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who supported me all the way with their understanding, love and advise when I most needed.
Thank you so much for always being there.

Abstract
The inclusion of computer programming and computational thinking (CT) skills in the school
curriculum is one of the main trends in the educational landscape worldwide. This movement
has provoked a deep interest among scholars and research institutions, who are analyzing and
comparing the approaches and plans of the different initiatives. The reviews on the state of CT
in education that have been performed coincide in three main, fundamental aspects that require
urgent attention from academia: assessment of CT skills, transference of CT skills and factors
affecting CT skills.
Consequently, aiming to fill the gaps identified in the research literature, the main goal of
this thesis is to provide evidence that could help policy makers and educators in the introduction
of CT skills in the school curriculum. Since the best scientific knowledge on the topic to this
date shows that the most effective way to foster CT from early ages is by means of programming activities, this thesis investigates the development of CT through coding. Furthermore,
as educators indicate that the tool that is most used both in primary and secondary education is
Scratch, our work is focused on this programming platform/language.
The main contribution of this thesis is the development and validation of Dr. Scratch, a
free/libre/open source CT assessment tool for Scratch projects that is being used by thousands of learners, educators and researchers around the world, and which has received the
Google RISE Award. Different actions were performed to validate the assessments provided
by tool, proving ecological, convergent and discriminant validity.
Furthermore, the empirical investigations performed regarding both the transference of CT
across the K-12 curriculum, as well as social and non-cognitive factors affecting the development of programming and CT skills, provide insight and evidence that can be useful for
educators, curriculum designers and policy makers. In fact, the main conclusions of these investigations have been cited in several official reports that study the introduction of computer
V
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programming and CT skills in schools to support policy makers, both at national and European
levels.
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Chapter 1
Motivation
It’s not what you know about the computer that’s important, but
your ability to do things with it.
Seymour Papert

This chapter presents the international movement that aims to bring computer programming
to schools, with a special focus on the main challenges found in the research literature of this
field, on the tools used by educators, and on the turbulent history of programming in education,
for what we look back at what happened during the 1980s and 90s. This introduction, in consequence, will act as a motivation to introduce the research questions that guide this dissertation.

1.1

Computer programming and computational thinking in
schools

The inclusion of computer programming and computational thinking (CT) skills in the school
curriculum is nowadays one of the main trends in the educational landscape worldwide. The
movement to bring these skills to education has been led by different stakeholders, including
governments, policy makers, main figures of the software industry, non-profit organizations,
educators and families, among others.
In Europe, since 2012 the scientific community has sparked the debate about the introduction of CT skills in school curriculum with reports arguing for the acknowledgment of computer
science as a subject of a similar importance as mathematics or language-arts. Examples of such
1
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reports are the ones by the Royal Society in United Kingdom [Furber, 2012], the Academie
des Sciences in France [l’Académie des sciences, 2013], the Scientific Informatics Society in
Spain [Meseguer et al., 2015], ACM (Association of Computing Machinery) Europe [Gander et al., 2013] or the Council of European Professional Informatics Societies [Computing in
Schools Special Interest Network, 2014].
The European Commission has also taken an active role in this movement. In 2014, European Commission Vice-President, Neelie Kroes, and Education, Culture, Multilingualism and
Youth Commissioner, Androulla Vassiliou, sent a joint letter to EU Education Ministers urging
them to promote computer programming in schools as part of the solution to youth unemployment: “We invite you, in full respect of your competences and the principle of subsidiarity,
to step-up efforts in Opening up Education in your country and to support digital training
of teachers, children and parents by providing students with opportunities to learn coding in
school” [Kroes and Vassiliou, 2014]. A year before, in 2013, the Young Advisors Group of the
Commission had launched the Europe Code Week [Moreno-León and Robles, 2015b], an initiative formed by a network of ambassadors who manage and organize free (as in gratis) events
in parallel all over Europe, aiming to show the beauty and fun associated with programming
as a means of attracting young people to computer science. Although with public roots, this
initiative is mostly funded by large technology companies, such as Google, which shows that
the software industry shares this vision and supports this movement.
As a result, 16 European countries have already integrated programming in the curriculum [Balanskat and Engelhardt, 2015], although with different approaches and in diverse levels.
The first and more sounded national initiatives are the ones led by Estonia and England.
The idea to bring CT skills and coding to schools is far from being limited to Europe,
though. In the United States, the federal government has recently launched Computer Science
for all, an “initiative to empower all American students from kindergarten through high school
to learn computer science and be equipped with the computational thinking skills they need to be
creators in the digital economy, not just consumers, and to be active citizens in our technologydriven world” [The White House, 2016]. In recent months, several cities in the United States,
as New York, San Francisco or Chicago, and even entire states, as Arkansas, have announced
plans to provide access to programming for all school children.
In Singapore the Ministry of Education has launched Code for Fun, an enrichment pro-
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gramme aiming to “facilitate the exposure of coding and computational thinking to a large base
of students; and help build an entire generation of workforce inculcated with basic coding and
computational thinking skills” [Info-communications Media Development Authority, 2014]. In
2016 the programme reached over 110 schools and 34,000 students, and the goal for 2017 is
to reach all primary schools levels. This initiative is complemented by Code for Change, a
programme organized by Microsoft and the Infocomm Development Authority of Singapore
with the “ambition to reach 1.2 million individuals in Singapore; of these, 500,000 youths will
have access to a deeper experience through on-campus and off-campus curricula, events and
competitions that impart the basics of writing coding instructions for software, applications and
websites” [Microsoft, 2015].
In Africa, Nigeria started in 2014 the implementation of a new curriculum, “more practical,
relevant, interest generating to the young learners and in line with global best practices” [Igbokwe, 2015], in which Basic Science and Technology, where programming and CT skills have
been introduced, has a leading role. Thanks to the Africa Code Week, a sibling project from
Europe Code Week, programming has reached over 425,000 students and over 5,000 teachers in
more than 30 African countries during 2016.
Another example of this trend is Australia, where a new, mandatory Digital Technologies
subject for kindergarten, primary and secondary students focused on the development of computational and systems thinking skills has been developed: “Digital systems support new ways
of collaborating and communicating, and require new skills such as computational and systems
thinking. These technologies are an essential problem-solving tool set in our knowledge-based
society” [Australian Curriculum Assessment and Reporting Authority, 2015].
As can be seen, this movement to bring CT to schools is reaching countries all over the
world, and, consequently, has provoked a deep interest among scholars and research institutions,
who are analyzing and comparing the approaches and plans of the different initiatives.
The Institute for Prospective Technological Studies, one of the seven institutes of the Joint
Research Centre of the European Commission, has performed an study, CompuThink, that has
involved the review of policy initiatives that entail reform to national curriculum for integrating
CT in compulsory education. Regarding the rationale for the inclusion of CT in education, two
main trends emerge:
“i) developing CT skills in children and young people to enable them to think in

4
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a different way, express themselves through a variety of media, solve real-world
problems, and analyze everyday issues from a different perspective;
ii). fostering CT to boost economic growth, fill job vacancies in ICT, and prepare
for future employment.” [Bocconi et al., 2016a, p. 8]
The differences of these two approaches are brilliantly summarized by Mitchel Resnick in

Learn to code, code to learn [Resnick, 2013], an article in which he expresses his preference for
using coding as a mean to learn certain concepts and diverse skills, instead of as an end in itself.
The latter approach is closer to the vision of the software industry. Nonetheless, the differences
in how countries are including CT skills in their national education curricula are not confined to
the pursued goals, but are also present in terms of educational levels and subjects, as recapped
in CompuThink:
“Most countries integrate CT in secondary school. However, there is a growing
trend towards primary school integration as well. Several countries embed CT
across subject areas, particularly at primary level, while at secondary level CT is
mostly included as a computing subject in its own right. However, a combination
of approaches is also present.” [Bocconi et al., 2016a, p. 9]
This lack of standardization is due, at least partially, to the lack of research in this field.
The reviews on the state of CT in education that have been performed coincide in three main,
fundamental aspects that require urgent attention from academia: assessment of CT skills, transference of CT skills and factors affecting CT skills.
In this sense, the publications generated under the CompuThink umbrella state that “only
a limited amount of research has been carried out, and currently there are only a few actual
experiences of assessing students’ grasp of CT concepts and of transferring of CT skills to
other knowledge domains” [Bocconi et al., 2016a, p. 7]. And the importance of this research
for the inclusion of CT in education is also highlighted:
“These on the other hand, are key points that are crucial for a successful development of CT education. Unless more attention will be given to these aspects by
researchers, policy makers and practitioners, it is very unlike that CT education will
actually be take off, become effectively part of school curricula and contribute to
the innovation of formal education.” [Bocconi et al., 2016b, p. 8]
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Similar conclusions are reached by Grover and Pea in their review of the state of CT in
K–12, who insist in the importance of the assessment of these skills for their introduction in the
curriculum: “Without attention to assessment, CT can have little hope of making its way successfully into any K–12 curriculum. Furthermore, to judge the effectiveness of any curriculum
incorporating CT, measures that would enable educators to assess what the child has learned
need to be validated.” [Grover and Pea, 2013, p. 41]
In terms of transference of CT skills to other domains, Grover and Pea identify large gaps
in recent work on CT and priorities for empirical inquiry: “The idea of computing as a medium
for teaching other subjects is insufficiently investigated as well, dovetailing the introduction of
CT at K-12 with transfer of problem-solving skills in other domains” [Grover and Pea, 2013, p.
42]. Almost an identical opinion is expressed by Scherer, who states that most of the empirical
research on transfer effects dates back to the 80s and 90s, while there is a lack of research that
looks into these effects in the 21st century, and therefore the author “encourage[s] researchers to
fill this gap by learning from the past and reviving this research area” using the new programming environments and tools that have been created in the last years [Scherer, 2016].
Lastly, when it comes to other factors affecting the development of CT, Grover and Pea argue
that “cognitive aspects of children and novices learning computational concepts were studied
extensively in the 1980s[...]. That body of literature should be brought to bear on 21st -century
CT research.” [Grover and Pea, 2013, p. 42]
The investigation of these crucial aspects of CT in education could contribute to give an
answer to the Call for a holistic approach made by the Council of European Professional Informatics Societies, who consider that “in order to ensure that these skills are developed in
a consistent and high-quality manner, a standardized approach is needed” [in Schools Special
Interest Network, 2015].

1.2

Tools to introduce computational thinking in education

By reviewing the latest research literature, scholars have found evidence for two types of strategies to develop CT skills: the use of unplugged activities in which there is no utilization of
digital devices, and a more common approach that makes use of computerized activities mostly
based on different types of programming tasks [Kalelioglu et al., 2016].
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Other researchers, based on a large number of intervention studies, conclude that computer

programming can foster the development of CT as it is an activity that incorporates abstraction
and problem decomposition, and therefore exposes students to these thinking processes that
are a key part of CT [Lye and Koh, 2014]. In a similar vein, the CompuThink study argues
that “programming is a constituent of CT, in that it makes CT concepts concrete and can thus
become a tool for learning, e.g. as a medium for exploring other domains or for self-expression
(through the creation of digital storytelling and/or video games)” [Bocconi et al., 2016a, p. 7].
Hence, the best scientific knowledge on the topic to this date seems to indicate that the most
effective way to foster CT from early ages is by including programming activities in the school
curriculum.
The different technologies that have arisen in the last years to teach and learn CT skills can
be organized in five broad categories:
1. Unplugged activities. Learners engage in activities that involve logic games, cards, puzzles, strings or physical movements to get in touch with computer science concepts such
as algorithms, data transmission or data representation [Bell et al., 2009, Curzon, 2013].
These activities avoid the use of digital devices, as they are focused on ideas and concepts, and not on its implementation. An example of this type of activities is depicted
in Figure 1.1, which shows a group of educators in a training course trying to build a
structure with plastic cups by following a sequence of instructions that other educators
have prepared for them.
2. Arrow-based visual environments. Learners visually program a sequence of commands
making use of arrows or icons, which are really intuitive and easy-to-use. They are designed to be used even by children who cannot read yet. Examples of this kind of environments are Scratch Jr. [Bers and Resnick, 2016], Cargobot1 , Kodable2 or
Lightbot3 . Figure 1.2 shows a screen shot of Lightbot, where the user has generated a sequence of instructions aiming to light all the dark blue tiles.
3. Block-based visual environments. Learners visually program a sequence of commands
snapping blocks or code pieces that fit together. These code structures can be personalized
1

https://twolivesleft.com/CargoBot/
https://www.kodable.com/
3
https://lightbot.com/
2
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Figure 1.1: Sample of unplugged activity. Teachers following a sequence of instructions written
by a peer to build a structure with plastic cups.

Figure 1.2: Screen shot of Lightbot, an arrow-based visual environment. Players generate a
sequence of instructions by choosing steps from the available set of visual commands.
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by using parameters that modify its behavior. In consequence, users must be able to read
and write. Examples of this kind of environments are Scratch [Resnick et al., 2009],
Alice [Cooper et al., 2000], Kodu [MacLaurin, 2009], Turtle Blocks [Bender
et al., 2014], Music Blocks [Bender et al., 2016] or with a slightly different, domainoriented approach, AgentSheets [Repenning and Sumner, 1995].
4. Textual programming languages. Learners have to type the commands and take care of
the specific syntax of the language. Besides programming languages used in the software
industry, such as Java, C or Python, languages specifically designed for education are
also used in schools, being Logo [Papert, 1980] the most notable example for historical
reasons. In addition, new tools aiming to facilitate the transition from visual environments
to textual programming languages are being developed. A sample of such a resource is
Stride [Kölling et al., 2015], a frame editor designed to support learners to move from
Greenfoot [Kölling, 2010] to Java.
5. Connected with the physical world. Learners write programs that control and have
effects on objects of the physical world. In this category we can differentiate between
programmable toys, which incorporate a system of buttons so learners can directly code
them, and robots or boards controlled by the source code written in a tablet, smart phone
or computer, and then is transferred to the device itself. Bee-bots [Janka, 2008]
or Escornabots [Martı́nez and Méndez, 2016] are programmable toys, while Lego
Wedo [Mayerová, 2012] and Arduino [D’Ausilio, 2012] are robots and boards that
must be programmed using another device. Figure 1.3 can be used to illustrate the differences between these types of elements connected with the physical world: in (l) the
kid is directly programming the robot by means of the buttons it incorporates, while in (r)
the learner has previously coded the program in the computer using Logo and then has
transferred it to the turtle.
Now, with all these available options, which technologies are using educators at schools?

