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Abstract

In this thesis we aimed to explore the potential of gamification -
defined as “the use of game elements in non-game contexts” [30] - in
increasing children's (aged 5 to 6) engagement with the task. This is
mainly due to the fact that our world is living a technological era, and
videogames are an example of this engagement by being able to
maintain children’s (and adults) engagement for hours straight.

For the purpose of limiting complexity, we only addressed the
feedback element by introducing it with an anthropomorphic virtual
agent (human-like aspect), because research shows that virtual agents
(VA’s) can influence behavioural change [17], or even induce emotions
on humans both through the use of feedback provided and their facial
expressions, which can interpreted in the same way as of humans’ [2].
By pairing the VA with the gamification concept, we wanted to 1) create
a VA that is likely to be well-received by children (appearance and
behaviour), and 2) have the immediate feedback that games have, so we
can give children an assessment of their actions in real-time, as
opposed to waiting for feedback from someone (traditional teaching),
and with this give students more chances to succeed [32, 43].

Our final system consisted on a virtual environment, where
children formed words that corresponded to a given image. In order to
measure the impact that the VA had on engagement, the system was
developed in two versions: one version of the system was limited to
provide a simple feedback environment, where the VA provided
feedback, by responding with simple phrases (i.e. “correct” or
“incorrect”); for the second version, the VA had a more complex
approach where it tried to encourage children to complete the word — a
motivational feedback - even when they weren’t succeeding.

Lastly we conducted a field study with two groups of children,
where one group tested the version with the simple feedback, and the
other group tested the ‘motivational’ version of the system. We used a
quantitative approach to analyze the collected data that measured the
engagement, based on the number of tasks (words) completed and time
spent with system. The results of the evaluation showed that the use of
motivational feedback may carry a positive effect on engaging children.
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Resumo

Com esta tese visamos explorar o potencial do conceito de
“gamificacao” que € definido como “o uso de elementos dos jogos em
contextos que nao sao jogos” [30] — em aumentar concentracao com
uma determinada tarefa. Isto porque atualmente estamos numa era
tecnologica e os videojogos, por exemplo, sdo uma atividade que
mantém a concentracao das criancgas (e adultos) por horas a fio.

De modo a limitar a complexidade, apenas focamo-nos no
elemento de feedback, introduzindo-o através de um agente virtual (AV),
porque o trabalho realizado nesta area indica que os AV podem ter
influéncia no comportamento dos humanos [17], ou até provocar certas
emocoes atravées do feedback e das expressoes faciais que o
acompanham, que por sua vez sao percebidos de igual forma aos
humanos [2]. Ao combinar o AV com gamificacdo, queriamos 1) criar
um AV que seja bem recebido pelas criancas (aparéncia e
comportamento) e 2) possuir o feedback imediato que os jogos possuem,
de modo a avaliar o desempenho das criancas em tempo real, ao invés
de esta esperar pelo feedback do professor (método tradicional de
ensino) e com isto fornecer aos alunos mais hipoteses de sucesso
[32,43].

O nosso prototipo consistiu num ambiente virtual, onde as
criancas formavam palavras correspondentes a uma imagem
apresentada. Para medir o impacto que o AV possuiu na concentracao,
o sistema foi desenvolvido em duas versdes: uma versao limitava-se a
fornecer feedback de uma forma simples (“correto” ou “incorreto”); na
segunda versao, o AV comportava-se de uma maneira mais complexa,
onde este tentava encorajar as criancas a completar a palavra (feedback
motivacional) mesmo quando as criancas falhavam multiplas vezes.

Por ultimo realizamos uma experiéncia com dois grupos de
criancas que testaram as duas versoes do sistema. Para analisar os
dados obtidos utilizamos uma analise quantitativa para medir a
concentracao através do numero de palavras formadas e o tempo de
utilizacao do sistema. Os resultados finais mostram que o uso de
feedback motivacional podem acarretar um efeito positivo em aumentar
a concentracao das criancas.
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Chapter 1

Introduction

Copamight T JHOE rpassEloRTsEn

Figure 1 — lllustration on Traditional and Digital learning methods

Sustaining children's engagement with language learning is
an ever-present challenge, and so there is a need to make learning
activities, engaging enough to support learning. Technology has come a
long way, since the first appearance of televisions to the appearance of
computers. Nowadays children can spend up to 8 hours a day using
different types of technology (smartphones, tablets), which is more than
the time they spend at school [80].

