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Abstract—In this paper, we analyzed whether the ability of stu-
dents to solve problems can be influenced by the implementation
of Computational Thinking (CT) in the teaching of mathematics.
In this sense, we performed a quasi-experiment with students in
the Brazilian’s Basic Education Regular System (particularly in
a group of students around fifteen years old) comparing their
performance after being trained with practical activities using
exercises in more or less conformity with well known CT concepts
and capabilities. Considering the quantitative results obtained,
the experimental group outperformed the control group, which
worked with exercises in more and less conformity with CT,
respectively. The results were statistically significant, suggesting
that bringing together CT and mathematics through proper ad-
justments of classroom practices can have a positive influence on
students abilities of solving problems. In order to strengthen this
conclusion we also performed a qualitative analysis comprising
students and the teacher involved in the quasi-experiment that
reinforced our quantitative results.

Keywords—computational thinking; teaching of mathematics;
problem solving ability

I. INTRODUCTION

According to Wing [1], Computational Thinking (CT)
can be described as an analytical approach that shares the
methods and procedures of mathematical thinking, as well as
other ways people usually apply in problem solving, such as
logical thinking. This approach can influence several research
fields and is intended for everyone, everywhere, because it
is considered an intrinsic approach and general character that
can be applied outside the computer science limits. The main
characteristic abilities of CT are:

• Formulating problems in such a way that enables
people to use a computer and other tools to help on
solving them;

• Logically organizing and analyzing data;

• Representing data through abstractions such as models
and simulations;

• Automating solutions through algorithmic thinking (a
series of ordered steps);

• Identifying, analyzing, and implementing possible so-
lutions with the goal of achieving the most efficient
and effective combination of steps and resources;

• Generalizing and transferring this problem solving
process to a wide variety of problems.

The basis of CT comes from how professionals from
computer and related areas understand and plan solutions to
problems, mapping and connecting layers of the proposed
context to deploy viable solutions [2]. In the literature of
CT two approaches are highlighted: teaching disciplines or
courses in computing (e.g. programming, robotics and games
development) with or without the use of computers; and the
introduction of computer science concepts combined with the
disciplines of the basic education cycle.

The first approach aims to develop CT using mechanisms
such as programming (algorithms and procedures) [3] and un-
plugged computing. This second option concerns the practice
of making people understand concepts of computer science
(e.g. network protocols and binary numbers) with playful
elements like games and puzzles without using a computer,
that is an unplugged solution [4], [5].

Following the first approach requires the introduction of a
specific discipline for learning/teaching computing concepts in
the curriculum of the school, what may not be possible. In the
public Brazilian educational system, for example, one reason
is the already overloaded curriculum [6].

On the other hand, the application of concepts of computer
science to the disciplines of the basic education cycle takes
place by combining these concepts with the activities that
are part of the methodology designed to each discipline in
any educational environment [7], [8]. This may favor the
development of CT in basic education since it does not require
an specific computing discipline or professionals. However,
the main challenge in this sense is how to implement such an
approach.

In order to support the development of CT in basic educa-
tion without the need of a specific computing discipline, Barr
and Stephenson [9] suggested some skills considered the core
of CT. These skills should be stimulated in the context of other
the disciplines of basic education, such as mathematics, science
and reading. Here are the skills suggested by the authors: data
collection, data analysis, data representation, decomposition,
abstraction, algorithms, automation, parallelization and simu-
lation.

The objective of the work presented in this paper was to
assess and demonstrate that CT skills [9] can be developed in
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mathematics students without the need of specific disciplines
in computing but by means of exercises of questions worked
in classroom that are more aligned to CT and problem solving.
In this sense, we conducted a quantitative analysis to compare
the performance of students on solving problems after partici-
pating in a training with exercises of questions more and less
aligned to CT.

We also conducted a qualitative analysis to figure out the
vision of the students and teacher who were involved in the
study. This work resembles the one presented by Lima [10]
when he proposed the combination of important pedagogical
strategies to improve problem solving student abilities, on the
other hand our study was conducted in a more detailed way
from a more practical point of view.

The quantitative analysis was based on a quasi-experiment
[11], [12] with Brazilian students in the 8th grade (under fifteen
years old) which were divided into control and experimental
groups; we chosen a quasi-experiment because we preferred to
randomly assign school classes to be control and experimental,
but we did not choose the participants that belonged to each
group. This decision was taken priorly by the school enroll-
ment process. Despite that, students metrics were analyzed and
we claim the distribution is fairly random. The students in the
control group participated of a training with traditional math
questions prepared by their teachers and used in their daily
practice, while the experimental group worked with the the
same professor, same methodology but using questions that
were adapted or prepared in order to be better aligned with
CT skills.

