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Tiivistelmä

Ohjelmoinnillinen ajattelu on viime vuosikymmenenä kokenut suurta kasvua ja sen laajeneminen 
peruskouluihin on ollut määrätietoista. Koulut ympäri maailmaa ovat alkaneet toteuttamaan 
ohjelmoinnilliseen ajatteluun ja ohjelmointiin perustuvia opintosuunnitelmia valmistellakseen 
opiskelijat tietokoneiden täyttämään tulevaisuuteen. Samaan aikaan, erinäiset koulutusaloitteet, 
lainsäätäjät ja yritykset ovat tuoneet tuotoksiaan julki. Koodausopetus ja ohjelmoinnillinen 
ajattelu on saapunut myös mobiilisovelluksiin, avaten eri mahdollisuuksia sovelluskehittäjille.

Tämä projektipohjainen opinnäytetyö tutkii toteutuksien laajaa kirjoa, jolla ohjelmoinnillinen 
ajattelu voidaan tuoda kuluttajatuotteisiin, edistäen samalla luovuutta ja leikkiä. Lisäksi, työ 
dokumentoi tuotantoprosessin opetuksellisesta Ruby+ Blob mobiilisovelluksesta, joka pyrkii 
opettamaan 5-8-vuotiaille lapsille ohjelmoinnillisen ajattelun taitoja avoimen leikin avulla. 
Sovelluksen suunnittelu ja toiminta perustuu tutkimukseen ohjelmoinnillisen ajattelun nykytilasta 
ja historiasta sekä olemassa olevien toteutuksien toiminnalliseen vertailuun.

Kyseiseen aihepiiriin kohdistuva kirjallisuuskatsaus suoritettiin esittääkseen kattava yhteenveto 
ohjelmoinnillisen ajattelun nykytilasta. Katsaus tutki alan historian, käsitteen termin yleisen 
määritelmän, keskeiset periaatteet, koulutusaloitteet sekä alaan kohdistuvan kritiikin. Alan 
merkittävimmät toteutukset käytiin myös läpi, jotta saataisiin kokonaiskuva alan laajamittaisista 
soveltuvuuksista. Tutkimuksen tuloksia käytettiin hyväksi Ruby+ Blob sovelluksen luomistyössä. 
Sovelluksen tuotannon työvaiheet dokumentoitiin toteutuksien toiminnallista vertailua ja 
ohjelmoinnillisen ajattelun periaatteiden arviointia hyödyntäen.

Tuloksissa esiintyi ohjelmoinnillisen ajattelun konseptit: jakaminen osiin, kaavojen tunnistaminen, 
abstraktio ja algoritminen ajattelu, sekä harjoituksina virheiden tunnistaminen, kokeileminen ja 
luominen. Tutkitut toteutukset edustivat monipuolista sovellusten kattausta, jossa muodostuivat 
trendeiksi muun muassa visuaalinen ohjelmointi, ohjepohjaiset sekvenssit, robotiikka ja pelit. 
Näitä oivalluksia käytettiin tuotannon suunnitteluun, vertailuun sekä arvioimiseen.

Avainsanat  ohjelmoinnillinen ajattelu, tietojenkäsittelyn koulutus, ohjelmointi, sovelluskehitys
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Abtract

Computational thinking has experienced considerable growth in the last decade and its entry 
into K-12 education has been steadfast. Schools worldwide have begun implementing curricula 
based on computational thinking and programming in order to prepare students for a future 
with ubiquitous computing. Similarly, educational initiatives, policymakers and companies have 
followed suit to provide their own implementations. Coding education and computational thinking 
have also entered mobile apps, opening up a variety of opportunities for app developers.

This production-based thesis explores the array of approaches with which computational 
thinking can be brought to consumer products, while at the same time promoting creativity and 
play. Additionally, it documents the development of Ruby+ Blob, a mobile app aimed at teaching 
computational thinking skills to children, aged three to eight years, through open-ended play. The 
design and utility of the app were informed by research conducted on the state and principles of 
computational thinking and by a benchmark of currently existing implementations.

A literature review was carried out on the subject of computational thinking in order to present 
a comprehensive summary of the current state of the field. The review investigated its history, 
a concise definition of the term, core principles involved, educational developments and 
criticisms raised. Additionally, prominent existing implementations were examined to gain an 
understanding of the breadth of possible applications. Findings from these studies were utilized 
in creating the Ruby+ Blob app. The production steps were documented with comparisons to the 
implementations and assessments of the application of computational thinking principles.

The research revealed the core concepts of computational thinking as decomposition, pattern 
recognition, abstraction and algorithmic thinking, and additional practices as debugging, 
tinkering and creating. Existing implementations benchmarked displayed a variety of approaches 
with trends, such as visual programming, or block code, instruction-based sequences, robotics 
and games, emerging. These insights were used to design, compare and assess the production.
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- Seymour Papert, technology education visionary
(Papert, 1980)

You can’t think seriously 
about thinking without 
thinking about thinking 
about something.
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1 Introduction

Computational thinking, or the thought processes concerned with formulating 
procedures in concert with computational logic, has experienced vast growth 
over recent years. Since the birth of its extant movement in 2006, computational 
thinking has reached a new prominence in parallel to the monumental 
expansion of the role of technology in our society. To prepare for a future 
further entrenched with computation, schools and educational initiatives have 
begun integrating the practice into their K-12 curricula at an increasing pace. 
Industry has also followed suit with a number of different implementations 
making use of computational thinking concepts and practices, including 
learning platforms, toys and digital apps. The pervasiveness of mobile devices 
within schools and households, in particular, makes computational thinking an 
intriguing topic to explore for developers of apps for kids.

I personally became interested in kids’ apps around 2010, when Apple released 
the iPad. I had worked as a freelance illustrator on an educational math 
and science web browser game for kids, called Mathience, which was my 
first experience of creating children’s content. I had also been a mobile app 
developer since the iPhone came out in 2007 and had recently completed 
my Bachelor’s thesis in engineering examining multitouch technologies on 
the iOS platform. Now, with the advent of the iPad, it seemed there were new 
opportunities opening up in the educational kids’ apps space. In 2012, this 
realization led me ultimately to start my own company, Pintxo Creative, with a 
specific focus on developing educational kids’ apps.

My own interest in computational thinking, and more distinctly children’s 
programming education, developed in subsequent years. I had heard of 
various initiatives and products in the field as well as a prevalent interest in 
integrating computational competencies into primary school education. Then 
in January 2016, I joined Hello Ruby, a company focused on computational 
thinking teaching tools, in a collaboration tasked with building an educational 
mobile app. That app project eventually resulted in my thesis.

This production-based thesis explores the creation of an educational mobile 
app for kids, called Ruby+ Blob, through the purview of computational thinking. 
In this thesis document, I review the current state of the field of computational 
thinking, investigate its numerous existing implementations and document the 
various stages involved in the production of the Ruby+ Blob app.
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Figure 2. The Ruby+ Blob team.  

1.1 Production in brief

Ruby+ Blob is an educational app about character creation, kinematics and 
physics, designed for children aged three to eight years. In the app, kids build 
creatures called blobs by assembling them from simple shapes, assigning 
them visual attributes and animating their joints. Once a blob is created, it 
is dropped into a physical playground environment (Figure 1). Using its own 
kinematic and physical characteristics, the blob needs to reach a finishing line 
while overcoming changing topographies and scattered obstacles. Kids help 
the blobs along, edit them to tweak their characteristics and collect them into 
a jar for safekeeping. The aim of the app is to teach kids basic computational 
thinking skills in an abstract way through creativity, iteration and simple fun.

The development of Ruby+ Blob was centered around Hello Ruby’s Kamppi 
office in Helsinki, Finland, albeit much of the work was carried out remotely. 
My role in the project was mainly as the technical developer, though I did take 
part in other duties as well. Essentially, I was responsible for programming 
the entire app, handling test distribution of it and managing it in Apple’s App 
Store. Additionally, I was significantly involved with the design of the app, from 
conception to a final product. The full team consisted of four members, each 
with a distinct responsibility in the development process (Figure 2):

• Linda Liukas, producer

• Ilari Niitamo, developer

• Lucas Zanotto, designer

• Can Uzer, sound designer

Production began in January 2016 and proceeded actively until December of 
the same year. In January 2017, as the app was ready for release, the project 
was put on hold, remaining so to this day. The final step of development is set 
to restart in fall 2018 in preparation for an upcoming launch. Ruby+ Blob is 
slated for release on the Apple App Store in late 2018.
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  Figure 4. Hello Ruby’s products include books, curricula and apps.

1.2 Hello Ruby as a client

Hello Ruby is a company that builds learning tools involving coding, computing, 
and technology. Founded in 2014 by Linda Liukas, the company produces 
materials targeted to kids, parents and educators with the aim of bringing 
creativity and fun to programming education (Figure 3). Hello Ruby originally 
got its start from a successful Kickstarter campaign in 2014 that envisioned 
the production of a children’s book specifically for teaching kids the basics of 
computational thinking. At the time, the book, entitled Hello Ruby: Adventures in 
Coding, was the “most funded book on Kickstarter’s children’s book category” 
and has subsequently been translated into 24 languages (Hello Ruby, n.d.).

The product catalog of Hello Ruby is roughly divided into books, curricular 
materials and digital apps (Figure 4). The book collection currently includes four 
published titles, each covering a distinct topic in the world of technology. The 
curricular materials include classroom resources, lesson plans and exercises 
that provide teachers tools to teach computational thinking. Connected to the 
curricula, the company provides the Hello Ruby Summer School program that 
hosts a number of children, aged six to nine years, at a technology-oriented 
two-week summer camp (Hello Ruby, n.d.).

The apps category of the product line is represented by Ruby+, which is the 
digital counterpart of Hello Ruby. The Ruby+ Blob app at the center of the 
production of this thesis falls into this category and will, once released, be the 
company’s first entry into the digital apps space.
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1.3 Objectives

My personal aim in composing this thesis project was fundamentally to gain 
a better understanding of how children learn through play. As someone 
interested in how kids comprehend abstract ideas as well as the creativity 
and openness through which they view the world, I am intrigued to see how 
computational thinking would fare as subject matter. It is also fascinating to 
see the computational thinking movement coming into the mainstream in 
the domains of education, consumer products and other innovative solutions. 
These motivations led me to formulate the following research questions:

• In what ways can computational thinking be brought to consumer 
products, like mobile apps, whilst promoting play, creativity and fun?

• What kinds of solutions are missing in the current landscape of 
computational thinking implementations?

The thesis begins with a thorough study of the contemporary state of 
computational thinking. Chapter 2 reviews its history, an arrival to a commonly 
agreed definition, its core principles and its distinction from programming. 
Additionally, the integration of computational thinking into K-12 education is 
covered. Finally, various prevailing criticisms of the movement are reported.

Chapter 3 reviews existing implementations of computational thinking in 
various tools, initiatives and products. First, selection criteria is presented to set 
the stage for the benchmarking. Next, a number of initiatives and proposed 
ideas of unplugged activities are explored. Then, platforms, languages and 
physical toys are catalogued. Lastly, various digital mobile apps focused on 
computational thinking education are exhibited.

Chapter 4 documents the production of the Ruby+ Blob app from ideation to a 
final product. First, notes on the research carried out in the previous chapters 
are reviewed in preparation. Next, the inspirations behind the app idea are 
introduced, and the phases of ideation, concepting and design are covered. 
The development process and its challenges are subsequently examined, 
leading to playtesting and a resulting pivot of the app features. Finally, the 
results are discussed and the expectations revisited in view of the final product.

The final chapter covers the results and conclusions of the thesis project. In 
addition, related limitations, shortcomings and future work are discussed.
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1.4 Methods

In documenting the thesis, I try to apply a set of methods in my approach to 
the topic. My aim is ultimately to present the production of the Ruby+ Blob 
app, though to preface and justify the design choices made, it is crucial to 
establish proper grounding. To be able to assess the app as a computational 
thinking education tool, I need to review the related literature and understand 
the variety of implementations already available.

Conducting the literature review, I aim to provide a general summary of the 
characteristics and state of the field of computational thinking. To accomplish 
this, I cover a brief history of the field leading up to a thorough description of 
its current state and a contemporary definition of the term, the core principles 
of it, its determined move into education and a number of criticisms voiced by 
the academic community. To compose the summary, I examine a wide range 
of sources, including a number of academic journals and articles, and compare 
findings, so as to come away with a comprehensive analysis.

In the benchmark of existing implementations, I first establish the following 
categories: initiatives, unplugged activities, platforms and languages, physical 
products and mobile apps. For each category I then select prominent products 
and projects for review. In the assessment I examine their aims, qualities and 
connections to computational thinking based on the literature review.

Finally, in presenting the production itself, my intent is to document the 
development process of the app from initial inspirations and ideation to a 
final product, informed by the conducted research. The first section of the 
chapter serves as a brief outline of observations and findings collected, while 
subsequent sections source these findings in recounting the production steps. 
In conclusion, the results of the objectives and the app’s capacity to fulfill 
expectations put forth are assessed, and further discussion encouraged.

In this production-based thesis, I do not conduct any quantitative or qualitative 
research on the characteristics of existing implementations of computational 
thinking nor the effectiveness the app, Ruby+ Blob, in teaching computational 
thinking. Existing implementations are presented in order to serve as examples 
of products and services involved in the field, and the results of the production 
are examined at the limit of the thesis objectives laid out above. Any resulting 
observations of the included implementations or production are my personal 
assessments informed by my review of the related literature.



- Jeannette M. Wing, computational thinking pioneer
(Wing, 2010)

Computational thinking 
is the new literacy of the 
21st Century. It enables 
you to bend computation 
to your needs.