For that reason, we need to address technology in ways that
support language learning while maintaining children’s engagement to



2 Introduction

the task. We can make this, by targeting the use of gamification — which
is basically the use of game-specific characteristics in non-game related
topics. It is a technique that has just recently started to be explored but
has been proven to be successful, which we will review further in this
thesis.

1.1. Problem Statement

Traditional learning methods are becoming more and more
insufficient to deal with the increasing technological world we live in
[54] mainly because traditional learning methods are based on learning
through observation, i.e. through passive methods, and children, more
than others, aren’t passive learners [43]. As a result there are high
levels of disengagement, which has a direct impact of the learning
process. If we take a look at the possible definitions of engagement,
whether as “the process by which two (or more) participants establish,
maintain and end their perceived connection during interactions they
jointly undertake” or as “the value that a participant in an interaction
attributes to the goal of being together with the other participant(s) and
continuing the interaction” [36], we can see that a very important
connection exists between teachers and children, that creates learning.
Roussou (2004) states that “Educational software design has attempted
to include many of the tricks that characterize game design, such as the
goal-directed nature of most games, ability to personalize the
experience, advancement of complexity over time, etc., but has failed to
equal the appeal and excitement that computer games bring to children.
Hence, the division between tools for learning, represented by
instructional or educational software, and tools for fun, represented by
computer games, still holds.”[38]. This shows that computer games
have gathered all the necessary conditions to engage people for hours a
day [34] and this is why we need to investigate the elements that make
games what they are, and draw them out for educational purposes, so
in a way to need to mimic the enjoyable and fun factors from games,
and make learning more enjoyable.
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1.2. Objectives

In this project we try to investigate the concept of gamification
and understand how the elements that constitute it, make games
attractive, but more specifically, to understand how to transmit
feedback to users (children in our case). In order to do this, we need to
first understand the way that feedback is provided by teachers, in a
traditional classroom teaching method and in a way try to replicate it in
our environment, into a Virtual Agent (VA), where we could simulate the
teacher’s behaviour. We decided to base our study having in mind the
definition of a basic feedback experience, referred to by Cotton (1988),
as a simple confirmation from part of the teacher, whether the student
is right or wrong. It is important to notice that this manner of conveying
feedback is better than no feedback at all. This is what we intend to
replicate in our system — a feedback, but that is provided immediately
(gamified), instead of waiting for the teacher to answer (non-
gamified / traditional way).

The study will consist in two parts: The first is a simple feedback
with no emphasis whatsoever on creating an ideal environment that
motivates children to improve or keep the good work. In other words,
the system works by providing feedback in its most basic way - a simple
confirmation if the letters placement are right or wrong.

The second part consists on a more complex approach that does
the exact opposite. When/If the child places a letter that is
wrong/incorrect, our virtual character will have a more positive reaction
by praising or give motivational messages such as “Yes, you got it” or
“Don’t give up”.

Both of these approaches make use of both verbal and non-verbal
feedback (facial expressions), thus making the manipulation of the
facial characteristics a very important issue so that it allows for a
believable appearance.

With this in mind, our goal is to understand the current teaching
methods for language learning, and try to adapt them in a more
technological way, so that we can achieve engagement levels that can at
least be equal or better than current ones when using a traditional
teaching approach.



4 Introduction

1.3. Structure

This thesis is structured into five chapters, starting from an
extensive review on existing literature, to the development and
conduction of the study.

In the first chapter we contextualize our problem and describe
what our goals are with this thesis.