In order to defined how aligned a math question would be
with CT skills we used the approach proposed by Mestre et
al. [13]. The authors define that the more CT skills covered
in a question the more aligned it is with CT according to a
mapping from CT skills to fundamental mathematical skills
based on [9].

We compared the performance of the control and exper-
imental groups of students in terms of the problem solv-
ing abilities of the respective participants. We observed a
statistically significant difference between the them in favor
of the experimental group. We concluded that the results
obtained showed that the development of CT in the basic
education cycle, without using computational artifacts, can
have a positive effect.

In Section II we describe the related works and in Section
III, the design of our research including the details of the
methodology followed in the study conducted. The results
obtained are presented in Section IV with their respective
analysis based on statistics. Finally, the conclusions and future
works appears in Section V.

II. BACKGROUND AND RELATED WORKS

It is necessary to help students on realizing that mathemat-
ics involves not only finding the right answer to a problem,
but also the understanding of the problem and that there is
no single solution to it. In this sense, the methodology of
problem solving aims to enable students to develop this way
of understanding mathematics and its importance for life [14],
[15].

Problem solving is not simply to apply purely conceptual
math, but rather to learn a true value of mathematics in the
people daily lives. Broadening our potential for interpretation,
analysis, and organization, before even applying mathematics
and the content learned through it [16].

In this context CT appears as an approach to problem
solving. Its main goal is to stimulate computing skills that
will help students of all ages to stimulate other skills that are
needed to improve their ability to solve problems. Wing [1]
describes the CT as something built on the strength of the
limits of computer science as a science.

The CT is a set of problem-solving skills aimed at the
potentialities of the machine, not totally dependent on them,
but using it as a working tool to put into practice their way
of thinking and formulating solutions to problems. CT can be
seen as a way to understand and compute a solution, enabling
significant advances in various problem situations. Examples
of this applicability are advances in biology, chemistry, and
physics.

Wing [2] characterizes the essence of the CT as abstraction,
not necessarily clean, elegant and easily algebraic. In the
abstraction by the CT every proposal for solving a problem
is supported by a set of smaller solutions that are completed.
All this formalization is organized in layers of abstraction,
and computation automates these layers of abstraction, making
feasible the proposed solutions. Therefore, CT exists without
the tooling and instrumental computation, because, as said
before, it is a human form of thought organization.

Taking into account the application of CT in mathematics,
Barcelos et al. [17] present a systematic mapping where papers
of the literature focusing on the application of the computation
discipline are evaluated. The results presented by the authors
indicated that the occurrences of practical applications are
more focused on the computational use of computing and
the application of the essential concepts for stimulating the
problem solving ability have few results.

Lewis and Sha [18] present a correlation between the im-
provement in student performance in the math discipline after
applying an introductory programming course with Scratch.
During the introductory course, forty-seven students were
enrolled. The course is designed to teach programming con-
cepts encompassing mathematical concepts. The exercises of
questions used during the course followed features of specific
mathematics content, where students, through the Scracth
language, performed activities that involved, for example, the
practical application of functions. The results obtained by the
application of the course allowed the authors to identify a
correlation in the way students interpreted and solved the
mathematical issues, identifying that the difficulties presented
in mathematics were reflected in the programming learning.

Mestre et al. [13] investigated the relationship between
CT skills [9] and typical math exercises of questions used
in the basic education cycle. The authors defined a mapping
between CT skills and fundamental mathematics skills and
used it to represent how CT could be associated, in practice,
to mathematics. According to this approach a math question
is aligned to a CT skill when the text of the question has
elements that characterize such a skill. Then, they examined
two groups of questions: the first group was composed by 161



questions extracted from PISA 2012 (Programme for Interna-
tional Student Assessment), and the second group consisted
of 100 traditional math questions prepared by teachers from
Brazilian schools (those participating in the PISA 2012 in
Paraı́ba, Brazil). Analyzing the results, the authors concluded
that 6 of 9 CT skills were covered in the questions from PISA
2012 (more skills) and only 4 skills in the traditional questions
from teachers (less skills). This means that the two groups of
questions had different CT profiles and questions from PISA
2012 were more aligned to CT than the traditional questions
available.