15DEDICATED

2 Understanding computational thinking

As one begins to examine the recent ennoblement of computational thinking 
at the intersection of computer science and education, it is paramount to gain 
an adequate understanding of the field and what it entails. What is the cause 
for its current emergence? What is to be learned and gained from it? Why is it 
so imperative right at this moment? This chapter presents a detailed overview 
of the core concepts, practices, set of methodologies and implications that 
together comprise what is called computational thinking.

Widely considered the originator of the modern computational thinking 
movement, Jeannette M. Wing (2014) defined the term as “the thought 
processes involved in formulating a problem and expressing its solution(s) 
in such a way that a computer … can effectively carry out.” In other words, 
computational thinking involves forming thoughts and ideas in a way that 
makes relaying them to computers more straightforward. Furthermore, in 
light of the rapidly growing role of computation in society, Wing argued that 
computational thinking should be elevated to an essential analytical skill for 
every person, alongside reading, writing and arithmetic (2006).

The argument is not so outlandish if one considers the role that computers, 
computation and automation will likely take in the future. A need for teaching 
computational thinking ubiquitously may well be pertinent already today. 
Wolfram (2016) compares computational thinking to the traditional teaching 
of mathematical thinking, but stresses the greater implications of the former. 
Wolfram posits, “[C]omputational thinking is going to be needed everywhere. 
And doing it well is going to be a key to success in almost all future careers” 
(2016). It would seem computational thinking at the very least deserves a 
thorough exploration and an objective review.

The following sections delve into the specifics of the current state of 
computational thinking. First, a review of the history of the field is conducted 
tracking its evolution throughout the past decades and ultimately reaching 
a succinct understanding about its definition and applications. Next, the 
core tenets or concepts of computational thinking as well as the adjoined 
role of programming in it are covered. Then, the introduction of the field into 
education, specifically K-12 curricula, is examined through a variety of initiatives 
and organizations. Finally, the various criticisms and risk scenarios raised in 
opposition to the presiding computational thinking movement are explored.
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2.1 In search of a definition

The definition of computational thinking and its varied interpretations during 
the past decades have undergone many evolutions. To its detriment, the 
movement has faced broad criticism for specifically its general vagueness and 
ambiguity (Tedre & Denning, 2016). Reviewing this colorful history will help in 
attaining a clear understanding of the field today.

The core idea of computational thinking traces back to 1962, when computer 
scientist Alan Perlis argued that learning to program should be part of every 
college student’s education, along with a “theory of computation” (Guzdial, 
2008). Tedre and Denning (2016) recount Perlis as also stating that the real 
value of computers was a specific accompanied culture of problem solving 
rather than their use as simply instruments. Perlis vehemently expressed that 
computing “had become so ingrained in our culture that everyone should 
sooner or later learn it” (Tedre & Denning, 2016).

While the increasing role of computation in education had been widely discussed 
in the interim, employing terms like algorithmic thinking and procedural 
thinking, it was in the 1980’s that computation entered K-12 education (Tedre & 
Denning, 2016). Seymour Papert, pioneer of computation education, developer 
of constructionism and protégé of Jean Piaget, took center stage. Working 
at Massachusetts Institute of Technology (MIT), Papert pioneered the use 
of the programming language Logo to help develop procedural thinking in 
children (Grover & Pea, 2013). In Papert’s influential 1980 book Mindstorms, he 
encouraged a more tactile and tangible approach to learning, drawing on his 
experience with child pedagogy, and coined the term “computational thinking” 
(Papert, 1980). Much to Papert’s credit, schools ultimately accepted computer 
literacy courses into their curricula, paving ways for further initiatives.

The current wave of the movement was ignited in 2006 when Jeannette M. Wing 
wrote an article in Communications of the ACM titled “Computational Thinking” 
(Wing, 2006). Reviving the term, Wing argued that the rapid advancements 
of computing in society presented a need to elevate computational thinking 
to a core competency in STEM education (Tedre & Denning, 2016). In the 
article, Wing famously stated, “To reading, writing, and arithmetic, we should 
add computational thinking to every child’s analytical ability.” The article was 
widely lauded in the academic community and was the catalyst to a sweeping 
new campaign, especially in K-12 education, involving researchers, educators, 
policymakers, among others (Grover & Pea, 2013).
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While Wing’s novel recommendation spread enthusiastically and became a 
guiding light to many educational initiatives and interests, criticism grew over 
the movement’s vision of computational thinking, its seeming vagueness, 
unsubstantiated claims and ambiguity of definitions, especially as no clear 
definition of the term had yet been provided (Tedre & Denning, 2016).

After much fervor, Wing later clarified her arguments and defined computational 
thinking as “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” (2010). Subsequently, Aho 
(2011) simplified Wing’s definition to equal the thought processes in formulating 
problems “so their solutions can be represented as computational steps and 
algorithms.” The debate over computational thinking’s definitions, applications, 
effectiveness, validity and reach carries on to this date.

In essence, computational thinking is about looking at ideas, procedures and 
methods through the eyes of a computer in order to formulate problems and 
solve them computationally. Wing (2014) likens it to thinking like a computer 
scientist, a “mental activity in formulating a problem to admit a computational 
solution”, wherein a crucial component is the construction of the problem itself. 
Additionally, she emphasizes that the problem solving process may be handled 
by humans or machines, or both in concert (2010). With this valid definition, 
computational thinking is made distinct from computing and mathematics, 
moving from a procedural activity into a more human-oriented one.

Wolfram (2016) poignantly stresses that the foundation of computational 
thinking is the composing of problems with enough clarity and precision that 
a machine will be able to tackle them systematically. Furthermore, Wolfram 
explores the extended role of computational thinking in comparison to 
mathematical thinking, as well as its communicative and creative nature, 
stating that it is “a much bigger and broader story, because there are just a lot 
more things that can be handled computationally” (2016).

In a similar vein, Bourn (2018) reminds that while they are powerful, computers 
do not make assumptions like humans do and they take instructions very 
literally, which means precision is essential. Bourn states, “In order to direct 
them to carry out even the simplest jobs you have to alter your outlook to 
grasp the world the way they do” (2018). Computational thinking seems to 
ultimately boil down to the breaking down of ideas and the restructuring of 
them into their most essential features and steps.
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2.2 Core principles

In her seminal 2006 article, Wing presented the core processes that she saw 
central to computational thinking. Wing wrote, “Computational thinking is 
using abstraction and decomposition when attacking a large complex task or 
designing a large complex system. It is separation of concerns. It is choosing 
an appropriate representation for a problem or modeling the relevant aspects 
of a problem to make it tractable” (2006). Following Wing’s lead, these insights 
have been broadly crystalized into the four core concepts of computational 
thinking (Introduction to computational thinking, n.d.):

• Decomposition

• Pattern recognition

• Abstraction

• Algorithms

Decomposition is the breaking down of complicated problems or systems into 
components so that they are easier to manage and more readily understood 
(Bourn, 2018). The resulting components can then be easily processed and 
solved one by one, or examined in increased detail (Sheldon, 2017). Take as an 
example the task of making a cup of tea. This task might be decomposed into 
a set of subproblems, such as heating water in a kettle, pouring the water into a 
cup and applying a tea bag, in this case sequential in order. These subproblems 
could then be decomposed into further subcomponents or steps, such as 
pressing the on button on the kettle or lowering the hand to dunk the tea bag. 
Eventually one arrives at a level of clarity and precision that is adequate for a 
computer to comprehend and process (Figure 5).

Pattern recognition is the mechanism of analyzing trends in data in order to 
identify patterns useful to solving or streamlining a problem (Sheldon, 2017). 
Essentially one looks at the decomposed components of a task, analyzes 
the processing of previously solved problems and distinguishes repetition. 
Successfully recognized patterns will make problems easier to solve and process 
efficiently, since the solution may be replicated in multiple cases (Introduction 
to computational thinking, n.d.). In the tea making task from before, there might 
be a recognizable pattern in how many times the tea bag should be dunked to 
reach an optimal flavor (Figure 6). This may be information that could be used 
to rewrite the entire task in a more streamlined way.
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  Figure 5. The task of making a cup of tea is decomposed into parts.

  Figure 6. Repetition patterns in the task are recognized and adjusted.
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  Figure 7. Unnecessary information is abstracted away for better focus.

  Figure 8. The resulting processes can finally be laid out as an algorithm.
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Abstraction is the process of filtering out the less relevant details of a problem 
as well as identifying and concentrating on the ones that matter (Bourn, 2018). 
The goal of abstraction is to derive solutions that are as generic as possible, and 
it may also involve representing something complex with a simple visualization 
by omitting clutter (Sheldon, 2017). Abstraction helps to achieve a basic idea 
of the task at hand, a model, which is void of all extraneous characteristics 
and patterns (Introduction to computational thinking, n.d.). In the tea making 
example, it might be important to focus on what ingredient groups are required 
to produce a cup of tea. However, the flavor of tea or the brand of cup might 
as well be filtered out as they are irrelevant to the core process (Figure 7).

Algorithms, or more descriptively algorithmic thinking, involves formulating the 
steps and rules required for a task to be performed, or a problem to be solved, 
in order to attain without fail the desired outcome (Sheldon, 2017). Whether 
it is being interpreted by a human or a computer, an algorithm will present 
step-by-step instructions in a specific preordained order, which are followed 
to reliably produce a predictable output (Bourn, 2018). Often algorithms are 
a first step in building a computer program, and they are often designed as 
pseudocode or visual connections and steps (Introduction to computational 
thinking, n.d.). Most importantly, for the computer to interpret and carry out 
a task correctly, the task components need to be designed, ordered and put 
together properly. To build the example’s tea making task as an algorithm, one 
would take the decomposed components of the problem, recognize and take 
into account any useful patterns, abstract away irrelevant information and lay 
down the resulting steps in order of execution (Figure 8).

Often attached to these four concepts is also the practice of assessment, or 
iteratively testing that a solution was successful. Wolfram (2016) emphasizes 
the value of debugging as an intellectual exercise, stating “Part of debugging 
is just about getting a piece of code to produce something. But the other part 
is understanding if it produces the right thing.” Evaluating the results of a 
problem to inform the effectiveness of the solution is helpful, especially before 
programming an algorithm (Introduction to computational thinking, n.d.).

The importance of debugging and tinkering, as means of creative iterative 
exploration, cannot be overstated. In a sense, debugging takes the form of 
corrective actions when something in the aforementioned principle activities 
goes awry, while tinkering can mean an open-ended process by which children 
understand the subtle reactions to their actions. Both could be considered 
essential additions to the four core concepts of computational thinking.
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Basing their studies on Papert’s constructionist theories, Bers, Flannery, 
Kazakoff and Sullivan (2014) list four steps inherent in the practice of debugging. 
To begin debugging a problem, a child has to first distinguish that the result 
does not meet the expectation. Second, the child assesses whether or not the 
previous goal is still tenable or if it should be adjusted. In the third step, the 
child devises a hypothesis on what is causing the issue and finally, fourth, an 
attempt is made to solve the problem. Specific importance is put on fostering 
a learning environment, where failure, not direct success, is considered part of 
the process (Bers et al., 2014). The reiterative nature of these practices assists 
in forming a better understanding of the problem.

Moreso, seeming insufficient as a learning model, there is discussion about 
expanding computational thinking officially beyond its concepts to also include 
computational practices and perspectives (Leinonen, Veermans, Mannila, 
Bauters & Airola, 2018). Brennan and Resnick (2012) introduce practices as 
habits, such as debugging and remixing, that users develop when interfacing 
with concepts and perspectives, as observations about the learners’ 
interaction with their environment. Barefoot Computing (n.d.) separates the 
entire spectrum into two: concepts and approaches. Concepts take the four 
main activities: decomposition, pattern recognition, abstraction and algorithms, 
and add in logic and evaluation. Approaches, on the opposite side, consist of 
tinkering, debugging, creating, persevering and collaborating.

In her identification of computational thinking, Wing (2006) also laid out six 
principal characteristics to further define what it involved and what it did not:

• Conceptualizing, not programming

• Fundamental, not rote skill

• A way that humans, not computers, think

• Complements and combines mathematical and engineering thinking

• Ideas, not artifacts

• For everyone, everywhere

Wing stresses the conceptual and humanistic nature of computational thinking 
as well as its fundamental value to the masses as a skill distinct from traditional 
sciences. Essentially, these specifications form a substantial framework and a 
set of boundaries for understanding the central principles of the field.
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2.3 Limits of coding

As computational thinking makes its move into the mainstream, especially 
via educational initiatives, there is one distinction that is often made about its 
character: thinking computationally is not the same as programming. That is to 
say, computational thinking is the conceptualizing of processes rather than just 
simply coding them, and would naturally encompass a much broader range of 
activities than programming typically does. Some implementations seem to be 
at odds with this fact, often purporting to be based on computational thinking 
while actually teaching programming directly. 

The effectiveness of initiatives that specifically aim to teach young people to 
code rather than think computationally is questionable following this argument 
(Tedre & Denning, 2016). On the topic of code-focused educational initiatives, 
Tedre and Denning claim that they “market a tasteless, scentless view of 
computing that emphasizes analytical abstract world far distant from the 
hands-on dirty complexities of the real world” (2016). The distinction would be 
wise to be communicated more often to avoid a confusion in terms.

There is a purely practical difference in the two practices as well. Wolfram 
compares the relationship of programming and computational thinking to 
typing and essay writing, indicating that “[y]ou (normally) need handwriting or 
typing to be able to actually produce an essay, but it’s not the intellectual core 
of the activity” (2016). In other words, while programming may be the functional 
means of practicing computing, it does not equal the creative and intellectual 
pursuit of thinking computationally. Computational concepts like conditionals, 
loops, variables and functions are certainly part of computation, but in relation 
to computational thinking, Wolfram contends that they are “at best side shows” 
(2016). The real essence of computational thinking would seem to be beyond 
programming, encapsulated by perhaps a more humanistic framework.