In Chapter 2 we review the existing literature on the different
aspects of this thesis, ever since the importance that literacy has in the
learning process, during early childhood, to the concepts that are
behind engagement - the various types of motivation and the impact
they have on the phenomenon that we call Flow. We also review some
gamification concepts and provide some examples of how gamification
can be used and the results that these carry onto engagement. Lastly
we review the current feedback strategies used by teachers and how we
can implement them into our virtual agent. At the end of this chapter
we provide insight on some of the existing and related works.

In Chapter 3 and Chapter 4 we describe the process behind the
design and development of the system and describe how pilot tests
influenced the final version of the system. These pilot tests were
intended to fully understand how children reacted to the system being
developed, so that we could improve it for the final prototype. After
achieving the final prototype we describe the process that allowed us to
conduct the field study with a population of children.

In Chapter 5 we withdraw our conclusions from this thesis, what
we learned, and what could have been done. We also mention the
obstacles that were faced during the development process of the system.



Chapter 2

Literature review

2.1. Literacy in early childhood

Literacy starts from the first months of life. Children already
begin to learn how to read and write, way before entering kindergarten
and it’s no surprise that every child before going to kindergarten has
already some literacy knowledge — different for everyone (some have
knowledge about the alphabet; others about writing; and some even
have a combination of “skills”) - but nevertheless, they have some [62].

Literacy is a lot of the times influenced by the school attendance
in early years and absence from school in those years can define the
future of children, either school related or in life (since it is connected to
learning) [71, 72, 74, 75]. For instance, researchers at Attendance
Works — an organization that studies attendance effects on schools -
states that one in ten first-grade students are chronically absent, i.e.
miss more than 10% of school days, which puts them in risk in their
subsequent years, in terms of being at a level of that current grade [76]
(see Figure 2).
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The more years students are chronically absent in the early years, the more at-risk they are for needing
reading interventions by the end of second grade.

105
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90
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80
75 72.geee
At Risk*
70
65
60
55
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Average Second Grade DIBELS
Oral Reading Fluency Score

Absent in Pre-K in Pre-K and K in Pre-K, K, and in Pre-K, K,
(n=4,073) (n=1,381) (n=423) 1st Grade 1st, and 2nd Grade
(n=255) (n=306)

Ehrlich, Stacy B. et al. Presehool Attendance in Chicago Public Schools: Relationsbips with Learning Outcomes and Reasons for Absences: Research Summary. September 2013,

Figure 2 - Comparison of Reading fluency scores on 2" grade, between children that were and weren’t chronically-
absent on previous years [76]

Magnuson et al (2006) states that one to two years prior starting
school, children who are presented with learning activities, are shown to
be more successful in all subsequent school years [73] in their reading
and math skills. This success is even more visible in those children who
come from lower economic families, since they usually have less
vocabulary knowledge when compared to higher socioeconomic families
[65]. More recently, Alexiu & Sodre (2011) argue for the implementation
of educational interventions in the context of language learning, where
we can turn cultural diversity from being perceived as a barrier, into a
reinforcing lever for educational success. Therefore literacy is key, for
example, on immigrant children, because of the barriers that they are
faced with - linguistic or cultural. Since they aren’t indigenous it’s hard
for them to learn new languages without proper tools. Numerous
reports reveal the challenges that children with migration background
face in their educational and later professional development. For
instance, a recent study found that 27% of second-generation migrant
students in EU countries do not reach Level 2 in reading proficiency,
while this is true only for 17% of native students (Lelkes et al., 2012). In
Germany, the educational performance of children with migration
background has proven to be lower than their native peers and is
estimated to have an impact on their educational and professional
development (Frick et al 2001), and so, the use of technology can
support these students in absence of a formal education.
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However our focus is not only to be on immigrant’s children, but
to every children in general that have only basic reading skills
(kindergarten and 1st grade, with 5 and 6 years old respectively), by
making use of the technology that we currently have at our disposal.
Labbo et al (1999) argues that technology is seen as a potential
equalizer that allows all students to break their limits, which a lot of the
times, are set by their poverty levels, ethnicity or gender. Technology
came to change the way that children (and not only) are taught, since in
the current method for learning, what they learn is already
predetermined by someone, which makes them to learn at a determined
schedule and at a determined time [66]. With the interactive-learning
paradigm children can learn at their own pace, and by the order (of
specific topics) that it’s necessary, in order for them to complete a
specific given task [66].