In order to answer this question, Computing At School [Jones, 2013], a grass-roots group of
teachers, parents, governors, exam boards, software professionals and university academics
that is partnered with the British Computer Society, conducted the CAS National Survey in
2015 [Sentance, 2015]. 1,159 UK teachers participated in the survey. As shown in Figure 1.4,
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Figure 1.3: Devices connected with the physical world. (l) Student coding a programmable toy
using its buttons. (r) Logo-controlled robot drawing a figure in a sheet of paper [Papert and
Solomon, 1972].

Scratch is, by far, the most popular platform in education, since 96% of primary teachers are
using this language (or it is used at their school) and this is also the case for 95% of secondary
teachers. Python is also a popular language (18% primary/middle and 84% secondary teachers),
especially for older, high school students.

1.3

It’s all just a little bit of history repeating?

Even though the movement to bring programming and CT to schools is relatively current, this
is not the first attempt in this regard. Back in the 1960s, the Logo programming language
was created with the aim of introducing children in the use of computers as instruments for
learning and for enhancing creativity [Feurzeig, 2010]. Logo was “designed to provide an
environment in which learners determine a problem to solve, make choices, experiment, try
out solutions, and build on what they already know” [Watt, 1982]. Also BASIC [Reed and
Palumbo, 1988], Beginner’s All-purpose Symbolic Instruction Code, appeared in the 1960s,
being a language aiming to allow students in all fields, not only science and mathematics, to
use computers. In the following decades, the use of coding activities in schools became quite
popular in the United States, with thousands of schools teaching millions of students to write
programs [Resnick, 2012b].
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Figure 1.4: Programming languages taught at primary and middle schools (blue) and secondary/high schools (gray) [Sentance, 2015].
Nonetheless, in late 1990s and early 2000s the interest on programming in K–12 declined,
and coding activities almost disappeared from all schools [De Raadt, 2004]. What were the
reasons for this? Authors like Kafai and Burke point mainly to a “lack of subject-matter integration and a dearth of qualified instructors” [Kafai and Burke, 2013], but they also highlight
other issues:
“Yet there was also the question of purpose. With the rise of preassembled multimedia packages via glossy CD-ROMs over the 1990s, who wanted to toil over
syntax typos and debugging problems by creating these applications oneself? This
question alone seemingly negated the need to learn programming in school, compounded by the excitement generated by the Internet. Schools started teaching
students how to best surf the web rather than how to delve into it and understand
how it actually works. Schools largely forgot about programming, some deeming it
entirely unnecessary and others labeling it too difficult to teach and learn.” [Kafai
and Burke, 2013, p. 61]
Mitchel Rescnick, in his article Reviving Papert’s Dream [Resnick, 2012b], shares his views
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on why the initial enthusiasm with Logo did not last:
“Many teachers and students had difficulty learning to program in Logo, since the
language was full of non-intuitive syntax and punctuation. To make matters worse,
Logo was often introduced through activities that did not sustain the interest of
either teachers or students. Many classrooms taught Logo as an end unto itself,
rather than as a new means for students to express themselves and explore what
Papert called powerful ideas.” [Resnick, 2012b, p. 42]
In consequence, the new visual programming languages that have been developed in the last
years have taken into account these issues in their design [Resnick, 2012b], aiming to avoid
the need to learn the syntax of traditional languages and to offer the possibility of creating a
broad set of projects that match the interest of students and can be integrated into every subject.
Yet, certain signs from some of the countries that have included programming and CT in their
national curriculum seem to indicate that the history could happen again.
A recent report by the University of Roehampton’s School of Education that studies computing qualifications in schools reveals that “although computing is a foundation subject, one
which all local authority schools should offer at each Key Stage, it is not widely continued at
GCSE and A level. Only a small fraction of pupils choose, or have the option to choose, to take
qualifications at GCSE (5.5%) or A level (1.7%)” [Kemp et al., 2016]. Drew Buddie, chair of
the National Association for Technology in Education, thinks that these figures are explained
by the lack of appropriate training, “teachers just do not have the knowledge to teach this subject”, and he fears that “computer science could become a niche subject, taught in only a few
schools” [Cellan-Jones, 2016]. Similar explanations and fears are shared by other prominent
members of the computing in schools movement in UK, such as Phil Spencer, course leader
for PGCE ICT and computing at Sheffield Hallam University, or Bob Harrison, a member of
advisory group UK Forum for Computing Education [Dickens, 2016].
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Chapter 2
Goals of this thesis
Our goal in education should be to foster the ability to use the
computer in everything you do, even if you don’t have a specific
piece of software for the job.
Seymour Papert

Taking into consideration the history of programming in schools, being aware of some worrying signs that come from the countries leading the introduction of programming and CT skills
in the school curriculum nowadays, and, specially, aiming to address the challenges identified
by several authorsa and institutions (which can be found in the academic literature), the main
goal of this thesis is to provide evidence that could help policy makers and educators in
the introduction of CT skills through programming activities in the school curriculum,
aiming that the results of this thesis could contribute to foster the introduction of computational
thinking in schools and avoiding, as happened in the 1990s, that programming is relegated from
schools after some years of success.
Hence, the main subjects of interest for this thesis are as follows:
1. The assessment of CT skills.
2. The transference of CT skills to other domains.
3. Factors affecting the development of CT skills.
As summarized in Section 1.2, the best scientific knowledge on the topic to this date shows
that the most effective way to foster CT from early ages is by means of programming activities,
13
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and therefore this thesis will investigate the development of CT through coding. In addition,
educators indicate that the tool that is most used both in primary and secondary education is
Scratch, and consequently our work will be focused on this language.
Specifically, the following research questions are addressed in this thesis:
1. Is it possible to automatically assess the development of CT skills by inspecting learners’ Scratch creations?
Aiming to support educators in the assessment tasks we developed an automatic tool to
evaluate several aspects of CT by statically analyzing the sources of Scratch projects.
In order to validate the measurements provided by the tool, several investigations have
been performed working closely with school teachers and students. Projects available in
the Scratch repository have also been analyzed by the tool.
2. Does the development of CT skills through programming activities with Scratch
enhance the learning of other subjects?
The idea of using computer programming to improve students learning in different domains has been around in the scholar community since the 1960s. However, there is still
much need for investigations that rigorously follows the recommendations to perform
research in education. Therefore, we have developed different interventions in schools
aiming to answer this, and other consequent questions, such as whether there are differences in terms of transference of CT skills based on students’ age or based on the target
subject, or whether teachers’ previous programming training has an impact on students’
outcomes.
3. Are there social and non-cognitive factors affecting the development of CT skills
when programming with Scratch?
The definitions of CT that have recently been proposed introduce the idea that social
and non-cognitive aspects are an important part of this ability. However, there is little
evidence to support this idea, and the investigations that have looked into this issue are
mostly based on small case studies. Consequently, several investigations that form part
of this thesis study whether and which social and cognitive factors have a signincant
influence on the development of programming and CT skills.
The explorations of these questions are organized into seven chapters. In Chapter 1, the
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motivation of this thesis is presented. The chapter is divided in three introducing sections that
describe the worldwide trend to bring programming and CT skills to school, reviews the categories of tools that educators are using in their classes, and looks back to the past to highlight
the reasons that made programming disappear from the educational landscape in the 1990s.
In Chapter 2 the research questions are introduced, which focus on the assessment of CT,
its transference to other domains and social factors potentially influencing its development.
Chapter 3 presents a detailed description of previous investigations on programming and
CT in education, placing a special focus on the definition of CT ans its assessment, the transference of these skills through computer programming activities to other domains, as well as on
factors influencing the development of CT skills in programming activities. Furthermore, the
Scratch programming environment, in which most of this thesis work is based, is described
both from historical, philosophical and technical points of view. In consequence, this chapter
provides a whole picture of current research in the field that helps contextualize this work.
Chapter 4, for its part, introduces the methodology followed to answer each of the research
questions that guide this thesis. Firstly, a description of the process followed to develop a
tool to assess CT skills by automatically analyzing Scratch creations is presented. Then,
the approach of the interventions performed in schools, directly working with teachers and
students, both to validate this assessment tool and to measure the transference of CT skills to
the learning of different subjects are described. Lastly, the approach of investigations aiming
to provide insights on the social and non-cognitive factors affecting the the development of CT
are discussed.
The most important results of the publications that form part of this thesis are summarized
in Chapter 5.
This thesis concludes in Chapter 6 with a brief summary of the most important conclusions
that can be inferred from the results and its implications for the education community, a list of
some examples of scholars and educators who are already making use of the tools and methods
generated with this thesis, and a discussion on possible research lines that might be conducted
in the near future to continue this work.
Finally, Chapter 7 offers the publications that contain the details and findings of each of the
investigations introduced in previous chapters are presented in their original format.
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Chapter 3
Background
In my vision, the child programs the computer, and in doing so,
both acquires a sense of mastery over a piece of the most modern
and powerful technology and establishes an intense contact with
some of the deepest ideas from science, from mathematics, and
from the art of intellectual model building.
Seymour Papert

Aiming to provide a comprehensive picture of current research on programming and CT
in education that helps to contextualize this thesis work, this chapter presents a detailed description of previous investigations. A especial focus is placed on the definition of CT and its
assessment, the transference of these skills through computer programming activities to other
domains, and on factors influencing the development of CT skills in programming activities. To
end this chapter, the Scratch programming environment is described both from a historical,
philosophical and technical point of view.

3.1

What is computational thinking?

The first appearance of the term Computational Thinking, although without elaboration, was
in Seymour Papert’s Mindstorms when discussing about the idea of creating samba schools for
mathematics:
“There have already been attempts in this direction by people engaged in computer
hobbyist clubs and in running computer drop-in centers. In most cases, although the
17
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experiments have been interesting and exciting, they have failed to make it because
they were too primitive. Their computers simply did not have the power needed
for the most engaging and shareable kinds of activities. Their visions of how to
integrate computational thinking into everyday life was insufficiently developed.
But there will be more tries, and more and more. And eventually, somewhere, all
the pieces will come together and it will catch.” [Papert, 1980, p. 182]
The term CT did not become popular until 2006, when Wing published her seminal paper

on CT with following definition:
“CT involves solving problems, designing systems, and understanding human behavior, by drawing on the concepts fundamental to computer science. CT includes
a range of mental tools that reflect the breadth of the field of computer science
[...] . It represents a universally applicable attitude and skill set everyone, not just
computer scientists, would be eager to learn and use.” [Wing, 2006, p. 33]
The timing was much more opportune at that time, and the term quickly gained popularity
and raised the interest of both the scholar and education communities. Since then, other influential authors and organizations have proposed new definitions for CT from different perspectives.
One of these new, alternative definitions is provided by Lu and Fletcher1 , who defend that
being proficient in CT “helps us to systematically and efficiently process information and tasks”
[Lu and Fletcher, 2009, p. 261].
Aiming to support educators in the introduction of CT in K-12, the Computer Science Teachers Association and the International Society for Technology in Education developed following
operational definition of CT:
“CT is a problem-solving process that includes (but is not limited to) the following
characteristics: formulating problems in a way that enables us to use a computer
and other tools to help solve 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 solutions with the goal of achieving the most
1

The title of this paper, Thinking about computational thinking, is a wink to one of the most famous Papert’s

quotes: You can’t think about thinking without thinking about thinking about something [Papert, 2005]
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efficient and effective combination of steps and resources; and generalizing and
transferring this problem-solving process to a wide variety of problems.” [ISTE
and CSTA, 2011, p. 1]
The vision of CT proposed by Wing has also received criticism, though. Hence, Denning
argues that CT is equivalent to algorithmic thinking, a concept well known since the 1950s that
could be defined as “a mental orientation to formulating problems as conversions of some input
to an output and looking for algorithms to perform the conversions.” [Denning, 2009, p. 28]
Most of the complaints that the term received were in terms of ambiguity and vagueness.
As a result, in 2011 Wing proposed a new definition of CT aiming to clarify certain aspects of
her initial proposal: “CT is the thought processes involved in formulating problems and their
solutions so that the solutions are represented in a form that can be effectively carried out by an
information-processing agent.” [Wing, 2011, p. 1]
A similar definition is introduced by Aho, who defines CT as the “thought processes involved in formulating problems so their solutions can be represented as computational steps
and algorithms.” [Aho, 2011, p. 2]
Placing the focus on the educational community, Barr & Stephenson define CT as
“an approach to solving problems in a way that can be implemented with a computer. Students become not merely tool users but tool builders. They use a set of
concepts, such as abstraction, recursion, and iteration, to process and analyze data,
and to create real and virtual artifacts. CT is a problem solving methodology that
can be automated and transferred and applied across subjects.” [Barr and Stephenson, 2011, p. 49]
In a report advocating for computing education in UK schools, the British Royal Society
goes one step forward by highlighting the presence of computation in nature as another reason to
teach CT, which was defined as “the process of recognizing aspects of computation in the world
that surrounds us, and applying tools and techniques from Computer Science to understand and
reason about both natural and artificial systems and processes.” [Furber, 2012, p. 29]
Following this approach, in the context of an intervention to integrate CT with K-12 science
education, Sengupta et al. propose a theoretical framework where authors state that

20

CHAPTER 3. BACKGROUND
“CT draws on concepts and practices that are fundamental to computing and computer science. It includes epistemic and representational practices, such as problem
representation, abstraction, decomposition, simulation, verification, and prediction.
However, these practices are also central to the development of expertise in scientific and mathematical disciplines.” [Sengupta et al., 2013, p. 351]
Aiming to gather the elements that are accepted as comprising CT in most CT definitions in

education environments, Grover & Pea review aforementioned definitions and propose following elements as the basis of curricula that aim to support CT learning and assessment:
“abstractions and pattern generalizations (including models and simulations); systematic processing of information; symbol systems and representations; algorithmic notions of flow of control; structured problem decomposition (modularizing);
iterative, recursive, and parallel thinking; conditional logic; efficiency and performance constraints; and debugging and systematic error detection.” [Grover and
Pea, 2013, p. 39]
Also with the aim of supporting educators, CAS proposed a framework [Computing at
School, 2015] that states that, when working in the classroom, CT involves both concepts (logic,
algorithms, decomposition, patterns, abstraction, and evaluation) and approaches (tinkering,
creating, debugging, persevering, and collaborating), thus pointing to some non-cognitive skills
being part of CT. This non-cognitive side of CT is discussed in section 3.4.
As we can see, the computer science education community has had difficulties in finding a
definition of CT that everyone agrees upon. This is a view shared by Mannila et al., who wrote
a report on the current status of the coverage of computer science in k-9 education in several
countries [Mannila et al., 2014]. In this report authors define CT as a set of concepts and
thinking processes from computer science that help in formulating problems and their solutions
in different disciplines.
Besides multiple contributions to define CT, we also find authors and organizations that
modify their initial proposals over time. Hence, in the [Interim] CSTA K-12 Computer Science
Standards we find yet another definition of CT by the CSTA Standards Task Force:
“We believe that CT is a problem-solving methodology that expands the realm
of computer science into all disciplines, providing a distinct means of analyzing
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and developing solutions to problems that can be solved computationally. With its
focus on abstraction, automation, and analysis, CT is a core element of the broader
discipline of computer science.” [Grover and Pea, 2013, p. 6]

