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Abstract

Music is such a big part of our lives that a world without it is unimaginable. Musical intelligence
is as important as other types of intelligence, such as logical and linguistic. However, the Por-
tuguese educational system does not reflect this. The creative subjects that stimulate the children’s
mind, such as music, are constantly overshadowed by others that are considered more important
by society, and there are no changes at sight. Today, technology allows the creation of engaging
interactive experiences, giving us the opportunity to stimulate children in novel ways. With the
dissemination of computers in our households, children can be reached in ways the educational
system cannot.

This dissertation proposes the creation of a collaborative musical composition platform for
children, with the goals of stimulating their interest in music and developing their musical intelli-
gence. This work was developed in the context of a Research & Development project, called Cre-
ative Schools, whose goal is add the support for the creation of digital media to schoooools.com,
a collaborative learning environment where children aged between 4-12 years old can create their
own texts, drawings and media, and safely share, communicate and collaborate with their teachers
and parents.

The creation of something that stimulates the children’s mind, engaging them in learning activ-
ities and developing their (musical) intelligence is far from easy. First, we need to understand how
children, or people in general, learn. Therefore, this work’s theoretical foundations are supported
by several theories of cognitive development, in order to make sure that we create an environment
where children can explore and learn the musical universe on their own. Second, we must engage
children in this activity. Therefore, collaboration was introduced, not only for engagement pur-
poses, but also to support the learning process, through group learning.

When designing for children, we must take in account that, although we have been through
childhood, we do not know what is best for them. To create something tailored to children’s needs
and interests, one needs to work closely with them.

This dissertation describes how a collaborative musical composition platform was built by in-
cluding children in the design team as partners, where they contribute to the solutions directly.
To use this approach, a custom methodology adapted to the requirements and constraints of this
dissertation has been developed. The application of this methodology results in a semi-functional
prototype, that serves as proof of concept for the proposed platform.
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Resumo

Sendo a musica uma parte tdo grande das nossas vidas, € inimagindvel viver num mundo sem
ela. A importincia da inteligéncia musical € tdo grande quanto outros tipos de inteligéncia, como
16gica ou a linguistica. Contudo, o nosso sistema educativo nao reflecte isto. As disciplinas cria-
tivas que estimulam a mente das criancas, como a musica, sdo ofuscadas por disciplinas que sdo
percebidas como mais importantes pela sociedade, e a mudancga ndo estd a vista. A tecnologia
permite-nos criar experiéncias interactivas envolventes, criando a oportunidade de estimular as
criangas de formas inovadoras. Com a disseminacio dos computadores nas nossas casas, € pos-
sivel chegar as criancas de maneiras que o sistema educativo nio pode.

Esta disserta¢do propde a criacdo duma plataforma de composi¢do musical colaborativa para
criangas, cujos objectivos sao estimular o seu interesse pela musica e desenvolver a sua inteligén-
cia musical. Este projecto foi desenvolvido no contexto dum projecto de investigacdo e desen-
volvimento chamado Escolinhas Criativas, cujo objectivo € permitir a criagao de media digitais ao
Escolinhas, um ambiente de aprendizagem colaborativa onde criangas com idades entre os 4 e os
12 anos podem criar textos, desenhos e media, e, com segurancga, partilhar, comunicar e colaborar
com 0s seus professores e pais.

A criacdo de algo que estimula a mente das criangas, de forma a envolvé-las em actividades de
aprendizagem, e que desenvolve a sua inteligéncia musical estd longe de ser facil. Primeiro, ne-
cessitamos de compreender como € que as criangas, ou as pessoas em geral, aprendem. Portanto,
as bases tedricas deste trabalho s@o suportadas por vérias teorias de desenvolvimento cognitivo, de
forma a garantir que criamos um ambiente onde as criangas, por si, consigam explorar e aprender
o universo musical. Em segundo lugar, necessitamos de envolver as criangas nestas activiades
de aprendizagem. Para responder a isto, foi introduzida a colaboracio, ndo s6 para envolver as
criangas nas actividades, mas também para suportar o processo de aprendizagem através de apren-
dizagem em grupo.

Apesar de todos termos passado pela infancia, quando estamos a criar algo para criancas é
importante ter em conta que ndo sabemos o que € realmente importante considerar. Para criar algo
adaptado as necessidades e interesses das criancas.

Esta dissertacdo descreve como € que foi criada uma plataforma de composi¢do musical in-
cluindo criangas no processo de desenho, assim contribuindo directamente para a solucdodirec-
tamente. Para usar esta abordagem, foi criada uma metodologia costumizada aos requisitos e
restricdes desta dissertacdo. A aplicagdo desta metodologia resulta num protétipo semi-funcional,
que serve como prova de conceito para a solugdo a ser proposta.

il
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Chapter 1

Introduction

The evolution of technology and the increasing number of children using computers, created many
new opportunities to stimulate children’s intellectual development at younger ages through engag-
ing, interactive and innovative experiences. There have been some serious efforts to introduce
technology in classrooms to aid the learning experience, using it as an learning tool [dE11]. Usu-
ally, these efforts have been directed to support the traditional methods of teaching, for example
helping students grasp complex concepts. However, as Seymour Papert stated, the classroom is
“an artificial and inefficient learning environment that society has been forced to invent because
its informal environments fail in certain essential learning domains, such as writing or grammar
or school math” [Pap93].

Music is such a big part of our lives that a world without it is unimaginable. Learning music
theory is far from easy, and it takes both dedicated students and teachers to do it with success.
However, such formal education is not needed to create music, the same way a child does not
need a degree in Painting to know how to draw a picture. In a study about children’s practice of
computer-based musical composition, Nilsson and Folkestad conclude that “young children with-
out formal education are able to create music with form and structure” [NFO5]. Although formal
education is essential later on, introducing it so early can create a gap between the student and the
creative process, demotivating the student. When painting, a child can produce a piece of art with
just a blank sheet of paper and a set of crayons. In the end, the child has an object, a piece of art,
one that he can show to others, opening discussion that can even lead to improvement. However,
when talking about music creation, this process is not quite the same, not to say more difficult.
Although a child can make music from virtually anything, it is substantially more expensive to
offer the child a set of tools, even the ones specifically made for music education, that allows him
to express his creativity. This usually translates into less opportunities for the student to explore

the musical universe.
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How can we create an engaging music composition tool that provides an unique learning

experience?

1.1 Motivation

“The art of music is so deep and profound that to approach it very seriously only
is not enough. One must approach music with a serious rigor, and, at the same time,
with a great, affectionate joy.”

Nadia Boulanger - French Composer, conductor and teacher

There are several studies in the literature that state the importance of the development of musi-
cal intelligence in an early age [Gar83] [Arm94] [PD87] [LM88] [Lev98]. Howard Gardner, a Har-
vard psychologist, states that "music intelligence is equal in importance to logical-mathematical
intelligence, linguistic intelligence, spatial intelligence, bodily-kinesthetic intelligence, interper-
sonal intelligence, and intrapersonal intelligence" [Gar83]. However, in my experience, the effort
in the development of musical intelligence in Portugal is not anywhere near the same as the devel-

opment of other capabilities, such as mathematical or linguistic.

One of my motivations to develop this project is a personal one. I did not find my own mu-
sic education engaging. Independently of the quality of that education, I believe that it was not
engaging enough to motivate me to explore this area further.

Later on, when I naturally became interested in music, I had to feed my hunger for musical
knowledge on my own, through whatever means I had available. Growing up in a generation that
has had early contact with technology, I had the good fortune of having easy access to software
tools of music composition and editing. However, the available tools were: i) too powerful, suited
for professionals; ii) too limited, giving no room for exploration. We can see that the scenarios
are the opposite from each other, where in one hand we have a complex tool with a steep learning
curve, for a child, and on the other hand a limited tool, arguably made for the masses, that was not
challenging enough. However, both the scenarios have one common point: both are unmotivating,

each in its own way.

That said, I believe that by empowering children with the right tools of exploration, we can
engage them in sessions of musical improvisation and exploration that teach them more about

music than formal learning methods, just like I did when I was a child.

1.2 A collaborative musical composition platform for children, by
children

What this thesis proposes, in one sentence, is an online platform that will allow children to com-

pose music, collaboratively, through an exploratory environment, with the goals of stimulating



Introduction

their interest in music, while learning some of the foundations of music theory.

This problem, in order to be solved, has to be decomposed in several sub-problems: i) cog-
nitive development theories need to be explored, to understand how people learn; b) the relation
between collaboration and technology will be studied, to learn how we can use both to improve
learning; and iii) the study of the characteristics that could make this tool engaging for children,
so that they immerse themselves in this universe.