Before the mid-1980’s literacy was a rarely used term, and even
rarer if we put technology in the same sentence. However, nowadays
with computers, this has changed. With the appearance of computers
and their capability of word processing, educators interested in literacy
saw potential in it as a writing tool [61] and according to Labbo et al
(2007) computer-based activities can support -children’s literacy
development by making use of several resources, such as linguistics
(words; syntax), visuals (images; graphics), audio (sound effects; music),
gestures (video; animations), among others [65].

A study conducted by Min (1996), aimed at evaluating the
interaction between children and a learning platform, suggests that the
use of technology (interactive systems) brings improvements to the
child’s learning ability. Min’s results show that, first, age wasn’t a
decisive factor, because all of them were up to the task, even for those
who couldn’t read, and second, it was noticed that this system slightly
increased children’s attention span (engagement) and made them learn
some new words in just one session that lasted approximately 30min.
However the role of the teacher is not to be put aside, since they have a
fundamental role in guiding children through their actions and
answering their questions, which is essential for young learners [69],
and for maintaining engagement. The problem that rises is that if, for
instance, we replace the teacher by a Virtual Agent, we have no one to
supervise children, and if there is no one to supervise, how can we
maintain children’s engagement?
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2.2. Engaging children in learning

Newmann (1992) states that “engagement stands for active
involvement, commitment, and concentrated attention” [79] and that
“(...) we may experience varying levels of engagement as we talk, listen,
observe, read, reflect and use our bodies” [79]. He also states that
engagement differs depending on specific activities (for example work
versus school). However, since our project is within the scope of a
scholar environment and the use of technologies, the definition given by
Obrien & Toms (2008) which follows as the “quality of user experience
characterized by attributes of challenge, positive affect, endurability,
aesthetic and sensory appeal, attention, feedback, variety/novelty,
interactivity, and perceived user control” [78] suits our purpose better.

In order to obtain this engagement, we need to clarify two terms
for motivation: intrinsic and extrinsic motivation. These types of
motivation depend on the goal on which said motivation emerged in the
first place (or the reasons that made it emerge). For instance, we could
do a task because we like to do it, or we could just do that same task,
but for a specific goal, such as pleasing someone (teacher for example).
In greater detail, intrinsic motivation reflects a self-driven activity where
there are no external interferences to the activity itself. Only something
that is desired to be done by us (something we enjoy doing), without
expecting any external rewards; Extrinsic motivation is the exact
opposite. It refers to people that are driven by external stimuli, such as
rewards (grades or even chocolates), where activities are only done for
the sake of it, or competing with others (for example in games) [34, 55,
56].

“(...)From birth onward, humans, in their healthiest states, are
active, inquisitive, curious, and playful creatures, displaying a
ubiquitous readiness to learn and explore, and they do not require
extraneous incentives to do so.(...)” [56]

Deci (1971) concluded in a study that when positive verbal
reinforcement feedback was given, the intrinsic motivation seemed to
increase, which is why we want to target intrinsic motivation as the key
for increased engagement levels. Only then we can obtain higher quality
results from the learning process [S6].
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After managing to increase the children’s engagement, we need to
know how to maintain it for longer periods of time. This brings us to a
phenomenon called Flow. Flow refers to a mental state of a person when
he/she is immersed in a world of their own, while performing a certain
activity, meaning that their attention is entirely focused on
accomplishing their current task [58].

Csikszentmihalyi’s [59] model of flow (Figure 3) shows the
relation between the perceived action capabilities (skills) and the
perceived action opportunities (challenges).
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Figure 3 - Representation of Csikszentmihalyi model of flow (adapted from [59])

In this model, when the perceived challenges are higher than
perceived skills, the user can enter a state of anxiety or become worried;
or if challenge is lower than the skills, the user can get bored or in a
state of apathy. In order to enter an optimal state of flow the challenge
and skill levels must be high, i.e. the challenges by the activity being
executed must be suited to one’s capacities (not too hard nor too easy).
This is the first condition for entering flow. The second condition is
immediate feedback, where the user can understand exactly the
progress that is being made, so it can adjust his actions accordingly
[59].
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When in state of flow, we experience the quality that better
defines this phenomenon - concentration. Higher concentration makes
users experience a distortion of time [59], many times ignoring basic
necessities of humans, like food, water or even sleep, which is why
engagement can be maintained for long periods of time.