Essentially, the core idea of this division of terms is that one is conceptual and 
the other functional. Programming, even through pseudocode, requires a set of 
tools and an executing device, while computational thinking is more theoretical, 
or at least closer to everyday concepts. Bourn echoes this observation, stating 
that “you don’t need a computer in order to think like a computer scientist” 
(2018). While programming addresses what a computer should do and how 
it should do it, computational thinking allows one to determine precisely what 
to tell it to do (Introduction to computational thinking, n.d.). Teaching the latter 
over the former would seem more prudent, at least when dealing with kids.
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2.4 Educational integration

An underlying influence of computational thinking on research, the sciences 
and especially education has been growing increasingly in recent years and 
computation-related research agendas have witnessed ever greater attention 
(Grover & Pea, 2013). Computing has allowed immense innovation in enabling 
new approaches to solve pressing problems and helping us better understand 
our relationship to the world. Now, a great emphasis is on how to integrate 
computational thinking into the school curriculum, particularly at the K-12 level.

Computational thinking already impacts science and engineering disciplines, 
including computational modeling, data analytics, machine learning, among 
others (Wing, 2014). New fields, such as computational biology, nanocomputing, 
algorithmic medicine and digital humanities, have also emerged in its wake 
(Wing, 2010). While some applications involve abstract computation processes, 
others break down how otherwise normal things in the world become 
systematic. After all, the central goal of any application of computational 
thinking is to arrive at a point where one can take any question or concept and 
cast it into computational form (Wolfram, 2016). It is this general prevalence 
of computing that leads the effort to introduce computational thinking as a 
skill beyond scientists to everyone. As Wing states, “Ubiquitous computing is to 
today as computational thinking is to tomorrow” (2006).

In education, a broad understanding of what computational thinking can 
do, and a common sense approach to its use, makes it conceptually more 
digestible. Also, the consensus is that it is relevant to more than just STEM fields 
and in fact concerns the entire curriculum, making it easily accessible to kids 
(Wolfram, 2016). The move into K-12 education is quick, with policymakers, 
non-profits, professional initiatives and industry leading the way (Wing, 2014). 
The question now is how it should be integrated into real school curricula. Much 
responsibility lies on formal education, as the relevant ways of thinking and 
methodologies have to be purposely taught to students (Guzdial, 2008).

Computing has existed in schools since the 1980’s, when personal computers 
first emerged. Recently, countries worldwide have introduced computational 
thinking to their national curricula with the grounding of two aims: to ready 
students for the future state of employment and to allow them to think more 
expressively (Brackmann et al., 2017). Israel, Russia, South Africa, New Zealand 
and Australia are among countries to have now integrated computer science 
into their K-12 curriculum, mostly at the high school level (Grover & Pea, 2013).
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In the United Kingdom and the United States, computing is now a requisite for 
students starting primary school, leading to the introduction of computational 
thinking as a code-teaching tool (Bourn, 2018). Since 2016, in Finland, thinking 
computationally has been integrated into all school subjects, from arts to 
science, taught to kids aged seven years and up (Toikkanen & Leinonen, 2017).

The beneficial applications of computational learning in schools have been 
explored to some extent. Wolfram (2016) argues that computational thinking 
makes teaching easier and more efficient, because its framework allows for 
better transparency and comprehension of the subject matter. In other words, 
formulating the explanation of something computationally allows students 
to gain a better understanding of how it actually functions. Computational 
thinking in Wolfram’s view is “unique in its breadth of applicability” and could 
be directly inserted into every area of the curriculum, whether or not the 
teacher has a technical background (2016). Bourn describes it as a universal 
technique for problem solving in which its value is “not just in prepping five-
year-olds for coding class, but also in helping them navigate the world at large” 
(2018). Algorithms could be used in dance choreography in physical education 
class, repeat loops for knitting patterns in art class or path-plotting on maps 
in geography class (Bourn, 2018). Additionally, Grover and Pea (2013) note the 
value of iterative exploration in such things as game design and robotics for 
introducing computer science to students in an engaging and motivating way.

Today’s students will likely live in a future heavily impacted by computing 
and may work in fields influenced by it. It is therefore important to promote 
algorithmic problem solving and computational learning in education. However, 
one should acknowledge that not everyone will become a programmer or need 
to become one. It seems more prudent to assume that most careers in the 
future will include some facet of computing, which makes these efforts worthy.

As computational thinking still does not have a broadly agreed upon definition, it 
may turn out taxing to arrive at a singular effective approach to K-12 education. 
Guzdial (2008) posits that there may be difficult questions to face about 
technicality, challenge and accessibility, especially for non-computing students, 
if classes are to be organized and structured appropriately. Nonetheless, those 
with corresponding competencies may well have an advantage over those 
who do not in a future with ubiquitous computing. As Grover and Pea state, “If 
basic literacy in Math and Science can be considered essential for all children 
to understand how our world works, why should school education not lift the 
hood on all-pervasive computing devices as well?” (2013).
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2.5 Criticism

As the growing computational thinking movement has flourished and gained a 
considerable amount of attention, and as its approach to education continues 
to be hashed out, a number of criticisms have materialized. Much of the 
objection lies in opposition to various bold claims made throughout the years 
about the effectiveness and broad applicability of computational thinking, 
especially in K-12 education. These developments, if left unchallenged, may 
pose certain considerable risks to the field and its future.

Already decades ago in Mindstorms, Papert (1980) asserted that the practice of 
programming develops cognitive skills that promote problem solving in multiple 
domains outside of computing and mathematics. According to Tedre and 
Denning (2016), advocates of programming education for K-12 later took heed 
of the claim, contending favorable cognitive side effects and a transference 
of skills. However, critics promptly reported that studies of programming in 
developmental cognitive science and psychology showed no support for the 
claim and, in some cases, even exhibited a decline in problem solving ability 
(Tedre & Denning, 2016). The counterargument was that programming is 
in truth a network of skills, instead of an individual one, and that learning to 
program was already contingent on honing various other analytical skills.

The idea of the transference of skills in relation to computational thinking is 
repeated by Wing, who speaks about an overlap with logical thinking, systems 
thinking and a number of other thought processes (Wing, 2010). Describing 
the educational benefits beyond computer science, Wing states they “enhance 
and reinforce intellectual skills, and thus can be transferred to any domain” 
(2014). In contrast, Grover and Pea (2013) characterize this idea of the transfer 
of problem-solving skills as simply “underinvestigated”. Tedre and Denning 
(2016) criticize the continuation of the same claim by modern computational 
thinking proponents despite a lack of any substantial evidence.

Further criticism has been voiced about the seeming vagueness and ambiguity 
of the arguments espoused by the movement. In fact, little consensus exists 
about what exactly computational thinking encompasses, the validity of its 
assessment strategies in educational settings or even the clarity of its very 
definition (Brennan & Resnick, 2012). Generally, the movement has been 
criticized for its unclear terms, conflicting interpretations, brazen arrogance 
and daring claims of cross-disciplinary benefit, as well as disagreement about 
its teaching and assessment plans (Tedre & Denning, 2016).
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Another clear and legitimate concern is whether or not there is a reasonable 
justification for teaching computational thinking skills to students who show no 
interest toward STEM careers. Furthermore, there is broad disagreement about 
how these competencies should be integrated into school curricula and in what 
capacity, and whether or not they represent a distinct enough way of thinking 
for children to learn and gain benefit (Grover & Pea, 2013).

As computational thinking continues to spread, one should be aware of possible 
associated risks, especially with making untenable claims and overreaching. 
Specific attention should be focused on properly validating any assessment 
strategies and the effectiveness of integrating computational competencies 
into the K-12 curriculum (Grover & Pea, 2013). Tedre and Denning (2016) identify 
seven risks discernible from the current state of computational thinking:

• Lack of ambition

• Dogmatism

• Knowing versus doing

• Exaggerated claims

• Narrow views of computing

• Overemphasis on formulation

• Losing sight of computational models

Lack of ambition describes the risk of new initiatives being rehashed from 
predecessors already proven to be ineffective. With dogmatism, the fear is that 
computational thinking will be enthusiastically overemphasized and would not 
be inclusive of other ways of thinking. Knowing versus doing warns against 
vagueness about what exactly comprises a skill and how it can be gauged.

Exaggerated claims are the same aforementioned concern, that of making 
bold unsubstantiated assertions. Narrow views of computing illustrate the 
need to correctly understand the relationship between programming and 
computational thinking. With overemphasis on formulation, there is a risk of 
having practical ambiguity with the term “formulation”, the interpretations 
of which leading to different misdirected procedures. Finally, losing sight of 
computational models indicates a need to have students comprehend the 
purpose of the program before engaging in a solution.



- Chris Bourn, Primo Toys
(Bourn, 2018)

As our economies and 
workplaces ... come to 
rely more and more on an 
ever-evolving software 
infrastructure, problems-
solving [sic] using 
computational thinking 
could prove the ultimate 
transferable skill.
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3 Existing implementations

To genuinely acquire a sense of what is achievable and worth exploring with 
computational thinking, it would be apt and relevant to investigate existing 
implementations of it. Many initiatives, products and tools have sprung from the 
recent growth of the field, from educational platforms to entertainment apps, 
and some have succeeded in boasting quite compelling solutions. This chapter 
offers a broad benchmark of existing implementations of computational 
thinking in various interesting embodiments.

Implementations vary greatly in their aims, approach and audience. Some 
are governmental or private initiative programs that intend to provide wide-
scale frameworks for programming education, for example in primary schools, 
while others create entertainment products for family use. There exist complex 
graphical programming environments, simulation authoring tools, kits for 
robotics, among other solutions. A great number of apps have also cropped up 
to serve the mobile apps market. Furthermore, solutions are not always digital 
as there is plenty of room for unplugged learning activities as well.

One emerging observation is that implementations of computational thinking 
education often target young or inexperienced learners, though not exclusively. 
Sometimes solutions have to cater to a wider audience. Platforms that provide 
a host of creative computing tools especially have an imperative to be useful to 
users of different backgrounds. Grover and Pea describe this as “low floor, high 
ceiling”, where the barrier of entry should be low, but the applications varied 
enough to satisfy more advanced users (2013). Regardless of the audience, 
however, the overarching goal of these implementations is to provide tools to 
unleash users’ creativity and promote their computational competencies.

The sections in this chapter present a look into some of the different existing 
implementations of computational thinking. First, a set of selection criteria 
is introduced to outline the source and rationale of the benchmark to follow. 
Next, various initiatives promoting programming and computational thinking 
education are examined. Then, the value and possibilities of unplugged 
activities and analog exercises are discussed. A collection of platforms and 
languages that enable creativity and collaboration is subsequently explored. 
Moreso, an assortment of related physical toys and products are reviewed. 
Finally, a number of digital mobile apps involved with teaching coding and 
computational thinking are cased in preparation for the production.
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3.1 Selection criteria

In order to come away with a varied and representative selection to cover in 
a benchmark of computational thinking implementations, a set of criteria was 
devised. This began with a division of categories that were approximated to 
exemplify the different approaches taken. A number of leading implementations 
were selected and distributed into these categories. Selected projects would 
represent the most prominent and acclaimed ventures within their category.

Implementations were roughly put into five categories: initiatives, unplugged 
activities, platforms and languages, physical products and mobile apps. This 
division was believed to give a proper representation of the field, allowing the 
inclusion of the most significant players. Initiatives would include the group of 
organizations, governments and policymakers responsible for far-reaching, 
often legislative, campaigns. Projects that focus on analog and offline methods 
would go into unplugged activities. Platforms and languages would represent 
those notably practical implementations that provide tools, practices and 
communities to exercise computational learning. The consumer product side 
would be expressed in physical products, mixing analog with digital, and mobile 
apps, providing the primary benchmark for the ensuing production.

Selecting which projects to cover within each category was a matter of 
identifying their prominence, influence and modernity. Within initiatives, only 
a few campaigns were examined in national school curricula, for example, 
marked by their outstanding approaches among their peers. Similarly with 
unplugged activities, only the few enterprises with exceptional work were 
included. As for platforms and languages, the vast array of implementations 
from non-profit organizations, universities and large technology companies 
alike already present a crowded field and an apparent hierarchy. From these 
the clearly most prevalent and successful implementations were selected.

Considering physical products and mobile apps as consumer goods, they were 
treated slightly differently. Prevalence and utility were still qualifying metrics, 
but uniqueness, market success, media attention and recency took a greater 
role. The physical products featured all bring something new to the market, 
have enjoyed success as well as media recognition and represent the most 
modern solutions. In selecting mobile apps, the focus was on presence and 
novelty as well, but an added emphasis was put on demonstrating diversity. At 
the same time, some mobile apps were excluded from the benchmark due to 
appearing out-of-scope as models for the production.
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3.2 Initiatives

A great number of initiatives promoting computer science education and 
computational thinking skills have emerged in recent years. Some are 
government programs readjusting their national school curricula, while others 
are community and private organizations creating lesson plans and activities. 
Often these initiatives focus mainly on introducing programming to education, 
though many report a basis on computational thinking.

Many countries, including the United States, Israel, New Zealand and Russia, 
have taken steps to introducing computer science to their national K-12 
curricula. In 2012, based on a policy recommendation from the Royal Society, 
the United Kingdom initiated pilot programs to teach all schoolchildren 
computing (Grover & Pea, 2013). In Finland, computational thinking was 
implemented into schools in 2016 as a central part of all subjects starting from 
primary education (Toikkanen & Leinonen, 2017). Similarly, in New South Wales 
in Australia, coding will become compulsory for all primary and early high 
school students through a syllabus being introduced in 2019 (Baker, 2018). This 
syllabus even includes the teaching of computational thinking concepts and 
practices starting already at the kindergarten level.