Considering a more specific example of the results pre-
sented in [13], while in the first group (questions from PISA
2012) the abstraction skill was covered in 100% of the ques-
tions, in the second group (traditional math questions from
schools), it was only 20%. On the other hand, the skill of
problem decomposition was covered in 84% of the second
group, while in the first group, it was covered only by 39.13%.

In this paper, it was studied the impact of the use of CT in
education by following an independent approach from specific
computer disciplines, but introducing CT skills in the disci-
plines of the basic education cycle, in particular mathematics.
The impact was measured by a quasi-experiment [11], [12].
One difference from other related works in the literature in
this context is the practical perspective adopted, showing in
practice an example on how to use CT in mathematics.

III. QUASI-EXPERIMENT DESIGN

In this paper we conducted a quasi-experiment to in-
vestigate the impact of CT on the problem solving ability
of students from Brazilian basic education. In this case, an
application of CT in mathematics was considered, addressing
the following research question (RQ):

• RQ1: Does applying CT to the elaboration and choice
of math questions in basic education has influence
over the performance of students in solving problems?

To answer RQ1, the following hypotheses (H) were de-
fined:

• H0: The exposure of students to math questions more
aligned to skills developed through CT do not influ-
ence students’ performance in solving problems.

• H1: The exposure of students to math questions more
aligned to skills developed through CT influence stu-
dents’ performance in solving problems less than the
traditional questions (less aligned to CT).

• H2: The exposure of students to math questions more
aligned to skills developed through CT influence stu-
dents’ performance in solving problems more than the
traditional questions.

The evaluation metric (response variable) to answer RQ1
was:

• Final Performance (FP): This variable is the final
performance of students in a problem solving test
applied to all participants during the study.

A. Participants Selection

The participants of the study were selected from one of
the Brazilian schools submitted to PISA 2012, an international
test that focuses on measuring the problem solving ability of
young students. In this case, our sample comprised two distinct
classes of the 8th grade, chosen at random one to be the control
group (without CT) and the other, the experimental group (with
CT). The 8th grade in Brazil is equivalent to the 8th grade of
the middle school in USA, involving under fifteen years old
students. It is important to emphasize that the methodology of
study of the classes involved in the quasi-experiment followed
the same model, because it was considered two classes with
the same teacher.

The ages of the participants were concentrated in the
range of 13 to 14 years old, for both groups, except for one
student in the control group who was 16 years old. Then, the
age distribution of the groups was equivalent. The national
suitable age for the 8th grade is 13 years old [19]. In total,
23 students for each group participated in the quasi-experiment
(46 students). Details of age distribution can be seem in Figure
1.

Fig. 1. Age of participants of the study.

Concerning the distribution of students in the two classes
involved in the study by gender they are also equivalent, since
the two classes present similarity in the number of students of
the male and female gender. Details of gender distribution can
be seen in Figure 2.

B. Definition of the Math Content

The content used in the quasi-experiment was probability
and statistics concepts. This content was selected from a
typical math curriculum for the 8th grade in Brazil [20],
considering that it had already been studied by the students
in the classroom with their math teacher before our study.
By taking such a decision it is possible to guarantee that all
participants of the study had the same knowledge about the
content chosen.

The content definition aims at the selection and elaboration
of the questions to be used in this study. It should be empha-
sized that the math teacher of the classes involved in this study
was responsible for the choice of the content.



Fig. 2. Gender of participants of the study.

C. Math Questions Sets

It was used two sets of questions: one set with traditional
questions prepared by math teachers of the classes involved in
the study and, the other set, with questions prepared in order
to be more aligned to CT.

Traditional math questions were selected from a number
of questions collected from Brazilian schools participating in
PISA 2012, particularly 5 schools in Campina Grande, Paraı́ba.
In this case, it was collected 100 questions which are supposed
to be used daily by their teachers in math classrooms from
8th and 9th grades. The questions collected covered different
content with different complexity levels. A subset of these
questions were prepared in order to be more aligned with CT.

It was filtered the traditional questions collected by the
target content ”probability and statistics notions”. After this
filtering, the math teacher participating in this study chose 10
questions to be used in the control group (named QS1): 5
questions for classroom and 5 questions for homework. See
an example from QS1 in Figure 3.

Fig. 3. Control group example question.