Obrien (2008) refers a study conducted by Said (2004) in which
they targeted the use of game elements in a task. For this task Said
controlled the amount of interaction a child had with the system, where
some would play with specific roles; others were able to manipulate the
virtual word; and others were only able to watch the course of the game
without intervention. Their results showed that the use of these game
elements - in our case, immediate feedback - had a direct impact on
engagement. So, in order to make an activity that feels like an intrinsic
motivation provider, we need to take look at video games and make use
of their best features, by using the concept of gamification. In the next
section we explain in greater detail what this concept is and how it
relates to our goal.

2.3. The Role of Gamification

By definition gamification is “the use of game elements in non-
game contexts” [30]. These game elements can vary from the most
simple such as score points (one of the most basic and widely used) to
some more complex elements such as self-representation with an
avatar; reputations, ranks and levels; teams; time pressure; decision-
making abilities; feedback or even the challenge level associated to the
task [39].

However, if we take each of these ‘ingredients’ and analyze them,
we can see that not one can be seen as ‘gameful’, and most certainly not
game-exclusive only. We cannot use a very strict manner in which we
use only unique/specific game elements, simply because it would be
quite constrained. In the same way we cannot use a very liberal
approach (using any element that can be found in any game). So the
concept of gamification tries to identify the ‘middle points’ of these
elements, i.e. elements that are found in most games that are
associated with games, and proven to play a major role in gameplay
[39].
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Throughout the years, gamification has been wusing game-

elements (points, rewards, etc.) in order to find what increases

motivation in users, for different tasks. What has been found is that

experiences made, lead to more successful tasks that focus mostly on

rule-based and goal-oriented play [41]. But how, we might ask? There

are 3 major areas that are targeted by gamification [27]:

1) Cognitive - where rules define the gameplay and the
challenges that arise. For example in the game “angry birds”,
one can identify birds, built structures and concepts such as
the laws of physics. A ‘feeling’ of desire arises in each player, to
try and beat each game level. When used for educational
purposes, it can transform students perception of learning, in
the sense that it gives immediate rewards by completing a task
towards their goal, like finishing school [27];

2) Emotional — where all sorts of emotions occur while playing
games. Players can go from the happiest emotional state to
frustration states very quickly, and in order to learn, failure
must be present, until they are successful. We can relate this
to education in general, where students can't afford to keep
failing to succeed. Here is where gamification comes in handy -
it provides some kind of resilience in case of failure, by
shortening the feedback cycles that are received by rewarding
the effort and not the mastery of something. In other words
gamification can make “students see failure as an opportunity,
instead of becoming helpless, fearful or overwhelmed” [27];

3) Social - In games players can try new roles. For example shy
people can become leaders’ in-game, something that in real
world is probably not an option for them. For students that
simply don't like or can “do school” using gamification in a
controlled environment can allow for students to have a social-
status that can be used for social credibility and recognition
for academic achievements. In simpler terms, it makes use of
the needs that people have, such as “freedom of choice”, the
need to be competitive with others (score boards for example),
and the need to be challenged. These 3 aspects make users
enter in an optimal state of mind - engagement [27].
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Gamification as we can see, by bringing the features that causes
games to be enjoyable, presents students with many advantages —
motivating students or even provide teachers with new ways of teaching
and rewards. But every good thing has its flaws. In this case, by
rewarding students for each correct task, it might make them do
something only when expecting something in return [27, 34]. This is an
example of extrinsic motivation, as described earlier.