These problems will be addressed separately, even though they have common points, in chapter 2:

How children learn (and how can we learn about them).

But first, it is important to contextualize where this project is going to be developed, the vehi-
cle where children will be able to use it, and its target audience.

The project being developed in the context of this dissertation belongs to a much larger
project named Creative Schools (loosely translated from "Escolinhas Criativas"). The goal of
Creative Schools is to bring multimedia to the online community based on schoooools.com plat-
form [Coll0], where students, teachers and parents can create, collaborate, communicate and
share, giving children, aged four to twelve, the opportunity to engage in the Web 2.0 and the new

digital media world in a learning context [Esc11].

Schoooools.com can be divided in three key components [Valll]: educational, recreational
and social. In its educational component, children can create essays, in collaboration with their
teachers, containing text, drawings, images, videos, maps and files. In its recreational component,
the platform offers several educational games, as well as tools to multimedia resources. Finally, in
its social component, the students can communicate as well as collaborate with their colleagues,

teachers or parents in several activities.

Creative Schools resulted from a collaboration between Tecla Colorida, the company behind
schoooools.com, and several entities, including INESC Porto, a non-profit investigation center
focused on technology [Porl1], the University of Porto [dP11], ISEP, the Engineering Institute
of Porto [dEdP11], the University of Minho [dM11] and local schools, notably Colégio Paulo VI
[VI11].

Essentially, this project has the goal of providing new functionalities on the area of new digital
media to schoooools.com, giving students the opportunity to explore creatively several facets of

this area, like audio, video, animation, TV on the web, and others [Col10].

The context of this project, being schoooools.com a web platform, defines the medium where
it will be presented: the web browser. That said, children will experience this platform on their
computers, or their school’s computers. However, there is one more project I must mention. In

2005, the Portuguese government approved a set of measures that aimed to modernize the country
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[dE11]. One of this measures, called e-escolinhas, gave the opportunity for children in elementary

schools to acquire a portable computer at very reasonable price, from O to 55 Euros [dE11].

Since schooooools.com and e-escolinhas target audience intersect, hence corresponding with

the target of this project, I must consider the technological capabilities of this low-cost portable

computer.

Another important point is that my target audience is automatically defined by schoooools.com.

The target of this platform is children aged between 4-12 years old attending elementary

school.

1.3

Dissertation outline

This document is divided into ten chapters:

10.

. The first chapter, Introduction, the one you are reading now, contextualizes this work, de-

fines the problem and explains the author’s motivations into solving it.

The second chapter, How children learn (and how can we learn about them), contains a

literature review of the areas surrounding the problem.

The third chapter, Designing for children, with children, presents a study in the current

trends of working with children.

The fourth chapter, Music tools for children, explores the most relevant tools in the market
that address similar problems of music education as the one being addressed in this disser-

tation.

The fifth chapter, Research problem and methodology, defines the problem based on the
literature review and presents the research methodology that was used.

The sixth chapter, Understanding the children’s perspective, explains the research activities

that took place in this dissertation.

The seventh chapter, Solving the problem, alongside children, is the core chapter of this dis-

sertation, detailing the activities that took place to design the platform, alongside children.

The eigth chapter, Prototype design and evaluation shows how the prototype was iterated

based on successive evaluation sessions.

The ninth chapter, Results and discussion discusses the positive and negative aspects of this

work, as well as the results.

The tenth and final chapter, Conclusions, closes this dissertation by discussing the work that

needs to be done in the future and how this work is going to be disseminated.



Chapter 2

How children learn (and how can we

learn about them)

As Allison Druin states, and as obvious as it may seem, we all have been through childhood. Due
to the memories of the experiences we have been exposed to, we have preconceived notions of
things and how they work [Dru02]. Regarding education, due to these preconceived notions, we
think that we know what is right and what is wrong on how we learn best, and how we can im-
prove this learning process. However, the pitfalls of trusting these preconceived notions must be
avoided, as they can limit our vision, being based solely on our experiences in how learning might
be improved. Another pitfall is asking teachers and parents about children’s needs [Dru02]. While
it might give extremely useful insights, when building technology for children that is certainly not

the (only) way to go.

Learning is a complex equation, and every variable must be addressed carefully. This chapter
is going to address the topics that allow a good understanding of the problems stated in Chapter
1, in order to provide a solution that fits children’s needs and desires. The following sections
will present theories of cognitive development, how learning can occur in a collaborative
environment, the importance of an engaging experience, some important definitions in musical

concepts and how we can gain insights in building the right tool for children.

2.1 Theories of cognitive development

The importance of taking in account how children learn has and will be stated several times
throughout this document. To address this topic, an overview of the theories of cognitive develop-
ment most relevant to this dissertation will be given: Behaviourism, Cognitivism, Constructivism,
Constructionism and Social Constructivism. A bigger emphasis will be on the last three, since

they are, arguably, the most influential tendencies on how we teach children.



How children learn (and how can we learn about them)

2.1.1 Teacher-centered: behaviourism and cognitivism

In a nutshell, behaviourism states that every reflex to the environment is a behaviour, ignoring the

cognitive processes.

Ivan Pavlov, a Russian physiologist, noticed that his dogs salivated whenever it smelled like
food at feeding time. As an experiment, whenever those two events happened, he rang a bell,
doing this everyday for a long time. One day, without any food, he rang the bell. He noticed that
the dogs were salivating, even though there was no food. He called this phenomenon Conditional
Reflexes, the foundation of behaviourist theories.

Without going into detail, an overview of the two most cited approaches - i) classic condition-
ing; and ii) operant conditioning - follows.

Behaviourism per se was only introduced in 1913 by John Broadus Watson. Based in Pavlov’s
work, he proposed classic conditioning, a process that he claims it explains all human behaviour
[Wat13]. Classic conditioning simply states that everything is a reaction to a stimulus, disregarding
the mental processes.

Where classic conditioning states that a response is a reaction to a stimulus, operant condi-
tioning reverts the process, stating that the likelihood of a response to happen again depends of
its consequence [HH97]. In other words, a third variable enters the equation: experience. This is

done by giving positive/negative reinforcements to a response, to increase/decrease its occurrence.

However, Edward Tolman’s experiments with rats and mazes indicated that our reflexes were
not just a reaction, but the result of a thought process. When Tolman would close certain paths of
a maze, the rats did not try that path because they knew it was closed, despite having no way to
see that it was in that state.

As a response to the disregard of the mental processes by behaviourists, the so called black
box [Ski74], cognitivism was born. Here, the learner is viewed like an information processor (like
a computer), having short-term and long-term memories. In these memories, we have representa-
tions that are called when needed [WF86].

"Cognitive theorists recognize that much learning involves associations established
through contiguity and repetition. They also acknowledge the importance of rein-
forcement, although they stress its role in providing feedback about the correctness
of responses over its role as a motivator. However, even while accepting such be-
havioristic concepts, cognitive theorists view learning as involving the acquisition or
reorganization of the cognitive structures through which humans process and store
information." [GE90].

In other words, one has knowledge structures, representations, that influence their responses
to stimulus. This theory is responsible for the Three-Stage Information Processing Model, that
says that an input first enters a sensory register, then processed in the short-term memory and

finally transferred to the long-term memory, where it is available for retrieval [Bro58].
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2.1.2 Learner-centered: constructivism and constructionism

Jean Piaget’s theory of constructivism is arguably one of the biggest breakthroughs in the area
of cognitive development. The foundations of this theory state that one forms his vision of the
world constructing knowledge as he goes through his personal experiences, instead of absorbing
knowledge that is communicated to him. This knowledge is built on top of pre-existing notions,

changing the information as new data arrives [Str92], constructing knowledge structures.

Based on Juan Pablo Hourcade’s work, a description of the three most important aspects of
Piaget’s work [HouO7] follows. The first aspect, already mentioned as one of the foundations of
this theory, is the belief that one actively constructs knowledge structures from one’s experiences
and interactions with the world. Piaget called this process adaptation. The second aspect is
related to the factors that affect development. Piaget stated that there were four factors that

affected development: maturation, experience, social aspects and emotions [P169].

e the children’s maturation stage, be it cognitive or motor, is determinant to their ability to

learn. Howerver, it is important to know that it does not determine how much a child knows;

e experience is the fundamental factor of the adaptation aspect, being required to build knowl-

edge structures;

o the third factor is social aspects/interaction. This factor is the foundation of other theories,
such as Social Constructivism by Lev Vygotsky, and it relates to everything that children
learn from their social interactions (for example, knowledge passed generation to genera-

tion);

e finally, emotion, especially motivation, plays an important role because “children’s moti-
vations to learn are in great part due to their drive to grow, love and be loved, and assert
themselves” [P169].