The questions in QS1 were submitted to a new design; the
questions were prepared in order to make them more aligned
to the core of CT according to Barr and Stephenson [9]. The
10 questions obtained from this process (named QS2) were
used in the experimental group.

In Barr and Stephenson [9] the authors proposed a number
of skills that form the core of CT, which are: data collection,
data analysis, data representation, decomposition, abstraction,
algorithms, automation, parallelization and simulation. Be-
sides, the authors discussed how these skills could be related
to the disciplines of basic education.

After understanding the proposal presented in [9], it was
proposed a guideline to elaborate math questions based on CT,
i.e. questions more aligned with the skills related to CT. This
guideline is presented below in 9 steps:

First Step - Definition of Content: Choose the content
you want to work according to the national math curriculum
guidelines. Another point is the context of the question, i.e.
which of day-to-day problems could be worked with that
content. This step aims at aligning the content and the problem
to be addressed by question in production;

Second Step - Definition of Data Collection: Enable the
students to generate or collect the data necessary to solve the
question under some guidance and for a particular purpose.
Then, the way data will be collection proceed should be
defined in the question, for example, using the terms throwing
coins and rolling dice;

Third Step - Definition of Data Representation: Rep-
resent the data collected for the analysis to be done in the
best possible way and the conclusions should be clear. Thus,
various forms of data representation can be used for this
purpose, for example representing occurrences of coins pitches
by histograms;

Fourth Step - Definition of Data Analysis: Define a specif
technique in order to analyze the data collected, helping the
student on how to analyze what was observed, for example
analyzing how often a particular number appears on the
scrolling data and in which time the flow of cars increases
and decreases;

Fifth Step - Definition of Decomposition Problem:
Define a decomposition problem, allowing the student to un-
derstand, in practice, mathematical concepts previously learned
and which should be taken into consideration in addressing
the issue. For example, applying the order of operations in a
particular arithmetic expression;

Sixth Step - Definition of Automation Tools: This step
involves to stimulate the use of tools to automate the solution
of the question. Possible tools in this context are spreadsheets
to represent data sets and generate graphs;

Seventh Step - Request to Step by Step: Each student is
required to organize the solution of the question as a sequence
of steps. It is necessary to advise the student to make clear
every step followed to get the solution, not just the final
answer;

Eighth Step - Request to Simulation: Specify the issue
that the student do simulations with alternate values to solve
the problem, for example, simulate different situations of data
to observe the final behavior of its solution;

Ninth Step - Joining and Contextualization: The de-
veloper should contextualize and join the parts obtained after
the execution of the steps described above. The main idea is
to have a structured problem that can be divided into several
stages where the student must look into it and try to reach a
possible solution.

In Figure 4 it is illustrated an example from QS2. Consid-
ering the steps identified in the guideline proposed and cited
above, the content of this question was the shoes company
and the gift voucher (First Step), the students should collect
data by the table with the voucher quantity (Second Step),
the representation of data by bar chart (Third Step), analyze
the data using the probability (Fourth Step), the problem of
decomposition are represented by the calculate math (Fifth



Step), automation is defined in the question header using the
calculator (Sixth Step), The request of step by step in their
header question (Seventh Step), the simulation is performed by
means of the calculation request again for an insert of another
voucher (Eighth Step). Finally, the joining of all parts in a
logical way (Ninth Step).

Fig. 4. Experimental group example question.

D. Training and Data Collection

After defining the participants and the two sets of questions
(QS1 and QS2) used in the quasi-experiment, its execution
was divided in three phases: 1) training of the participants
in classroom; 2) training of the participants by means of a
homework; 3) application of a test based on the PISA 2012
questions to evaluate the participants.

The training in classroom lasted 60 minutes and consisted
of making the participants of the control group and experi-
mental group answer an exercise of 5 questions from QS1 and
QS2, respectively. Each group worked in a different classroom,
in two distinct moments of the same date (09/30/2015), guided
by the same math teacher and under our supervision. The role
of the teacher was to explain the exercise of questions (QS1
and QS2) and clear the participants’ doubts about the questions
been worked.

After the training in classroom the participants were
oriented to solve more questions given as homework from
09/30/2015 to 10/07/2015 (one week). During this phase the
participants could only interact with each other to clear their
doubts with no input from the teacher. The homework was
delivered by the participants at 10/07/2015, the date defined
to start the third phase of the quasi-experiment study.