The study conducted by Merchant (2009) is built with a
combination of all these concepts that were described so far. It
consisted in a virtual world (Barnsborough) that was used by primary
school students. In this world primary school students were put into
play with their own avatars, and told to explore the world. By doing this
they would try to collaborate between each other and construct their
own narrative around multiple clues located in the world:

e Environmental clues - graffiti, logos;
e Tooltips clues - ‘someone has been here’;

e hyperlinked texts - ‘oil drilling document’ was in fact a word
document;

e Interactive chat - for communication between them.

Navigational and communicational tools were built into the active
world browser (Figure 4), allowing participants to walk around in virtual
spaces like streets, buildings, cafes, shops and parks, and engage
through written communication between them. The world was designed
having in mind the places that are a better representation of the
children’s real world and something where they wished to live in.
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Figure 4 — ‘Barnsborough’ virtual world

After a while an interview was conducted with the children, in

order to check on their progress. Below we can see their opinion about

Barnsborough:

e “JB: its mint i like barnsbrough because its really

adventurous its abosulutly brilliand MINTUS!!
e KC: its a mystery
e JM: i like it because u get to exsplor the town
e guy: um
e JB: *brilliant
e guy: what’s your favourite place?
e JB: thinternet cafe’
e guy: tell me why?
e JB: *internet cafe”

e KC: town hall
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e JB: i like internet cafe because lots of uknown thing have
happened in there” [18]

Not only they are enjoying it, but also are being capable of auto-
correcting their grammar, for example “brilliant’ opposed to ‘brilliand’
and the asterisk mark. Also when asked about the chat function, they
described it as “cool” and “it helps to learn how to type faster”.

The teacher, still in the virtual world, took them to the park, and
told them to explore the area, but always keeping them focused with
questions about the environment, to keep them ‘on task’. Below is
another dialogue from one of these interactions:

e “T: . ... remember what the focus of this lesson is! What
was the park like

e before whatever happened happened?
e SS: we think it must have been busy
e T: What makes you think that S?

e CM: mm-there are some cake on the band stand so people
must have been eating

e while playing

e T: Excellent observation C.

e LF: go to the poned jm

e DC: I bet some elders would admire the flowers

e SS: because it says there is a public meeting in the park
e T: What did you want me to look at/

e JB: why are other people names on avater

e T:J - you should not be messing with the avatar function.
Keep focused on

e what we are supposed to be doing!
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T: There are a lot of you up in the playground. What have
you discovered?

e LS:ibet the children liked the park
e CR: i bet the people would of liked the smell of the picnic
e T: Why do you think that L?

e SS: i bet people must have sat and watched the bands play
and clap for them”[18]

By interviewing children, it was found that children were aware
that they were doing ‘homework’/studying and that they had accepted
the teaching method from the teacher, without any objections.

However, a learning activity doesn’t have to be a fully working
game. Some argue that a simple score points system, ‘gamifies’ a certain
activity, while others argue that it doesn’t, but the fact is, in these early
stages of gamification activities, many add this ‘feature’ as a
gamification element, and it does work, even if it’s for simple task. A
precise case of this, is a study that was carried on children from ages 5-
7 which were asked to try 2 different types of applications. One was to
draw a specific gesture (letter, numbers symbols and shapes) in a blank
screen of a touchscreen device for up to 20 gestures. The other
application was a “target application”, where a square would appear on
the screen and the children clicked on it in order to move for the next
screen. Results showed that children often got bored, and there were
even times in which they asked to stop or skip that specific part. Only 2
out of 7 completed the gesture task without quitting and 4 out of 7 the
target task. The author then decided to add a score point system to see
what kind of improvements it would bring. The score would now be
updated when the gesture was drawn and the target clicked on, like
many games. This score would allow in the end to exchange for small
physical rewards. Straight away it was noticed that the study had
improved, since the number of completed tasks went to 6 (only 1
participant didn’t finish) compared to only 2 that had completed it
previously, and the only one that didn’t finish did attempt all tasks.

