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Resumo

Pensamento computacional é uma ferramenta para resolver problemas que se aplica a
todas as áreas de conhecimento. Diferente de Matemática e outras ciências, o ensino de
Computação, especialmente para crianças, ainda é bastante recente. Há iniciativas ao
redor do mundo para ensinar pensamento computacional e programação para crianças,
entretanto, ainda não há um consenso em como fazê-lo. Nosso objetivo é contribuir na
direção de melhores metodologias de ensino de pensamento computacional para crianças.
Para isso, realizamos um levantamento dos conceitos de pensamento computacional mais
citados por importantes fontes e suas propostas de módulos de ensino. Levantamos tam-
bém recursos e ferramentas que foram desenvolvidas nos últimos anos para dar suporte ao
ensino de pensamento computacional. Com base nesse estudo, desenvolvemos uma série
de experimentos com um protótipo de ferramenta educacional em uma escola pública que
nos permitiram observar e coletar dados sobre a forma de interação das crianças com a
ferramenta e com o conhecimento que estava sendo apresentado. A partir da análise des-
ses resultados derivamos hipóteses que poderão fomentar e/ou direcionar novas pesquisas
na área.



Abstract

Computational thinking is a tool to solve problems that applies to all areas of knowledge.
Unlike Mathematics and other sciences, teaching Computing, especially to children, is a
very recent �eld. E�orts around the world aim to teach children computational thinking
and programming, however, there is still no consensus on how to do it. Our goal is to
contribute towards better methodologies to teach computational thinking to children. To
accomplish this, we made a survey on the most cited computational thinking concepts
by key sources and their proposals for teaching modules. We also reviewed resources
and tools that were developed in the last few years to support computational thinking
teaching. Based on this study, we developed a series of experiments with an educational
tool prototype in a public school that allowed us to observe and collect data on how
children interact with the tool and the knowledge being presented. From the analysis of
these results we derived hypothesis that can promote and/or direct new research in the
�eld.
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Chapter 1

Introduction

Knowledge transmission is as old as humanity itself. Without our ability to communicate,
not only would society be impossible, but we would not be here talking about our own
philosophies and what they mean to our very existence. Since we began to accumulate
knowledge about Biology, Mathematics, Chemistry, Physics etc, we also got aware we
should be teaching future generations all we knew so they could build upon our past
observations and experiences.

For centuries that has been the case, and as time passed on, newfound subjects were
added to the curricula, others were merged, and education evolved as much as we did.
We now �nd ourselves at such a point in time where we have this new science we've been
exploring for the last 50 years or so about Computers and, better still, about Computation.
We have been teaching this at graduate and undergraduate level for a few decades, but
teaching Computation to children is still uncharted territory.

In this scenario, computational thinking (CT) emerged, a tool to solve problems that
applies to all areas of knowledge and should be taught to every child. The challenge is
we don't know what is the best way to do it. The teaching of more traditional subjects
has been mastered and perfected along centuries, but thinking algorithmically and strictly
logically is as fresh as it can be. Finding ways to have children understand and accept this
subject as much as to use it like a part of their own cognition is a matter most important
in our time.

Computational thinking must not be seen as a technical skill, but rather as a way to
organize thoughts and solve problems, and it is natural to consider teaching it in school,
either as a separate course, or as a new tool to existing disciplines [1, 2, 3, 4, 5, 6, 7, 8, 9].
The term was made popular by Wing in 2006 [1], and she de�ned it as solving problems,
designing systems and understanding human behaviour through concepts fundamental to
computer science (CS). In many countries this skill is already part of the basic curriculum
[10, 11], and it is expected that new generations have a better understanding of technology
and its di�erent applications.

Teaching computational thinking to children is not a recent idea - Seymour Papert
published a paper on the subject in 1972 [12]. According to him, children learn by doing
and by thinking about what they do, and innovation in teaching must bring better things
to do and better ways to think. At that time, the author also claimed that computing
was by far the richest innovation area for teaching. He said:
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The purpose of this essay is to present a grander vision of an educational
system in which technology is used not in the form of machines for processing
children but as something the child himself will learn to manipulate, to extend,
to apply to projects, thereby gaining a greater and more articulate mastery
of the world, a sense of the power of applied knowledge and a self-con�dently
realistic image of himself as an intellectual agent.