The third and final aspect is the concept of Developmental Stages. Piaget stated that all chil-
dren go through a series of stages sequentially, where each stage has a set of behaviours related to
it. The stages defined by Piaget are: the sensory-motor stage (0-2 year olds), the preoperational
stage (2-7 year olds), the concrete operations stage (7-11 year olds) and the formal operations

stage (11-16 year olds).

However, Seymour Papert, one of Piaget’s protégés built upon the theory of constructivism.
Papert states that learning occurs better when we are “consciously engaged in constructing a public
entity” [PH91]. Papert calls this theory constructionism.

There are two main takeaways of Papert’s theory:

o first, children must be consciously engaged by what they are learning. This brings an emo-
tional aspect to learning, where the child must be, first and foremost, interested in what he

is learning;
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o finally, by constructing a public entity, the artifact causes conversation that in its turn creates

knowledge structures.

But Seymour Papert’s work was not just on a conceptual level. His conclusions were validated
with his field work with children, notably teaching children how to program. He believed that
by teaching children how to master the computer, that could change how they learnt everything
else [Pap93]. This belief came from the conclusion that children could not grasp some concepts
because they were not concrete, due to the lack of contact with it in their day-to-day [Pap93]. By
providing a tool of exploration to the children, the possibility of interacting with those concepts

helps the child to understand the once abstract concept.

To support the learning of unfamiliar concepts, Papert suggested the creation of microworlds.

Microworld

A microworld, defined by Paper as an incubator for knowledge [Pap93], is an environment defined
by the rules and constraints of a certain domain that allows children to explore that domain and
understand the concepts behind it, building the knowledge structures associated to it.

The best example of a microworld is the one Papert defined in the foreword of his book Mind-
storms, where he talked about the importance of gears in his learning [Pap93]. From an early age,
he was fascinated by automobiles, knowing every part of some of its mechanisms. A few years
later, he understood gears, and he started playing with them on his own. By understanding the un-
derlying concepts of gears, differential gears, he could imagine them working on his head. Later,
when he was at school learning mathematics, he could easily solve any problem and he even states
that learning how gears worked, he learned more than throughout his whole elementary school.
This kind of knowledge was acquired just by pure fascination about something and, by spending
his pastimes playing with automobiles and its components, he learned a lot of concepts that: i)
made sense to him because they were tangible (as in, he could see them work); and ii) made him
understand intangible concepts (in the mind of the student) that were being taught in school, like

multiplication and equations [Pap93].

2.1.3 Group-centered: social constructivism

Building on Piaget’s work, there was a Soviet psychologist named Lev Vygotsky that believed that
learning is affected if an activity is done in a social context or not. Later, this line of thought was

called social constructivism [Vyg78].

One of his best known concepts is the Zone of Proximal Development (ZPD). There are
things that children can do alone, and things that children cannot do at all, however there is an
intermediate stage, in which children can do something if they get support. In Vygotsky’s own
terms, ZPD is "the distance between the actual developmental level as determined by independent

problem solving and the level of potential development as determined through problem solving
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under adult guidance, or in collaboration with more capable peers" [Vyg78]. The conclusion that
one can take from Vygotsky’s work in ZPD is that when children do not know how to execute
a task and are accompanied by more capable peers they learn how to do it by watching others,

allowing them to do that task by themselves the next time.

2.1.4 Summary

Piaget, Papert and Vygotsky’s work is the main source of inspiration for this dissertation. As stated
in the Motivation section, by empowering children with the right tools, they can build knowledge
by themselves and with others. The concepts of constructivism, constructionism, microworld and
social-constructivism form the foundations of this dissertation’s work, since they encourage the
creation of a platform that engages children in a collaborative learning activity. The application
of these concepts in the proposed solution will be explained in the fifth chapter of this document:

Research problem and methodology.

2.2 Collaborative learning through technology

One of the goals of this dissertation is to study how children can collaborate with each other, not
only to engage them in a social activity, but to create a social layer on top of a learning platform

that allows them to build knowledge collaboratively.

Before carrying on, it is important to define what collaboration is. Although the common
definition of collaboration involves two or more individuals doing something together, researchers
from several areas have different definitions [Lip02]. That said, when referring to collaboration,

Roschelle and Teasley’s definition will be considered:

Collaboration is a process by which individuals negotiate and share meanings relevant
to the problem-solving task at hand (...). Collaboration is a coordinated, synchronous
activity that is the result of a continued attempt to construct and maintain a shared

conception of a problem [RT95].

In the early 1990’s, a new field of study emerged. Due to the work of several authors, some of
which was referred in the previous section, education started to shift from the traditional teacher-
centered way of instructing to a more cooperative approach. However, an interesting question was
being posed by several researchers: how can these new instruction approaches be supported and
enhanced by technology [Kos94]?

Meanwhile, researchers were investigating "the practices and shared artifacts by which groups
coordinate their work" [Kos94], resulting on the creation of a new field of study called Computer
Support for Cooperative Work.

To answer the question, a new field of study that focused on studying how collaborative tech-
nology could enhance instruction arose. This field is called Computer Supported Collaborative

Learning, and it is the subject of study in this section.
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Computer supported collaborative learning

In a nutshell, CSCL is about studying how people can learn together with the help of comput-
ers [SKO06]. One of the advantages of learning in group is evident. As Koschmann states, "(...)
learning in group provides opportunities for exposure to multiple perspectives and interpretations"
[Kos94]. These perspectives and interpretations were not possible if not in a group environment,
due to the unique combination of previous experiences of each participant. Following Vygotsky’s
theory of Social Constructivism, where social context is an important variable on the learning pro-

cess, CSCL shows technology’s importance in that same process.

One of the most common scenarios of the application of CSCL’s theory in a real environment
is the introduction of text based messaging, best known as chat. Most of the learning in this
scenario occurs in the arguments that happen on the usage of this particular technology. If we
imagine a real-world collaboration, even if it is mediated by technology (for example, a group
of individuals around a computer), most of the learning also comes from the discussion between
those individuals. This happens due to the “shock of our thought coming into contact with others”
[Pia28].

However, this shock can also occur in other scenarios, where discussion is not necessarily
happening. When executing a task collaboratively, just by observing the other person doing it, it
can also provoke that shock, creating a unique learning moment, just like Vygotsky concluded in

the aforementioned theory of Zone of Proximal Development.

This piece of the puzzle is absolutely fundamental to the success of this project. The debate
between colleagues can contribute to their understanding of the concepts, as well as immerse
them deeper in the activity. This way, collaboration will contribute not only to the building of the
knowledge structures, but to adding an extra dimension to the engagement of the child with the

platform.

2.3 Creating an engaging experience

One of the most difficult challenges of this project is the fact that, for learning to occur, one must
engage children in the activity they are performing. As mentioned, one of the goals is to motivate
students to explore on their own. This means that this dissertation’s result is a launch ramp to
the area of music composition, in a way that it introduces musical concepts that, on one hand,
motivates the student to pursue further education, and on the other that it might prove useful later

when the student wants to learn more complex concepts (for example, from formal education).

According to the Oxford Advanced Learner’s Dictionary, engagement is defined as "being
involved with somebody/something in an attempt to understand them/it" [Prel11]. This definition

exposes two different perspectives, one explicit and the other implicit, that are extremely relevant
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to this dissertation: i) being involved with something in an attempt to understand it; ii) being
involved with something, with someone in an attempt to understand it.
These perspectives define what needs to be taken into account to build a platform that engages

children in an unique experience.

2.3.1 Being involved with something in an attempt to understand it

Following Papert’s example in Microworld, he stated that he was completely engaged in automo-
biles and their inner workings. This engagement resulted in him learning complex concepts by
himself, concepts which he used throughout his life. In fact, as mentioned earlier, this is one of
the foundations of constructionism and a major difference in relation to constructivism: the fact
that learning occurs best when the participant is actively engaged when building in knowledge.
However, Papert also added another dimension that is a fundamental contribution to this vision:

the participant is actively engaged in constructing a public entity.

To be engaged in an activity, one must be attracted, surprised and provoked by what one uses
[Car04]. When things surpass our expectations, challenge us, they arouse emotions, which in turn
create a response. The task here is to understand how the design of this platform can create an

engaging experience by evoking emotions.

