce that approximately 69% of
students in Lesson 1, 52% in Lesson 2, and 63% in Lesson 3 of
the experimental group displayed a higher mean performance
than their counterparts in the control group. Following Cohen’s
definition [13], Lesson 1 and 3 effect sizes are considered
small since d ≥ 0.35, and Lesson 2 is considered insignificant
since d ≥ 0.20.

The application of Cohen’s effect size provides a nuanced
understanding of the impact of CTProgER across different
lessons. While Lesson 2 yielded a smaller effect size than
Lessons 1 and 3, it’s essential to interpret this in conjunction
with other contextual factors. For that, we further investigated
the effects of the research intervention on the experimental
and control groups separately. This allowed us to gain deeper
insights into the specific impacts of the CTProgER educational
process on each group by lessons.

To better understand the observed small effect sizes when
considering the experimental and control groups together, we
analyzed the effects of the research intervention on each
group individually. The results revealed notable differences
in the magnitude of the impact between the experimental and
control groups across different lessons (see Table VII). In the
experimental group, the effects of the research intervention
were substantial, with a large effect size observed in Lesson
1 (d = 1.15), a small effect size in Lesson 2 (d = 0.41), and
another large effect size in Lesson 3 (d = 1.51). Conversely,
in the control group, the effects were more modest, with
a medium effect size observed in Lesson 1 (d = 0.56), an
insignificant effect in Lesson 2 (d = 0.06), and another medium
effect size in Lesson 3 (d = 0.65).

These findings suggest that the research intervention based
on the CTProgER educational process significantly impacted

TABLE VII
EFFECT SIZE BY GROUPS

Lesson Comparison Situation Effect (d) Effect Size

1 Experimental Pre-Test x Experimental Post-Test 1.150 Large
Control Pre-Test x Control Post-Test 0.559 Medium

2 Experimental Pre-Test x Experimental Post-Test 0.405 Small
Control Pre-Test x Control Post-Test 0.058 Insignificant

3 Experimental Pre-Test x Experimental Post-Test 1.512 Large
Control Pre-Test x Control Post-Test 0.645 Medium

the experimental group more than the control group across
all lessons. In contrast, the intervention that did not adhere
to the CTProgER had a minor effect on the control group,
highlighting the effectiveness of the CTProgER approach in
enhancing programming outcomes.

These data further reinforce the acceptance of the alternative
hypothesis and shed light on how CTProgER impacts the
teaching and learning process of programming in the context
of TV High School. Understanding the impacts of an educa-
tional process is a complex endeavor, as numerous variables
come into play. However, it’s well-documented that certain
factors, such as the integration of robotics, can significantly
enhance the learning process. In this context, the observed im-
pacts of CTProgER underscore its effectiveness in improving
programming skills among TV High School students.

A. Implementation Challenges and Impacts of the CTProgER
Process

Implementing the CTProgER educational process in a public
High School faced several challenges. Adapting the process
to the resource-limited and dynamic environment of public
schools was difficult. Limited infrastructure and resources
constrained the consistent application of CTProgER. High
student turnover and sporadic attendance, known as selective
attrition, further complicated the intervention and affected
data reliability. Additionally, varying levels of student en-
gagement posed a challenge. Although students were part of
a computing-focused TV High School, their interest in pro-
gramming and robotics varied widely. Efforts were needed to
engage disinterested students while maintaining the motivation
of enthusiastic ones.

Conducting the intervention in a real educational setting
involved complex factors, including the need for significant
investments in materials and infrastructure, logistical issues,
and managing diverse student needs. Despite these challenges,
the CTProgER intervention achieved positive outcomes. No-
tably, it influenced students’ final-year projects, with several
choosing robotics as their theme. This indicates that the
CTProgER process not only improved programming skills but
also fostered a broader engagement with robotics and CT,
demonstrating the value of such methodologies in real-world
educational settings.

B. Threats of Validity

The study’s findings face several validity concerns due to
its focus on a specific Brazilian TV High School, which
limits generalizability to other educational contexts or student



demographics. Data collection involved manually correcting
programming test results and introducing potential human er-
rors. To address this, steps were taken to minimize errors, such
as double-checking data and considering using automated tools
in future studies. The programming test questions might not
have been as straightforward as needed, potentially affecting
student performance and statistical outcomes. This issue was
partly mitigated by validating the content and conducting pilot
tests to refine questions. However, uncontrollable factors such
as variations in students’ prior experiences, the quality of
elementary education, and extracurricular activities were not
adjusted for, which could impact the results. Future research
should aim to control these variables more rigorously and
apply findings to a broader range of student populations to
enhance the validity and generalizability of the results.

VI. CONCLUDING REMARKS AND FUTURE WORKS

To examine the relation between students (X) and program-
ming concepts (O), R(X,O), in high school to assess the
influence of CTProgER [37] on programming learning, we
conducted a research-intervention study comprising two main
phases: (1) Implementing a research-intervention in a TV High
School setting to implement CTProgER and (2) Evaluating its
efficacy on high school students.

The findings underscore the effectiveness of the CTProgER
educational process, designed to teach programming through
educational robotics, in enhancing students’ programming
skills [37]. Significant disparities between participants who
engaged with the CTProgER highlight its potential benefits.
However, it’s important to note that the results cannot be
extrapolated to other student demographics, as the study solely
focused on data from students enrolled in a Brazilian public
TV High School.

The statistical analyses presented in this study offer quan-
titative guidelines for assessing the effectiveness of the CT-
ProgER educational process [37], particularly in the context
of programming learning and the relation between students
(X) and programming concepts (O), R(X,O). These analytical
procedures, in conjunction with the outcomes of this investiga-
tion, contribute valuable insights to the scientific community,
guiding and validating educational processes.

Moving forward, a qualitative study will be conducted using
observational data from the research intervention to provide
a deeper understanding of the impact and efficacy of the
CTProgER educational approach. This follow-up study, as
suggested by Souza et al. [37], aims to offer further insights
into the effectiveness of the educational process and to guide
future educational practices. To achieve this, the study will
incorporate artificial intelligence (AI) techniques to analyze
recordings of the intervention sessions. The focus will be
on employing syntactic analysis to examine the dialogues
and interactions occurring during the lessons. The syntactic
analysis involves breaking down the sentence structures in the
recorded dialogues to understand how students and teachers

interact and respond to the CTProgER process. By analyzing
these interactions, it will be possible to identify patterns in
communication, student engagement, and instructional effec-
tiveness. This approach will help to uncover qualitative aspects
that are not easily captured through quantitative measures
alone, thus providing a more comprehensive evaluation of the
CTProgER process.
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robótica com pensamento computacional no ensino médio: Um estudo
sobre seus efeitos na educação. In Brazilian Symposium on Computers
in Education (Simpósio Brasileiro de Informática na Educação-SBIE),
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robótica educacional. In Anais dos Workshops do Congresso Brasileiro
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[48] H. Zanetti and C. Oliveira. Práticas de ensino de programação de
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