Papert was one of the creators of Logo, a programming language designed to provide a
fun environment for children to study and learn mathematics and programming concepts
[13], as well as author of the bookMindstorms: Children, Computers and Powerful Ideas,
in which he defends the bene�ts of teaching computer literacy [14].

Several countries have included computational thinking in their school curricula, as
well as programming and CS concepts and other related subjects (such as logical think-
ing, problem solving, abstraction, planning, among others). The United Kingdom's gov-
ernment has included CT and CS concepts in their national curriculum, stating that a
high-quality computing education equips pupils to use computational thinking and cre-
ativity to understand and change the world [10]. In the United States, ex president
Obama launched an initiative to include Computer Science in the K-121 curriculum [11].
In Brazil, the Brazilian Computing Society (SBC) is working to include Computer Science
in the national curriculum [15].

Over the past decade several authors have described what CT and CS concepts to
teach and how to teach them, however, there is still no consensus on how to teach CT
and how to include it in the schools. Our main goal was to contribute towards better
methodologies to teach computational thinking. To do that, we divided the work in three
di�erent parts. For the �rst part, we made a survey on CT concepts, e�orts in teaching,
related work and existing tools. With insights derived from this research, we had a few
ideas on how to include CT teaching in the classroom, so for the second part of the work,
we developed a mobile application that paired with a robot allowed us to test such ideas.
The third part consisted of a series of experiments bringing the application and robot
to a school and observing the way the children interacted with them. The results of the
experiments were a series of observations and a set of hypothesis.

The main contributions of this dissertation are:

ˆ a survey on computational thinking including a list of concepts accepted by key
sources, recent papers with related work, existing tools;

ˆ a mobile educational game that enables teachers and developers the ability to create
di�erent sets of activities and programming challenges;

ˆ a report of an experiment bringing an educational game into the classroom;

ˆ a set of hypothesis that should be tested in order to guide the development of an
e�ective methodology to teach computational thinking to children.

1K-12 is the school curriculum for children aged up to 12 years old.
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Part of this dissertation produced the paper by the same name that was published
and presented at the26th Workshop on Education in Computer Science (WEI) - held in
conjunction with Conference of the Brazilian Computing Society (CSBC).

The rest of this document is organized as follows: Chapter 2 presents the compu-
tational thinking concepts that are frequently discussed by key sources, existing tools
developed over the last few years and national initiatives towards including CT in the
Brazilian curriculum. Chapter 3 shows the educational game we developed to be paired
with a physical robot in our experiments. Chapter 4 discusses the new paradigm we
tested, our experimental setup and methodology, as well as our observations, experimen-
tal results and a new set of hypothesis. Finally, Chapter 6 brings our conclusions and
suggestions for future work.
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Chapter 2

Basic concepts and related work

This chapter presents our survey on existing work on teaching Computational Thinking,
especially to children. In Section 2.1 we discuss what important sources cite as CT
concepts. Section 2.2 brings a discussion of related work. In Section 2.3 we present
existing tools that are related to this work and available resources to help teach CT.
Finally, Section 2.4 brings a discussion on these topics.

2.1 Computational thinking

Computational thinking is not the same as programming, but rather a skill programmers
use in order to solve di�erent problems. As a consequence, using programming as a way
to teach CT is common in the literature [6, 8, 9]. In this section we enumerate the main
CT concepts cited by key sources: the Computer Science Teachers Association (CSTA), a
membership organization that supports and promotes the teaching of computer science;
Code.org, a non-pro�t organization dedicated to expand access to computer science in
schools and increase participation by women and underrepresented minorities. They or-
ganize the annual Hour of Code campaign and provide a curriculum for K-12 computer
science and they are supported by several companies including Amazon, Facebook, Google
and Microsoft; SBC, Brazilian Computing Society, a non-pro�t organization whose goal
is to encourage research and teaching in computing. We also chose three of the most cited
papers in the CT topic - Barr and Stephenson [4], Grover and Pea [16] and Brennan, K.
and Resnick, M. [17] - as well as one paper well cited in Brazil - França and Amaral [5] -
one of the �rst works in the country to discuss teaching CT in schools.