2.3.2 Being involved with something with someone in an attempt to understand it

Finally, this facet of the platform is also very important to engage children. As stated in sections
2.1.3 and 2.2, engaging in collaborative activities helps on building knowledge structures [Vyg78]
[Kos94] [Pia28]. The child might learn from someone more experienced, as well as generating
new ideas from discussion. Besides, composing, for example, a song, can be complex and time-
consuming for only one person. If we could distribute roles throughout the students of a class,
each one would create a bit of the final piece, or they could collaborate in small groups to create

pieces of the final result. By working together, they can achieve a richer result.

2.3.3 Summary

This section presented the two major problems in this topic, in relation to this dissertation.
There is one problem, however: how can one even measure if children are engaged in this
platform or learning at all? This might prove as a difficult point in this project, and it is going to

be explored throughout this document and further discussed in the last chapter, 10 Conclusions.

2.4 Exploring music

First and foremost, what is music? As simple as it may seem, there is no universal definition of

music. One of the most used definitions is Edgard Varese’s, that says music as being "organized
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sound" [Gol61]. However, what (or who) determines if the sounds are organized or not? We can
see a cultural aspect emerging here, because someone might perceive something as music, while
others do not. If something is not music, what is it? Jean-Jacques Nattiez stated that "(...) just as
music is whatever people choose to recognize as such, noise is whatever is recognized as disturb-
ing, unpleasant, or both" [Nat87]. Here, the cultural aspect is evident, where difference between
music and noise is in the listeners mind, not in a strict set of predefined rules.

Although children who do not have any knowledge in music can create it with form and structure
[NFO05], is it really necessary to perceive it as such? In other words, what is more important: to let

the child explore, or to teach him how to compose something that is perceived as music?

With this in mind, when referring to the activity that will take place when children are inter-
acting with the platform, is it correct to call it musical composition? The common-sense version
of musical composition says that it is the creative act of conceiving and organizing the parts that
make up the music as a whole [Alp84]. However, to compose a piece of the music, the composer
has to imagine how it will sound like. To create the actual piece, the composer can try it out on an
instrument to hear exactly what it sounds like, or he can imagine it in his mind [Alp84]. Regard-
less of the approach, the composing act comes from the composer’s mind, and this is what this
work is focused. When children are exploring, tinkering with the bits and pieces of a song, they

are actually composing it.

Taking on constructivist theories, we can immediately establish a relation between this ex-
ploratory activities and the construction of the child’s knowledge. This connection is important
to define how this platform might help children understand the basic concepts of music theory.
However, these concepts will not be explicitly taugth. Later, if the child takes a more formal path,
he will be able to recognize that he already mastered these concepts, from the knowledge he built

from a hands-on experience.

2.5 Understanding the relation between children and computers

Having discussed the theories of cognitive development, to understand how children learn, how a
collaborative environment can help in the learning process and how we can engage children in this
activity, there is still one piece of the puzzle missing.

Technology-Mediated Environments provide great opportunities for contructivist learning,
based on the resources they offer [OH96]. However, technology being the medium, we must
understand the relation between children and that technology.

This chapter is going to explore how that brings it all together. Here, it will be discussed how
one can actually operationalize all these theories into something tangible.

When researching children, in order to know more about them and their needs, and as men-
tioned earlier, one cannot rely solely on his own experience nor in teachers and parents [Dru02].

In this project, we are going to have to understand how we can improve the learning process with
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technology. Therefore, so one can learn more about children and their needs, we must ask them

directly and learn from their experiences [Dru02].

This chapter discusses how can we learn more about children and how can we approach this

problem, in order to create a custom tailored experience that meets the goals defined in this project.

2.5.1 Human-computer interaction

"The actual dawn of user interface design first happened when computer designers
finally noticed, not just that end-users had functioning minds, but that a better under-
standing of how these minds worked, would completely shift the paradigm of inter-
action" [Kay90].

Any product that we use has a way we can interact with it. Just by looking at all the products
around us, we can easily identify some of the possible interactions with them. My wristwatch
informs me of the time and it possesses an input to allow me to change the position of the han-
dles. My computer mouse, when connected to a computer, allows me to interact with it by moving
a pointer on the screen. All these objects may convey information and/or allow manipulation.

Therefore, we could define interaction as a process of information transfer [Dix02].

In the 1980’s, a discipline with the aim of studying how we can design more usable computer
systems [Har08] was born - that discipline is Human-Computer Interaction (HCI). As computer
systems grew in complexity, so did the interactions associated with the actions we could perform
with them. At the time, for computing to continue its growth, we needed to understand users and

the ways we could empower them in the control of these systems [Carl1].

To provide a clear vision of HCI, in order to contextualize it in this document, we must de-
fine it. There are many definitions of HCI. The Special Group of Computer Human Interaction
(SIGCHI), a part of the Association for Computing Machinery (ACM), defines HCI as "a disci-
pline concerned with the design, evaluation and implementation of interactive computing systems
for human use and with the study of major phenomena surrounding them" [HV92]. Harper et
al, define it as "a term used to refer to the understanding and designing of different relationships
between people and computers" [HarO8]. Independently of the definition, we can see HCI as a
cornerstone of the design process of computing technology, studying how people interact with
systems, and how that interaction can be improved. In the beginning, HCI focused on the fit’
between the user and the system [Har08], studying how that interaction could be optimized. HCI
has been, from the beginning, a multi-disciplinary area, resulting from the convergence of several
disciplines, such as cognitive engineering, an evolution of cognitive science, and human factors

engineering [Carl1].
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As HCI evolved, the focus started shifting from the users physical characteristics to the men-
tal characteristics [Har08]. There were several important changes in HCI in the last thirty years.
Among these changes there were two extremely relevant to the context of this dissertation. First,
collaboration has become a central aspect to the discipline, fostered by the increasing importance
of groups of people working together through interconnected computer systems [Carl1]. How-
ever, one of the most interesting changes happened in the last decade, and it is the era of HCI we
are currently at - the User Experience (UX) era. The introduction of UX brought, between others,
an emotional aspect to this discipline. This can be proven by the common use of the words "fun",
"engagement" and "desirable" in recent literature ([Car04]; [RMO6a]; [SMRO6]).

However, even with the great evolution of HCI as a discipline and as a science, its tools and
methods are tailored mostly to mainstream adult users. Having in mind that the target audience of
this dissertation is children aged four to twelve years old, a lot of the techniques that are typically
used in this discipline may not apply. To work with the unique characteristics of children, Child-

Computer Interaction was born.

2.5.2 Child-computer interaction

The literature referring to the work with children when creating new products has been growing in
the last fifteen years. As Read puts it, there are three core differences between children and adults,
or as she calls it, the ABC of Child-Computer Interaction [Rea05]. Starting with Activities, Read
states that children’s use of the computer is very different from the one of adults, where children
are more likely to be playing than working. Also, they are not task-driven, which invalidates
a number of concepts and tools from Human-Computer Interaction. Behaviours is the second
difference stated by Read between children and adults, where, inside the same application or tool,
the younger use it in a very different way, like for example searching random words in Google.
This difference in behaviour comes from the incompleteness of children’s knowledge structures
(for example, spelling) and their desire to do fun things. Finally, we have Concerns. Here, Read
states that when we are evaluating software for adults, we generally focus on factors like usability,
learnability and user experience. Besides, we have the experience of being adults ourselves, so it is
easier to put ourselves in that perspective. However, with children the concerns are quite different.
For example, one has to be aware of content restrictions on the Internet, thus being concerned
with their safety. Another factor that might create problems to the designer is that children want
fun products, products they want to play with, where most designers want to create educational
products.

Now that the foundations of these areas are laid, we have to refer to the original question
posed in the introduction of this document: how can we create a platform that engages children
in a collaborative learning activity? To answer this question, the concept of designing a product
using children as part of the design team will be explored. That takes me to the next chapter:

Designing for children, with children.
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Chapter 3

Designing for children, with children

The previous chapter left two topics of discussion open: i) how can we create a product that
engages children in a collaborative activity that helps them understand complex concepts and ii)
what is their value in participating in its design process.

This chapter is divided into three sections. The first section investigates those topics further.
The second section presents several design methodologies created specifically for children, that
will allows me to operationalize this platform into something tangible. The third, and final, section
presents an overview of these methodologies that will allow the selection of the methodology to

be used.

3.1 Children in the design process

In the 1990’s HCI two main approaches to the design process were introduced: User-Centered
Design and Participatory Design.