In the last months, two new definitions for CT have been published. On one hand, Tedre
& Denning describe CT as “a popular phrase that refers to a collection of computational ideas
and habits of mind that people in computing disciplines acquire through their work in designing
programs, software, simulations, and computations performed by machinery.” [Tedre and Denning, 2016, p. 120]. Lastly, in a more informal approach, Wolfram states that CT “intellectual
core is about formulating things with enough clarity, and in a systematic enough way, that one
can tell a computer how to do them.[...] CT is a broad story, because there are just a lot more
things that can be handled computationally. [...] But how does one tell a computer anything?
One has to have a language” [Wolfram, 2016].
In order to detect the central concepts of CT that emerge from the myriad of CT definitions
that have been reviewed, a text network analysis [Paranyushkin, 2011] was performed on a
document containing all these definitions. Articles, conjunctions, auxiliary verbs and some
frequently used words were removed, such as ’is’ or ’the’. Then words were turned into its
morpheme (for instance, ’problems’ became ’problem’). The resulting sequence was scanned so
that every word was encoded as a node and their co-occurrence was encoded as the connection
between them.
The text network analysis generates 100 nodes (words) and 464 edges (co-occurrences),
being problem, computer, process and abstraction the most influential words of the context.
Figure 3.1 is a a graph image that can be used to get a quick visual representation of the main
topics and influential keywords of the reviewed CT definitions. Colors in Figure 3.1 indicate
distinct contextual clusters, or themes, which are communities of words that are closely related.
The size of the nodes reflects their betweenness centrality, which is the number of different
themes each node connects.
Table 3.1 presents the main words within the most influential contextual clusters. These
words are the nodes that have more connections within each cluster, being in consequence the
most influential words of the themes. However, connections to the other clusters in the network
are not considered in this case. The Color column in Table 3.1 refers to the colors in Figure 3.1.
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Figure 3.1: Visual representation of the main topics and influential keywords in CT definitions.
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Table 3.1: Most influential communities of words in CT definitions. The Color column refers
to the colors used in Figure 3.1
Cluster

Words in the context

Color

1

problem, process, solve, formulate

SpringGreen

2

computer, concept, approach, tool

Blue

3

abstraction, simulation, information, data

Lime

4

thinking, decomposition, logic, debugging

Fuchsia

5

algorithm, perform, systematically, efficiently

Yellow

It is worth noting that neither programming nor coding emerge among the most influential
words in the analysis. Why are, then, CT and programming considered almost synonymous in
many contexts? As discussed by Voogt et al.,
“the concepts of CT and the practice of programming are difficult to delineate in
the literature because many CT studies or discussions of theory use programming
as their context [Fletcher and Lu, 2009, Hambrusch et al., 2009, Lee et al., 2011].
This can be confusing to the reader and often lead to the impression that CT is the
same as programming or at the very least that CT requires the use of programming.”
[Voogt et al., 2015, p. 716]
Even though, as stated by the text network analysis, scholars do not claim that programming
must be the required context to develop CT skills, a vast majority of interventions in which
these skills are developed make use of different types of programming tasks [Kalelioglu et al.,
2016, Lye and Koh, 2014]. This will also be the context of this thesis work, which specifically
studies the development of CT in schools through computer programming with the Scratch
coding language.

3.2

On the quest for assessing computational thinking

Although there is still a lack of consensus on a formal CT definition and, consequently, on how
CT can be properly assessed [Grover and Pea, 2013, Grover, 2015, Kalelioglu et al., 2016], in
the last years several CT assessment tools have been developed for K-12, or at least have started
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Figure 3.2: Sample of a CT-test item.
their development, aiming to measure this ability from different perspectives and using diverse
approaches.
Some of these tools measure aptitudes following a diagnostic, summative approach, such
as the the CT-test (CTt) [Román-González, 2015], the Test for Measuring Basic Programming
Abilities [Mühling et al., 2015], or the Commutative Assessment Test [Weintrop and Wilensky,
2015].
The CTt is a multiple-choice instrument composed by 28 items, which is administered online in 45 minutes [Román-González, 2015]. Each item of the CTt is presented either in a
maze or in a canvas interface, and is designed according to three dimensions: i) computational
concept addressed, ii) style of answer and iii) required task [Román-González et al., 2016].
Figure 3.2 shows an item of the CTt that is presented in a maze interface, whose style of answer
is visual blocks, addressing the loops-repeat times (nested) concept in a sequencing activity.
A similar tool is the Test for Measuring Basic Programming Abilities [Mühling et al., 2015],
although specifically focused on the evaluation of the application of control structures by secondary students. This test is based on item-response-theory and is formed by a set of items that
contain a situation with a figure and a short program code (using a simple, non-real programming language). The answer for each item is the final location of the figure after the execution
of the program.
Aiming to evaluate if and how programming modality (using visual, block-based coding
languages or text-based ones) affects learning, the Commutative Assessment Test is formed by
28 multiple-choice questions that include a short program displayed in either a blocks-based or
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Figure 3.3: The first challenge of the Fairy Assessment: one of the fairies walking into the
forbidden forest [Werner et al., 2012].

text-based form, while the set of possible answers for each question includes the correct answer
along with choices based on novice programming misconceptions [Weintrop and Wilensky,
2015]. The test contains questions regarding conditional logic, loops, functions, algorithms and
variables.
Other summative instruments, but with a content-knowledge approach, are the Fairy Assessment in Alice [Werner et al., 2012], the test of Meerbaum-Salant et al. [Meerbaum-Salant
et al., 2013] in the Scratch context, or those used for measuring the students’ understanding
of computational concepts after introducing a new computing curricula (as the nationwide exam
used in Israel [Zur-Bargury et al., 2013]).
Fairy Assessment [Werner et al., 2012] is an Alice program that is aimed to analyze two
aspects of CT by studying learners’ solutions: thinking algorithmically, and making effective
use of abstraction and modeling. It presents three challenges to students who, in order to solve
them, need to understand the narrative framework of the story, place instructions, recognize the
need to modify a method parameter, understand events and event handlers, as well as recognize the presence of an event handler and verify if it is working correctly. Figure 3.3 shows a
screenshot of the first task of the Fairy Assessment.
With a similar approach, but targeted for learners using the Scratch environment, MeerbaumSalant et al. designed two tests aiming to determine whether middle-school students are able to
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Figure 3.4: One of the 9 questions of the nationwide exam to evaluate CS curriculum in Israel [Zur-Bargury et al., 2013]

learn computer science concepts rather than just programming skills [Meerbaum-Salant et al.,
2013]. The tests, which were created combining the revised Bloom taxonomy and the Structure of the Observed Learning Outcome taxonomy, cover following concepts: initialization,
repeated execution, conditional execution, communication by message passing, variables, event
handling and concurrency.
The last sample of content-knowledge, summative instrument is the nationwide exam that
was launched in 2012 in Israel to evaluate the computer science curriculum for junior high [ZurBargury et al., 2013]. The exam is formed by 9 questions and focuses on learners’ ability to deal
with algorithmic thinking based on simple conditional and loop structures. Figure 3.4 shows
one the question of the exam, in which students must follow a script and select the correct
answer from four possibilities.
Other tools focus on project assessment from a formative, iterative perspective. These tools
provide feedback, usually in an automatic way, to the students for improving their CT skills.
The first attempt for a such a formative CT assessment tool was the CT Patterns Graph, CTPGraph [Koh et al., 2010], developed for the the AgentSheets programming environment.
Based on a semantic analysis, the tool can recognize nine CT patterns, such as cursor control or
collision, without program execution. The CTP-Graph illustrates the amounts and kinds of CT
patterns that have been implemented in the analyzed game, as depicted in Figure 3.5. Building
on this work, in 2014 these researchers developed REACT [Koh et al., 2014] (Real Time Evaluation and Assessment of Computational Thinking), a solution that has been embedded into
the Scalable Game Design Arcade aiming to allow teachers to better understand their students’
proficiency of specifics topics in real time. Figure 3.6 is an example of the REACT assessment
dashboard presenting learners’ performance in a specific classroom.

3.2. ON THE QUEST FOR ASSESSING COMPUTATIONAL THINKING

27

Figure 3.5: CTP-Graph of a Centipede game [Koh et al., 2010].

Figure 3.6: REACT assessment dashboard presenting learners’ performance in a specific classroom [Koh et al., 2014].

28

CHAPTER 3. BACKGROUND

Figure 3.7: Diagnostic results provided by Ninja Cove Village [Ota et al., 2016].
Quizly [Maiorana et al., 2015] is a web platform for App Inventor [Wolber et al., 2011]
evaluation that provides feedback and automatic grading. The platform allows teachers to manage groups of students, create questions, create tests by selecting questions, assign these tests
to students, and track learners’ progress. The platform incorporates a live coding solution that,
while students are working on the questions, provides hints and feedback in real-time.
For its part, Ninja Code Village (NCV) [Ota et al., 2016] is a learning-support environment
for Scratch that has been recently released in Japanese and whose evaluation has just started.
The tool incorporates over 60 functions that are commonly found in Scratch projects, automatically detects which functions are used in a project and provides feedback to programmers so
they can add new features to their programs. As shown in Figure 3.7, the tool also provides
automatic assessment of several CT concepts.
An even more recent effort on this regard is the early work by Grover et al. [Grover et al.,
2016], who have started the development of a formative feedback instrument for Blockly. At
this moment they are working in building detectors in the code for specific CT practices, hoping
that such detectors could be deployed in online environments for automating assessment.
There are also evaluation tools that are aimed at assessing students’ transfer of their CT
skills to different types of problems. The most popular initiative with this approach is the
Bebras International Contest2 [Hubwieser and Mühling, 2015]. This contest is made of a set of
short questions called Bebras Tasks [Dagienė and Futschek, 2008] that measure the ability to
transfer CT skills to real-life problems. The tasks are independent from any particular software
2

http://www.bebras.org/
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or hardware and do not require prior programming experience. In 2015 over 1.3 million school
students from 36 countries took part in the contest, being France and Germany the countries
with the largest number of participants.
Building on the work developed for the CTP-Graph, the CTP-Quiz [Basawapatna et al.,
2011], is a test that assesses whether learners are able to recognize and understand CT Patterns
from their game programming experience and transfer them to the context of scientific simulations. The CTP-Quiz is formed by 8 questions that involve video of real-life phenomena. For
instance, one of the videos shows 2 people sledding down a hill, with one of the sledders colliding with a person standing at the bottom of the hill. In that question learners should identify
that the scene involves two CT Patterns, transportation and collision.
Basu et al. [Basu et al., 2014] developed an instrument to measure CT levels in students’
models for CTSiM, a CT-based science learning environment where “students first construct
a conceptual model and then design a corresponding computational model for a given science
phenomena”. Authors design several scenarios and create expert models as the correct solutions. Then students are asked to construct algorithms from scenarios, and their solutions are
compared with the expert models by means of a vector-distance model accuracy metric.
With a different approach, the CT Scales (CTS) [Korkmaz et al., 2017], is a five-point likert
type scale that consists of 29 items. The CTS aims to capture students’ perceptions and attitudes
on their own CT skills. Its validity and reliability have been reassured by conducting exploratory
factor analysis, confirmatory factor analysis, item distinctiveness analyses, internal consistency
coefficients and constancy analyses after its application to more than a thousand students.
Finally, focused on developing a better understanding of CT through the elements and dimensions of CT verbally expressed by middle-school students, Grover presents an instrument
that could be called the CT-language [Grover, 2011], since it aims to identify the different elements of CT language that students are able to communicate. It is based on interviews and
a coding scheme that refines “dimensions of CT into taxonomic categories which represented
different types of ideas in realm of computing, such as broad concepts, CT principles, CT jargon
and vocabulary, and lastly, procedural and operational ideas of computation”.
Table 3.2 summarizes this section by grouping the reviewed assessment tools in different
categories in terms on their approach to assess different aspects of these skills: summative (either aptitudinal or based on content-knowledge), formative-iterative, skill-transfer, perceptions-
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Table 3.2: Categories of CT assessment tools [Román-González et al., 2017].
Summative
Formative

Skill-transfer

Attitudes

Vocabulary

Fairy A.

REACT

Bebras

CTS

Language

CA test

Concepts

Quizly

CTP-Quiz

MBPA

Israel

NCV

CTSiM

Aptitudinal

Content

CT-test

Practices
attitudes or based on vocabulary. These categories were first proposed by Román-González et
al. in [Román-González et al., 2017].
It must be noted, though, that much of these instruments are in the early stages of design or
development. Thus, as Lookwood and Mooney explain it, assessment of CT “is in its infancy”
and, consequently, there is a need for more research into this area [Lockwood and Mooney,
2017]. This is a vision that is shared by other authors who have reviewed the state of the field,
who coincide in pointing assessment of CT skills as a extremely and urgent topic to address in
order to facilitate its introduction in the K-12 curriculum [Grover and Pea, 2013, Bocconi et al.,
2016b, Bocconi et al., 2016a].
Furthermore, since each of these tools focuses on specific aspects of CT, the use of just
one of them might lead to a wrong measurement of learners’ CT skills. In this sense, Brennan and Resnick [Brennan and Resnick, 2012] argue that looking at student-created programs
alone could lead to an inaccurate sense of students’ computational competencies, and they underscore the need for multiple means of assessment. Hence, as it has been pointed out by
several researchers [Grover, 2015, Grover et al., 2014], in order to reach a total and comprehensive understanding of the level of development of CT skills, different types of complementary
assessments tools must be systematically combined, a strategy that is also called a system of
assessments.
Table 3.3 summarizes the main features of the formative, iterative assessment tools in terms
of the programming language they evaluate, their target audience, and their current state of
development. Taking into account that the creation of NCV started after the release of the tool
that is described in this thesis and that NCV is still in a very early state, Table 3.2 and Table 3.3
show the need for a formative, iterative automatic assessment tool for the Scratch language
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Table 3.3: Summary of formative, iterative CT assessment tools.
Tool

Language

Audience

State

REACT

Agent Sheets

Teachers

In production

Quizly

App Inventor

Teachers and students

In production

NCV

Scratch

Students

Under evaluation

Practices

Blockly

Students

In development

focused on both students and teachers. Such a tool, in consequence, could contribute to a system
of assessments that can support learners and educators working in this environment.

3.3

Code to learn?