One of the primary organizations to emerge is Computational Thinking 
Initiatives, which originated from the non-profit Wolfram Foundation. It provides 
“leading-edge computational thinking instruction” to teachers and students at 
middle and high school levels. With their collection of programs and resources, 
the aim is to prepare youths to use computation to better comprehend the 
surrounding world (Computational Thinking Initiatives, n.d.).

Another important educational advocate is Code.org, a non-profit organization 
aiming to broaden access to computer science in schools, with a particular 
focus on promoting the participation of underrepresented minorities and 
women. Formed in 2013, Code.org works with school districts to create 
computer science curricula for K-12 education. They are also the host of the 
annual Hour of Code campaign (Code.org, n.d.).

Google has also become a significant proponent in the field with their Exploring 
Computational Thinking resource collection. On the topic, Google for Education 
contributes a collection of lesson plans, materials and resources in order 
to guide and assist educators, administrators and others in implementing 
computational thinking in their teaching plans (Google, n.d.).
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3.3 Unplugged activities

While education in the realm of computing is usually associated with the use 
of digital devices and interactions between users and electronic processing 
units, there is a need for analog solutions as well. In addition to computer 
programming exercises, educators and academics are making use of 
unplugged activities, or pursuits requiring no digital hardware (Brackmann et 
al., 2017). In some cases, this approach proves to be a more concrete one, in 
line with constructionism, wherein children are better able to grasp real-world 
concepts. However, Brackmann et al. (2017) argue where it is especially needed 
is in schools lacking appropriate technology resources, an Internet connection 
or electrical power. Some of the most prominent contributors in this domain 
are Hello Ruby, Primo Toys and CS Unplugged (Figure 9).

Essentially, unplugged activities would be ones where operations or actions are 
deconstructed in concrete ways, often through real-world examples. Activities 
can include logic games, creative exercises or physical movements that help to 
explain concepts like algorithms or data flow (Brackmann et al., 2017). The aim 
generally is to establish a connection with something familiar in kids’ lives and 
represent it computationally, thus making it more approachable.

As an example, Yacob (2018) presents the sequence of “leaving the house” as 
a way of familiarizing computational thinking to students. In the example, a 
student would vocalize the steps that are required to complete the sequence, 
such as “pick up my keys” or “walk to the front door”, and then perform the 
steps as if they are commands. Meanwhile, a continuous dialog is kept by 
asking the student to evaluate the results and establish what could be corrected 
or improved. With this process, students are meant to gain a general grasp of 
basic computational thinking concepts (Yacob, 2018).

Unplugged activities are presently quite commonly included in the curricula 
of education initiatives, but the approach was initially popularized by an 
organization called CS Unplugged (Yacob, 2018). Drawing on past research, 
CS Unplugged maintains a compilation of free open-source learning activities 
for teaching computer science. The activities, consisting of games and puzzles 
along with creative crafts and physical movement, were developed to allow 
young students to approach computer science without having to learn 
programming first (CS Unplugged, n.d.). Through the widespread adoption of 
computational thinking into K-12 education, these activities have been widely 
utilized in teaching, in and out of the classroom.
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  Figure 9. Unplugged activities by Hello Ruby and Primo Toys.
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3.4 Platforms and languages

When examining the wide range of platforms and languages focused on 
computational thinking and basic computer science education, different 
types of solutions arise. Some approaches are built upon visual programming, 
represented usually by graphic blocks. Others are based on existing 
mainstream programming languages or provide their own high-level language. 
The connective tissue amidst these implementations, however, is that they all 
enable a vast spectrum of opportunities to be creative and a possibility to 
extend beyond a predefined set of functionalities. They effectively serve as 
tools for users to create their own novel implementations.

One of the most prominent platforms available is Scratch, a free visual 
programming language and online community aimed for children, developed 
originally in 2003 by MIT Media Lab’s Lifelong Kindergarten research group 
(Figure 10). Inspired greatly by Seymour Papert’s theories of constructionism, 
Scratch provides a block-based visual coding system that allows kids to create 
interactive programs, such as stories, games and animations. Those creations 
can then be shared with other users in the online community, which currently 
boasts upwards of 37 million projects. Kids are able to manipulate blocks, 
representing basic logic operations, into a program, which they easily run and 
test within the same environment. Especially designed for younger children and 
available for mobile platforms, Scratch Jr is a simplified version that serves as 
a first introduction to computing (Scratch, n.d.).

Other prominent block-based visual programming suites have also emerged. 
Directly inspired by Scratch, and an extension of its features, Snap! is a visual 
programming language developed at University of California, Berkeley. Snap! is 
largely a reimplementation of Scratch with some extended features, making it 
suitable for more complex programs. Essentially, Snap! allows superior control 
over its data types, or blocks, enabling more intricate solutions and deeper 
control of the program being created (Snap!, n.d.). 

Tynker is another educational visual programming platform inspired by 
Scratch, although fully a commercial venture. Based also on block-based 
coding, Tynker focuses on lessons and exercises that they provide through 
their system (Figure 11). After learning the basics, kids may progress further to 
learning intermediate programming languages, such as Swift, JavaScript and 
Python within the same system (Tynker, n.d.). Both Snap! and Tynker borrow 
profoundly from Scratch’s characteristics.
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  Figure 10. Kids arrange blocks around in Scratch to create programs.

  Figure 11. Blocks are also the primary way of coding in Tynker.
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  Figure 12. Swift Playgrounds covers the fundamentals of programming.

  Figure 13. Project Bloks looks to teach through tangible programming.
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Large technology companies have also come forth and offered their own 
implementations to entry-level programming education. Since 2016, Apple has 
been offering their Swift Playgrounds iPad app to fledgling programmers. In 
Swift Playgrounds, students learn programming starting from the basics using 
comprehensive practical lessons (Figure 12). All code is written in Apple’s native 
Swift programming language, and it is simultaneously run on an adjacent 
screen. Since the materials make use of the same version of Swift as any 
professional would when developing iOS apps, the code students produce is 
directly applicable and transferable to real app projects (Apple, n.d.).

Google’s contribution to the field is Project Bloks, a hardware-targeted 
development platform that focuses on tangible programming (Figure 13). 
Conceived in Google Creative Lab in 2013 as a research endeavor, Project Bloks 
aims to bolster computational thinking skills via hands-on physical and tactile 
activities. The project involves interchangeable modular hardware components 
that act essentially as instruction steps in a linked system: Pucks are user-
friendly instruction controls, base boards are interconnected elements onto 
which pucks are placed and brain boards are root connectors that provide 
connectivity and electrical power. Combining these components in different 
arrangements may create musical instruments, interfaces or any number of 
other solutions. Project Bloks is currently publically unavailable, as it is still in 
the research phase, and it has no official release date (Google, n.d.).

While not developed specifically for computational thinking or K-12 education, 
the Wolfram Language, by Wolfram Research, is being promoted as an 
alternative for the use case. The Wolfram Language is a general-purpose 
programming language that includes common knowledge about the world 
and a level of automation to best present it. For the purposes of teaching 
computational thinking, it is particularly fitting, since it can utilize these features 
to be significantly more descriptive, expressive and approachable to new 
programmers. Using the Wolfram language, students are able to function at 
a higher level and are free to focus on the computational thinking component 
rather than the programming alone (Wolfram, 2016).

Looking at platform and language implementations related to computing 
education and computational thinking, block coding jumps out as a 
definite trend. Supposedly it acts as a convenient alternative to traditional 
programming, when there is an impetus to simplify an entire complex suite of 
functionalities. Visual programming indeed allows a similar level of control and 
opportunity, while presenting a more approachable interface.
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3.5 Physical products

Physical implementations extend the learning experience from digital programs 
to tangible experiences. In some cases, physical objects are manipulated to 
control something digital, such as a puzzle game. In others, code written or 
actions performed on a digital device are transformed into physical form, like 
moving a robot around or making a toy dance. The key characteristic is that 
with these products, kids are able to imagine the power and applicability of 
computation, which may act as a primer for real applications, such as robotics.

Osmo has been a recent innovator in this field, targeting smart toys for kids 
aged five to 12 years. Osmo’s products rely on a device-attached proprietary 
camera accessory stand, which is able to track visual activity in front of it. 
Osmo’s offering to computational thinking education is the Coding Awbie toy, 
which interprets arrangements of physical code blocks through the camera 
in order to control a digital game (Figure 14). In other words, it is a physical 
representation of visual programming, similar to Scratch. In Coding Awbie, 
kids control a character’s movements through a puzzle game by correctly 
arranging the physical code blocks. Osmo also has two other programming-
related apps, Coding Jam and Coding Duo, that use the same blocks, allowing 
sharing between each other (Osmo, n.d.).

Representing an end-to-end tangible experience, Primo’s Cubetto is a wooden 
toy robot, whose movements are controlled by physical code blocks on a 
wooden control board (Figure 15). Aimed at children aged three to six, Cubetto 
comes with a selection of map covers that act as the puzzle environment for 
the robot’s adventures. The control board has space for a sequence of 12 
instructions, which are communicated to Cubetto once an initiation button is 
pressed. Under the sequence is a four-step function space, where kids can 
assemble a separate function that can be run by a special function code block. 
Cubetto moves in the map grid following the composed sequence (Primo, n.d.).

KIBO is an educational robot building kit, much like Cubetto, with an explicit 
focus on aesthetics (Figure 16). Developed for use by kids aged four to seven 
years, KIBO features lights, sensors and motors that can be attached to four 
ports on top of the robot base. In addition, one port is included in order to attach 
an art platform, where kids can add decorations. Kids compose sequences from 
the wooden code blocks, and adjoined barcodes are scanned with a scanner 
attached to the robot. KIBO then performs the composed sequence and reacts 
to its environment with its attached sensors (KinderLab Robotics, n.d.).
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  Figure 14. Osmo Coding Awbie teaches problem solving with physical code.

  Figure 15. Cubetto moves around on a map based on instructions given.

  Figure 16. KIBO utilizes attachable lights, sensors and motors.
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  Figure 17. Kids build Jimu Robots and make them move with code.

  Figure 18. SPRK+ by Sphero rolls, moves and rotates by code commands.

  Figure 19. The Harry Potter Kano Coding Kit interfaces with a magic wand.
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Continuing on the topic of robotics, UBTECH’s Jimu Robot Kit delivers an 
intriguing entry-level activity. Kids first build a physical robot by following step-
by-step instructions, then program actions, or write block code, and finally see 
the robot perform accordingly (Figure 17). An accompanied app simultaneously 
renders a three-dimensional model of the robot, which aids in developing the 
actions and plays them alongside the physical equivalent. One of the robot 
kits, MeeBot, is even able to function with Swift Playgrounds, so kids may use 
an actual programming language to code in instructions, making it easy to 
progress beyond visual programming (UBTECH, n.d.).

Sphero’s SPRK+ toy is also a robot that is controlled using visual programming 
as instruction blocks. Essentially, SPRK+ is a ball that is able to roll and change 
direction based on instructions from the user (Figure 18). A gyroscope and 
accelerometer enable the robot to navigate around and LED lights inside 
communicate the current state of the activity. Instructions are programmed 
and issued using a number of different platforms, including smart devices 
and browsers, and code can be simple movement commands, block code or 
even JavaScript programming. Additionally, the SPRK+ can be extended with 
accessories, such as chariots and jumps, among others (Sphero, n.d.).

Kano is a company that, simply put, creates computers that are assembled 
and programmed by users themselves. Kano provides kits for various different 
implementations, such as computer assembly and motion sensing, wherein 
kids can learn computation from both hardware and software viewpoints. 
One of their recently added kits is Kano Coding Kit, which is a programmable 
magic wand made in collaboration with the Harry Potter brand (Figure 19). 
After assembling the wand, which is part of the activity, it can be programmed 
to react to gestures that are interpreted by a digital application, for example 
to control a game. The Kano Coding Kit allows users to program customized 
gesture controls using block code or JavaScript programming, so opportunities 
for even experienced programmers are open. However, the overarching aim is 
to provide kids with an introduction to hardware and software design, and to 
teach core programming concepts (Kano, n.d.).

With the physical products featured, sequence building emerges as a popular 
feature. Often sequences are even built with physical blocks, which supposedly 
makes the activity much more approachable for kids. Robotics is another 
trend that seems to surface repeatedly. Perhaps with robotics there is a special 
connection with giving commands and having robots execute them, which 
marries the two concepts naturally in an understandable way.
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3.6 Mobile apps

Along with initiatives, platforms and physical products, the computational 
thinking movement has had an awakening in the mobile apps space as well. 
App developers have taken cues from established organizations and the 
prevailing research, and have made their own interpretations on the subject. 
Some apps provide an entire suite of activities and a community for shared 
learning. Others focus and stay quite close to the research, trying to impart 
the core principles of computational thinking to kids. Many apps also simplify 
the same concepts to create educational puzzle games or sequence building 
systems. In addition, each app shares a commercial interest.

Hopscotch, targeted to children aged eight years and up, models itself largely 
by example of Scratch. It is an app that contains its own learning center, 
exercises and community, enabling kids to make creative animations, apps and 
simple games (Figure 20). In Hopscotch, kids build programs using block code, 
publish them in an online community and are then able to play and share them. 
Additionally, the app offers programming tutorials, to help kids make popular 
game mechanics, and lesson plans for educators. Activities in Hopscotch are 
geared for collaboration and community (Hopscotch, n.d.).