User-Centered Design (UCD) was introduced in 1986 through the hands of Norman and
Draper, and its goal was to put the users in the center of the design process, taking into account
its needs and interests [ND86]. In this approach, the users are positioned as testers or evaluators,
to ensure that their needs and interests are met. This approach, although its popularity, has some
pitfalls. The first is that users take a reactive role in the process, reacting to the design made by the
design team [SRAD97]. Another pitfall is that, by introducing users so late in the design process,
the organization might not be able to react to the results of user testing, due to budget, time or any
other kind of limitation [SRAD97].

Almost at the same time, a new approach called Cooperative Design was rising in Scandina-
vian countries [BEK87]. The main difference to UCD is the degree of involvement users have
in the design process. According to Muller, "the goal is to provide an equal opportunity design
environment in which all participants can contribute as peer co-designers" [MWWO93], meaning

that the user is not just in a reactive position, but actually a part of the design team from the start,
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contributing to the actual creation of the design. As the approach evolved, it became better known
as Participatory Design [SN93].

However, there is one limitation with Participatory Design (PD), and similar methodologies:
they are most effective with adults [SRAD97], meaning that in order to use this kind of approach
with children, we must adapt them [Dru99].

In the 1990’s, researchers started including children in different stages of the design process,
from using children as informants in the beginning of the process [SRAD97], to using children as

design partners [Dru98b], similar to the likes of the Scandinavian approach.

Inducing such degree of involvement is extremely important, as children are very good on
telling us their needs and interests, making the task of understanding what engages them eas-
ier [SRADO97]. A lot of research has been made in this direction, notably Allison Druin’s work
with children, demonstrating their value as design partners [Dru94] [Dru98a] [Dru02] [GDC'04]
[TDFKO1]. According to Druin, there are four different roles that children can play in the design

process of new technology: user, tester, informant and design partner [Dru02].

tester

informant

Figure 3.1: Roles of children in the design proccess [Dru02]

Children as users

In a nutshell, when children play the users’ role, the goal is to observe them using a given piece
of technology so that the impact of existing technologies can be understood, in order to create
new technologies that change or define the future of the context they are in. In this degree of
involvement, the relationship between children and the research team is indirect, where there is
no interaction, just observation. Also, the users are brought in a very late stage or, in other words,

when the product is developed [Dru02].

Children as testers

In the testers’ role, children are also observed using technologies. However, these technologies

are still in the making, being in a development stage, unlike the finished product when children
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had a role of users. The goal of this role is to obtain feedback on the product, so that the team
can improve it before it comes out to public. Here, children are observed using the product (or a
prototype) and they are asked feedback about it. So, they are only brought to the design process
after the initial design is completed [Dru02].

Children as informants

When children play the role of informants, they can be a part of the process before any technology
is finished and during its development. We can think of it as a mix of the roles explained above,
where children can: i) inform the research team before anything is developed, giving insight about
their experiences in the domain or using available technologies, and ii) can give feedback on the
various iterations of the product development process. So, in this role children inform the research
team at any stage of the process, even before anything is actually designed, they are observed using
existing technologies or the technology being developed, and they give feedback throughout the
development or the final product itself [Dru02].

Children as design partners

Finally, the role of children as design partners is similar to that of an informant but, in this role,
they are part of the design team, collaborating to the design of the new technology. In this role,
children are considered equal stakeholders in the design process due to their unique perspective,
different from researchers and others partners contributing to the design process. So, in this role,
besides every role that children played in the previous roles, they are also part of the design team
as equals, contributing to the development of new technology not only with feedback or insight,

but also with their expertise and their unique vision [Dru02].

Although working closely with children has its drawbacks [Web96], the questions raised in this
dissertation require a good understanding of children’s unique perspective, giving insights on how

to create an engaging experience.

3.2 Design methodologies to work with children

As the previous section states, the number of methodologies to design products with children has
been increasing. This section gives an overview of the methodologies and frameworks I have
considered most relevant to the context of my work, in order to define which one (or combinations
of) will be used in the design of this platform.

The selection of these methodologies and frameworks was based on three factors: i) the degree
of involvement of children with the design team; ii) the target age of the product being developed,

and; 3) the relevance in the literature (number of citations).
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3.2.1 Cooperative Inquiry

Allison Druin proposes a research approach for the development of new technologies with children
as design partners, based on techniques from Participatory Design and other approaches [Dru99].
However, Druin clearly states that the methods that form this methodology are not a magic formula
to work with kids. They should be interpreted as a philosophy or an approach that can be used to

collect data, prototype and create new research directions.

This approach to partnering with children consists on three basic techniques:

Contextual Inquiry

Contextual Inquiry is a methodology that states that researchers should collect data in the users
own environment [BH98]. In Cooperative Inquiry this methodology has been adapted because
children are part of the design team, so they also have the task to observe other children, that are

not involved in the design process, alongside the adults in the team.

One problem Druin’s team had was that children and adults were not comfortable in the way
both took notes. While adults preferred to write theirs, children combined drawings with text,
creating cartoon like flow charts. In order for things to work, each one took notes as they were

most comfortable with.

One of the most important points Druin makes here, is that, when interacting with children,
the person interacting does not take notes, leaving that responsibility to, at least, two members of
the team. This happened because, when the interactor took notes, children would get distracted or
they would feel like they were being tested. Also, the hierarchy between the adults and children
can be difficult to overcome, because the child may look at the interactor with the same authority

as of a teacher or a parent.

Finally, when children were observing and interacting with their colleagues, they would some-
times distract themselves and join the activity they were observing, forgetting they were there to

research.

Participatory Design

The second technique presented by Druin was adapted from Participatory Design, already ex-
plained in this document, where both adults and children prototype together the technology being
designed. The most important point that Druin makes is that adults must view children as their
design partners, and that both should make design decisions. In this prototyping sessions, all the
design team must contribute to the solution equally. The adult should not lead the session; he

should step back and let children do all the decisions.

Doing this session based on the observations from contextual inquiry works best because it

generates discussion and it can bridge collaborative brainstorming activities.
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Technology Immersion

The third and final technique is Technology Immersion. This technique consists in observing
children using large amounts of technology over a concentrated period of time. The purpose of
this technique is that, combined with context inquiry and low-tech prototyping, it can highlight

patterns and roles that were not obvious on the context inquiry sessions.

3.2.2 Mixing Ideas

This methodology is an adaptation of Cooperative Inquiry to younger aged children (ages four
to six). In a sentence, Mixing Ideas is a framework for merging individual ideas into bigger,
collaborative ideas. This technique was developed during a research project named "Classroom
of the Future", that had the goals of: i) understanding the needs of young children (ages three
to six) in learning environments; i) developing new technologies in partnership with children and
teachers; and iii) understanding the impact of these technologies can have in younger children and
their early childhood environments. The team met twice a week for one hour long sessions for the
duration of one month [GDCT04].

Although the age range of this methodology is not the same as this platform, the techniques
used are relevant to this dissertation’s work.

This approach is divided into three different stages.

First stage: each individual child generates ideas

At the first stage, each individual child, accompanied with an adult, observes its colleagues doing
a specific task while they are on a recreational moment, recording what they observed through
drawings. After that, children are prompted to improve what they drew or what they saw other
children doing, explaining them that sometimes the best way to generate new ideas, or to improve
something, we must observe other people look at old ideas.

At this stage, the only responsibility adults had was to record what the observers were saying,

as well as encouraging them to have lots of ideas.

Second stage: initial mixing of ideas

At this stage, groups of two to three children are formed, so that each group generates an idea by
mixing the individual ideas generated in the previous stage. They start by drawing every idea in a
table-sized paper. At the beginning of the session each individual child presents their ideas to the
rest of the group, not only to share it with others, but also to remember them. The ideas are then
placed in a large mixing bowl and stirred, to see what comes out. For children to understand the
concept of stirring ideas, the adult team gives the analogy of baking cakes: where the ingredients

on their own are not very good, but combined they make something delicious. After stirring them,
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everyone discusses how they can mix it to generate a better idea, that is carried to the third and

final stage.

Third stage: mixing the big idea

The goal of the final stage is to mix all the ideas generated by the groups into a single, big idea. To
do this, following what was done at the second stage, each idea generated in the previous stages
has to be presented to everyone. However, instead of drawing all ideas into a single piece of paper,
the previously drawn ideas are cut into small pieces. Armed with tape, the children are able to
rearrange them physically to create new possibilities. In the end, the final idea is drawed onto a

large piece of paper.

3.2.3 (Modified) Layered Elaboration

This methodology, created by Walsh et al, is based on this basic concept: ideas are successively
added to the design in a layered fashion, building on top of earlier ideas. This is possible by draw-
ing on a transparent material (acetate sheets, for example) and piling them up so that every idea
is always visible [WDG™10]. Layered Elaboration allows for new designers to work on existing

ideas, never destroying the original ones.