As a result of the publication of Mindstorms [Papert, 1980], in which Seymour Papert posited
that programming activities with Logo would help students develop abilities that they would
be able to transfer to other non-coding scenarios, the impact of programming on learning other
subjects was intensively investigated during the 1980s and early 1990s with very promising results, as stated in several literature reviews written in those decades [Clements and Meredith,
1993, Clements and Sarama, 1997]. The relationship between computer programming instruction and problem solving skills was also studied, although the conclusions were less encouraging [Palumbo, 1990].
The idea that computer programming and CT can be transferred to non-programming domains across subjects in schools has been recently supported by prominent authors, such as
Resnick et al. [Resnick et al., 2009] or Brown and Kölling [Brown and Kölling, 2012]. However, such claims are based on the body of research that was carried out decades ago, and
therefore such investigations were developed with different languages, platforms and resources
than those available in school nowadays.
Taking into account that the new visual languages aim to overcome the three basic limitations of textual languages –syntax difficulties, lack of variety of derived programming products,
and the solitude of the learning context–, their irruption in schools may lead to a qualitative leap
in the learning of computer programming. Languages as Scratch, with their characteristics of
floor, high ceiling and wide walls [Resnick et al., 2009], which are integrated in social learning
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communities, would transcend the approach of programming as content, towards a new perspective where programming is constituted as a tool for the development of different abilities
(being CT the nuclear one) and the learning of different subjects.
Consequently, given that there seems to be a qualitative leap in the objective conditions in
which students today are related to programming languages, a new wave of research should
be carried out in parallel to check if previous results are replicated and to provide evidence on
emerging questions. This argument is supported by Grover and Pea [Grover and Pea, 2013],
who explain that even though the idea of programming as a means to teach other subjects was
studied in the 1980s and 1990s, it should be re-investigated using the new visual programming
languages. In a similar vein, Lye and Koh [Lye and Koh, 2014], as part of a literature review
on learning CT through programming, analyzed 9 papers in which coding was incorporated
into the K-12 curriculum in subjects such as mathematics and English, and identify the need
to carry out more research in schools with these new languages. Equivalently, Benitti [Benitti,
2012] performed a systematic literature review to explore the educational potential of robotics
in K-12 and concludes that empirical evidence to defend the educational effectiveness of using
robotics is still limited.
Summing up, we agree with Scherer when he states that “although the conceptual argumentation about the potential transfer effects of computer programming skills on other skills
such as problem solving and creativity is reasonable, there is a strong need for empirical evidence supporting this, particularly in the context of the recent advancements of digital technologies” [Scherer, 2016].
Several investigations that form part of this thesis have been performed in schools in collaboration with teachers and students aiming to provide evidence on the potentials and limitations
on the use of coding as a means to learn other subjects and skills, as it will be presented in
Chapters 4 and 5.

3.4

Social factors of computational thinking

For decades, the idea that excellent programmers do not like social interaction has been mainstream [Schott and Selwyn, 2000]. Investigations carried out during the 1980s and 1990s support this stereotype, finding relationships between programming abilities and introversion [Ketler
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and Smith, 1992, Kagan, 1984, Bush and Schkade, 1985].
Nonetheless in recent years, coinciding with the success of social software development
sites, such as GitHub or GitLab, new research has been developed that points to the opposite
direction, highlighting that extroversion and social participation seem to correlate with programming skills [Law et al., 2010, Licorish and MacDonell, 2014, Bazelli et al., 2013]. In
consequence, the idea of idea of the lonely, isolated programmer is slowly beginning to fade.
As briefly discussed in the previous subsection, this change has also been present in the
educational environments for learning to program. While languages such as Logo offered an
individual experience that might be more appealing to introverted learners, new visual programming languages such as Scratch place the focus on the community and offer social
capabilities that might be better suited for extroverted ones.
The interest in offering social features in the platform has been constant since the launch of
Scratch in 2007, as the theme of the project illustrates: Imagine, program, share. Thus, in
terms of collaborative development and learning, Mitchel Resnick posits that
“members of the Scratch community learn to collaborate in many different ways.
They give feedback through comments on projects, they work together on joint
projects, they remix one another’s projects, they crowd-source artwork for their
projects, they create Scratch tutorials to share their knowledge with one another”
[Resnick, 2012a, p. 57].
Other members of the Scratch team, studied three cases of collaboration in the community to illustrate the positive consequences that partnership produces on the elaboration of the
projects created by young learners [Brennan et al., 2010], and analyzed five cases in which
collaboration promoted an enhancement of the quality of the projects [Monroy-Hernández and
Resnick, 2008].
However, these investigations that highlight the positive effects for learners of participating
in a social platform are based on small case studies. New research making use of much larger
samples is required to state stronger conclusions in this regard.
On other hand, as introduced in section 3.1, some CT definitions introduce non-cognitive
aspects as an important part of these skills. Nonetheless, even though some scholars have
started to study the correlations between CT and some fundamental cognitive variables, such
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as primary mental abilities and problem-solving ability, the nomological network of CT has not
been totally established [Román-González et al., 2016]. New investigations must study whether
and which non-cognitive factors underlie CT aiming to optimize its development in education.
Several investigations that form part of this thesis work were performed in order to provide
evidence on both social and cognitive factors that influence the development of programming
and CT skills, as will be shown in Chapters 4 and 5,

3.5

The Scratch programming environment

Before going further into the details of this thesis, an introductory description of the Scratch
programming environment is presented in this section, covering historical, philosophical and
technical aspects.
Scratch is a block-based visual programming language that was initially developed during 2003-2007 as part of a National Science Foundation funded project3 . The main goal of this
project was to create a media-rich programming environment to enhance the technological fluency of participants in the Computer Clubhouse [Schön et al., 1998], a network of after-school
centers in economically-disadvantaged communities, which, at that time, had expanded to 75
sites in 14 countries, with 20,000 youth members.
Aiming to avoid the issues that previous programming environments designed for young
people or novice programmers had faced, the goal to provide an easy-to-use system that can
connect with learner’s interests is highlighted in the NSF project proposal:

“Many previous initiatives to introduce programming to youth have not lived up to
their promise. Too often, computer programming has been introduced using programming languages that are difficult to use, with proposed activities that are not
connected to young people’s interests, and in contexts where no one has enough
experience or expertise to provide guidance. As a result, many people now view
computer programming as a narrow, technical activity, appropriate only for a small
segment of the population. But that need not be the case. The extraordinary increase in computational power over the past two decades makes possible a new
3

See https://www.nsf.gov/awardsearch/showAward?AWD_ID=0325828

3.5. THE SCRATCH PROGRAMMING ENVIRONMENT

35

generation of programming tools and activities that can help overcome the shortcomings of previous initiatives, and make computer programming more accessible
to everyone.” [Resnick et al., 2003, p. 3]
Nonetheless, Scratch incorporates several elements from previous experiences and programming tools for education:
“The building-block approach draws on previous research on LogoBlocks [Begel,
1996] and Etoys [Steinmetz, 2001], which have proven to be very intuitive for
beginning programmers. Its user interface and page-navigation system are inspired by Logo Microworlds. Like AgentSheets [Repenning and Ambach, 1996],
Scratch will encourage sharing of projects and components on the web, and like
Boxer [DiSessa, 2001], it will make program elements (such as variables) into visible, manipulable objects on the screen.” [Resnick et al., 2003, p. 7]
From its inception, programming based on visual blocks was the main core feature of
Scratch:
“Scratch programming will be based on a building-block metaphor, in which learners build procedures by snapping together graphical blocks much like LEGO bricks
or pieces in a jigsaw puzzle. Different data types will be represented by blocks
of different shapes, with pieces fitting together in only syntactically-correct ways.
This approach eliminates the possibility of syntax errors (which have proven to be
a major obstacle for learning text-based languages), allowing youth to focus on
the problems they want to solve, not the mechanics of programming. Each object
in Scratch will have a library of primitive building blocks (based on the class of
the object). Learners will drag-and-drop blocks from the library to create “stack”
(procedures) that govern behaviors of the object. Multiprocessing will be smoothly
integrated into Scratch: different stacks of blocks will automatically execute in parallel.” [Resnick et al., 2003, p. 5]
In addition, the design and development of the tool was guided by the needs and constraints
of informal environments, which set some of the most characteristic features of Scratch,
namely the possibility of remixing projects and an online community of users:
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Figure 3.8: (Clockwise, from upper left) Screenshots of early versions of Scratch in 2003,
2004, 2005 and 2007 (Scratch 1.0).
“Work at Clubhouses has an important social component: youth are constantly
looking at one another’s projects, trading ideas, sharing techniques. To fit into this
context, we will design the object architecture of Scratch to support what we call
“deep share-ability”, meaning that youth will be able to share objects at all levels
(from procedure blocks to animated characters to full projects)”. [Resnick et al.,
2003, p. 5]
The result of this project was Scratch 1.0, which was publicly released on May 2007.
Figure 3.8 shows screenshots4 of different versions of the environment during its development.
Figure 3.9 is a screenshot of the front page website, which has evolved over time from a single
web introducing the environment and providing some links to tutorials, towards a communityoriented website offering diverse features that allow interaction and collaboration between
learners [Monroy-Hernández, 2009].
Despite the emphasis that the Scratch team placed on the social aspects of the community [Hill et al., 2010, Brennan et al., 2010, Brennan, 2013], being Imagine, program, share the
theme of the project, during its first years the vast majority of users barely made use of the social
capabilities offered by the platform [Moreno-León et al., 2016]. In consequence, when in May
4

Source: https://wiki.scratch.mit.edu/wiki/Development_of_Scratch_1.0
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Figure 3.9: Scratch website (February 7, 2009) displaying the newest shared projects, studios
and galleries, among other community-oriented features.

2013 the new version of the language was launched, important modifications were also performed in the website focused on the enhancements of users’ social participation. Since then,
the website has become the center point of the community, where users create and share their
projects, remix each others creations, follow other learners’ updates, love and comment projects
or collaborate in studios, among other actions. Figure 3.10 illustrates the extraordinary growth
in terms of social interactions in the community since these modifications were performed5 .
In terms of technical features6 , Scratch 2.0 is Turing complete; event-driven; offers variables and lists for data storage; supports procedures and recursion; and has several simplified
casting rules. Figure 3.11 shows the source code of a Scratch project7 where some of these
features can be observed, as the event-driven approach and the possibility of using procedures.
Scratch is being used in all kind of education environments, both in informal settings,
such as summer camps [Clark et al., 2013], after-school programs [Maloney et al., 2008] or
family activities [Roque, 2016], and in formal scenarios, with well documented case studies for
5

Source: https://scratch.mit.edu/statistics
See https://wiki.scratch.mit.edu/wiki/Scratch\#Features
7
Available at https://scratch.mit.edu/projects/139466858/
6
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Evolution of monthly activity trends in the Scratch community in

terms of new projects (blue), new users (green) and new comments (orange).
https://scratch.mit.edu/statistics/

Figure 3.11: Source code of Catch me if you can 2.

Source:
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all educational levels, both in primary [Fadjo et al., 2009] and secondary [Meerbaum-Salant
et al., 2013] education, and even in college levels [Malan and Leitner, 2007]. At the moment of
writing this thesis, there are over 15 million registered users, over 19 million shared projects and
more than 3 million studios created. During 2016, nearly 22,000 new members joined the site
every day, sharing and remixing tens of thousands of projects in more than 50 languages, and
adding 100,000 new comments [Scratch Foundation, 2016]. These figures help to understand
the dimension that the Scratch community has reached.
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Chapter 4
Methodology
Nothing could be more absurd than an experiment in which
computers are placed in a classroom where nothing else is changed.
Seymour Papert

This chapter introduces the methodology followed to answer each of the three research questions that guide this thesis, which are visually represented in Figure 4.1. Firstly, a description of
the process followed to develop a tool to assess CT skills by automatically analyzing Scratch
creations is presented, along with the investigations carried out aiming to validate its different
features. Then, the approach of the interventions performed in schools directly working with
teachers and students to measure the transference of CT skills to the learning of different subjects are described. Lastly, the approach of investigations aiming to provide insights on the
social and non-cognitive factors affecting the development of CT are discussed.

4.1

Development of Dr. Scratch

The development of an automatic assessment tool for Scratch projects, called Dr. Scratch,
is based on the idea that learners and educators using computer programming in their lessons
could benefit from the use of tools that help and guide them, in the same way professional software developers use many develpoment-support tools in their work (e.g., the ones that analyze
their code such as lint-like tools and other types of checkers that analyze code quality [Johnson, 1977, Wilson and Osterweil, 1985]).
41
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Figure 4.1: The three pillars of the thesis: assessment of CT skills, transference of CT skills to
other domains, and factors influencing the development of CT skills.