The third phase started in 10/07/2015, when it was applied
a test on problem solving with all participants of the study.
This test consisted of 60 minutes of a supervised individual
evaluation where participants should solve, without reference

material or the teacher assistance, an exercise of 5 questions
related with the same content worked in the training phases
and randomly selected from the sample provided by PISA
2012. It is important to emphasize that both the control and
experimental groups were submitted to the same test.

The performance of the participants in the test was mea-
sured as the number of correct answers in the test and the re-
sults will be presented in the next Section. The study lasted for
2 weeks, including the execution of the three phases described
above, being one hour for the training of the participants in
classroom, one week for the training of the participants by
means of a homework and one hour for the application of the
test based on the PISA 2012 questions.

IV. RESULTS AND DISCUSSION

A. Quantitative Analysis of Student’s Performance

The first result of interest is the time average spent by
each group on solving the test based on PISA 2012, which
were 24.56 min and 33.63 min, respectively for the control
and experimental group.

The participants in the experimental group spent more
time (about 10 minutes longer) on the test than the others
in the control group. These results suggest that the time of
concentration and attention to solve the questions was greater
in the experimental group, resulting in more correct answers
by this group.

The evaluation metric considered in our study regards the
final performance (FP) obtained by each participant in the
test, that is the number of questions successfully solved. An
overview of the data collected with the test is shown in Figure
5.

Fig. 5. Student’s final performance.

It was observed a greater variation above the median
performance in the experimental group. This means that most
participants in this group have performed above the average.
In the control group, the variations of the performance were
equivalent, either up or down the average. Note that, in the
experimental group all participants solved at least one question
successfully, unlike the control group.

Analyzing the distribution of FP in the two groups, which is
represented in ascending order for each group, it was observed



that the students in the experimental group outperformed those
in the control group (see Figure 6).

Fig. 6. Student’s final performance distribution.

These results show evidence that this improvement was
stimulated by the trainings in the classroom and homework.
Therefore, the questions more aligned to CT may help on
developing the students problem solving ability.

In order to verify whether the differences in the results of
the groups were really significant or not, a detailed statistical
analysis was carried out. In this sense, the first step was to
verify the normality of the data and, according to the results,
choosing the appropriate statistical methods. The results of
normality tests are shown in Table I.

TABLE I. NORMALITY TEST.

Groups p-value a (alpha) = 0.05
Control (C) 0.07828 > a (Normal)
Experimental (E) 0.000831 < a (Not normal)
(C U E) 6.115e-05 < a (Not normal)

As the results of normality tests do not tend to normality
of the sampling distribution, it was chosen non parametric
tests. This choice was made with the purpose of increasing
the degree of significance of the results. The results of the
non parametric tests on the final performance of both groups
are shown in Table II (23 students for each group).

TABLE II. RESULTS FOR THE WILCOXON TEST.

Hypothesis p-value a = 0.05
FP Experimental = FP Control 0.09135 > a (Rejected)
FP Experimental < FP Control 0.9543 > a (Rejected)
FP Experimental > FP Control 0.04568 < a (Accepted)

According to the results of the statistical tests applied, it is
possible to reject the H0 and alternative hypotheses H1. Note
that the experimental group achieved a better performance than
the control group accepting H2.

It was also analyzed the effect of the method applied to
the experimental group on the results obtained. The result
of another statistical test showed that the method had a
medium effect on the participants performance. Such results
are presented in Table III.

TABLE III. RESULTS FOR THE COHEN’S D TEST.

Cohen’s Standard Effect Size d
Medium 0.5 - 0.7 0.523537

The Cohen’s effect proposes a set of the interval number
to compare the effect of the method applied. To analyze this
effect it was compared the result d with an effect range that
characterizes it. The effect intervals are: Small (0.1 - 0.4),
Medium (0.5 - 0.7) and Large (0.8 - 1.9).

B. Qualitative Analysis of Student’s Performance

The qualitative analysis consisted on the evaluation of the
study from the point of view of its participants with the
purpose of identifying which features had a greater influence
on their performances. These data were collected by means of
a questionnaire applied at the end of the quasi-experiment.

The first point analyzed was the impression of the students
about the similarity between the questions in the two groups
(QS1 and QS2) and the questions daily used in classroom.
From Figure 7 it is possible to infer that students who
worked with QS1 and QS2 identified some similarity with
the questions daily used in classroom. Besides, the group that
worked with the new questions (QS2) noticed less similarity
with the questions commonly used by the teacher.