Much like the aforementioned, codeSpark Academy also offers exercises, 
tutorials, puzzles, game making and other activities (Figure 21). Aimed for kids 
aged five years and up, the app takes a more controlled approach and uses 
a stricter framework. Instead of providing open-ended tools and letting kids 
build and share their creations, codeSpark Academy functions somewhere 
in between a game and a creative tool. Nevertheless, it does also provide 
kids with a learning curriculum, visual programming exercises and progress 
tracking. Additionally, codeSpark Academy lauds itself as word-free, with an 
emphasis on intuitiveness (codeSpark Academy, n.d.).

Tinkerblocks is a unique implementation in that it approaches the subject 
of programming education fully from the viewpoint of recipe building. Kids, 
aged four years and up, construct recipes from blocks that can represent 
any number of different controls, sensors, inputs or outputs, after which the 
recipe can be played (Figure 22). A recipe can, for example, first play a sound, 
then take a photo using the device camera, next print a message and finally 
close with a buzz from the device’s interior mute alarm motor. Tinkerblocks 
interestingly makes use of hardware capabilities, such as sensors and motors, 
while other apps seem to stick to software content (Urbn Pockets, n.d.).
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  Figure 20. Hopscotch allows kids to make games and share them online.

  Figure 21. codeSpark Academy boasts a variety of code-related activities.

  Figure 22. Tinkerblocks involves creating recipes with many functionalities.
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  Figure 23. Coding Safari for Kids introduces computational thinking basics.

  Figure 24. In Move the Turtle, kids learn coding like in the Logo language.

  Figure 25. Instruction sequences are featured in Lightbot and Code Karts.
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As a traditionally underutilized approach, Hopster Coding Safari for Kids takes 
the core principles of computational thinking and puts them into game form 
fairly directly. The app introduces the concepts of decomposition, pattern 
recognition, abstraction and algorithms through a collection of pre-coding 
puzzle games (Figure 23). Most of the games involve path building and 
constructing instruction sets for game characters to perform. Kids venture 
across a world map helping wild animals reach their destinations using step-
by-step instructions, loops and patterns (Ingram, 2018).

Taking inspiration from Seymour Papert’s Logo programming language, 
Move the Turtle teaches children, aged five years and up, the essentials of 
programming. In the app, kids perform tasks, program commands, reuse 
functions and compose graphics by moving a turtle character (Figure 24). 
Meanwhile, they learn the central concepts involved with computing and 
computational thinking. Move the Turtle allows a suite of actions very similar to 
Logo, but is often limited compared to other apps (Move the Turtle, n.d.).

Many implementations aiming to teach programming to kids often involve 
commands or instructions that need to be laid down in simple sequences to 
achieve a goal. Some apps, like Lightbot and Code Karts, even take that basic 
concept and produce full games around it (Figure 25).

Lightbot is a game, where players assemble instruction tiles into a sequence 
menu in order to guide a robot around an isometric landscape. The aim of 
the game is to add light to marked tiles by having the robot travel over them. 
Designing and running these sequences supposedly helps in understanding 
concepts like conditionals, overloading, procedures and recursive loops, while 
puzzles direct the gameplay (Lightbot, n.d.).

Code Karts is another game aiming to capitalize on the idea of instruction-
based gameplay. A code learning racing game, Code Karts has the player 
driving on a track, following directions assigned by a sequence of instruction 
tiles. Gameplay becomes increasingly difficult as loops, conditionals and a 
number of different obstacles are introduced. (Edoki Academy, n.d.).

Out of the categories covered, mobile apps seem to present the greatest 
diversity in approaches. Maybe this is, because, as a young, agile and market-
led platform, it is able to accomodate different viewpoints quickly. Additionally, 
with there being new market opportunity, mobile developers are keen to bring 
their own unique implementations to the fore.



- Linda Liukas, Hello Ruby
(Hello Ruby, n.d.)

Our kids should learn to 
bend, join, break and 
combine code in a way 
it wasn’t designed to. 
Just as they would with 
crayons and paper or 
wood and tools.
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  Figure 26. The production timeline of Ruby+ Blob.

4 Building Ruby+ Blob

An assessment of the field of computational thinking and a review of its existing 
implementations leads naturally to the production involved in this thesis. The 
design and development of Ruby+ Blob was indeed informed by the research 
conducted, and it was important for us to apply the findings within the project. 
At the same time, we wanted to make sure that our own creative vision would 
not be compromised and that we would deliver a product that was foremost 
fun and inspiring to use. In my opinion, we achieved a satisfying balance. This 
chapter provides a comprehensive account of the development of the Ruby+ 
Blob app and the various steps that were taken by the team to create it.

Production on Ruby+ Blob began in January 2016 and carried out actively until 
December (Figure 26). January was spent evaluating what exactly we wanted 
to build and what there was room for in the market. In the following months, we 
looked at inspirational projects, created concepts and tested gameplay until 
we had a clear workable idea. Development was started in March although we 
would continue to mold the concept throughout. In June, when the app began 
to take shape into a beta version, we conducted playtesting, which revealed 
an explicit shortcoming in the app features. A resulting pivot was overseen and 
eventually the app reached release status in December. However, we elected 
to delay release and the project has been on hold until now.

The sections to follow observe the production process. A revision of research 
notes gathered from the previous chapters is first conducted. Next, a variety of 
concepts, artwork and products that inspired the app are exhibited. Then, the 
ideation, concepting and design processes are explained. The section to follow 
describes the development process, going from prototypes to a working beta 
version. Subsequently, playtesting procedures are explored as well as a major 
redesign resulting from it. Finally, the ensued end product is assessed.
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4.1 Notes on the research

While reviewing the literature and carrying out benchmarking, some insights 
emerged, which would prove helpful in guiding the production. Observations 
about the principles of computational thinking advise the direction that the 
app design could take while criticism of the field and risk assessments provide 
guidelines for what to avoid. Research on existing implementations informs of 
market preferences, features possible and room to innovate.

The review, first off, revealed that the core of computational thinking consists 
of its four main concepts: decomposition, pattern recognition, abstraction and 
algorithms. This fact would provide the primary framework for any design 
affordances and limitations in the production. In addition, an added priority on 
debugging, tinkering, open play and constructionism was identified, allowing 
for some latitude in thinking outside of the box. Furthermore, criticism of the 
field warned against overreaching and inflated claims, while a particular 
remark stressed the importance of distinguishing computational thinking from 
the more mechanical act of programming. This would serve as supplemental 
guidance for avoidance. Finally, it became clear through investigating the 
move of computational thinking into K-12 education that a focus on curricular 
materials was also a viable alternative to consider and pursue.

Looking at the different diverse implementations of computational thinking, 
certain mechanics clearly surfaced as favorites, whether it was from languages, 
products or physical tools. One popular mechanic was the use of visual 
programming, which in most cases was represented by block code. Another 
such feature was sequence or algorithm building using instruction sets, often 
depicted visually by graphical tiles. Some implementations, especially involving 
robots, approached learning through construction and behavior building. 
Others would concentrate on offering programming tutorials and direct 
teaching of computational thinking concepts.

Especially inspiring and noteworthy was the concept of learning through 
hands-on open-ended play, epitomized by Papert’s constructionist theory 
and exemplified by high-quality unplugged activities. Translating analog 
methodologies into digital form, where tinkering, debugging, creation and 
construction take center stage could be something worth pursuing. Instead 
of blindly following tried means of direct and explicit educating, it may be 
more interesting to venture further into an abstract way of learning, driven by 
unrestrained play, trial and error and gushing creativity.
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4.2 Inspirations

When we began production on Ruby+ Blob in January 2016, designer Lucas and 
I were given complete freedom to pursue whichever approach we preferred in 
designing the app. At that point, the only requirement was that the app should 
follow the look and feel for what Hello Ruby was known. Additionally, there 
was an understanding within the team that the app, as part of a potential 
future series, should feature only a single activity rather than a collection of 
activities, such as is common in subscription-based children’s apps. It was 
communicated early on that we would also prefer to keep the design minimal 
and to incorporate a connection to the analog world.

A consensus quickly grew around the opinion that we wanted to avoid a product 
that would coddle or overindulge children. We did not want it to feel like the 
app is something that a parent prescribes to a child with heavy-handed rules 
and steps to proceed, but rather an open-ended digital toy to foster a child’s 
innate curiosity and creativity. In essence, it would be a tool and environment 
without instructions or tutorials, respectful of the child’s own intelligence, where 
kids would be expected to figure things out on their own.

Inspired by Papert’s theory of constructionism and similar viewpoints, we also 
wanted to maintain a connection to the real physical world. The user experience 
of the app would be intuitive, interactions would feel tactile, animations would 
mimic realistic movements and the activity itself would link to concrete reality. 
Further in the vein of intuitiveness, we decided that the app should have no 
text, except in areas meant for parents. This put more pressure on interface 
design, but would ultimately, we hoped, produce a better result.

We began with investigating the app market and identifying what was common, 
what was exciting and what was still missing. We drew a great amount of 
inspiration from other existing implementations and their approaches, while 
at the same time trying to grasp how we could be unique and do things 
differently. One decision that came about quite quickly was to not focus on 
programming directly and to avoid the common approaches of block code 
and instruction sets. Similarly, as stated earlier, we wished to avoid a tutorial 
set or any sort of direct explicit teaching of computational concepts. Robotics, 
tinkering, construction and behavior building on the other hand seemed like 
concepts we would be happy to embrace. It appeared there was also a gap in 
the market for such applications, especially in targeting younger children as an 
audience, and we were confident in our pursuit to fill it.
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Hello Ruby of course had existing computational thinking materials and 
exercises from which to draw inspiration. For some time, we contemplated 
what connection the app would hold with those resources. Much of the look 
and feel would translate naturally, but it was an open question whether or not 
the app would be directly based on existing materials. Eventually we decided 
against that idea in pursuit of something novel. Ruby+ Blob would be its own 
entity, separate from the world and characters of the books and from the 
mechanics of the curricular materials. This decision also led to establishing the 
brand Ruby+ as a digital counterpart of the primarily unplugged original.

While we ruminated over the central concept of the app, Lucas presented us 
with an interesting idea to do with kinematics, physics and character building. 
Pointing to a 1994 project by computer researcher Karl Sims called Evolving 
Virtual Creatures, he proposed the simple idea of connecting elements 
together with joints, assigning them motions and letting the concoction loose in 
a physical environment. The hypothesis was that the resulting apparatus would 
take on apparent characteristic of a live creature, traversing about, which 
would be exciting for children to tinker with.

Evolving Virtual Creatures was a research project that involved algorithmic 
simulation of genetic evolution (Sims, 1994). In it, Sims programmed an 
automated evolution system, where virtual creatures in a three-dimensional 
environment change their own morphology and simulated neural systems 
through a series of evolutions to fit their physical surroundings. Creatures are 
given specific survival expectations or goals and adjust themselves through a 
continuous stream of mutations. The resulting animal-like creatures flail and 
stumble in fascinating ways, and some even develop behaviors familiar to the 
natural world (Figure 27). While we ourselves were not interested in simulating 
evolution, Sims’ work inspired the idea of characters, composited from parts 
and joints, moving around in a physical sandbox using motions on said joints.

This idea of mechanized kinematic entities crawling around led us to also 
examine Theo Jansen’s work, most notably his famous project Strandbeest 
(Figure 28). Developed across a few decades, Strandbeest is a collection of 
animal-like constructions that are able roam on beaches using mechanical 
limbs (Theo Jansen, n.d.). These large skeletal sculptures transform wind-
powered rotational movement kinetically into stepping motion. The superb 
Strandbeest and other projects by Jansen further inspired our burgeoning 
concept. We especially liked the idea of using mechanical motion to suggest 
aliveness and sensibility in these stoic migrating creatures.
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  Figure 27. Evolving Virtual Creatures evolve behaviors via the environment.

  Figure 28. Strandbeest is a collection of beach-faring kinetic sculptures.
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  Figure 29. In Sago Mini Bug Builder, kids hatch, adorn and play with bugs.

  Figure 30. The Robot Factory lets kids build, test and tinker with robots.
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Having now a fairly clear general concept for what the app could be centered 
around, we started looking at other apps that had pursued a similar approach. 
Character building, at least, was no stranger to apps, as it is a common feature 
especially in avatar creation. However, assigning motions and animations to 
characters, or kinematics, proved far more rare. In the context of teaching 
computational thinking, moreso, it seemed non-existant.

An implementation that we spent a considerable amount of time investigating 
was Sago Mini Bug Builder. Developed by famed creator, Sago Mini, Bug Builder 
is a simple and minimal app that lets kids construct a bug from a base shape, 
add color to it using paint brushes, attach accessories and finally offer it a treat 
or perform other activities (Sago Mini, n.d.). Once a bug has served its function, 
it lays an egg that hatches into the next bug with which to interact (Figure 29). 
Sago Mini Bug Builder sparked many ideas amongst our team, especially with 
respect to the phases of creative activities. In the app, a bug goes from an 
abstract shape to a unique character, to possessing a personality and finally 
comes alive in all its artistic glory. This sort of creative rigging while adding 
increasingly complex layers of abstraction was compelling to us, and we felt it 
was something that would fit the topic of computational thinking. Additionally, 
we were inspired by the cyclical nature of the app. The experience starts with a 
multi-colored egg, the hatchling of which lays the next egg that again lays the 
next one, so on and so forth. This, we surmised, was a superb way to promote 
iteration and keep the experience compact.