Dr. Scratch is inspired by Scrape [Wolz et al., 2011], a visualizer of the blocks used
in Scratch projects, and is based on Hairball [Boe et al., 2013], a static code analyzer for
Scratch projects that discovers issues in the programs, such as code that is never executed,
messages that are not received by any other character or object attributes that are not correctly
initialized [Franklin et al., 2013].
As a first step in the development of Dr. Scratch, we extended the features of Hairball
by developing two plug-ins that allow the detection of bad programming habits that educators frequently find in their students’ projects, such as characters that use the default, nonmeaningful name that Scratch assigns to new objects, and the repetition of code. In order to
test the functionality of these new plug-ins and to verify whether these behaviors are common in
projects found in the Scratch public repository, we randomly downloaded 100 projects from
the repository. The details of the development process of the plug-ins and the analysis of these
results are documented in [Moreno and Robles, 2014] (section 7.1.1).
It must be highlighted that the possibility of using Hairball as the base of our assessment
tool, since it is distributed with a free license, had a huge impact in the development process.
Table 4.1 illustrates this by presenting the metrics of estimated effort for the development of
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Table 4.1: Estimated effort for the development of the Hairball fork (using the basic COCOMO estimation model [Boehm et al., 2000]).
Total Physical Source Lines of Code
Dominant language

1,809
Python

Schedule Estimate, Months

4.42

Estimated Average Number of Developers

1.01

Total Estimated Cost to Develop

$50,345

the version of Hairball that Dr. Scratch uses1 . The estimation has been calculated using
SLOCCount [Wheeler, 2001].
The next step was the development of the CT assessment feature. Prior research work
proposing rubrics and methods for evaluating the development of programming and CT skills
of learners were reviewed [Wilson et al., 2012, Seiter and Foreman, 2013, Brennan and Resnick,
2012, Koh et al., 2010]. In addition, we collaborated with educators with years of experience
in teaching how to program with Scratch in K-12 and in the evaluation of student-created
projects. The result is a new plug-in for the Hairball environment that assigns a CT score
in terms of the level of mastery on several aspects of the CT ability, such as abstraction and
problem decomposition, data representation, user interactivity, parallelism, synchronization,
logical thinking and algorithmic notions of control flow.
However, the fact that Hairball is run from the command-line makes it hard to use for
some educators that are not confident with this environment, let alone for young learners. Consequently, we created a web-based service to facilitate the analysis of the projects. The alpha
version of the website, depicted in Figure 4.2, was mainly developed in a master’s thesis by
Christian Chusig [Chushig Muzo, 2015].
This alpha version was presented during the Scratch Conference 2014 at the MIT (Cambridge, MA, USA) and raised the attention of the Scratch community. In following months
the project was the recipient of the Google RISE Award2 , which allowed the incorporation of
two research assistants to the team, Mari Luz Aguado and Eva Hu, who were in charge of the
development of the new versions of the site [Aguado Jiménez, 2016, Hu Garres, 2016]. The first
1
2

Available at https://github.com/jemole/hairball
https://edu.google.com/resources/programs/google-rise-awards/#!rise-recipients
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Figure 4.2: Alpha version of the Dr. Scratch website.
Table 4.2: Estimated effort for the development of the Dr. Scratch web application.
Total Physical Source Lines of Code
Dominant language

2,481
Python

Schedule Estimate, Months

5.01

Estimated Average Number of Developers

1.24

Total Estimated Cost to Develop

$70,145

versions of Dr. Scratch were hosted in servers at the Universidad Rey Juan Carlos, which
presented some stability issues. These problems were solved when Microsoft kindly offered to
host the tool at their Azure cloud service.
Figure 4.3 shows the present version of the tool, while the estimated effort (using the basic
COCOMO estimation model [Boehm et al., 2000]) for the development of the web application
is shown in Table 4.2.
Once we had an stable web application, the validation process of tool began. Firstly, one of
the goals was to offer the possibility to young students to analyze their projects and learn from
the tips that the tool provides on their own, so we organized a series of workshops with over 100
students in the range from 10 to 14 years in 8 different schools to validate to which extent learners improve their coding skills while using the tool in real life scenarios (ecological validity).
The details of this action as well as the inner working of the tool is presented in [Moreno-León
et al., 2015] (section 7.1.2).
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Figure 4.3: Present version of the Dr. Scratch website.
A big step in the validation process is the comparison of the evaluations provided by Dr.
Scratch with other measurements of similar constructs (convergent validity). We identified
two assessments that could be used in this regard: software engineering complexity metrics and
evaluations provided by human experts.
On one hand, we compared the Dr. Scratch scores with two classic software engineering
metrics that are globally recognized as a valid measurement for the complexity of a software
system: McCabe’s Cyclomatic Complexity and Halstead’s metrics. To implement the complexity metrics analyzer for Scratch projects we developed a new Hairball plug-in, called
metrics3 . The implementation of the Cyclomatic Complexity is based on the number of decision points, since McCabe showed that this number plus 1 is equal to the number of basic paths
through a structured program [McCabe, 1976]. The calculation of the Halstead’s metrics are
based on the number of distinct operators, the number of distinct operands, the total number of
operators and the total number of operands of the program, as described in [Halstead, 1977],
although the only Halstead’s measurements that were taken into account for this study were Vocabulary and Length. This research is presented in [Moreno-León et al., 2016b] (section 7.1.3).
On other hand, in order to compare the automatic scores provided by Dr. Scratch with
evaluations by human experts, we organized a programming contest for primary and secondary
3

https://github.com/jemole/hairball/blob/master/hairball/plugins/metrics.py
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students. The contest was organized in collaboration with the Spanish Foundation for Science
and Technology (FECyT) and Google, and participating students had to create a Scratch
project explaining a scientific concept. Each project was assessed by at least six members of the
jury, which was formed by 16 specialists from different backgrounds with a solid knowledge
of computer science education: policy makers, non-profit organizations promoting CT skills
in schools, primary and secondary teachers, researchers and companies with programming and
robotics educational programs. A complete report on this investigation is presented in [MorenoLeón et al., 2017] (section 7.1.4).
Finally, since Scratch creations are categorized under different types of projects, it is interesting to find out if this topology is replicated when projects are analyzed with Dr. Scratch
(discriminant validity). Therefore, we randomly downloaded 250 projects from the main categories in the Scratch repository (i.e., games, animations, music, art and stories), aiming to
check whether Dr. Scratch is able to detect differences in the CT dimensions developed
when programming different types of Scratch projects. This investigation, [Moreno-León
et al., 2017], is presented in section 7.1.5, and proposes as well a proof of concept of a recommender tool, populated with data from public repositories, that enables educators and learners
to create their own learning paths, aiming to contribute to a personalized learning connected
with students’ interests.

4.2

Computational thinking across the curriculum

As discussed in Chapter 3, following Papert’s proposal of children using computers to create
games, composing music or painting recursive drawings, among other tasks, scholars from the
education community have investigated the benefits that young students acquire when they learn
to program a computer. In this scenario, coding is not as an end in itself but a tool to develop
other skills, to improve learning outcomes and to raise students’ motivation.
In order to study whether computer programming, when used as an educational resource,
can improve the learning of subjects not related with information and communications technology, we performed a systematic literature review to identify if evidence exists on educational
benefits of programming in K-12, summarizing the most important empirical findings and aiming to identify potential lines for future research. The result of this literature review is presented
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in [Moreno-León and Robles, 2016] (section 7.2.1). This article received the Best Paper Award
at 2016 IEEE Global Engineering Education Conference (Abu Dhabi, United Arab Emirates).
The publications analyzed in this paper show that programming with Scratch can be
used as a tool to improve learning in subjects such as mathematics, science, arts, writing or
English as a second language. Nonetheless, most of these investigations do not follow the basic
recommendations to develop research in education [Cohen et al., 2013], since in a majority of
the cases no control groups nor pre and post tests are performed, and the samples are made
of a small number of participants. Therefore, the conclusions of the literature review indicate
that, even though the findings of the analyzed articles present a very promising picture, it is
necessary to conduct further research with larger samples to justify the use of programming as
an educational tool in K-12. Consequently, we searched for schools to establish collaborations
to carry out new investigations on this regard.
The first of such investigations is presented in [Moreno-León and Robles, 2015a] (section 7.2.2). The paper summarizes the work done in the San Diego and San Vicente School
(Madrid, Spain) during the 2013/14 academic year, where a study with four groups of students
in 4th and 5th grade was conducted to measure to what extent the use of computer programming
in English as a second language lessons can be an interesting educational tool, with a positive
impact on the learning outcomes of the students. In addition, the fact that we worked with two
teachers who had different prior programming experience allowed us to study differences in
the learning outcomes of their students. 32 students in the experimental group, who learnt the
contents of the unit through computer programming activities using Scratch, and 33 students
in the control group, who learnt using the kind of activities they had been using in the course
that far, took part in the investigation.
Following this approach, but now looking at the development of mathematical thinking
through computer programming, we participated in a quasi-experiment with two 6th grade
groups at the Candelaria Hacienda School (Lorica, Colombia). Specifically, the questions under investigation in this paper are if the use of coding in Maths classes improves (a) modeling
process and reality phenomena, (b) reasoning, (c) problem formulation and problem solving,
and (d) comparison and execution of procedures and algorithms, as discussed in [Calao et al.,
2015] (section 7.2.3).
The last of these empirical interventions on the use of CT as an educational resource com-

48

CHAPTER 4. METHODOLOGY

Table 4.3: Number of students participating in each intervention by level, subject in which
programming was introduced, and distribution between control and experimental groups
Level

Subject

Control

Experimental

Total

2nd grade

Language arts

15

14

29

4th grade

English

15

13

28

5th grade

English

19

18

37

6th grade

Maths

24

18

42

6th grade

Maths

25

26

51

6th grade

Social studies

25

24

49
N:

236

pares three quasi-experimental research designs conducted in three different schools involving
129 students from a 2nd grade language arts class, a 6th grade math class, and a 6th grade social studies class [Moreno-León et al., 2016a] (section 7.2.4). Since the academic course and
the subjects in which coding was integrated was different in each of the schools, the results
are discussed in terms of these parameters. It is therefore a investigation that combines quasiexperimental and causal-comparative methods, following the approach posited by Schenker and
Rumrill [Schenker and Rumrill Jr, 2004].
As a summary, Table 4.3 presents the levels, subjects and number of students of both the
experimental and control groups that took part in each of the investigations.

4.3

Social and non-cognitive factors of computational thinking

In order to provide evidence of social and cognitive factors that influence the development of
programming and CT skills, two different approaches have been followed.
On one hand, aiming to investigate how socialization affects the learning of programming
skills, we made use of a data set of public activity in the Scratch online community during
its first five years of activity (2007–2012):
“The data set includes 32 tables extracted from the MySQL database used to run
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the Scratch website. The tables capture many types of information including
meta-data around users and projects, as well as user behavior and communication
on the site. In addition to meta-data, the data set also includes the full text of public
comments, the full source code for every project, and quantitative summaries of the
contents of projects. The data set includes data on more than 1 million users, nearly
2 million projects, more than 10 million comments, and meta-data on many tens of
millions of events like views, downloads, and expressions of appreciation.” [Hill
and Monroy-Hernández, 2017, p. 2]
Specifically, we analyzed the social interactions of almost 70,000 users of the Scratch
platform and the sophistication of over 1.5 million software products that they created to find
out whether there is a relationship between the social conducts of users and the improvement
of their programming abilities, as well as whether time affects this potential relationship. This
work is presented in [Moreno-León et al., 2016c] (section 7.3.1).
In order to measure the sophistication of the projects, we used an approach proposed in
previous investigations [Scaffidi and Chambers, 2012, Huff et al., 1992], which derives sophistication from three different concepts: breadth, depth and finesse. Breadth refers to the range of
different features that programmers use; depth represents the amount with which programmers
use those features; while finesse captures the user’s ability to solve programming problems
effectively and creatively. From the information in the dataset we could directly assign the
number of blocks used in a project to depth and number of types of blocks to breadth. To calculate finesse, though, we had to adapt Dr. Scratch to provide a mastery score based on the
information available in the dataset4 .
On other hand, aiming to understand better which non-cognitive factors underlie CT, 1,251
Spanish students from 24 different schools, who were enrolled in computer science subjects
from 5th to 10th grade, were administered both the CTt [Román-González, 2015] and some
additional self-efficacy items. In the latter items the students reported their perception regarding
their performance on the CTt as well as their general competence with computers. In addition,
the Big Five Questionnaire-Children version [Barbaranelli et al., 2003] was taken by 99 of those
students. The main goal of this investigation, which is presented in [Román-González et al.,
4

The adaptation of Dr. Scratch that was used to perform the mastery analysis is publicly available at

http://gsyc.urjc.es/˜grex/repro/2016-jucs-socialization
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Figure 4.4: Summary of the methods involved for each of the three pillars of the thesis: assessment, transference and influencing factors of CT skills.
2017] (section 7.3.2), was to study the potential correlations between CT, self-efficacy and the
dimensions of the Big Five model of personality: Openness to Experience, Conscientiousness,
Extroversion, Agreeableness, and Neuroticism.

4.4

Summary

Figure 4.4 can be used to visually summarize the methodoloy followed to answer each of the
three research questions that guide this thesis. Firstly, after the development of a tool to assess
CT skills by automatically analyzing Scratch creations, several investigations were carried
out to validate its inner-working and features. Then, in order to measure the transference of CT
skills to the learning of other domains, different interventions in schools were performed collaborating with teachers and students in which programming activities were used as a resource
to learn several subjects. Finally, aiming to provide evidence on the social and non-cognitive
factors that may affect the development of CT, two very different investigations were carried
out: an in-depth analysis of over 1.5 million projects shared by more than 70,000 users on the
Scratch repository, and an experiment with young learners to study correlations between CT,
self-efficacy and five dimensions of personality.

Chapter 5
Results
I am convinced that the best learning takes place when the learner
takes charge.
Seymour Papert

This chapter summarizes the main results found in the investigations that comprise this
thesis. Firstly, the findings of the actions taken to validate Dr. Scratch are presented. Then,
the outcomes of the interventions performed in schools to measure the transference of CT skills
to the learning of different subjects are outlined. Finally, evidence regarding the social and
non-cognitive factors affecting the the development of CT is discussed.

5.1

Validation of Dr. Scratch

The first two features added to Dr. Scratch were two plug-ins that allow the detection of
bad programming habits that educators frequently find in their students’ projects: i) characters
that use the default, non-meaningful name that Scratch assigns to new objects, and ii) the
repetition of code. Aiming to validate these new features we analyzed 100 randomly downloaded projects from the Scratch public repository. 79% of the analyzed projects contained
at least one character with the SpriteX default name, and 62% of them contained at least one
repeated program. In fact, only 17% of the studied projects made use of the option to define
user own-defined blocks that can be reused in other parts of the project. These figures, in consequence, confirm that i) bad programming habits can also be generally found in the projects
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publicly shared in the community –as observed previously by educators–, and ii) the developed
tool is able to automatically detect such issues (see section 7.1.1).
To validate whether young learners are able to use the tool and learn from the feedback it
offers, we organized a series of workshops with more than 100 students from 8 schools. During
the intervention, students analyzed one of their projects with Dr. Scratch and read the advise
and tips presented in the feedback report provided by the tool. Then they tried to enhance their
programs, making use of the feedback. Finally, students had to analyze again their projects. The
results show that, in average, students improved their CT Score in 1.45 points, from 12.00/21 to
13.45/21 (statistically significant). The overall effect size was d = 0.47, indicating a moderate
effect. It must be taken into account, though, that this effect was generated during a just onehour workshop, which highlights the real impact that the use of the tool had in the learners’
programming skills (section 7.1.2).
In terms of convergent validity, two different investigations were performed. On one hand,
the results after analyzing 95 Scratch projects randomly downloaded from the repository
show that the complexity measurement of the tool is in line with other, classic software engineering complexity metrics, since the Dr. Scratch CT score has a positive, significant,
moderate to strong correlation with the Cyclomatic Complexity and Halstead’s Vocabulary,
while has a positive, significant moderate correlation with Halstead’s Length (section 7.1.3).
On other hand, the study of over 450 evaluations of Scratch projects provided by human
experts, which were compared with the scores provided by Dr. Scratch, indicate that the
tool is ideally convergent with expert evaluators, as the correlation was greater than r = .70
(section 7.1.4).
Lastly, the results of the analysis of 250 projects show that there is a clear disparity in the
CT score between the main categories of Scratch projects, with medians ranging from 7-8
points for art, music and animations, to 10 points for stories and 15 points for games, which can
be considered a validation of the discriminant features of the tool. Furthermore, based on these
results, the analyzed projects were clustered in terms of their CT score, and then the source
code of the prototypical projects was qualitatively studied in detail to explain the progression
required to move from one cluster to the next one. As a result, a data-driven itinerary that can
support teachers and policy makers in the creation of a curriculum for learning to program is
proposed (section section 7.1.5).
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Computer programming as an educational resource