These studies are an example of how gamified activities manage to
engage children, and thus making it a very important concept to use
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not only in ours, but in all educational systems. We intend to combine
the strategies used by teachers in a typical classroom environment
(described next in section 2.4.2) with these gamification concepts and
replicate some of them (strategies) into our VA, through the use of an
immediate feedback. For instance the VA in our system is capable of
providing motivation by making use of the previously mentioned
expressions (for example, a smile) and we do try to make a slight use of
gaze, either to point something at the screen or by looking straight
forward to the child.

2.3.1. ‘Real-world’ Projects

In the United States there is a school ‘Quest to learn’! that
teaches its students by doing game activities, like quests as their
assignments, re-enact historic events and others, while receiving points
for each activity.

“World of Warcraft in school” is also a project running that
schools can adopt, and is based on the well-known game “World of
Warcraft”, as a teaching method. This project allow students to have fun
by learning in different areas. For instance, for practicing writing skills
they have the students create a quest from scratch; for math skills
students calculate average damage for different weapons and so on.

Even though they are not yet in a large scale, they are a small
proof that these methods work and should be considered.

! Can be accessed at http://www.q2l.org/
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2.4. Play based learning and feedback

2.4.1. Play based learning

Play is a term that is not yet very well defined but can be
understood as a playful activity that gives us a feeling of fulfilment and
self-motivation even when there are no clear goals [40, 41, 42]. It helps
children to develop positive dispositions for learning, like finding an
interest, the know-how and where to ask for help, being inventive
(creating problems and solutions), being flexible (testing and refining
solutions), making choices and decisions or even managing themselves
and others [43]. It is perceived to be one of the most vital things for
education from birth to 6 years old [40], making children who engage in
playful experiences, more likely to have well-developed brain skills,
such as memory, language and the ability to regulate their behaviour
[42]. Therefore playing “engages children’s bodies, minds and emotions
[43]”.

The best way to design a system that aims to improve engagement
and learning outcomes is by performing activities that are either child-
initiated or focused learning [43] (where adults guide children through
the necessary tasks)(see Figure 5).

Unstructured Child-initiated play Focused learning Highly structured
Play without Adult support for an Adult-guided, playful Adult-directed,
adult support enabling environment, and  experiential activities little or no play

sensitive interaction

Figure 5 — Ideal learning environment for children [43]

In one end of the spectrum, we have play without any kind of
adult support, and learning here is a bit limited, because even though
children can play without adult supervision, it can become problematic,
since children basically go in a state of ‘hands-on, brains-off’; At the
other end, if children perform an activity that is entirely imposed by
adults, then they are not playing, which in turn limits learning. A
practical example based in our system could be for instance, when a
child isn’t performing well in his/her task; typically when this happens,
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the child’s engagement levels will begin to slowly go down (left-range of
Figure 5), however by providing feedback when necessary (the adult
being the VA), it might be possible to increase their motivation again,
making them engaged.

These play activities help children develop intrinsic motivation for
learning. For example they can be more willing to explore and try things
out, know how and where to seek help, being inventive (by creating and
solving problems), making decisions/choices or even understanding the
perspectives and emotions of others [43]. Research responsible for
studying how our brains are wired and how they function, shows that
children are highly motivated beings that are constantly seeking for
interactions - from gazing someone to asking something like ‘will you
play with me?’. They have in their genes the tendencies to explore and
investigate the environment around them to develop their skills, and
this allows them to “connect” their thoughts and their learning [43].
This confirms what Deci & Ryan (2000) said before, that we humans,
are curious and want to learn. However, we should take into account a
few considerations: for once we tend to use passive methods to teach
children, but they aren’t passive learners [43]. Children enjoy having
sort of hands-on and brain-on activities, by making choices and
manifesting their interests.

There have been some studies that show the importance of the
whole concept of (role) playing, one of which consisted of children with
ages 5-6 playing a game called “Virtual Puppet Theater”. In that game
they could choose 3 roles to play with: Director, Actor and Audience.
What this study wanted to show was how, by playing, children could
learn (in this case having different roles). For instance, by playing with
each role, they started to understand the influence that their decisions
have on the other roles, whether how emotional states can change or
modify behaviour, and how physical and verbal actions in social
interaction can induce emotions in others [21].