While we were looking at examples of kinematics in apps, specifically ones 
involving limbs, we came across The Robot Factory by Tinybop. In The Robot 
Factory kids build robots by attaching a whole host of machine parts together 
using joints and then send them into a physical simulation world (Tinybop, n.d.). 
Different parts have unique functionalities, affecting how a robot performs in 
the wild, and the aim is to tinker with the setup to improve the robot’s success 
(Figure 30). When finished with a play session, robots built are collected into 
a gallery from which they can be picked up again at a later time. The Robot 
Factory was a great source of inspiration, especially considering its mechanics. 
The performance of a robot in the app is a combination of its own parts and 
functions as well as the physical environment that it needs to deal with. This 
became a key focus to consider in the design of our app. In addition, the idea of 
building a robot quite freely from an assortment of parts, and to be able to test 
it iteratively, was appealing to us. Kids would have to find out for themselves 
what things worked and what did not, how the robot would react to its physical 
surroundings and what it took to achieve success.
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4.3 Idea

Our core idea of what we wanted the app to be started to crystallize. On 
the whole, we wished to make a creative digital toy that would in some way 
teach computational thinking concepts and would be, in terms of look and 
feel, an extension of the Hello Ruby brand. It would feature a single activity, 
maintain a connection to the analog world, avoid coddling kids and its visual 
presentation would be minimal. Interactions would have a tactile feel to them 
with a grounding in physical motion, and the interface should be as intuitive 
as possible. Thematically, the app would involve tinkering, character creation, 
behavior building and iterative play, with kinematics as the main draw.

Before we set out fully into development, we deemed it necessary to consider 
some of the clear limitations we were facing. First of all, acknowledging our 
team’s small size, we would need to keep the project compact and not let it 
balloon into something unforeseen and unmanageable. It was more likely 
that we would be cutting out extraneous ideas than adding new features 
throughout. Additionally, we would need to come up with a working idea and 
flesh it out relatively quickly as the project was only resourced for a period of 
six months to a year. Technical development would need to start promptly and 
there would be little room for vast changes after we had locked down the app 
concept. Thirdly, we would have to guard against straying too far from what 
Hello Ruby presents itself to be. Luckily, these limitations worked in our favor 
as they made us limit our focus to the very essentials.

At around the turn of February, we began brainstorming ideas and drawing 
up concepts. After a few tries, we landed on an idea that felt intriguing, fitting 
and unique. We decided to base the play activity around cultivating pet-like 
customized characters that kids would first build and then play with. The app 
would essentially be divided into these two phases, and kids could go back and 
forth, debugging, tinkering and perfecting their pets.

The central idea was to use abstract soft-edged shapes and attach them 
together with joints, making up amusing bulbous and amorphous bodies. These 
bodies would take on visual aesthetics, they would be assigned motions and 
end up as seemingly living, personable creatures moving around in a physical 
environment. Different joint configurations would also allow for a range of 
character types and modes of movement. We began concepting designs 
around this idea, coming up with different kinds of shapes and figuring out 
which joint configurations would provide the best results (Figure 31).
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  Figure 31. Early concept sketches of the shape and joint elements.





57FOR  Figure 32. Sketches of different eye elements.

Shapes, joints and physics would make up the body and physicality of 
the characters, but aesthetics would play a separate role. In order to feel 
personable and alive, characters would need to be very customizable visually. 
We prompted to divide these personalizations roughly into the following 
categories: eyes, accessories, color, pattern and edge. Providing kids with a set 
of attachable eyes was an obvious choice, since it is probably the best way to 
breathe life into a character. The accessory, such as a hat, mouth or nose, was 
a single similarly tacked-on element that would offer a secondary personal 
touch. Colors, patterns and edges, in contrast, would determine the nature of 
the body, though would not affect physics in any way. Lucas proceeded to 
draw up sketches of these elements, starting from the eyes (Figure 32).

Assigning motions would happen after construction and aesthetics. Each 
character would have a parent shape, and a selection of three motions, 
rotation, wiggle and scale, would be given to each shape with a joint to that 
parent. These motions would come in handy when the character was dropped 
into the physical playground. The playground would itself be a room with 
changing terrains and physical conditions, and kids would need to observe the 
character’s performance, pick out shortcomings and iteratively tinker with it.

A brief review of the core principles of computational thinking in relation to this 
concept was deserved if we wished to keep the app relevant to the field. We 
considered the concept directly compatible with decomposition, inhabiting as 
a major theme the functionality of a character deconstructed into component 
actions, as well as with pattern recognition, harboring a focus on the perceiving 
and tweaking of optimal movements. Abstraction could also be represented 
by the act of comprehending which components really matter and which do 
not. We acknowledged algorithmic thinking to be only loosely connected, since 
no sequences were explicitly being composed or executed. However, our main 
direction, that of debugging, tinkering and creating, was fulfilled perfectly. 
Nonetheless, this all would require further review as we pressed on.

Now possessing a comprehensive concept of what we wanted to make, we 
deliberated over the thematic aspects of the app. Since the character or 
creature in our concept sketches started to resemble a nebulous globule, we 
christened it “blob”, with a loose connection to its namesake term in computer 
science. The app name correspondingly became Ruby+ Blob, which is a 
combination of the digital brand and the creature’s nascent name. The word, 
blob, ended up being so amusing that it eventually also became the featured 
main character in Hello Ruby’s Summer School program in June 2016.
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4.4 Design

The actual design phase started in midst of concepting the idea in February 
and continued in parallel with technical development until October. However, 
the most essential design work was completed during the spring of 2016 in 
order for development to be able to begin. Design and development would 
complement each other throughout. Lucas and I worked together on the app 
design, though all visual design was carried out by Lucas as the app’s designer.

As mentioned earlier, we wanted to make Ruby+ Blob minimal, intuitive and 
boasting a tactile feel. This design approach informed much of the app’s layout, 
iconization, among other things. Interfaces would mainly sport single-color, 
often pastel, areas, elements would look geometric and grid-based, and icons 
would be simplified as much as possible. A focus on intuitive interfaces was 
also primary as we had decided to restrict the use of text entirely. Additionally, 
interactions in the app would feel concrete and representative of analog 
buttons, knobs and switches in the real world. Having interface elements bare 
and simple made device compatibility easier as well, since the app would need 
to respond to all iPhone and iPad screen sizes. As for the screen orientation, we 
chose to go with portrait orientation, because it best fit the material.

With these guidelines in mind, we first looked at the miscellany of areas and 
pages that we would need in the app in order to cover the prepared features. 
Firstly, we needed a home area, which would link to the activity areas and a 
separate information page. We would also need a playground area for playing 
with blobs and another page for presenting the user’s collection of blobs. 
Additionally, the construction area was required along with its three phases, 
which we aptly named as follows: build, tune and animate. Each construction 
phase would position the blob in the center of the screen and switch controls 
would line the bottom. Swiping up and down on these switches would change 
parameters of the blob construction, and with them the blob’s characteristics.

We came up with a linear direction scheme, where each area was logically laid 
out from left to right. To make things even simpler and more practical, we also 
decided to combine the home area with the blob collection page, which made 
the flow much more natural. The home area would now link to the information 
page on the left, and on the right it would direct to the construction phases in a 
logical order, which would finally lead to the playground on the far right (Figure 
33). Areas would transition directionally between each other by a horizontal 
slide animation, and exiting the playground would return to the home area.
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PlaygroundAnimateTuneBuildHome

  Figure 33. The areas in the app were made directional, from left to right.

  Figure 34. The home area had a physical jar to hold blobs.

For the home area, now combined with the blob collection page, we only really 
needed buttons for linking to the information page and construction areas 
as well as a unique way to represent the collection. The former button was 
covered with a simple “INFO” text, while the latter one was iconized with a play 
icon, representing the act of creating a new blob. The collection, in turn, would 
need to be pleasantly inventive to make collecting blobs fun and rewarding.

As a metaphor for a collection, we came up with the idea of a physical jar 
(Figure 34). Whenever a new blob was created, it would fall into the jar to join 
the rest of the blobs. Inside the jar, the blobs would wiggle around as they had 
been programmed, bumping into each other in a cacophony of chaotic fun. To 
make it even more amusing, blobs would react to a gravity vector determined 
by the gyroscopic orientation of the user’s device, and they could be dragged 
around with a finger, allowing for all sorts of lively interactions.
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  Figure 36. The build phase.   Figure 38. The tune phase.

The first of the phases in the construction area, build, sees the assembly of a 
blob from shapes and joints, in a specific configuration. We imagined seven 
distinct shapes and five joint configurations (Figure 35). A joint configuration 
would be randomly drawn by default, and a shape would center on each joint 
with a random rotation and scale. Since the maximum amount of joints in any 
configuration was four, each shape would have a separate color to distinguish 
them from each other. Using the switches at the bottom of the screen, kids 
could change between the five varied configurations and swap shape types for 
each color (Figure 36). Switching joint configurations would transition the blob 
with a nice animation, meanwhile removing or adding shapes, as the number 
of joints in a configuration varies between two and four.

Once the blob’s build was done, the app would move to the second phase, tune, 
where aesthetics are the focus. Tuning the blob included switching between 
pairs of eyes, accessories, colors, patterns and edges. We came up with seven 
types of eyes, 18 accessories, five colors, 12 patterns and four edges (Figure 
37). Out of these selections, the eyes would also feature some animation with 
four frames to display positions of the pupils and one more for a blink. Similarly 
to the build phase, all of the five categories would be randomized by default, 
and so would the approximate positions, rotations and scales of the eyes and 
accessory as well. Kids would be able to swap between a great number of 
inventive blob combinations, using the switches at the bottom, and additionally 
change the position, rotation and scale of the eyes and accessory using a 
specialized pulley tool (Figure 38). The switches would change color along with 
the blob color selection to make it easier to visualize each decision.
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  Figure 35. Seven shapes and five joint configurations were created.

  Figure 37. A variety of eyes, accessories, colors, patterns and edges.
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  Figure 39. Motions and speeds.   Figure 40. The animate phase.

After locking down the visual parameters of the blob, the third phase, animate, 
would allow kids to assign motions to it. We created four types of motions: 
rotate left, rotate right, wiggle and scale, along with five speed selections to 
accompany them: none, slow, normal, fast and full (Figure 39). Each shape, 
activated by either touch or swapping using the leftmost switch at the bottom, 
would be assigned a motion. The two rotate motions would simply rotate the 
shape around its axis incessantly. Wiggle would rotate the shape 90 degrees 
to one direction and then mirror that to the other direction, causing a back-
and-forth loop motion. Scale would enlarge the shape by 120 percent and then 
return to its normal size, also in a repeating motion.

The motion speed, or better understood as frequency, would be selected for 
each motion, ranging from 0 seconds to 1 second with a step of 0.25 seconds: 
0.0, 0.25, 0.5, 0.75 and 1.0. These five speeds essentially represent how quickly 
a motion is looped once. Having a motion speed of 0.0 would effectively make 
the shape static, whereas one of 1.0 would produce very rigorous flailing. The 
point of this range was to provide a varied selection of behaviors.

To make it easy to quickly preview the animated blob in a clever way, we also 
implemented an x-ray feature, toggled on and off using the rightmost switch 
at the bottom. When the x-ray was on, the skeleton of the blob would be 
displayed with a dark blue background, and when off, the final blob would be 
shown. Uniquely in this phase, the switches at the bottom of the screen, colored 
according to the blob color, act hierarchically from left to right: activate shape, 
choose motion, select speed and preview blob (Figure 40).
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  Figure 41. Terrains types.   Figure 42. The playground area.

Finally, when the new blob has been constructed and animated, it would be 
dropped into the physical playground area, where it would fend against 
changing terrains and obstacles. We designed four different terrain types: 
blocks, mounds, slanted and halfpipe, and added to these a few simple shapes 
as obstacles (Figure 41). Blocks involved four pillars next to each other moving 
up and down randomly, mounds were three large circles emerging from the 
ground, slanted were pyramids moving from one size to another, and halfpipe 
was simply two curved banks on the left and right edges of the screen.

The blob would function, with its issued motions, among periodically switching 
physical terrain types and kids would drag it around along with the obstacles 
scattered about (Figure 42). From the playground area, there would be buttons 
to link back to the construction phases as well as the home area. Once returned 
home, the blob that was just constructed and played with would fall into the 
collection jar to join other blobs created earlier.

While technical development had already begun at this point, the final design 
was eventually completed and locked in. We knew at this stage what the end 
result, a released Ruby+ Blob app, would become. We would be building an 
app that focuses mainly on construction, kinematics and tinkering, includes 
characters that we coined blobs and presents itself as a intuitive and creative 
digital toy. The carefully thought out visual areas of the app and layout would 
include a home area, three phases of a construction area, a playground area 
as well as an information page to display general knowledge, settings and 
brand material. App flow would be cyclical and iterative in nature.
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It was important to keep an eye on whether or not we were still delivering on 
our goals regarding computational thinking, especially since we now had a final 
feature set in mind. Algorithmic thinking, at least regarding direct building of 
instructions into sequences, remained distant. There did not exist a clear case 
in the app where instructions were given and performed reliably. However, we 
felt decomposition, pattern recognition and abstraction out of the remaining 
core concepts fit quite nicely. Decomposition especially is represented in the 
separate phases of constructing a blob that ultimately result in a functional 
character. Pattern recognition comes into play when kids begin to understand, 
through iterative tweaking, which combinations of blob attributes produce 
what results. Similar to pattern recognition, abstraction emerges when kids 
comprehend which actions produce functional results and which do not.

Our primary goal in designing the app was nevertheless to focus on the 
computational thinking practices of debugging, tinkering, creativity and play. 
We wanted a creative tool, formed in the spirit of Papert’s teachings, where kids 
would discover these concepts on their own through iterative exploration and 
empiricism. In this respect, we felt confident that we had achieved a competent 
implementation of computational thinking.

Throughout the design stage, an intriguing metaphor developed around a 
connection to the concept of object-oriented programming. If one would 
consider a blob as an instance of a designed object and the playground as its 
environment, the construction phases fit quite well to represent the different 
manners of defining that object. The build phase gives the main structure and 
definition to the blob class. The tune phase provides attributes to the object, 
in this case aesthetic ones, that make it unique and distinguishable from other 
blobs. The animate phase contributes with a set of methods, to make the object 
functional and performant. Once the blob object is instantiated into the world, 
it utilizes all of its parameters and behaviors to operate.