Aiming to study whether computer programming, when used as an educational resource, can
improve the learning of subjects not related with information and communications technology,
we collaborated with several schools to assess and compare –in a formal way– the learning
outcomes of pupils who took part in programming activities with Scratch in their lessons
and of their peers who learned using non-coding tasks.
In an investigation with 66 students from 4th and 5th grade in the English as a second language class, the results show that the groups working with programming activities improved
more than the groups using traditional resources. Furthermore, when asked via surveys at the
end of the study, most students felt that coding was a positive influence, not only for learning English, but for developing other important skills, such as teamwork and learning to learn.
The results also provide evidence on the influence of the teachers’ programming skills on the
learning outcome of their students (section 7.2.2).
Similar findings were reached in an investigation in a 6th grade maths class, since the results
show that there is a statistically significant enhancement in the understanding of mathematical
knowledge in the group that received training in programming with Scratch. Specifically, we
found that the exercising skill (i.e., the comparison and execution of procedures and algorithms)
is the skill that is especially improved by programming, while it is usually the one that is less
strengthened in traditional math classes. The findings also prove that programming activities
significantly contribute to modeling and reasoning skills, too. Lastly, although the problem
solving skill is also increased with the coding tasks, it is the skill that presents more room for
improvement (section 7.2.3).
A different appoach was followed in the last of these empirical investigations, since it involved 129 students from 3 different schools, who were enroled in different grades and subjects
(specifically, 2nd grade language arts class, a 6th grade math class, and a 6th grade social studies
class), enabling the discussion of the results in terms of such parameters. The findings indicate that programming with Scratch enhanced the academic outcomes of both experimental
groups in 6th grade classes. However the effect size was twice as big in the social studies class
than in the math one. Since participants in the social studies class showed higher levels of enjoyment and confidence in self-learning, we argue that the difference in the effect size is due
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to a better adjustment between cognitive and motivational factors. On other hand, in the 2nd
grade class the coding activities did not accelerate the learning curve. Aiming to explain the
different results achieved between 2nd and 6th grade, we point to the higher level of cognitive
maturation that older students have, which allows them to transfer learning from programming
environments to other domains (section 7.2.4).

5.3

Computational thinking as a social skill

In order to provide evidence on the social factors that influence the development of programming and CT skills, we analyzed the activity of the first five years of activity in the Scratch
platform to study whether there is a relationship between learners’ social participation in the
Scratch community and the improvement in software development skills, and whether the
time spent in the community affects this potential relationship.
Our results indicate that there is a relationship between the social conducts of learners in
the community and the improvement in the sophistication of their projects, measured in depth,
breadth and finesse. This is the case when any of the social activities available in the Scratch
platform are considered independently (favorites, galleries, friends, and comments), and also
when the social conducts are grouped by the sum of the activities. In all cases there are very
significant differences in favour of the social groups. The results, therefore, show that more social activities users perform is positively associated with more improvements in sophistication.
Furthermore, the findings also show that the relationship of social factors with the development
of software programming skills tends to grow with time (section 7.3.1).
When it comes to the non-cognitive factors affecting CT, the results of the investigation
involving 1,251 students from 24 different schools provide evidence of correlations between
CT and the five factors of personality from the Big Five model. As expected, we found positive
correlations with Openness and Conscientiousness, but we found as well a positive correlation
with Extraversion, which was an unexpected result. This finding led us to argue that, at a
moment in which social and collaborative programming languages, such as Scratch, are
becoming more popular, extraversion might be an emerging and specific personality trait of
top computational thinkers in middle and high school levels. Moreover, a moderate positive
correlation between CT and the specific self-efficacy perception of the students regarding their
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performance in CT tasks has been found. It is worth noting that a medium size difference in
favor of males was found (section 7.3.2).

5.4

Summary

Figure 5.1 can be used to visually summarize the main results of this thesis, whose main goal
is to provide evidence that could support policy makers and educators in the introduction of CT
skills through programming activities in the school curriculum.
Firstly, in terms of assessment of CT skills, a free web-tool to automatically evaluate Scratch
creations has been developed and validated in different scenarios, proving its ecological, convergent and discriminant validity.
Secondly, in terms of transference of CT skills to the learning of other domains, the different
interventions performed in schools show that programming can be a good resource to learn other
subjects, such as Mathematics, Social studies and English as a second language, for 4th , 5th and
6th graders; on the contrary, no effect was observed in the quasi-experiment performed in a 2nd
grade class.
Finally, the results of the investigations carried out aiming to provide evidence on the social
and non-cognitive factors that may affect the development of CT, show that there is a relationship between the social conducts of users and the enhancement of their programming abilities,
and point to the existence of a non-cognitive side of CT.
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Figure 5.1: Summary of the main results for each of the three pillars of the thesis: assessment,
transference and influencing factors of CT skills.

Chapter 6
Conclusions and Future Research
In short, I believe more than ever that programming should be a key
part of the intellectual development of people growing up.
Seymour Papert

This chapter presents a brief summary of the most important conclusions that can be inferred from the results of this thesis and its implications for the education community, a list of
some examples of scholars and educators who are already making use of the tools and methods
generated with this thesis, and a discussion on possible research lines that might be conducted
in the near future to continue this work.

6.1

Implications of the doctoral thesis

6.1.1

An assessment tool for the community

The main contribution of this thesis is the development and validation of Dr. Scratch, a
free/libre/open source CT assessment tool for Scratch projects.
The validation actions performed were focused on showing its ecological, convergent and
discriminant validity. On one hand, the results of the investigations show that just after 1 hour
of working with Dr. Scratch, primary and secondary students increased their CT score and
improved their programming skills, which proves that the tool is useful for learners of these
ages.
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On other hand, strong correlations between automatic scores provided by the tool and hu-

man expert evaluators have been found, which could be considered as a validation of the metrics
used by Dr. Scratch. In fact, according to the assessment research literature [Carlson and
Herdman, 2012], the tool is ideally convergent with expert evaluators, since the correlation
detected between measurements is greater than r = .70. Furthermore, positive, significant, moderate to strong correlations between Dr. Scratch scores and classic, software engineering
complexity metrics were found, which could also be considered as a validation of the complexity assessment process of the tool.
Finally, when studying if different CT dimensions can be developed when programming
distinct types of Scratch projects, the results of a K-means cluster analysis confirm significant differences. These results do not only have implications for educators and policy makers
in terms of curriculum design, but proves that the existing typology of Scratch projects is
empirically replicated when the projects are subjected to the Dr. Scratch mastery score.
As a result of this validation process, the international Scratch community is massively
using Dr. Scratch to analyze and evaluate their projects. Since the release of the beta version
of the website, in August 2015, more than 180,000 projects have been submitted to the tool for
their assessment1 .
Learners and educators from all over the world are not the only users of the tool, though,
since scholars from both the education and computer science fields are also making use of Dr.
Scratch in their investigations.
In [Lawanto, 2016], authors use Dr. Scratch to build an understanding of middle school
students’ strengths and weaknesses in CT. Similarly, a case study that examines the experiences of two classes in an elementary school using Scratch to create a lunar simulation of the
Earth/Moon System is presented in [Martin, 2016], and the assessment tool that they used to
evaluate the students’ CT skills is Dr. Scratch. This is also the case in [Garneli and Chorianopoulos, 2017], which studies the use video games and simulations in science education and
explores evidence of CT through code analysis with our tool. Other examples would be [von
Wangenheim et al., 2017] and [da Cruz Alves et al., 2016], interventions in which coding activities are integrated in history lessons and Dr. Scratch is used to assess learners’ CT skills.
1

Since this document was written in August 2017, this figure indicates that over 90,000 projects per year have

been analyzed in the website
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In [Munoz et al., 2016], for its part, the tool is used to evaluate a game design workshop aimed
at teenagers with Autism Spectrum Disorders
It is worth mentioning that, as a result of the release of Dr. Scratch, researchers from
Northeastern University (Boston, MA, USA), contacted us to request new features that would
help them in the evaluation tasks of Building Systems from Scratch2 , a National Science Foundation funded project that develops and studies an education program that integrates computing
into middle school Earth systems science by interweaving game design and science learning.
The project involves fifteen 8th grade teachers in three MA districts, reaching approximately
1,840 8th grade students. The approach the project follows is that, as students build their own
games, they engage in computational practices such as modeling, abstraction, management of
complexity, and creative design, as well as iterative testing and debugging. The project seeks
to understand how and what young people learn when they engage in interdisciplinary learning
in technology-rich environments, and they needed a tool to automate part of the analysis. As a
result, I had the opportunity to join the project as a visiting scholar in Northeastern University
where new features for Hairball and Dr. Scratch were developed to assist project participants in the evaluation tasks3 . [Hoover et al., 2016] and [Barnes et al., 2017] summarize the
initial project results.
The target audience of the tool is not limited to young learners, nonetheless, and it is therefore also used to assess teachers’ CT and programming skills, as is the case in [Webber et al.,
2014] and [Barcelos et al., 2016].
Lastly, software engineering researchers have recently started to study how young learners
develop programming skills. Since Dr. Scratch is able to detect bad programming habits,
the tool is being used to find code smells in the programs [Aivaloglou and Hermans, 2016,
Hermans and Aivaloglou, 2016, Hermans and Aivaloglou, 2017] and to have a clearer picture
of the most commons quality problems [Techapalokul and Tilevich, 2017].
Hence, the features offered by the tool have made that several author propose the use of Dr
Scratch as part of a framework for globally evaluating Scratch projects [Douligeris et al.,
2017, Ngeow, 2016]. And there are even scholars that use the tool to validate new assessment instruments. In [Ali, 2016], authors compare Dr Scratch evaluations with the scores obtained
2
3

NSF Award number, 1542954
This new plug-in is available at https://github.com/jemole/hairball/blob/master/hairball/plugins/neu.py
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from Computational Thinking Levels Scale [Korkmaz et al., 2017] and examine this comparison
in terms of different variables, finding a Cronbach Alpha reliability coefficient 0.809.

6.1.2

Evidence for educators and policy makers

The empirical investigations performed regarding the transference of CT across the K-12 curriculum provide some conclusions that can be useful for teachers, principals and policy makers,
especially if we take into account that computer programming is being introduced in the national
curriculum of primary and secondary education of several countries around the world [Balanskat and Engelhardt, 2015].
First, in order to decide the level in which to introduce programming and CT for the first
time, it must be noted that there seem to be differences in the effectiveness of the transfer of
these skills to other domains based on the age of the students. Pupils in the last years of primary
school, who are approaching adolescence, have levels of cognitive maturity that can increase the
possibilities of transference, while this is not the case for younger learners. However, although
the use of programming does not imply an improvement in academic performance in the first
years of primary school, there is no slowdown either, so it might be interesting to introduce
this resource at this age. This way, students could begin to develop their CT skills without
compromising their academic results.
In terms of school subjects, it seems appropriate to start using programming as a crosscurricular tool in subjects in which integration is simple, such as the social studies, so that
students can gain confidence and autonomy. At a later stage, introducing these activities into
more complex subjects, such as mathematics, may be easier and better results can be obtained.
Moreover, it seems evident that teacher training has a very important impact on the learning
outcomes that students achieve. As a result, a recurring question in all countries that are planning the introduction these contents curriculum is how to get enough well-trained educators to
teach programming and computational thinking for all schools.
When it comes to social and cognitive factors affecting CT, the results of our investigations
could also have an impact on the teaching of programming in schools, high schools and universities alike. Our results show that there is a relationship between the social conducts of users
in the community and the enhancement of their programming abilities. Furthermore, the investigations also provide evidence that this relationship tends to grow with time. Consequently,
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educators could choose between platforms for learning to program based on their social and
software evolution features.
Lastly, the extension of the nomological network of CT with non-cognitive factors– thus
proving that even though CT is primarily a cognitive psychological construct close to problemsolving ability, there is also a non-cognitive side of CT– has also implications for policy makers.
In addition of having found a moderate positive correlation between CT and self-efficacy in
CT tasks, we also provided empirical evidence of the correlations between CT and Openness,
Conscientiousness and, unexpectedly, Extroversion. These results highlight that if we want
all students to enjoy meaningful and self-reinforcing experiences while learning to program, a
diversity of computing contexts must be offered, since the one-size-fits-all approach is leaving
some students, especially adolescent girls, behind.
It must be highlighted that the conclusions of our empirical investigations discussed in this
section have been included in several official reports that study the introduction of programming and CT skills in schools to support policy makers, both at national [Centro Nacional de
Innovación e Investigación Educativa, 2017] and European levels [Balanskat and Engelhardt,
2015, Bocconi et al., 2016a].

6.2

Future research

In terms of the validation of Dr. Scratch, there are two actions that are still pending:
• Factorial validity. The relationships between the different CT dimensions assessed by
the tool must be studied, aiming to identify clusters of dimensions that share sufficient
variation. This factorial analysis, if performed on a big enough number of projects, could
lead to the grouping of some of the dimensions, which would therefore simplify the feedback report that the tool displays to learners. For this action, the data set made available
from [Aivaloglou et al., 2017], which consists of 250,166 projects from the Scratch
repository that have been scraped, shaped and scored, could be used.
• Face validity. Since one of the main goals of the tool is to support teachers in the evaluation tasks, it is important that educators feel that Dr. Scratch does what it claims to do
(i.e., assessing CT). To validate this, a survey should be run aiming to collect educators’
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suggestions to improve both the analysis and the look and feel of the tool.
When it comes to the integration of CT across the curriculum, our investigations highlight

the need for more research that can be used to gain insight on what strategies work and what approaches do not work when including programming activities in the classroom from early ages.
If the educational and scientific communities want to help policy makers to make good decisions
in this field, it is necessary to develop a greater number of rigorous empirical investigations that
critically analyze the introduction of computing in schools.
Lastly, our work on the social factors affecting programming and CT was an a posteriori
investigation, not an experiment. Therefore, the relationships between the social conducts with
software development skills should not be considered as causality. Future work might involve a
controlled experiment with two groups of learners: one could learn to program using the offline
Scratch version, while the other one could make use of social features offered in the online
community. Such experiment would allow to study potential differences in the sophistication
of the projects developed by learners who learn in social environments and those who do it in
more individual, isolated scenarios.