The most cited concepts are:

ˆ Sequence: a series of individual steps.

ˆ Algorithm: a sequence of instructions to solve a task.

ˆ Loop: the execution of the same sequence multiple times.

ˆ Event: an external action that triggers a command sequence.

ˆ Conditional: making decisions based on prede�ned conditions.
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ˆ Debugging and testing: executing an algorithm to �nd errors or to validate the
proposed solution.

ˆ Problem decomposition and modularization: divide a problem in smaller ones that
can be solved more easily.

ˆ Function: a sequence of instructions one can use with a given input to execute a
task, possibly generating an output and modifying the original input to better suit
it's purposes.

ˆ Nested loop and conditional: a loop within a loop, or a conditional with another
condition.

ˆ Recursion: a function that calls itself.

ˆ Parallelism: executing more than one instruction at a time, or execute more than a
sequence of instructions at a time. Parallel tasks can be independent or not.

Table 2.1 shows the list of sources and concepts discussed by them.

Table 2.1: Computational thinking concepts by author
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Sequence � � � � � �

Algorithm � � � � �

Loop � � � � �

Event � � � � �

Conditional � � � � � �

Debugging � � � � � � �

Test � � � � � � �
Decomposition,
functions,
modularization

� � � � � � �

Nested for,
nested if � �

Parallelism � � � �

Recursion � � � � �
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2.2 Related work

In Brazil, SBC [15] has started to de�ne how computing should be included (or modi�ed)
in the national curriculum. There are three main categories:

ˆ Computational thinking: understand and use models and representation to describe
information, processes and techniques to build algorithmic solutions; describe so-
lutions though algorithms that can be executed in parts or in total by machines,
as well as build computational models for complex systems; analyze problems and
solutions to not only �nd automated solutions, but to be able to evaluate their
e�ciency and correctness.

ˆ Digital world: understand how information can be described and stored; understand
how information is processed by computers and the relation between hardware and
software; understand how digital devices communicate with each other, how the
data is transmitted and how the integrity and safety of information is guaranteed.

ˆ Digital culture: understand the impact of the digital revolution and advances in
the digital world on humanity; utilize in an e�cient and critical manner tools to
obtain, analyze, synthesize and communicate information of di�erent formats and
with di�erent purposes; analyze ethical and moral questions of the digital world.

Table 2.2 shows how SBC is grouping computational thinking concepts by school level.

Table 2.2: Computational thinking concepts by school level, SBC

Level Concepts

Preschool
Ages 3 to 5

Understand a problem and identify a sequence of steps to solve
it. Represent these steps in an organized manner. Create steps to
solve problems related to body movement and spatial trajectories.

Elementary school
Ages 6 to 10

Abstraction to describe data such as lists and graphs. Identify the
abstractions needed to build steps and to de�ne algorithms that
involve daily situations around the children. Use a visual language
to represent algorithms. Understand problem decomposition.

Middle school
Ages 11 to 14

Use visual and native languages to represent data and processes.
Formalize the concepts of data structures. Use recursion to solve
problems. Build new solutions by reusing solutions to problems of
di�erent context. Relate an algorithm in visual language to code
in a programming language.

High school
Ages 15 to 17

Work in groups designing solutions to problems integrated in other
areas of the curriculum using computers, phones and other com-
puting machines. Compare problems and reuse solutions. Analyze
algorithm's cost and e�ciency and justify if a solution is feasible
and adequate. Argue about algorithm's correctness. Understand
the limits of computing to di�erentiate what can or can not be
automated.
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Fields et al. [18] discuss the need for more empirical work in classroom environments
in order to learn the best way for teachers to integrate CT into their classroom activ-
ities. They show observations on the implementation of a 6-8 week electronic textiles
unit within two high school classrooms situated within the Exploring Computer Science
curriculum1. They report the ways in which teachers brought out computational thinking
though students' interactions and projects, with the most prominent aspects being: 1)
strategic problem solving, 2) iteration, and 3) interfacing between abstract and tangible
computation.

Buitrago Flórez et al. [8] contend that CT should be taught in elementary schools and
included in every university's educational curriculum. With a focus on the development of
CT skills at a young age, they analyze and discuss �ndings from several studies measuring
the impact of teaching programming, analytical thinking and CT.