To promote open-ended play and to foster creativity in kids using the app, 
uniqueness was a major goal of ours. We wanted kids to feel like what they 
created, even if randomly, would feel like something of their own. To us, it would 
feel especially disappointing, if this turned out not to be true. At the end of the 
day, we considered the app design a success in this aspect. After all, taking 
into consideration the different parameters required to create a blob, while 
omitting the position, rotation and scale of the shapes, eyes and accessory 
entirely, we calculated that there are nearly 3.4 billion (3 348 777 600) possible 
permutations of blobs (Figure 43). To us, this was a satisfactory number.
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4.5 Development

Technical development started in March and ran until December, at which point 
the app was functionally ready for release. A great chunk of the development 
was carried out in parallel to design, so we were able to bounce ideas between 
both disciplines, which made for a better creative process. Our goal with the 
technical development work was essentially to implement the designs we had 
conceived and fill in the gaps that might emerge. This phase of the production 
would only be complete once a release build was compiled and uploaded into 
the App Store. I conducted all of the technical development work on my own.

We had originally planned for the Ruby+ Blob app to be available only on 
mobile devices. We later decided to go even more specific and limit it solely to 
the Apple ecosystem. The two reasons for this were that, first, we possessed 
previous experience working with Apple software and publishing, which would 
let us focus emphatically on that side of the market, and second, I personally 
chose to use tools native to Apple in the development. The app was written 
in the Swift programming language, using Apple’s native SpriteKit framework 
within the Xcode integrated development environment. When released, Ruby+ 
Blob would be available for all iPads and iPhones running the iOS 10 operating 
system or newer, with a possible Apple TV version coming later.

A few substantial or otherwise demanding components in the development 
process surfaced, which naturally fell under my responsibility. I was tasked 
with constructing the general architecture of the application, implementing 
certain interface components used throughout the design, composing the 
complex multivariant data structures to store blob information, developing 
the entire blob construction system, creating a sophisticated audio system 
and dealing with the physics of blobs. Though it was time-consuming and a 
daunting amount of work, I was able to complete this without any third-party 
components, cutting out any external dependencies.

Since development ran much of its infancy alongside design, we were at times 
able to iterate very quickly. Design might come up with a new idea, which I was 
able to implement for the next day, and that modification would lead to tweaks 
of the original idea, and so on. The process was often very collaborative in this 
way. I would package and distribute builds of the app to the rest of the team 
whenever a substantial change was made. In addition, I implemented analytics 
early on to capture how we were functioning and behaving during playtesting. 
This helped to continuously recognize and fix problem areas in the app.



67SPECIAL

  Figure 44. Implementing the three construction phases took a lot of effort.

As the play aspect of the app revolved around kinematics, the main focus 
of development was undoubtedly on figuring out how the blob would come 
together and perform within a simulated physical environment. Luckily, we had 
designed the app areas relatively well, so I was able to rationalize my efforts 
efficiently. Functions related to the construction were easily divisible by the 
three phases we had established earlier: build, tune and animate, and I could 
treat the physics in the home and playground areas separately (Figure 44).

Within the first construction phase, build, it was vastly important to solve how 
the joints, their configurations and attached shapes would work together. 
Basically, when creating a new blob, the configuration would be randomly 
selected along with each joint’s shape and each shape’s rotation and scale. 
This would contribute substantially to blobs looking distinct from each other. 
Notably, I had to set sizing and placement in such a way that every possible 
randomization would produce a uniform body for the blob. Additionally, the 
animation involved in swapping joint configurations had to be effective and 
fully dynamic, which was a slight challenge.

The second phase, tune, posed a variety of demands as well. As in the build 
phase, all of the aesthetic settings in the tune phase (eyes, accessory, color, 
pattern and edge) were randomized to provide maximum variety. On top 
of this, the positions, rotations and scales of the eyes and accessory were 
randomized as well. Regarding this, I had to set limits to the randomization, 
so that elements would not pop up in unwanted areas or in awkward states. 
In addition, I implemented a sophisticated pulley tool for moving around, 
rotating and scaling the eyes and accessory. Once randomly established and 
positioned, kids would have full freedom to change these elements.
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  Figure 45. A blob consists of a complicated array of layers.

Moving on to the third phase, animate, requirements were easier to fulfill than 
the previous phases. Motions and speeds were again randomized for each 
shape separately. I built a system, where one shape would be selected as the 
active one and changes on the other switches would only affect that active 
shape. At the same time, only the active shape would animate, allowing for 
a modal way of manipulating motions. Another considerable feature was the 
x-ray function, which provides a way of previewing the motioning blob. By 
toggling the light switch on the far left, the x-ray would turn off and display the 
final version of the blob, with all shapes animating. Turning it back on would 
allow for more tweaking. Once the final blob was satisfactory, kids could press 
the submit button and enter the playground with their newly-created blob.

The joints, shapes, aesthetics and physics of the blob were built in an intricate 
way using layering. Fundamentally, the blob object has joints assigned and 
positioned to it in a specific configurations on the bottom layer, onto which 
the shapes are attached. The images for the shapes are selected by which 
edge type is chosen, and these shapes together in the chosen blob color 
form the color layer. On a layer higher than the color is the pattern, which 
uses another masking layer of identical shapes to crop the pattern image 
dynamically. Further on, the eyes and accessory are displayed on yet another 
layer. The highest layer has the blob bounds that respond to physical entities 
around it. This layer has again the same shapes without an edge in identical 
configurations. Since there are so many shape layers in the mix, all shapes 
have to be animated simultaneously for it all to come together as a living blob 
(Figure 45). Moreover, all of this was built nonvisually with pure code.
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  Figure 46. The home and playground areas required physics.

With blob construction covered, physics posed a number of hefty challenges. 
Both the home and playground areas would require physics, but in two different 
ways (Figure 46). The home area had a jar to hold blobs, and the blobs could 
be dragged around the scene, but notably it was distinct since there were up 
to eight blobs floundering about. This required a technique called collision 
mapping, where each separate collider was assigned a unique bit value 
identifier. Additionally, I made the blobs react to a gravity vector, which reacted 
to the device orientation. This meant the jar would actually feel quite realistic, 
and kids could, for example, pour out or throw and catch blobs.

The playground area was different in the sense that it required real reactions 
from the blob to friction. The idea after all was that different physical terrains 
would alternate, moving up and down, and the blob would have to weather the 
storm. It would make no sense for the blob to move its appendages, but not 
react to the ground underneath. This led to the biggest personal challenge I 
struggled with in this project, one that would take months to decipher.

At some point when the app was seemingly almost finished and the blob 
was happily bobbing around in the playground area after being successfully 
created, we noticed that it was not properly reacting to the surface of the 
ground. It appeared to lack any friction, and adjusting related settings were 
yielding no difference. After months of trying to figure out what was wrong, 
looking for scraps of information and asking for help, I finally found the 
solution. It turned out there is a technical discrepancy in how computers handle 
physics and kinematics, and one should not mix them, which is what I had done. 
Energized by this discovery, I was finally able to fix the error by elaborately 
nesting the kinematic actions in a physical parent container.
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  Figure 47. The data class of a blob ended up as an intricate architecture.

For the interactions to operate properly, I developed a few component classes 
that were used across the app. Among normal button components, I made 
a custom swiper component that was used in all of the blob construction 
controls. This was an element that would allow the user to make selections by 
swiping up and down. Another component was the parental gate, a screen that 
restricts access to children, often required by strict guidelines in apps made 
for kids. Data saving also took a fair amount of effort to perfect. In order to 
save blobs to the device memory and to later reproduce them, there needed 
to be a data structure and management functionalities in place. I designed and 
implemented an elaborate structure and data class that would be able to save 
all the multitudes of information contained in a blob (Figure 47).

Audio design came in quite late in the development process, but was highly 
architected to fit the app’s features. Can was the sole audio designer and was 
responsible for how audio would work with the experience. My own role was 
to implement those ideas into practice using samples that Can would provide. 
Mainly, audio design is centered around shapes and their specific motion types. 
Each shape has a unique sound identity, or family of samples, that is already 
present in the construction phases in order to create a distinct feel for each 
selection. In the playground, where a blob has full motion, these audio samples 
come together in a rhythmic harmony, based on the construction parameters 
of the blob and its motions. This does much to emphasize the unique result of 
the choices made, which was a major aim in the project as a whole.

While development would continue onward, nearing summer, we reached a 
state where we were satisfied with the working app. We were confident that it 
was a competent product and, pending some finishing work, the app was on its 
way to a release version. It was now time to conduct external playtesting.
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  Figure 48. Kids were tasked with building their own paper blobs.

4.6 Playtest and pivot

In the beginning of June, Linda organized a day of playtesting to assess the 
use of the Ruby+ Blob app in real circumstances. We invited around 10 children, 
aged five to eight years, to visit the Hello Ruby office and try out the app. 
The session was a very positive one and we received a myriad of actionable 
feedback points. While the reception was generally great and the kids seemed 
to like the app, a revelation surfaced that would require plenty of attention.

Each of the kids entered our office individually with a parent for a session of 
30 minutes. They were first briefed about the agenda of the playtest. We then 
presented the kids with metal pins and a pile of paper shapes that we had cut 
out earlier. The task was to create a paper blob by attaching shapes together, 
using the metal pins as joints (Figure 48). Next, the kids would glue preprepared 
paper eyes and an accessory to the blob or draw ones on. Finally, we asked 
them to motion the shapes and explain to us how their blob would move.
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  Figure 49. Kids were given an iPad to try building a digital blob.

Once the analog part of the test was complete and kids had a sense of what 
blobs are and how they are composed, we moved onward. We gave the kids 
an iPad that was set to the home area of the app with blobs bouncing around 
in the jar (Figure 49). The idea was to stay as silent as possible, respond only if 
prompted and see how well the kids would intuit the functionalities of the app.

The results were positive and the feedback was encouraging. While there were 
one or two subjects who got distracted, most of the kids performed well and 
seemed to enjoy the activity. They would, among other things, make up stories 
about their personal blob and explain them to us. While the blob construction 
part was overall felt to be great fun, an issue emanated with the playground. 
Echoing various pieces of feedback we had received earlier from friends, the 
kids in the playtest just did not find the playground an engaging experience.

It seemed like since the construction phases were so fun, intricate and involved, 
taking that motivation into the playground did not transfer and the result was 
simply unsatisfying. Upon review, we found the playground to be too restrictive, 
chaotic and ultimately unfitting for debugging and tinkering, as it had no goal. 
This realization led to a major pivot: a full redesign of the playground area.

Instead of the single-screen bland design that we had, we wanted to something 
more colorful, an environment that would feel like a world in itself and one that 
would also present a goal. We would also prefer this time to create a world 
where the performance of a blob would be easier to assess, debug and perfect. 
We came up with a solution that seemed leaps ahead of what we had.
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  Figure 50. The redesigned playground area was a vast improvement.

  Figure 51. The new playground comes in a variety of shapes and colors.

First and foremost, we designed the new playground as a continuous one, 
scrolling from left to right, as opposed to the previous single-screen arena, 
which already made a substantial difference. We composed the environment 
out of depth layers, which mimic real distances and move horizontally with 
parallax scrolling (Figure 50). The foreground included the blob, and it would 
move along with the camera. Behind the foreground were three background 
layers and a cloud layer that would move slower than the foreground, based 
on their supposed farness, establishing the illusion of distance and depth.

As the app visually features a lot of geometric primitive shapes and curves, 
including the playground terrains, we decided to use a similar motif for the 
background layers. We chose three different thematic types: mounds, peaks 
and squares, which would be randomly selected for each session. Lucas also 
came up with six different randomized color schemes for the environments: 
dark, desert, dusk, forest, pastel and snow. The shape designs along with the 
varied color schemes produced a diverse collection of worlds (Figure 51).
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The goal in the new playground was to move from left to right until a finish line. 
After construction, the blob would be dropped into the leftmost section of the 
world and its job would be to crawl, roll or tumble all the way to the rightmost 
section, where it would fall offscreen and end up inside the jar in the home 
area. This proved a more fun experience, and the goal would lead kids to tinker 
and perfect their blob, in order to make it to the finish line. It also felt connected 
to the computational thinking aspects we wanted to incorporate.

On the way to the finish line, blobs encounter interference. The playground 
area in length is the same as five device screen widths, with the entrance being 
the first and the exit the last. The three screen widths in between each include a 
random terrain, either static or animating, which the blob will need to pass. We 
landed on seven terrain types: arc, blocks, ditch, hill, mounds, peaks and sawline 
(Figure 52). Along the way would also be scattered a number of obstacles of 
different colors, the types of which we set as the following primitives: circle, 
hexagon, square and triangle. At the end of the playground, above the finish 
line, we placed a randomized collectible, for which Lucas designed 18 objects 
(Figure 53). The aim of the collectible was to provide one more unique element 
to each playthrough in order to promote a sense of replayability, though 
collected collectibles would not be seen elsewhere.

A blob would rely on its own assigned motions and the friction affected by the 
surface of the ground. Much of the tinkering value came from the idea that 
kids would be able to tweak a motion or a shape to make the blob perform 
better, faster or in a more wacky way. We realized that only the right-directed, 
or clockwise, rotation would actually move the blob towards the right. So we 
decided to adjust the randomization of the motion types in the animate phase 
of the construction area by forcing a right rotation to be included. Essentially, 
that motion type is always inserted, but kids have the option to remove it.