Chapter 7
Publications
My basic idea is that programming is the most powerful medium of
developing the sophisticated and rigorous thinking needed for
mathematics, for grammar, for physics, for statistics, for all the
”hard” subjects.
Seymour Papert

7.1
7.1.1

On the assessment of computational thinking
Automatic detection of bad programming habits in Scratch: A preliminary study

Abstract
Using the Scratch environment as a tool to teach programming skills or develop computational
thinking is increasingly common in all levels of education, well-documented case studies from
primary school to university can be found. However, there are reports that indicate that students learning to program in this environment show certain habits that are contrary to the basic
programming recommendations. In our work as instructors with high school students, we have
detected these and other bad practices, such as the repetition of code and object naming, on a
regular basis. This paper focuses on verifying whether these issues can generally be found in
the Scratch community, by analyzing a large number of projects available on the Scratch community website. To test this hypothesis, we downloaded 100 projects and analyzed them with
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two plug-ins we developed to automatically detect these bad practices. The plug-ins extend
the functionality of the Hairball tool, a static code analyzer for Scratch projects. The results
obtained show that, in general, projects in the repository also incur in the investigated malpractices. Along with suggestions for future work, some ideas that might assist to address such
situations are proposed in the conclusions of the paper.
Citation
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1–4, 2014.
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Dr. Scratch: Automatic analysis of scratch projects to assess and
foster computational thinking

Abstract
One of the barriers to entry of computer programming in schools is the lack of tools that support educators in the assessment of student projects. In order to amend this situation this paper
presents Dr. Scratch, a web application that allows teachers and students to automatically analyze projects coded in Scratch, the most used programming language in primary and secondary
education worldwide, to check if they have been properly programmed, learn from their mistakes and get feedback to improve their code and develop their Computational Thinking (CT)
skills. One of the goals of Dr. Scratch, besides supporting teachers in the evaluation tasks, is to
act as a stimulus to encourage students to keep on improving their programming skills. Aiming
to check its effectiveness regarding this objective, workshops with students in the range from
10 to 14 years were run in 8 schools, in which over 100 learners analyzed one of their Scratch
projects with Dr. Scratch, read the information displayed as feedback by Dr. Scratch, and tried
to improve their projects using the guidelines and tips offered by the tool. Our results show that
at the end of the workshop, students increased their CT score and, consequently, improved their
coding skills.
Citation
Jesús Moreno-León, Gregorio Robles, and Marcos Román-González. Dr. Scratch: Automatic
analysis of scratch projects to assess and foster Computational Thinking. RED. Revista de
Educación a Distancia, 15(46), 2015.
DOI:10.6018/red/46/10
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Comparing computational thinking development assessment scores
with software complexity metrics

Abstract
The development of computational thinking skills through computer programming is a major topic in education, as governments around the world are introducing these skills in the
school curriculum. In consequence, educators and students are facing this discipline for the
first time. Although there are many technologies that assist teachers and learners in the learning of this competence, there is a lack of tools that support them in the assessment tasks. This
paper compares the computational thinking score provided by Dr. Scratch, a free/libre/open
source software assessment tool for Scratch, with McCabe’s Cyclomatic Complexity and Halstead’s metrics, two classic software engineering metrics that are globally recognized as a valid
measurement for the complexity of a software system. The findings, which prove positive,
significant, moderate to strong correlations between them, could be therefore considered as a
validation of the complexity assessment process of Dr. Scratch.
Citation
Jesús Moreno-León, Gregorio Robles, and Marcos Román-González. Comparing computational thinking development assessment scores with software complexity metrics. In 2016 IEEE
Global Engineering Education Conference (EDUCON), pages 1040–1045, April 2016.
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On the automatic assessment of computational thinking skills: A
Comparison with human experts

Abstract
Programming and computational thinking skills are promoted in schools worldwide. However,
there is still a lack of tools that assist learners and educators in the assessment of these skills. We
have implemented an assessment tool, called Dr. Scratch, that analyzes Scratch projects with the
aim to assess the level of development of several aspects of computational thinking. One of the
issues to address in order to show its validity is to compare the (automatic) evaluations provided
by the tool with the (manual) evaluations by (human) experts. In this paper we compare the
assessments provided by Dr. Scratch with over 450 evaluations of Scratch projects given by 16
experts in computer science education. Our results show strong correlations between automatic
and manual evaluations. As there is an ample debate among educators on the use of this type
of tools, we discuss the implications and limitations, and provide recommendations for further
research.
Citation
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automatic assessment of computational thinking skills: A comparison with human experts. In
Proceedings of the 2017 CHI Conference Extended Abstracts on Human Factors in Computing
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DOI: 10.1145/3027063.3053216
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Towards data-driven learning paths to develop computational thinking with Scratch

Abstract
With the introduction of computer programming in schools around the world, a myriad of guides
are being published to support educators who are teaching this subject, often for the first time.
Most of these books offer a learning path based on the experience of the experts who author
them. In this paper we propose and investigate an alternative way of determining the most suitable learning paths by analyzing projects developed by learners hosted in public repositories.
Therefore, we downloaded 250 projects of different types from the Scratch online platform,
and identified the differences and clustered them based on a quantitative measure, the computational thinking score provided by Dr. Scratch. We then triangulated the results by qualitatively
studying in detail the source code of the prototypical projects to explain the progression required to move from one cluster to the next one. The result is a data-driven itinerary that can
support teachers and policy makers in the creation of a curriculum for learning to program.
Aiming to generalize this approach, we discuss a potential recommender tool, populated with
data from public repositories, to allow educators and learners creating their own learning paths,
contributing thus to a personalized learning connected with students’ interests.
Citation
Jesús Moreno-León, Gregorio Robles, and Marcos Román-González. Towards Data-Driven
Learning Paths to Develop Computational Thinking with Scratch. IEEE Transactions on Emerging Topics in Computing, 2017. DOI: 10.1109/TETC.2017.2734818
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On the transference of computational thinking

7.2.1

Code to learn with Scratch? A systematic literature review

Abstract
The use of computer programming in K-12 spread into schools worldwide in the 70s and 80s
of the last century, but it disappeared from the educational landscape in the early 90s. With the
development of visual programming languages such as Scratch, this movement has emerged
again in recent years, as teachers at all educational levels and from different disciplines consider that the use of programming enhances learning in many subjects and allows students to
develop important skills. The systematic literature review presented in this article aims to summarize the results of recent research using programming with Scratch in subjects not related to
computing and communications, as well as studies analyzing the kind of skills students develop
while learning to code in this environment. Although the analyzed papers provide promising
results regarding the use of programming as an educational resource, this review highlights the
need to conduct more empirical research in classrooms, using larger samples of students that
allow to obtain clear conclusions about the types of learning that could be enhanced through
programming.
Citation
Jesús Moreno-León and Gregorio Robles. Code to learn with Scratch? A systematic literature
review. In Global Engineering Education Conference (EDUCON), 2016 IEEE, pages 150–156.
IEEE, 2016.
DOI: 10.1109/EDUCON.2016.7474546
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Computer programming as an educational tool in the English classroom: a preliminary study

Abstract
Computational thinking, a problem solving method that uses computer science techniques, has
recently become mainstream as many governments and major Internet companies are promoting
programming skills among children. However, little is known about how programming affects
other aspects of life beyond the acquired programming skills. In this regard, this paper summarizes the work done in the school San Diego and San Vicente (Madrid, Spain) during the third
quarter of the year 2013/2014, where we conducted a study with four groups of students in 4th
and 5th grade to measure to what extent the use of computer programming in English classes
can be an interesting educational tool with a positive impact on the learning otucome of the
students. The results show that the groups working with programming activities improved more
than the groups using traditional resources. Moreover, when asked via surveys at the end of the
study, most students felt that coding was a positive influence, not only for learning English, but
for developing other important skills as teamwork and learning to learn.
Citation
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(EDUCON), 2015 IEEE, pages 96–966. IEEE, 2015.
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Developing mathematical thinking with Scratch: an experiment with
6th grade students

Abstract
One of the latest trends in the educational landscape is the introduction of computer programming in the K-12 classroom to develop computational thinking in students. As computational
thinking is not a skill exclusively related to computer science, it is assumed – but not yet scientifically proven – that the problem solving process may be generalized and transferred to a
wide variety of problems. This paper presents a research designed to test whether the use of
coding in Maths classes could have a positive impact on learning outcomes of students in their
mathematical skills. Therefore, the questions we want to investigate in this paper are if the
use of programming in Maths classes improves (a) modeling process and reality phenomena,
(b) reasoning, (c) problem formulation and problem solving, and (d) comparison and execution
of procedures and algorithms. We have therefore designed a quantitative, quasi-experimental
experiment with 42 participating 6th grade (11 and 12 years old) students. Results show that
there is a statistically significant increase in the understanding of mathematical processes in the
experimental group, which received training in Scratch.
Citation
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mathematical thinking with Scratch: An experiment with 6th grade students. In Design for
Teaching and Learning in a Networked World, pages 17–27. Springer, 2015.
DOI: 10.1007/978-3-319-24258-3 2
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Code to learn: Where does it belong in the K-12 curriculum?

Abstract
The introduction of computer programming in K-12 has become mainstream in the last years,
as countries around the world are making coding part of their curriculum. Nevertheless, there
is a lack of empirical studies that investigate how learning to program at an early age affects
other school subjects. In this regard, this paper compares three quasi-experimental research
designs conducted in three different schools (n=129 students from 2nd and 6th grade), in order
to assess the impact of introducing programming with Scratch at different stages and in several
subjects. While both 6th grade experimental groups working with coding activities showed a
statistically significant improvement in terms of academic performance, this was not the case
in the 2nd grade classroom. Notable disparity was also found regarding the subject in which
the programming activities were included, as in social studies the effect size was double that in
mathematics.
Citation
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On factors affecting computational thinking

7.3.1

Examining the relationship between socialization and improved software development skills in the Scratch code learning environment

Abstract
In the last years, socialization of the software development process has been proven to be an
emergent practice, becoming social development platforms (such as GitHub or GitLab) very
popular among software developers. However, little is still known about how social factors inuence software development. In particular, in this paper we focus on how socialization affects the
learning of programming skills, as developing software can be considered, in part, a continuous
learning process. Aiming to shed some light in this regard, we analyze the social interactions
of almost 70,000 users and the sophistication of over 1.5 million software products authored
by them in the Scratch platform, the most popular social coding site for learning to program.
The results indicate that there is a relationship between the social conducts of users and the improvement of their programming abilities, showing that more social actions performed by users
is positively associated with more sophistication in their programs. Furthermore, the results
also provide evidence that the relationship of social factors with the development of software
programming skills tends to grow with time.
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Extending the nomological network of computational thinking with
non-cognitive factors

Abstract
Computational thinking (CT) is being consolidated as a key set of problem-solving skills that
must be developed by the students to excel in our software-driven society. However, in psychological terms, CT is still a poorly defined construct, given that its nomological network has
not been established yet. In a previous paper, we started to address this issue studying the
correlations between CT and some fundamental cognitive variables, such as primary mental
abilities and problem-solving ability. The current work deepens in the same direction as it aims
to extend the nomological network of CT with non-cognitive factors, through the study of the
correlations between CT, self-efficacy and the several dimensions from the ‘Big Five’ model of
human personality: Openness to Experience, Conscientiousness, Extraversion, Agreeableness,
and Neuroticism. To do so, the Computational Thinking Test (CTt) and some additional selfefficacy items are administered on a sample of 1251 Spanish students from 5th to 10th grade (N
= 1,251), and the Big Five Questionnaire-Children version (BFQ-C) is also taken by a subsample from the above (n = 99). Results show statistically significant correlations between CT and
self-efficacy perception relative to CT performance (rs = 0.41), in which gender differences in
favor of males are found (d = 0.42). Moreover, results show statistically significant correlations
between CT and: Openness to Experience (r = 0.41), Extraversion (r = 0.30), and Conscientiousness (r= 0.27). These findings are consistent with the existing literature except for the
unexpected correlation between CT and the Extraversion factor of personality, which is consequently discussed in detail. Overall, our findings corroborate the existence of a non-cognitive
side of CT that should be taken into account by educational policies and interventions aimed
at fostering CT. As a final contribution, the extended nomological network of CT integrating
cognitive and non-cognitive variables is depicted.
Citation
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Appendix A
Resumen en castellano
A.1

Antecedentes

La inclusión de las habilidades de programación informática y pensamiento computacional
(PC) en el curriculum escolar es una de las principales tendencias en el panorama educativo
mundial [Info-communications Media Development Authority, 2014, Igbokwe, 2015, Australian Curriculum Assessment and Reporting Authority, 2015, The White House, 2016]. Este
movimiento ha provocado un profundo interés entre los académicos y las instituciones de investigación [Furber, 2012, l’Académie des sciences, 2013, Meseguer et al., 2015, Gander et al.,
2013], que están analizando y comparando los enfoques y las estrategias de las diferentes iniciativas. Las revisiones sobre el estado del arte que se han realizado en lo relativo al PC en
la educación coinciden en tres aspectos principales y fundamentales que requieren atención
urgente por parte de la comunidad cientı́fica [Bocconi et al., 2016a, Grover and Pea, 2013, Bocconi et al., 2016b]: la evaluación de las habilidades de PC, la transferencia del PC a otros
dominios, y los factores que afectan al desarrollo del PC.
En consecuencia, y en concordancia con las lagunas identificadas en la literatura cientı́fica,
el objetivo principal de esta tesis es proporcionar evidencia que pueda ayudar a los responsables
polı́ticos y a los educadores en la introducción del PC en el currı́culo escolar. Dado que el
mejor conocimiento cientı́fico sobre el tema hasta la fecha muestra que la forma más efectiva
de fomentar el PC desde edades tempranas es mediante actividades de programación [Kalelioglu
et al., 2016, Lye and Koh, 2014], esta tesis investiga el desarrollo del PC a través de este tipo de
actividades. Además, como los educadores indican que la herramienta que más se utiliza tanto
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en la educación primaria como en la secundaria es Scratch [Sentance, 2015], nuestro trabajo
se centra en este lenguaje.