Weintrop et al. [19] face the challenge of de�ning computational thinking and provid-
ing a theoretical grounding for what form it should take in school science and mathematics
classrooms, following the decision to include CT as a core scienti�c practice by the Next
Generation Science Standards2. They propose a de�nition of computational thinking for
mathematics and science in the form of a taxonomy consisting of four main categories:
data practices, modeling and simulation practices, computational problem practices, and
systems thinking practices.

Rees et al. [20] make a literature review on the teaching of coding and computational
thinking to primary aged children. In their research, in addition to published peer refer-
enced journal articles, they also included blog posts and opinions on social media. They
try to answer why we are teaching coding (and whether we should be teaching it to young
children at all), how we should teach it and how to best use tangible user interfaces. They
also discuss if there are still gender issues to overcome. Additionally, there are further
discussions on what CT is, its concepts and how to introduce it in the classroom. Some
tools and programming environments are discussed as well.

Eloy et al. [9] described an experience training teachers with the goal of promoting the
practice of programming and development of CT in Brazilian public schools. In their pilot
project they worked on four main areas: implementation in schools, curriculum design,
teacher training and monitoring and evaluation. Their �rst guiding material to build the
curriculum was the online platform Programaê3. Teachers were included in improving this
curriculum through discussion sessions and questionnaires. They had over 500 students
participating in the activities, and the sessions taking place in 2016 had an average of
80% student retention.

Godinho et al. [21] present a project to introduce CT and encourage children to become
technology creators. The project was recognized by SBC in 2016 for bringing computing

1The Exploring Computer Science (ECS) initiative comprises a one-year introductory computer science
curriculum with a two-year professional development sequence. The curriculum consists of six units:
Human-Computer Interaction, Problem-Solving, Web Design, Introduction to Programming (Scratch),
Computing and Data Analysis, and Robotics (Lego Mindstorms).

2The Next Generation Science Standards is a multi-state e�ort within the United States to create
new education standards that are rich in content and practice, arranged in a coherent manner accross
disciplines and grades to provide all students an internationally benchmarked science education

3http://programae.org.br/
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to children, teenagers and people who otherwise had little contact with the area. Their
encounters included mini-courses, unplugged activities or tasks in Code.org's Hour of
Code, Scratch, CodeMonkey4, Monster Coding5 or App Inventor6. Almost 300 students
participated in their activities and through feedback questionnaires approximately 90%
rated the experience as excellent or great.

Aono et al. [22] use Scratch allied with an expository methodology to teach CT to
elementary school students with ages 10 and 11. The children applied the concepts they
learned into a project: building a "Flappy Bird" game. Every student that participated
was able to build the game successfully, but all of them needed some help from the
supervisors to implement the hardest parts, like the use of variables and counters.

Silva Junior and França [23] discuss the use of existing tools in the classroom in
Brazil - and their e�ectiveness. Nine tools were analyzed for their interaction, platform,
programming language and other characteristics. The tool found to be most adequate
was Portugol Studio7, for being available in Portuguese, appropriate for beginners and
featuring a user friendly interface. It also o�ers features to help teachers use it in classes.

2.3 Tools and resources

This section presents some existing tools and resources that support CT teaching.

2.3.1 CSTA

CSTA, or Computer Science Teachers Organization, is an organization that supports and
promotes the teaching of Computer Science. Their K-12 Computer Science Standards8

delineate a core set of learning objectives designed to provide the foundation for a com-
plete computer science curriculum and its implementation at the K-12 level. The CSTA
Standards:

ˆ Introduce the fundamental concepts of computer science to all students, beginning
at the elementary school level.

ˆ Present computer science at the secondary school level in a way that can ful�ll a
computer science, mathematics, or science graduation credit.

ˆ Encourage schools to o�er additional secondary-level computer science courses that
will allow interested students to study facets of computer science in more depth and
prepare them for entry into the work force or college.

ˆ Increase the availability of rigorous computer science for all students, especially
those who are members of underrepresented groups.