Fig. 7. Similarity with the questions daily used in classroom.

The second point analyzed was the impression of the
students about the similarity between the questions in the two
groups (QS1 and QS2) and the questions of the final test. In
the two groups, the data collected indicated that the questions
used in the quasi-experiment were somewhat similar to those
in the final test. However, it is necessary to emphasize that
participants in the experimental group reported to a greater
extent the questions are very similar (see Figure 8).

Another point analyzed was the amount of help required
to solve the questions during the training phases. Figure 9
illustrate these results. Observed that the experimental group
required more help from colleagues and teacher to solve the
questions. In contrast, in the control group most participants
did not require any help with the questions. This was probably
because the students in the control group worked daily with
questions like that. Regarding the assertion of the experimental
group on the similarity of QS2 with the questions daily used
in classroom, they needed help to solve the questions.

Another interesting point was the impression of the impact
of the training in classroom on the final performance of the



Fig. 8. The final test questions similarity.

Fig. 9. Amount of help for solving the questions.

participants, i.e. whether the classes on problem solving before
the final test helped on their final performance. According to
the data collected, the impact was positive for both groups as
illustrated in Figure 10. However, it was observed that for the
experimental group the impact was even better.

Fig. 10. Classroom training contribution.

Regarding the impact of the training by means of the
homework, the impact was again positive (see Figure 11).
However, most students in the experimental answered ”Yes
help” as opposed to the control group who answered ”Mod-
erately help”. This suggests that there is evidence that the
questions used by the experimental group contributed more
to the best performance in the final test.

Finally, it was analyzed the impression on the difficulty of
the questions in the final test. As illustrated in Figure 12, most
participants in the control group classified the questions at an
average level of difficulty, while in the experimental group the
participants found the questions easy. Such a result confirm
those on the impression on the contribution of the training
phases, specially for the experimental group that strongly
agreed on the positive impact of the training phases and found

Fig. 11. Homework training contribution.

less difficulty to solve the final test.

Fig. 12. The final test difficulty.

These results further contribute to the evidence presented
above. The training questions in the classroom and homework
contributed more to improve the performance of the experi-
mental group compared to the control group in the final test.

The results on the quasi-experiment bring evidence that
developing CT in conjunction with mathematics can have an
effect, in the long term, on the students performance in terms
of problem solving ability. To be more confident on that it is
necessary to make new analysis considering, for example, a
longitudinal study with different students .

C. Threats to Validity

During the preparation of this research it was identified
threats to validity, which were mitigated in accordance with
the strategies described below:

• External Validation: despite our efforts to expand the
scope of the questions prepared, it is still premature
to generalize our framework for preparing math ques-
tions. Therefore, it was suggested that new questions
are prepared and new evaluation are performed.

• Internal Validation: it was performed a quasi-
experiment in two classes of the same level of school-
ing and applied normality tests to make the statistical
results more robust. In addition, to avoid bias in
the groups involved in the quasi-experiment it was
analyzed how the classes were equivalent in terms
of age, gender and methodology of teaching adopted
in the classroom, which prove to be true. But it is
necessary in future studies an analysis of the previous
performance in problem solving of the participating
students.



V. CONCLUSION AND FUTURE WORKS

The results presented in this paper bring statistical evi-
dences that the exposure of students to math questions more
aligned with the skills developed through CT influence pos-
itively the performance of the students on solving problems.
This allowed a positive answer to the research question pro-
posed for this work.

Regarding the quality analysis of the students perception
on the quasi-experiment, we observed that the questions of the
experimental group influenced the students during the training
and their final performance.

The main goal of this work was to contribute on the
continuous progression of this area from a practical point of
view, providing more evidences on the benefits of developing
CT in education as a mechanism to stimulate the students
ability on problem solving. A work in progress in this sense
concerns performing a content analysis of the drafts produced
during the quasi-experiments in the training in classroom and
homeworks. The drafts may help on understanding how the
students answer the questions proposed to them.

Another future work regards a refinement of this experi-
mental study. The idea is to apply the methodology adopted
in the quasi-experiment for a longer period of time in order to
strengthen the current results. Students should learn for life,
not just to solve repetitive problems.

Another point to be addressed concerns the two approaches
pointed out in the literature to develop CT in education: by
means of specific disciplines in computing or a joint solution
with the disciplines of basic education. Which approach is
more effective and for which scenarios?
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