We also decided to add a continuous physical forward momentum to the blob, 
so that it would have a slight artificial crutch in moving toward the finish line. 
This would minimize confusion when the right rotation was removed, as the blob 
would still slowly move forward. To avoid getting the blob stuck completely, 
we needed a help function. Initially, we added drag-and-drop to the blob and 
obstacles, so kids could just force the blob through or remove interference. This 
proved too easy, so we replaced it with a jump. At any time, kids could tap the 
blob, which would assign an upward force to it, clearing any blockage. We kept 
the drag-and-drop functionality on the obstacles, however, since that proved 
to be a fun added interaction for all manner of fun hijinks.
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  Figure 52. Seven terrain types challenge blobs on their journey.

  Figure 53. 18 collectibles were designed to foster a sense of progression.
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4.7 Final product

Come December 2016, everything was pretty much in place with the app. We 
had all of the planned features completed, a separate but equal division of 
construction and play functionalities, a reasonable connection to computational 
thinking education and, above all, a fun digital toy for kids to experience. What 
was still lacking were the miscellaneous materials and resources required for 
an actual release. These included App Store metadata, an app icon along with 
some branding, a product website and an app trailer.

To briefly summarize, the Ruby+ Blob app consists of the following areas: 
home, build, tune, animate, playground and information. The home area is the 
opening page of the app that links to the information, build and playground 
areas. In addition, it sports the user’s collection of blobs, all contained within 
a physically simulated jar. The build, tune and animate areas are the three 
construction phases where a blob goes from a jumble of shapes into a living 
personalized character. The playground is where the blob uses its features and 
abilities to traverse across an uncertain landscape. Finally, the information area 
is where general knowledge, settings, and branding are presented to parents. 
After roughly a year of concepting, design, development, a pivot and polishing, 
it all came together in a cohesive product (Figure 54).

For the App Store content, we needed an app subtitle, a description text, a list 
of relevant keywords, screenshots and appropriate links to external materials. 
The subtitle and description are the most important pieces of user-facing text 
to market the app, and would require translations into multiple languages. 
Keywords, likewise, allow a string of comma-separated words with a maximum 
of 100 characters that helps the App Store rank the app within their search 
engine. They were also translated correspondingly. Outwardly links, finally, 
are simply hypertext links directing to such things as the developer website, a 
privacy policy, among other external resources. We composed these material 
relatively easily, since we had collected parts of them throughout the entire 
app production process, and we had a fairly good idea about messaging.

With regard to the screenshots, we would need five images in total for each 
supported device type: iPad, iPhone and iPhone X/XS/XR. An early decision 
was to abstain from including any text on the screenshots, to echo our wider 
decision about limiting text in the app itself to the very minimum. This decision 
would also save a lot of time in processing the imags as we would not need to 
create screenshots separately for each language translation.
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  Figure 55. Five screenshots were produced for the App Store.

  Figure 57. App icon and brand.  Figure 56. Information page.

To cover the central areas of the app we chose different images for each 
screenshot (Figure 55). The first displayed a compilation of blobs in different 
kinds of playground environments to tease the gameplay of the app. The three 
subsequent screenshots showed the construction phases, in corresponding 
order. Finally, the fifth presented a single image of the blob in the playground.

Furthermore, we had to compose the information page, design an eye-catching 
app icon, establish the brand, make a website and produce a video trailer for 
the app. The information page would consist of existing materials from Hello 
Ruby, featuring functionalities from the app and links to external resources 
(Figure 56). The app icon and branding were developed by Lucas, ending up 
quite pleasant and effective (Figure 57). As for the product website, one was 
created by Linda to sit on top of the actual Hello Ruby website. As the cherry 
on top, Lucas directed and Can scored an impressive trailer for the app that 
exhibited all its glory in an exciting and inventive way.



- Stephen Wolfram, Wolfram Research
(Wolfram, 2016)

Computational thinking 
is going to be a defining 
feature of the future 
— and it’s an incredibly 
important thing to be 
teaching to kids today.
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5 Conclusions

As stated in the introduction, my overarching aim in formulating this production-
based thesis was to better comprehend how kids learn through play. Witnessing 
the vast growth of computational thinking into schools, consumer products 
and living rooms, I was curious to explore what affordances it provides for 
fostering creativity, fun and open-ended play. My objective in this work was to 
find answers to the following original research questions:

• In what ways can computational thinking be brought to consumer 
products, like mobile apps, whilst promoting play, creativity and fun?

• What kinds of solutions are missing in the current landscape of 
computational thinking implementations?

To begin, a literature review was carried out in order to gain a grasp on the 
history and current state of computational thinking. The review first looked at 
the origins of the field, its different interpretations and an eventual arrival at 
a prevailing definition of the term. Continuing onward, the core principles of 
computational thinking were explored, as well as its distinction from the act 
of programming, which is an often emphasized remark. Next, the spread and 
approach of computational thinking into K-12 education was examined. Finally, 
criticisms and risks of the computational thinking movement were reported.

A broad benchmark of existing implementations of computational thinking 
was subsequently conducted, ushered in by a statement on the selection 
criteria used. Various related initiatives and organizations were first reviewed. 
Then, a number of unplugged activities, platforms, languages and physical 
toys were presented. Finally, a variety of digital mobile apps associated with 
computational thinking were catalogued in preparation for the production.

A documentation of the production of the Ruby+ Blob app was then presented, 
from ideation to final product, informed by the conducted research. A brief 
review of the research findings was first considered, following to a telling of the 
inspirations behind the core concept of the app. The research and inspirations 
together led to a developed idea, the design of which was then fleshed out in 
detail. Next, the development process and its related challenges were outlined, 
progressing to a playtesting session that ultimately resulted in a pivot of a 
major feature in the app. At the end, the final product was assessed.
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In assessing how computational thinking can be translated into products 
for consumers, the related core principles assumed a sizable role. Examined 
in the literature review, the concepts of decomposition, pattern recognition, 
abstraction and algorithmic thinking form a general framework for what 
might be considered an application of computational thinking. While many 
implementations covered in the benchmark went so far as to directly employ 
programming, usually in the form of visual block code, all instances had 
a grounding in these core concepts in some way. Further practices, such as 
debugging and tinkering, provided an added dimension that could, in my 
opinion, be more easily translated into practical features.

The benchmark revealed a great variety of approaches, from explicit complex 
platforms to simple mobile games, which surfaced some particular trends. At 
one end are the sophisticated computation environments, such as Scratch, 
Tynker and Hopscotch, which nearly serve more as complicated toolsets for 
creating content and fostering community rather than teaching the basics of 
computation. In the category of robotics, instruction- and command-based 
schemes were common in products like the Sphero SPRK+ and UBTECH 
Jimu Robot, where the emphasis of the activity was on affecting the robots’ 
movements and not necessarily on developing elaborate programs. Physical 
products like Osmo Coding Awbie and Primo Cubetto, often intertwined with 
unplugged activities, showed, in my assessment, the clearest connection to 
the teaching of the aforementioned core concepts and practices. Grounded in 
Seymour Papert’s constructionist theory, these implementations seem to best 
marry foundational activities with creative output and open-ended play.

Mobile apps, on the other hand, seemed to demonstrate a wider array of 
approaches within their specific domain. Some apps, like codeSpark Academy, 
attempt to emulate Scratch in building entire platforms, while others, such as 
Tinkerblocks and Hopster, offer their own unique exercises. Moreover, games, 
namely Lightbot and Code Karts, vie for entertainment and fun. Perhaps 
this broad representation stems from the relatively young age of the mobile 
platform and the new market opportunities that it has opened in recent years.

My focus on the role of play in this project originated from the idea that learning, 
at the very end, should be enjoyable. I was most interested in investigating 
approaches wherein the activity was not mired with rules and instructions, but 
rather offered an open palette for creativity and joyful exploration. With the 
extensive cornucopia of existing implementations of computational thinking, it 
seemed like this approach was being underserved.
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Decomposition Understanding that a full blob is a mix of many components of the 
construction process is a core idea that the app attempts to push. The 
aim is for kids to decompose those steps naturally through exploration.

Pattern 
recognition

Through iterative tweaking, kids begin to grasp which combinations 
of parameters produce the most efficient or enjoyable results, thus 
recognizing patterns in the blobs’ construction.

Abstraction In the construction and tweaking processes, some parameters and 
actions may prove irrelevant to what one might be trying to achieve. 
Isolating what works and what does not is prevalent in the app.

Algorithmic 
thinking

Outside of blob construction parameters, the app does not retain the 
act of sequence building, where instruction sets would repeatedly yield 
reliable results. Therefore, algorithms seem distant in focus.

Debugging As kids witness how their blobs perform in the physical environment, 
a strong emphasis is put on recognizing shortcomings and making 
changes in order to fix or optimize them.

Tinkering An important theme in the app is open exploration, allowing for kids to 
freely try things out and observe the causes and effects of their actions. 
Visual variety of elements in the app is also food for this inquiry.

Creating As blobs are constructed, played with and put into collections, a clear 
priority in the app is creation. The entire basis of the experience is to 
foster creativity and construction.

While planning Ruby+ Blob, we saw that an open approach, utilizing a more 
abstract way of learning through construction, debugging and tinkering, was 
lacking among existing implementations. The app encompassed these features 
particularly, while still hopefully being a competent and enjoyable product for 
a commercial audience. What we came up with, we felt, was something unique.

Ruby+ Blob roughly consists of two components: construction and play. Kids 
construct creatures called blobs via three phases: build, tune and animate, after 
which a blob is unleashed into a changing physical world. There, it must use its 
innate characteristics to travel to the other side of the playground environment. 
Kids tweak the blob’s characteristics to affect its performance, assist it on its 
journey and finally add it to their blob collection. Taking into consideration the 
findings unearthed by the research, my assessment is that Ruby+ Blob fulfills 
the concepts and practices of computational thinking as follows:



84 AND

Overall, I am satisfied with the findings and I consider the research questions 
answered to an adequate degree. Having conducted a comprehensive study of 
the field of computational thinking, and having compared different approaches 
and implementations, I feel it was a fitting primer for the production that 
ensued. The outcome of the research had a formative and positive impact on 
the design of the Ruby+ Blob app, which was after all the anticipated result.

A few aspects could have been further investigated in the thesis project, though 
limitations did exist. As this thesis was based on a production that itself took 
roughly a year to complete, I did not feel it incumbent upon myself to conduct 
quantitative or qualitative research to formally assess the effectiveness of the 
app in teaching computational thinking. Nor did I think myself fundamentally 
qualified to carry out academic user studies concerning children’s cognitive 
comprehension and performance with an open-ended learning tool such as 
Ruby+ Blob. Additionally, as the core principles of computational thinking are 
still not quite set in stone in the broad community, some concepts seemed 
relatively vague to use as metrics in a meaningful way.

Another point worth mentioning is that the research covered in this project 
tended to have been realized in North America and Europe, due to the most 
prevalent recent work seemingly originating from those areas particularly. It 
may have been beneficial to review recent developments and implementations 
for example in Asia and South America as well. The research findings and 
results might have been slightly different if this were the case.

Moreover, in grounding the origins of the field, there was an opportunity to go 
further into the study of early childhood cognitive development, from which I 
abstained. I felt it out of the scope for this particular thesis project and perhaps 
an unnecessary sidestep. This could have yielded results in a much deeper 
way, though it would have been a very different piece of work as well. Similarly, 
the selection criteria for the benchmark of existing implementations could have 
been more fleshed out. Perhaps a stricter methodology might have surfaced 
some unexpected or unforeseen implementations to review. Nevertheless, I’m 
very confident in the diversity and representation of the projects on show.

In the future, it would be intriguing to conduct practical study on early education 
via open-ended playthings in the field of computation. How does one assess 
that skills are learned and even transferred through hands-on concrete play? 
How much impact do efforts targeting preschool aged children make to their 
learning in later life? These are fascinating points of study.
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Regarding computational thinking as a field, I think it will be interesting to follow 
up and see what will occur in the near future. Earlier claims of skill transference 
through learning how to think computationally are being challenged more and 
more as the field progresses and it seems like new viewpoints are emerging. 
Perhaps thinking is not enough, after all, to garner a rounded enough skill set, 
and we may need to look into new avenues that are more action-oriented.

Resnick (2018), for example, prefers the term computational fluency over the 
traditional notion of computational thinking. In his view, the focus should not 
rest solely on comprehending computational strategies and problem solving, 
but on the capacity to create things and express oneself. Instead of puzzles 
and exercises, it may be more fruitful to introduce kids directly to creative 
projects and expressive pursuits. As Resnick says, “When you learn to write, 
it’s not enough to learn spelling, grammar, and punctuation. It’s important to 
learn to tell stories and communicate your ideas. The same is true for coding.“ 
It could be that fluency is the next step in this evolution.

While the Ruby+ Blob app was practically at a completed state in December 
2016, it was promptly shelved and has remained so until now. Our intention 
currently is to release the app in late 2018. As a substantial amount of time 
has passed since development halted, arriving at a release-ready product now 
will require some update work. The codebase will need to be upgraded to the 
newest versions of the utilized technologies, namely Swift, SpriteKit and Xcode. 
In addition, various components and architecting methods will need to be 
refactored in line with my own progression in app development during the past 
years. Finally, I will need to build support for new devices that have come out 
after 2016, which mainly will focus on iPhone X/XS/XR. Happily, these updates 
are all technological, so design will remain the same.

Ruby+ Blob is the first app in an intended series of digital apps from Hello Ruby. 
We hope that this initial one will be successful and will allow us to continue to 
further additions. As the digital counterpart of the company, Ruby+ acts as an 
umbrella for the proposed series, and has great potential for the future, in my 
opinion. In any case, the research and learnings developed in this thesis will no 
doubt assist in creating the next Ruby+ experience.
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