4https://www.playcodemonkey.com/
5http://monstercoding.com/
6http://appinventor.mit.edu/
7http://lite.acad.univali.br/portugol/
8https://sites.google.com/site/cstastandards/standards
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2.3.2 Scratch

Scratch9 is a free programming language and online community developed and maintained
by the MIT. It is designed especially for ages 8 to 16, but it is used by people of all ages
in more than 150 di�erent countries. It is available in over 40 languages.

The ability to code computer programs is an important part of literacy in today's
society. When people learn to code in Scratch, they learn important strategies for solving
problems, designing projects, and communicating ideas. Figure 2.1 shows its environment.

Students are learning with Scratch at all levels (from elementary school to college)
and across disciplines (such as mathematics, computer science, language arts, social stud-
ies). Educators share stories, exchange resources, ask questions, and �nd people on the
ScratchEd website10. The MIT Scratch Team and collaborators are researching how peo-
ple use and learn with Scratch11.

Figure 2.1: Scratch environment

2.3.3 Code.org

Code.org, as cited in the previous Section, is a nonpro�t organization dedicated to ex-
panding access to computer science in schools. They organize the Hour of Code campaign:
a global movement reaching tens of millions of students in over 180 countries. In 2017
Brazil had more than 150 thousand Hour of Code events.

They also provide courses in their website for all ages, including undergraduate level,
and o�er block based programming, JavaScript, CSS, HTML and more. Figure 2.2 shows
the environment of one activity.

9https://scratch.mit.edu/
10http://scratched.gse.harvard.edu/
11http://web.media.mit.edu/~mres/papers/Scratch-CACM-final.pdf
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Figure 2.2: Code.org environment

2.3.4 Cubetto

Cubetto is a robot developed by Primo12 that provides screenless coding for girls and
boys aged 3 to 6. It is programmed using a board in which you can put command blocks
(Figure 2.3a). They also have several di�erent maps to be placed on a table or on the �oor
that show di�erent narratives to stimulate play (Figure 2.3b shows one of such maps).

The toy introduces programming concepts, including algorithms, sequence, debugging,
recursion. In their website, Primo has a bank of activities, lesson plans and other resources
to help owners discover new ways to play and learn13.

(a) Robot and board (b) Map

Figure 2.3: Cubetto: robot, board and map

2.3.5 Wonder Workshop CleverBots

Wonder Workshop o�ers three robots: each one is developed for a target age range and
features di�erent capabilities.

12https://www.primotoys.com/
13https://www.primotoys.com/playroom/
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(a) Dot Creativity Kit

(b) Dash (c) Cue

Figure 2.4: Wonder Workshop CleverBots

Dot

Dot (Figure 2.4a) is designed for children starting at age 6. It is the simplest of the
three, featuring a gyroscope, voice recording and playback. Robot is programmed via
block-based coding, and also has an app for pre-readers. It's creativity kit also comes
with playing cards, stickers and other materials. It has hundreds of self-guided coding
challenges.

Dash

Dash (Figure 2.4b) is designed to engage children of ages 6 and up. It features voice
recording and playback, detects voice direction and other CleverBots, has precise motion
control, has object detection and a gyroscope. It can be programmed via block-based cod-
ing, has apps for pre-readers and also has compatibility with Apple Swift Playgrounds14.
It also has some optional accessories, like a xylo.

14https://www.apple.com/swift/playgrounds/
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Cue

Cue (Figure 2.4c) is the newest Cleverbot, and is designed for children of ages 11 and
up. It has a customizable personality, and o�ers all of Dash's functionality and more:
chatting, an accelerometer, light and volume control, faster sensors, reactive behaviors.
It can also be programmed using JavaScript.

Curriculum

Wonder Workshop also provides a K-5 Curriculum to teach coding. Designed in alignment
with CSTA and ISTE standards, as well as Code.org's fundamentals, their Curriculum
Pack includes several lesson plans, challenges and their solutions15.

2.3.6 Sphero

Sphero16 has a number of di�erent robots to play with, but here we focus on the Sphero
Mini (Figure 2.5a) and the SPRK+ (Figure 2.5b): they are both designed to inspire and
can be used as a tool to learn to code. Sphero also o�ers resources for educators to use
their products in the classroom17.