The process starts with an initial idea on a storyboard, created by an adult designer. The sto-
ryboard is placed on top of a hard cardboard rectangle, topped with an acetate sheet ready for
drawing. In small groups (one adult and two to three child design partners), the designers would

draw their ideas using only one color, one at a time, while narrating what they were doing.

When the group decides that the storyboard is complete, the sheet is removed and replaced by
a new one for the next group. When all groups finished the storyboard, all of the sheets are stacked

on top of the original storyboards, so that the researchers can identify patterns and hot-spots.

However, the researchers felt that this methodology could be improved: they felt there was
some lack of communication between the team members, using only one color to draw ideas was
limiting and the design partners did not feel like they owned the ideas. This said, the team decided

to revise and modify the method.

The modified version of this technique emphasizes collaboration and elaboration between
groups. To increase the ownership of the design partners, small teams of two children and at
least one adult are formed, and each team is assigned to one problem, having fifteen minutes to do
it. After those fifteen minutes, all of the groups get together in the middle of the room and do a
stand-up meeting to debrief. The problems then rotate between the groups, and a new session of

problem solving begins.
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This process lasts until every team solves every problem. In the end, all of the teams sat down

and discussed all of the designs, identifying the ideas and writing them on a white board.

One of the most interesting points the authors described is that children took this as a game

and, later, asked the teacher to play the prototype game.

3.2.4 Informant Design

Informant Design consists of a child-centered framework positioned between User-Centered De-
sign and Participatory Design. Here, children are neither users nor participants - called native
informants. This means that their role consists in teaching the designers about the context of
the project, which the designers are not aware. This decision was based on the assumption that

children cannot have the necessary involvement to become design partners.

The team used in the execution of this framework is formed by two psychologists specialized

in educational technology, a HCI specialist and a software/graphic designer.

This framework, developed for interactive learning environments, is divided in four phases:

Phase 1: define domain and problems

The goal of this phase is to specify appropriate learning goals and identifying the pros and cons
of current teaching practices within the domain. Children are asked about the experience of be-
ing taught these concepts, to understand their depth. In parallel, the teachers are asked on how
would they approach these concepts. Also, a teacher panel is formed to discuss the importance of

computer-aided teaching materials.

Phase 2: translation of specification

The main concern at this phase is to relate the problems identified in the first phase to the possi-
bilities afforded by the interactive system environment. Here, the team wants to bridge the gap
between the abstract representation of the problem and the events that it represents. The result is a
set of prototypes, or runnable prototype animations.

Phase 3: design low-tech materials and test

This phase consists in the evaluation of the aforementioned prototypes with children to validate
and improve the designs. Paper prototypes are built and taken to schools in order to validate the

assumptions of the team:

e Design Assumptions: do the children recognize the elements of the environment?

o Cognitive Assumptions: is the design giving aid to the learning of the concepts?
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To validate these assumptions, three exercises are done:

e Validity of design and cognitive assumptions: the elements are shown to the children and,
asking questions, the team seeks the manipulability of the elements and their contribute to

the overall goal: solving problems;

o Familiarity with technology: here, the team tries to find what children thinks of the tech-

nology they had contact both at school or at home.

¢ Envisioning interactive software through interacting with the low-tech materials: here,
to get around the problem that originated this framework, the assumption that children can-
not be design partners, the team asks children how would they design the software for others

one or two years younger than themselves.

Phase 4: design and test hi-tech materials

In the fourth and final phase, hi-tech prototypes are developed so that children could have a say
in what they think is right or wrong with the program. Besides the children, teachers are also
involved in this process. The result is that children point problems in the interface, while teachers

are more concerned with the value it has in the classroom.

3.2.5 KidStory

This design methodology, which derives from the aforementioned Cooperative Inquiry, starts with
educational sessions to evaluate existing technologies [TDFKO01]. The main purpose is to provide
children with a framework for thinking critically and to help children and adults become design
partners. The result is then fed into brainstorming sessions, where ideas for new or existing tech-
nologies are generated. The ideas are then analysed and selected by the researcher(s), so that

prototypes are created for further refinement by children.

The method is composed by three different types of sessions:

Sessions with educational activities

As mentioned before, the main purpose of this session is to help children and adults become design
partners and to provide the children with a framework for thinking critically. A number of sessions

on how to be an inventor are organized, so that children understand their role on the project.

Evaluation sessions

These sessions are organized to obtain information about new technologies. The goal is to en-
courage children to use the skills obtained on the educational sessions to identify problems with

existing technologies. This kind of session is particularly powerful when suggestions made by
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children and adults are implemented and brought back to school, since it can give children a feel-

ing of empowerment and ownership of technology.

Brainstorming sessions

The goal of these sessions is to generate new ideas or elaborate on existing ones. To express those
ideas, low-tech prototyping is used. The whole team discusses the project at hand and then splits
up in smaller teams, to start generating ideas. At the end, everyone gathers up and explains the

ideas they came up with.

3.2.6 Bluebells

This design methodology is placed between child-centered design and expert design, used with
children aged between seven and nine years old, and it is divided in three stages: before play,
during play and after play [KMHO6].

Before play

In this stage the design team identifies requirements in relation to the constraints of the project.
This stage is solely carried out by adults, resulting in a list of requirements, a technology specifi-

cation and a notion on how the end product will look list.

During play

In this stage four activities with children are carried out: i) I-Spy; ii) Hide and Seek; iii) Tig, and
iv) Blind Man’s Bluff.

I-Spy is used to gather context information, where the designers observe children in the envi-
ronment of the application.

Hide and Seek is used to gather information about the content for the application of the prod-
uct. Hide and Seek is divided into two parts and it requires a prototype. At the first part, children
produce a list of words they might associate with the application. At the second part, children
are given a prototype with blank spaces so that they fill it with content. This technique is used
for designers to get insights about children’s perceptions of the context, their knowledge, their
preferences, the topics they are familiar with and the topics that are relevant to them.

Tig is used to gather information about navigation and control. Children are given screens and
artifacts, and they must place the artifacts in the screens, so that designers understand how children
see the navigation and interaction on the interface. Blind Man’s Bluff is used to get the feel of the

interface, where the children, in pairs, draw what they think it should look like.

After play

The team examines the outputs and incorporates them in the design documentation as well as using

them to produce initial prototypes.
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3.2.7 CARSS - Context, Activities, Roles, Stakeholders and Skills

CARSS is a framework for Learner-Centered Participatory Design (LCD) involving children [GRO6].
LCD is an approach proposed by Soloway et al that puts learners at the center of the design, ad-
dressing their special needs, based on four foundations: i) understanding is the goal; ii) motivation
is the basis; iii) diversity is the norm; iv) growth is the challenge [SSIT96].

The authors define framework the same way Rogers and Muller do, who suggest that "within
HCI, it is commonly used to describe a form of guidance that is explicated in a particular way to
inform design and analysis" [RM06b], meaning that this should not be used as a recipe, but as a
way to raise awareness to a certain number of parameters.

Having this in mind, they define CARSS as a framework composed by five components: Con-
text, Activities, Roles, Stakeholders and Skills.

Context

Context is used to raise awareness on the constraints of where the design activity takes place. The

authors identify the following constraints:
e Curriculum constraints, referring to the change of the curriculum between regions;

e Timetable constraints, due to the difficulty of arranging design sessions with the students

schedule, and also the school schedule (having in account holidays);

e Environmental constraints, because of the importance of having a good place to do the

design sessions;

o Commercial constraints, when the project being developed involves an industrial partner it

must consider time/money restrictions;

e And finally, legal and ethical constraints, that consider the approvals needed to work with

children, as well as their rights and issues in child protection.

These constraints exist and must be considered by the designers, as they shape the direction of

the project.