A.2

Objetivos

Las preguntas de investigación que se abordan en esta tesis son las siguientes:
1. ¿Es posible evaluar automáticamente el desarrollo de habilidades de PC inspeccionando las creaciones Scratch de los aprendices?
Con el objetivo de apoyar a los docentes en las tareas de evaluación, desarrollamos una
herramienta automática, Dr.Scratch, que permite evaluar varios aspectos del PC mediante el análisis estático del código fuente de proyectos Scratch. Para validar las
evaluaciones que ofrece la herramienta se han realizado diferentes investigaciones trabajando en estrecha colaboración con maestros y estudiantes en colegios e institutos, ası́
como haciendo uso de los proyectos disponibles en el repositorio público de Scratch.
Las conclusiones de estas investigaciones proporcionan evidencia que se puede usar para
responder a esta pregunta de investigación.
2. ¿El desarrollo de habilidades de PC a través de actividades de programación con
Scratch mejora el aprendizaje de otras asignaturas?
La idea de usar la programación informática para mejorar el aprendizaje de los estudiantes
en diferentes dominios lleva discutiéndose en la comunidad cientı́fica desde la década de
1960. Sin embargo, todavı́a hay un déficit importante de estudios que sigan rigurosamente las recomendaciones para realizar investigación en educación. Por lo tanto, hemos
desarrollado diferentes intervenciones en escuelas con el objetivo de responder a esta y a
otras preguntas consecuentes, tales como si hay diferencias en términos de transferencia
de habilidades de PC en función de la edad de los estudiantes o en función de la asignatura objetivo, o si la fomación previa de los docentes en lo relativo a la programación
informática tiene un impacto en los resultados de sus estudiantes.
3. ¿Existen factores sociales y no cognitivos que afectan al desarrollo de habilidades de
PC cuando se programa con Scratch?
Las definiciones de PC que se han propuesto recientemente introducen la idea de que
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los aspectos sociales y no cognitivos son una parte importante de esta habilidad. Sin
embargo, hay poca evidencia para respaldar esta idea, y los trabajos que han investigado
esta cuestión se basan principalmente en casos de estudio pequeños. Por consiguiente,
varias investigaciones que forman parte de esta tesis estudian si los factores sociales y no
cognitivos tienen una influencia significativa en el desarrollo de la programación y el PC.

A.3

Metodologı́a

Desarrollo y validación de Dr. Scratch
Como primer paso en el desarrollo de Dr.Scratch, creamos dos plug-ins para el entorno
Hairball [Boe et al., 2013]. EStos plug-ins amplı́an las funcionalidades de Hairball
permitiendo la detección de algunos malos hábitos de programación que los docentes detectan
con frecuencia en los proyectos de sus alumnos, como son el uso de los nombres por defecto
que Scratch asigna a los nuevos objetos, y la repetición de código. El proceso de desarrollo
y la prueba de los plug-ins haciendo uso de proyectos disponibles en el repositorio Scratch
está documentado en [Moreno and Robles, 2014] (sección 7.1.1).
Tras la publicación de la herramienta comenzó su proceso de validación. En primer lugar,
uno de los objetivos era que los usuarios pudieran analizar sus proyectos y aprender de forma
independiente aprovechando los consejos que brinda la herramienta, por lo que organizamos
una serie de talleres con más de 100 alumnos, entre 10 y 14 años, en 8 escuelas diferentes,
para verificar en qué medida los estudiantes mejoran sus habilidades de programación mientras
usan la herramienta en escenarios de la vida real (validez ecológica). Los detalles de esta
intervención, ası́ como el funcionamiento interno de la herramienta, se presentan en [MorenoLeón et al., 2015] (sección 7.1.2).
Un gran paso en el proceso de validación es la comparación de las evaluaciones proporcionadas por Dr.Scratch con otras mediciones de constructos similares (validez convergente). Identificamos dos evaluaciones que podrı́an usarse en este sentido: métricas de complejidad de ingenierı́a de software y evaluaciones proporcionadas por humanos expertos.
Por un lado, comparamos las puntuaciones de Dr.Scratch con dos métricas clásicas de
ingenierı́a de software reconocidas mundialmente como medidas válidas para la complejidad de
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un sistema software: la complejidad ciclomática de McCabe [McCabe, 1976] y las métricas de
Halstead [Halstead, 1977]. Los resultados después de analizar 95 proyectos Scratch que
se descargaron aleatoriamente del repositorio se presentan en [Moreno-León et al., 2016b]
(sección 7.1.3).
Por otro lado, para comparar las puntuaciones automáticas proporcionados por Dr.Scratch
con evaluaciones de humanos expertos, organizamos un concurso de programación para alumnos de primaria y secundaria. Esto nos permitió recopilar y estudiar más de 450 evaluaciones
de proyectos de Scratch ofrecidas por 16 expertos en educación informática. Los resultados
se presentan en [Moreno-León et al., 2017] (sección 7.1.4).
Finalmente, dado que las creaciones Scratch se clasifican en diferentes tipos de proyectos, es interesante averiguar si esta topologı́a se replica cuando los proyectos se analizan con
Dr.Scratch (validez discriminante). En consecuencia, descargamos aleatoriamente 250
proyectos de las categorı́as principales del repositorio para verificar si Dr.Scratch es capaz de detectar diferencias en las dimensiones de PC desarrolladas al programar diferentes
tipos de proyectos Scratch. Esta investigación, [Moreno-León et al., 2017], se presenta en la
sección 7.1.5.

Pensamiento computacional en el curriculum
Para estudiar si la programación informática, cuando se utiliza como recurso educativo, puede
mejorar el aprendizaje de asignaturas no relacionadas con las tecnologı́as de la información y
las comunicaciones, se realizó una revisión sistemática de la literatura para identificar si existen evidencias sobre los beneficios educativos de la programación en primaria y secundaria,
para lo que se resumieron los hallazgos empı́ricos más importantes y se identificaron posibles
lı́neas para futuras investigaciones. El resultado de esta revisión de la literatura se presenta
en [Moreno-León and Robles, 2016] (sección 7.2.1). Vale la pena señalar que este artı́culo
recibió el premio al mejor artı́culso (Best Paper Award) en la conferencia 2016 IEEE Global
Engineering Education Conference (Abu Dhabi, Emiratos Árabes Unidos).
Las conclusiones de la revisión de la literatura indican que, si bien los hallazgos de los
artı́culos analizados presentan una imagen muy prometedora, es necesario realizar más investigaciones con muestras de alumnos más grandes para justificar el uso de la programación como
una herramienta educativa en estos niveles educativos. En consecuencia, buscamos escuelas
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con las que pudiéramos colaborar para realizar nuevas investigaciones al respecto.
La primera de estas investigaciones se presenta en [Moreno-León and Robles, 2015a] (sección 7.2.2).
El artı́culo resume el trabajo realizado en el Colegio San Diego y San Vicente (Madrid, España)
durante el año académico 2013/14, donde se desarrolló un estudio con cuatro grupos de estudiantes de 4o y 5o de primaria para medir hasta qué punto el uso de la programación informática
en la clase de inglés puede ser una herramienta educativa interesante con un impacto positivo en
los resultados de aprendizaje de los estudiantes. Además, el hecho de que trabajamos con dos
profesores que tenı́an una experiencia de programación previa diferente nos permitió estudiar
las diferencias en el aprendizaje de sus alumnos en base a este parámetro.
Siguiendo este enfoque, pero ahora estudiando el desarrollo del pensamiento matemático a
través de la programación, participamos en un cuasi-experimento con dos grupos de 6o en la
Escuela Hacienda Candelaria (Lorica, Colombia). Especı́ficamente, las preguntas bajo investigación en este artı́culo son si el uso de la programación en las clases de matemáticas mejora (a)
el proceso de modelado y los fenómenos de realidad, (b) el razonamiento, (c) la formulación de
problemas y la resolución los mismos, y (d) la comparación y ejecución de procedimientos y
algoritmos, como se discute en [Calao et al., 2015] (sección 7.2.3).
La última de estas intervenciones empı́ricas sobre el uso del PC como recurso educativo
compara tres diseños de investigación cuasi-experimentales realizados en tres escuelas diferentes [Moreno-León et al., 2016a] (sección 7.2.4). Dado que el curso académico y la asignatura
en la que se integró la programación fue diferente en cada una de las escuelas, los resultados se discuten en términos de estos parámetros. Por lo tanto, es una investigación que combina métodos cuasi-experimentales y causales-comparativos, siguiendo el enfoque propuesto
por Schenker y Rumrill [Schenker and Rumrill Jr, 2004].

Factores sociales y no cognitivos del pensamiento computacional
Con el fin de proporcionar evidencia sobre los factores sociales y no cognitivos que influyen
en el desarrollo de las habilidades de programación y de PC, se han seguido dos enfoques
diferentes.
Por un lado, con el objetivo de investigar cómo afecta la socialización al aprendizaje de
habilidades de programación, hicimos uso de un conjunto de datos que contiene la actividad
pública en la comunidad Scratch durante sus primeros cinco años de vida (2007-2012):
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“El conjunto de datos incluye 32 tablas extraı́das de la base de datos MySQL utilizada en la plataforma web de Scratch. Las tablas capturan muchos tipos de
información, incluidos los metadatos en torno a los usuarios y los proyectos, ası́
como el comportamiento del usuario y las comunicaciones que realiza en el sitio.
Además de los metadatos, el conjunto de datos también incluye el texto completo
de los comentarios públicos, el código fuente completo para cada proyecto y los
resúmenes cuantitativos de los contenidos de los proyectos. El conjunto de datos
incluye datos sobre más de 1 millón de usuarios, casi 2 millones de proyectos, más
de 10 millones de comentarios y metadatos en decenas de millones de eventos como
vistas, descargas y expresiones de agradecimiento.” [Hill and Monroy-Hernández,
2017, p. 2]

Especı́ficamente, analizamos las interacciones sociales de casi 70.000 usuarios de la plataforma
Scratch y la sofisticación de más de 1,5 millones de productos de software que crearon, con
el objetivo de averiguar si existe una relación entre las conductas sociales de los usuarios y la
mejora de sus habilidades de programación, ası́ como si el tiempo que los usuarios pasan en
la comuniad afecta esta relación potencial. Este trabajo se presenta en [Moreno-León et al.,
2016c] (sección 7.3.1).
Por otra parte, con el objetivo de comprender mejor qué factores no cognitivos subyacen al
PC, se hizo que 1.251 estudiantes españoles de 24 escuelas diferentes, matriculados entre 5o de
primaria y 4o de Secundaria, realizaran el CTt [Román-González, 2015] y algunos elementos
de autoeficacia adicionales, mientras que 99 de esos estudiantes realizaron además el Big Five
Questionnaire-Children version [Barbaranelli et al., 2003]. El objetivo era estudiar las posibles
correlaciones entre el PC, la autoeficacia y las dimensiones del modelo de personalidad de
Big Five: apertura a la experiencia, conciencia, extroversión, amabilidad y neuroticismo. Los
resultados se presentan en [Román-González et al., 2017] (sección 7.3.2).

A.4

Resultados y conclusiones

La principal contribución de esta tesis es el desarrollo y validación de Dr. Scratch, una
herramienta libre/de código abierto que evalúa el grado de desarrollo del PC en proyectos
Scratch. Esta herramienta está siendo utilizado por miles de estudiantes, educadores e in-
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vestigadores de todo el mundo [Lawanto, 2016, Martin, 2016, Garneli and Chorianopoulos,
2017, von Wangenheim et al., 2017, Webber et al., 2014, Aivaloglou and Hermans, 2016,
Techapalokul and Tilevich, 2017], y ha recibido el Premio Google RISE Award. Se han realizado diferentes acciones para validar las evaluaciones proporcionadas por la herramienta,
demostrando su validez ecológica, convergente y discriminante.
Además, las investigaciones empı́ricas realizadas tanto con respecto a la transferencia de PC
en educación primaria y secundaria, como en lo relativo a los factores sociales y cognitivos que
afectan al PC, proporcionan ideas y evidencia que pueden ser útiles para docentes, directores
y legisladores y que, por lo tanto, podrı́an tener un impacto en la enseñanza de programación
en escuelas, instititutos y universidades. De hecho, las conclusiones de estas investigaciones
empı́ricas se han incluido en varios informes oficiales que estudian la introducción de la programación y las habilidades de PC en las escuelas para apoyar a los responsables polı́ticos,
tanto a nivel nacional [Centro Nacional de Innovación e Investigación Educativa, 2017] como
Europeo [Balanskat and Engelhardt, 2015, Bocconi et al., 2016a].

Trabajos futuros
En cuanto a la validación de Dr. Scratch, hay dos acciones importantes que aún se encuentran pendientes:
• Validez factorial. Las relaciones entre las diferentes dimensiones de CT evaluadas por la
herramienta deben ser estudiadas, con el objetivo de identificar grupos de dimensiones
que comparten suficiente variación. Este análisis factorial, si se realiza con un número
suficientemente grande de proyectos, podrı́a llevar a la agrupación de algunas de las siete
dimensiones actuales, lo que simplificarı́a el informe de retroalimentación que la herramienta muestra a los aprendices.
• Validez facial. Dado que uno de los principales objetivos de la herramienta es apoyar a los
docentes en las tareas de evaluación, es importante que los educadores sientan que Dr.
Scratch hace lo que dice hacer (es decir, que evalúa el PC). Para validar esta cuestión se
debe realizar una encuesta, que además puede utilizarse para recopilar sugerencias de los
educadores con el objetivo mejorar tanto el análisis como la apariencia de la herramienta.
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En lo que respecta a la integración del PC en el currı́culo, nuestros trabajos destacan la
necesidad de realizar más investigaciones que ofrezcan conclusiones sobre qué estrategias funcionan y qué enfoques no lo hacen cuando se incluyen actividades de programación en el aula
desde edades tempranas. Si las comunidades educativas y cientı́ficas quieren ayudar a los responsables polı́ticos a tomar buenas decisiones en este campo, es necesario desarrollar un mayor
número de investigaciones empı́ricas rigurosas que analicen crı́ticamente la introducción de la
informática en las escuelas.
Por último, se considera importante señalar que nuestro trabajo sobre los factores sociales
que afectan a la programación y al PC no fue un experimento, sino un estudio a posteriori. Por
lo tanto, las relaciones entre las conductas sociales con las habilidades de desarrollo de software no deben considerarse como causalidad. El trabajo futuro podrı́a implicar un experimento
controlado con dos grupos de estudiantes: uno de los grupos podrı́a aprender a programar usando la versión offline de Scratch, mientras que el otro podrı́a hacer uso de las caracterı́sticas
sociales ofrecidas en la comunidad en lı́nea. Dicho experimento permitirı́a estudiar posibles
diferencias en la sofisticación de los proyectos desarrollados por estudiantes que aprenden en
entornos sociales y aquellos que lo hacen en escenarios más individuales y aislados.
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[Román-González, 2015] Román-González, M. (2015). Computational thinking test: Design
guidelines and content validation. In Proceedings of the 7th Annual International Conference
on Education and New Learning Technologies (EDULEARN 2015), pages 2436–2444.
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[Román-González et al., 2016] Román-González, M., Pérez-González, J.-C., and JiménezFernández, C. (2016). Which cognitive abilities underlie computational thinking? Criterion
validity of the computational thinking test. Computers in Human Behavior, pages –.
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