(a) Sphero Mini (b) SPRK+

Figure 2.5: Sphero robots

Sphero Mini

The Sphero Mini packs a huge experience into a tiny color-changing robot. It features
motor encoders, gyroscope and accelerometer sensors, Bluetooth LE and is compatible
with Sphero Edu (iOS, Android, Kindle, Chrome) and Sphero Mini (iOS, Android) ap-
plications, that feature block-based programming.

15https://education.makewonder.com/curriculum
16https://www.sphero.com/
17https://www.sphero.com/education
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SPRK +

This is Sphero Mini's big brother: larger, more durable and waterproof. It's designed
to inspire curiosity, creativity and invention through connected play and coding. This
robot o�ers all the features Sphero Mini does, and it is also compatible with Apple Swift
Playgrounds.

2.3.7 CS Unplugged

CS Unplugged18 is a collection of free teaching material that teaches Computer Science
through engaging games and puzzles that use cards, string, crayons and lots of running
around. The website contains activities on 5 di�erent topics: binary numbers, error
detection and correction, kidbots, searching algorithms and sorting networks. There is
also a list on curriculum integrations, relating activities to curriculum areas, such as arts,
mathematics, literacy and science.

2.3.8 Exploring Computational Thinking

Exploring Computational Thinking (ECT) 19, part of Google for Education, is a curated
collection of lesson plans, videos, and other resources on computational thinking (CT).
The site was created to provide a better understanding of CT for educators and adminis-
trators, and to support those who want to integrate CT into their own classroom content,
teaching practice, and learning.

2.3.9 Taccle 3 Coding

Taccle 3 Coding20 is a project that supports Primary School and teachers who want
to teach computing. They provide knowledge and materials in a website of ideas and
resources, as well as training and other development events.

2.4 Discussion

This survey on existing work was fundamental for our research. Several authors have
described which CT and CS concepts to teach and how to teach them, and as we dis-
cussed in the previous sections, in some countries this has already been included in the
national school curriculum o�ering every child the opportunity to learn and bene�t from
computational thinking.

By looking at how several important sources de�ne computational thinking and their
concepts, as well as how they were divided in teaching modules, we were able to derive
our own set of concepts and decide the ones to be included in our experiments.

Moreover, we were also able to see that many countries have already started working
on a way to include these concepts in their school curriculum, not as a separate subject,

18https://csunplugged.org/
19https://edu.google.com/resources/programs/exploring-computational-thinking/
20http://www.taccle3.eu/
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but as an integrated part of the already existing ones. Not only is teaching computational
thinking a growing concern, it is also an unresolved task. The fact that there is no
consensus on how to teach CT and how to include it in the schools, especially in Brazil,
has been part of our motivation for this work.

Back in 2015 when this work started, none of the tools discussed in Section 2.3 was
so robust as today. Existing robots such as the ones mentioned in this Chapter were
costly and lacked a proper integration with teaching. They were therefore, very expensive
toys that didn't add much. But just as we saw an opportunity to bring these physical
devices to the classroom, so did these companies: today they all o�er lesson plans, guided
activities or even their own curriculum.

We aimed to have a low cost physical device as a motivating factor, paired with a free
mobile application and a methodology to use it to teach CT concepts to children.
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Chapter 3

CT educational game

We designed and implemented an Android application and a physical low cost robot to
support our experiments1. The application communicates with the robot via Bluetooth
and provides a visual block-based programming interface through Google's Blockly li-
brary2.

Our application is a prototype of an educational game that has six levels, each one
introducing new concepts and having multiple activities within it. Table 3.1 presents the
levels and the CT concepts used in each one of them. The CT concepts were selected
based on the age of the children and the amount of time we would have with them.

Table 3.1: Proposed levels and concepts

Levels Concepts

Move the robot Sequence

Have the robot make a path of a certain
shape (e.g. square)

Sequence, algorithm

Find mistakes in given algorithms Sequence, algorithm, testing, debugging

Have the robot repeat the same tasks mul-
tiple times

Sequence, algorithm, loop, problem de-
composition

Have the robot decide on what action to
take based on external conditions

Sequence, algorithm, conditional

Combine repetition and conditional sce-
narios

Sequence, algorithm, conditional, loop

1The robot was developed by another student in this research group.
2https://developers.google.com/blockly/
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