Roles

This component describes all the roles the member of the design team can fulfill. The importance

of these roles depend on the project at hand. The roles identified by the authors are:

e Design partners, a role only fulfilled by children, where they have to do design tasks from

gathering requirements to evaluating;

e Project manager, the person who makes sure that the project is going to meet its schedule;
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e Technology specialists, who must be the ones who make sure of the technical feasibility of

the project, as well as implementing the high-tech prototypes;

e Researchers that provide the theoretical knowledge needed for the project to complete its

goals;
e Subject matter experts, that provides the knowledge to the subject at hand;
o Child development experts, who defines how the subject will be presented to children;
e [earning scientists, that contribute with their knowledge to improve the learning process;
e Collaboration facilitator, that facilitates the relationship between the children and the mem-
bers involved in the project.
Stakeholders

Although some methodologies focus on a small group of stakeholders, this framework states the
importance of defining every stakeholder to ensure the success of the project. The authors have
identified the following stakeholders:

e Children, the major stakeholders of the platform, due to their importance in the design

process;

e Teachers, that give expertise on the context of the project, such as the curriculum, their

opinion on if that technology is going to work, that children may not possess;

e Parents, a stakeholder that is often ignored in other models, must be taken in consideration

especially in technology that is going to be used in a home environment;
o Industrial Partners, a stakeholder that must be considered in commercial projects;
e Academic funders, that determine the nature of the project itself, as well as if the project
fulfills the criteria needed for it to be funded in the first place. enditemize
Activities

This component defines the activities that are going to take place throughout the design process,
and defines the involvement of the stakeholders and which roles they can play. Briefly, the authors

identified the following activities: requirements gathering, design, evaluation of prototypes.

Skills

The final component consists of the skills that every member of the team must have and, if they
do not have it, the willingness for aquiring them. The core skills members must have are: 1)

sythesising skills to see problems in a new way and propose new solutions; ii) the analytic skill
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to recognise potentially successful ideas, and 3) the practical contextual skill which enables the
originator of an idea to convince others of its merit. The authors refer the skill-set children and

adults must have seperately.

3.3 Summary

Now that a description of the most relevant methodologies in the literature was made, an overview
of their characteristics and how they can relate to this particular project is going to be presented.
These characteristics were chosen based on their common points and their relevance to this dis-
sertation’s work. The Age parameter refers to the age of the children in the design team, not of
the target audience. The Role parameter is based on the four roles Druin defined, as stated in
Children in the design process - user, tester, informant and design partner. Next, although that
information was not available in all the methodologies, it is important to determine the Size of
the design team, as the execution of the methods depends on that. Finally, the methodologies
by the Activities that were performed were categorized. These activities can be: analysis, idea

generation, prototyping and evaluation.

To present a friendlier overview, this information is represented in a table:

Methodology / Activity | Age | Role Size of Design Team | Activities
Cooperative Inquiry 7-11 | Design Partners | Six:  two investi- | Analysis,  Design,
gators, two students | Evaluation

and two staff
Mixing Ideas 4-6 | Design Partners | - Analysis, Idea gener-
ation

Layered Elaboration 7-11 | Design Partners | One adult for two | Prototyping

children ratio

Informant Design 7-11 | Informants - Analysis, Idea gener-
ation

KidStory 5-7 | Design Partners | Two-three adults for | Analysis, Idea gener-
three-six children ation

Bluebells 7-9 | Informants - Analysis, Idea gener-

ation, prototyping
Table 3.1: Overview of the methodologies described in 3.2

As you can see, there are major differences in the approaches these methodologies follow,
especially in the involvement of children in the design process. Parsing these methodologies made
me see not only their differences, but also their similarities.

One of the factors that pops out is the size of the teams that Cooperative Inquiry, Layered
Elaboration and Bluebells require. A very important aspect, that is going to be addressed again
in the Design methodology section, is that I am a team of one - although children are part of the
design team, there is only one person to do the rest of the tasks. Although what the authors propose

can’t be used directly, the methods can be adapted.
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There are also differences in the role children have in these methodologies. Children are
included as design partners in four of the methodologies, and as informants in the remaining two.
Of the reasons for including children as informants is that the authors belive children are not
capable of designing feasible concepts. Although this might be a problem, the other four managed
to produce interesting results based on the children’s design.

Finally, the age factor. The platform being designed is for children aged between four and
twelve. It is necessary to find a group of children whose age allows them to participate without
any restrictions (due to, for example, being underdeveloped socially or cognitivelly) and that rep-

resent the target age group.
There is still one thing to do before proposing a solution to this dissertation’s problem: how

others have addressed this problem before has to be investigated. This takes us to the next chapter:

Music tools for children.
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Chapter 4

Music tools for children

This chapter will describe some projects that are somehow related to the goal of this dissertation.
It is important to see the approaches other people used to solve similar problems, and their end
results. The work is divided in two categories: non-collaborative and collaborative music-related
tools. This parameter was used since collaboration is one of the most important aspects of this

dissertation.

4.1 Non-collaborative music-related tools

This section will describe seven non-collaborative music-related tools whose concepts or features

were found related and relevant for this dissertation.

4.1.1 Hyperscore

Hyperscore is based on the idea that musical notation is just a way for people to remember what
they have played before, and that the system that we use today is what creates a gap between
people and music.

Hyperscore is a software built for Microsoft Windows® that allows people to compose music
through its own special notation system: drawings [Lin11]. The software offers a set of tools that
allow you to draw lines, change their color and length, and the software just translates those draw-

ings to music. Although the paradigm is so simple, it is possible to create complex pieces.

This piece of software is well executed. The concept itself is really interesting, presenting the
kids with an intuitive and engaging way of composing music. However, it has its pitfalls, such as

the lack of collaborative features.
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Figure 4.1: An example of Hyperscore’s canvas [Lin11]

4.1.2 Groovy City
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Figure 4.2: Groovy City’s creation mode [Sib11]
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This software, only available to Microsoft Windows®, is targeting at children aged between 9
and 11 years old, and its goal is to teach children about music and music creation [Sib11]. The
software is divided in two modes: exploration and creation. In the exploration mode, children
can navigate through music lessons that explain the concepts of music theory and solve exercises.
In the creation mode, children can create music in a futuristic environment. The child has an
avatar that moves forward, and he has several elements, buildings, spaceships, where each element
represents a different sound group (percussion, strings, et cetera). He then places those elements
in a linear fashion (the avatar only moves forward) and, when he presses play, the avatar starts

walking while sounds are producing as he passes through the placed elements.

4.1.3 San Francisco Kids
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Figure 4.3: Learning with San Francisco Kids [Sym11]

At the San Francisco Kids website, built in Adobe Flash® by the San Francisco Symphony,
children can go through a set of lessons that teach the fundamentals of music theory, like notation,
tempo, rhythm, and others, in an easy and engaging way [Syml11]. The music lab, the zone of
the website where children can learn music theory, also has two interesting tools: first, the Perfor-
malator, presents a small keyboard where each key has a different color, and the score of simple
musics, where the notes have colors that tell what key must be pressed. Finally, the Composerizer,

has a small set of pre-made melodies, and children can drag and drop them in a musical staff.
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This website engages children through its visual design and catchy interactions. This website

is clearly focused on the learning side, rather than composition side.

4.1.4 FlexiMusic Kids Composer
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Figure 4.4: An example of FlexiMusic Kids Composer’s canvas [Fle11]

FlexiMusic Kids Composer is a music composing software for kids available for Microsoft Win-
dows ® [Fle11]. The concept behind it is teaching music by providing a hands-on experience.
Similar to other tools already presented, here children can create music simply by painting. This is
a very powerful tool, allowing the creation of complex music, only limited by the users’ creativity.
However, the user interface is quite confusing and the organization of all the functionalities is not

clear nor intuitive.

One of the most interesting functionalities this tool has is that it allows sharing the created
pieces with friends by e-mail. Although this is far from being collaborative, it shows a clear effort
to introduce a social facet in the software and it contributes to learning, through discussion and

critique.

4.1.5 Toons Tunes

Toons Tunes is a social network, built in Adobe Flash®, based around the concept of music,
where children can experience music, create it and share it [Tun11]. By having social features at
the core of its concept, this platform provides an engaging experience to children, while stimulat-
ing their interest for music. Here, children choose an avatar and explore a virtual 2-D world, where
they can: i) interact with other avatars, through jamming features or just by talking to them, or; ii)

create their own music, and share it later with other players. Although this platform is extremely
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Figure 4.5: Toons Tunes’ mix-o-matic [Tun11]

well built and is visually appealing, the music composer is below par. Here, children can only mix
together a set of pre-made samples to create a song. Although this provides instant gratification, it
does not have the exploratory features that engage children in longer and more intensive creative

sessions.

All in all, it is a fantastic platform because it stimulates kids interest in music through an
engaging and interactive social experience. Nonetheless, the music composer is limited and it

does not allow collaborative creation.

4.1.6 Isle of Tune

Isle of Tune, built in Adobe Flash®, calls itself "a music sequencer for the modern colloquial”
[oT11]. This project has some traces of constructionist concepts, explained in chapter 2, where
users are presented with an empty island, where players have to make music by constructing
elements like houses, roads and cars in it. Cars represent the band members, houses and other
roadside elements represent the instruments (or the sounds they produce) and roads represent

the logic in which sounds are played. We simply create a road, place houses or other roadside

33



Music tools for children

Figure 4.6: An example of an Isle of Tune island [0T11]

elements, and insert a car on the road. When the car passes through the elements, they produce a
sound.

By using objects children already know, such as islands, cars, roads, buildings, et cetera,
things stop being arbitrary. Children make an immediate connection between the relation of each
particular object with an action/effect. For example, a car rides through a road, and they understand
how music can be done mixing these objects.

The complexity of the songs can be immense, as the platform has a top for the best songs

created, and there are some interesting translations of famous songs.

Although being a very interesting project, specially because of the constructionist approach
that is used, there are not collaborative features - these would greatly increase the potential of this

tool.

4.1.7 DrumSteps

DrumSteps is a percussion composition micro-environment [JTO1] based on construstivist mi-
croworld made of steps and ladders. To make sound, a ball is dropped on top of these steps and
ladders - when the ball hits them, it produces a percussive sound. Each ball represents a different

sound and the steps and ladders represent when these sounds are played.

This tool is based on one of the principles this dissertation is based upon: microworlds. Chil-
dren are not interacting with instruments. They are placing steps and ladders in an empty canvas
and dropping bouncing balls onto them, resulting in interesting and sometimes complex percussive

rhythms.
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Figure 4.7: An example of DrumSteps’ canvas [JT01]

4.2 Collaborative music-related tools

This section will describe four collaborative music-related tools whose collaborative features were

found relevant for this dissertation.

4.2.1 Team Composer

Team Composer is a web-application that allows for collaborative musical composition [San10].
Here, we can create music along with other people, using only the browser. Unfortunately, it has its
problems. The interface is cluttered and difficult to use. One also needs to have basic knowledge
of music theory to interact with the application. Even so recognizing the huge usability problems

of this tool, it was mentioned because the idea is very close to the one that sparked this dissertation.

4.2.2 jam2jam

This project announces itself as a "new instrument that can be used in a formal and informal music
learning and performance settings" [Art11]. It can be used collaboratively, in a local or remote
network, where participants manipulate several instruments to generate sound and video effects. It
is based on the concept of exploration and on the concept of improvisation. This tool was designed

to be used by people who do not have any knowledge of music.
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Figure 4.8: An example of Team Composer’s canvas [San10]

Figure 4.9: OLPC Laptop running jam2jam XO [Chil1]

The interface has several circles scattered around the screen, where each one represents one

instrument, and children can manipulate those circles to generate different sounds.

The interaction is extremely easy and intuitive, and it does not require knowledge about mu-

sic. Also, the exploratory concept that is used here is really interesting. However, it is possible to
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manipulate existing samples, but not to compose them. Although this simplifies the interaction, it

limits the available directions one can take when creating something.

One of the most interesting aspects of this project, is that it is integrated with the One Laptop
Per Child initiative, whose goal is to provide poor children with a laptop, so that it improves its
education [Chill]. This means that children in under-developed countries that have the opportu-
nity of being integrated in this initiative, have access to a very interesting music tool, that might

stimulate their interest in the area.

4.2.3 Daisyphone

@

Figure 4.10: An example of Daisyphone’s canvas [BK(09]

Daisyphone allows people in remote locations to co-create music [BK09]. The application
can be accessed through a browser, desktop or mobile, using Oracle J ava®, or through an Apple
iPhone® app. The interface contains a big circle in the middle where players can draw around and,
as a rotating pointer passes through, similar to a clock pointer, it plays the sounds correspondent to
the drawings. It is extremely easy to understand and to use, and it is extremely engaging, especially

when composing with other players.
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4.2.4 MOGClass

Figure 4.11: MOGClass interface for students [ZPW ' 10]

MOGClass is a system of networked mobile devices that allows the production and performance
of music in the classroom [ZPW'10]. Both students and teachers have a mobile phone that are
connected to a central PC, which plays the music. The students phones have three virtual instru-
ments, which are simple to play and require no musical knowledge. The teacher can control some
parameters of the students phones. The goal of this project is to enhance motivation, interest and

collaboration in music classes.

The major disadvantage of this project is that the class must have a certain number of mobile
phones, specifically Apple iPod Touch®, the platform for which the software was developed, and
that can be out of reach for many schools. Other detail is that children have to be in the same

network to collaborate, and they need to do it synchronously.

4.3 Summary

This chapter includes a set of different approaches to similar problems, some of which really
interesting. About the non-collaborative tools, Hyperscore was, arguably, the simplest musical
composition tool, but still being able to create complex pieces. Its paint-like interface uses chil-
dren’s previous knowledge in painting to make the interaction easier, allowing them to focus on
creating the music rather than learning musical notation. Toons Tunes creates a social network
around music. Although the social features were given more relevance inside the platform, they

are using it as an excuse for children to immerse themselves in the world of music. From the
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non-collaborative group, Isle of Tune is a tool that uses a constructionist approach, creating a (mi-
cro)world where children can explore music creation through metaphors. This way, children do
not see music notation as a 2-D graph where time goes left to right and sound is produced while a
handle passes by the notes. Isle of Tune offers a 3-D world where children can interact with objects
that are known to them: houses, roads, cars, et cetera; that, by making it easier to understand the
relation between the objects and music elements, children can understand easily how to make mu-
sic. DrumSteps showed how a simple microworld can be used to create complex and interesting
sounds.

About the collaborative tools, jamZ2jam’s approach was really interesting, they only allow ma-
nipulation of the instruments, rather than composition. This makes using the tool easier, as chil-
dren do not have to learn the tool’s special notation. As mentioned before, this tool is integrated
with the One Laptop Per Child initiative, and it is a great entry point for children who, until then,
never had the opportunity to interact with such tools. Daisyphone’s multi-platform feature is really
interesting, as someone that is coming home in the subway can be making music with someone
that is on the computer. The simple visualization and interaction are engaging enough by them-

selves, however it is the collaborative features that shine.
Some of these tools focused on the musical composition features, others focused on the so-
cial/collaborative features. However, none of them uses exactly the same approach this dissertation

uses.

After understanding how others solved similar problems, this dissertation’s problem can now

be fully understood, and this takes us to the next chapter: Research problem and methodology
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Chapter 5
Research problem and methodology

Now that the areas around the initial problem have been explored, the problem to be solved in this

dissertation can be defined completely.

5.1 Problem definition and contributions
Section 1.2, A collaborative musical composition platform for children, by children stated that:

(...) What this thesis proposes is (...) an online platform that will allow children
to compose music, collaboratively, through an exploratory environment, with the
goals of stimulating their interest in music, while learning some of the foundations

of music theory.
Therefore, this thesis main problem is:

How to create an interactive platform that engages children in the exploration of mu-

sic?

To frame this in the literature, theories of cognitive development were explored, how can
children learn using collaborative technologies, how engaging experiences can be created,
music, and the relationship between children and technology.

Chapter 2, How children learn (and how can we learn about them), concludes that this work is
based on two theories: Papert’s Constructionism and Vygotsky’s Social Constructivism.
Constructionism says that, for learning to occur, children must be consciously engaged by what
they are learning and that they must construct a public entity. It also introduces the concept of
Microworld, where children interact with an environment defined by the rules and constraints of a
certain domain, building knowledge about that domain. This way, one can teach children music
by letting them interact with an environment that follows music’s rules and constraints.

Social Constructivism states that learning is affected by the social context. A concept that is

relevant to this thesis is the Zone of Proximal Development, which states that children that are
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unable to do a certain task can do it under adult or peer guidance. In other words, one has to take in
consideration that if children have difficulties in performing a certain task, they can overcome
them if supervised or if they watch others do it.

These theories are the foundations of this dissertation. After understanding how children learn
and how this platform can help them engage in that process, one has to know exactly how to en-
gage them in the activity. To do that, we must gather as much information as possible and work

together to build a throughout understanding about them.

Chapter 3, Designing for children, with children, presented an overview of several method-
ologies that use participatory approaches, integrating children in the design team, so that we can
create something suitable to their needs and interests, resulting in engaging experiences.

After considering all the advantages and disadvantages of this approach, this dissertation will

use the Participatory Design approach, including children in the design process.

Based on this, this thesis contribution’s can be defined:

e The introduction of collaboration in a musical composition tool to create better learning

opportunities;
e The generation of a Microworld through the use of Participatory Design’s methods;

e The creation of a research framework that serves as foundations for creative projects in

similar contexts.

The project where this dissertation is framed has very specific requirements, which makes
the definition of a new methodology, based on the frameworks and methodologies found in the
literature, necessary.

Now that the problem and contributions are well defined, all that is left is to describe how to