The point here is, the elements of play are intrinsic to engagement
[78], and we want to address it by bringing the focus of our project to
the ‘child-initiated play’ area (see Figure 5), by making them (children)
run through the activity while having an adult to guide them. For this to
happen we need to understand how we can create a playful activity that
works as an environment provider of intrinsic motivation. We can
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understand it by exploring the strategies used for providing feedback,
by teachers/educators in their current teaching methods and replicate
some of those strategies into our VA.

2.4.2. Feedback in traditional teaching

Most strategies used by teachers were shaped by Skinner’s
‘Operant Conditioning’ theory. In this theory, learning occurs through a
process on which learning itself is associated by the consequences of a
certain behaviour, i.e. the consequences caused by a specific behaviour
will determine the likeability of such behaviour to be repeated or not, in
the future. These behaviours can be ‘manipulated’ by using appropriate
responses for the original behaviour — reinforcement and punishment.
Such behaviours can be delivered in a positive or negative way: a
positive reinforcement could be something as a reward for certain
behaviours, versus a negative reinforcement which can be understood
as the removal of a behaviour that has as an ‘unpleasant’ consequence.
As for punishments, a positive punishment (usually referred to as
punishment only) is a response given to attempt to decrease a given
behaviour, versus a negative punishment that aims at removing the
object or the something that gave rise to that behaviour (removing a
children’s toy for example) [77].

In the traditional teaching methods, feedback as we know it, can
be delivered either verbally - oral or written - and non-verbally — which
can be split into several sub-categories: proxemics - linked to the
distance between the teacher and students; kinesics - connected to the
way the feedback is conveyed through facial expressions; haptics -
linked to the use of touch among people; among others as stated by Pan
(2014). Our project will focus on kinesics because it relates for body
movement, which includes gaze and facial expressions - such as a smile
[45].

A typical learning environment composed of teachers in a
classroom, has different categories in which feedback can be given.
These can be either Rewarding, Punishing, Approving or Disapproving
[47]:

e Rewarding: consists of mostly positive feedback. It is used
when a teacher wants to reward children for their efforts in
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their work. It is also a part of extrinsic motivation since we
can make children enjoy more the task by bringing stickers,
stamps, smiley faces. However, in an experiment made with
children for this type of feedback it was noticed that the use
of these rewards as a promise to motivate children raised
some issues. It began to be difficult to be fair to everyone
and it created some sort of competition that was drifting
away from the goal of the experiment [47].

Punishing: as the name indicates, it’s mostly about
negative feedback. Teachers here show their disapproval for
something children did. For the same experiment used in
the rewarding type, here teachers either moved children to
other place or send them out of the classroom. This
resulted in a notion of being cast out of the classroom
community and support from part of the teacher [47].

Approving: related to when a child’s work exceeds the
teachers expectations, which causes them (teacher) to give
an approval feedback due to their work or engagement. It
can lead to rewards that are present in rewarding feedback,
but is often considered rewarding itself, the fact that
teacher approved their work, and for that reason is
associated with positive feelings for both of them. The most
important factor here is the nonverbal communication that
exists when giving this type of feedback [47].

Disapproving: very similar to the punishing type - children
are mostly the ones to blame for something they did or
didn’t, like concentrate, or try to complete their work. In the
experiment this type of feedback was also used in front of
the whole class, as a way to transmit authority and try to
reinforce socially acceptable behaviour. It was never used
when the teacher saw that the child at least tried. Few
characteristics of teachers, to transmit disapproval include
eyebrows raised or lowered; the tone and volume of the
voice; pointing to something without saying anything [47].

Despite some of the types of feedback being negative, they are

crucial for supporting learning. In some cases negative feedback can be

positive, as shown by Tunstall & Gsipps (1996) [47]. They claim that
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giving individual feedback to a child in a public way (in front of the
whole class) carries dangerous consequences, however, in certain cases
by doing so, it would take the attention to them (children) to carry on a
discussion around something, which in turn created an opportunity for
learning.

Cotton (1988) states that the most widely used technique that
teachers use to deliver feedback is praise, however, it was found that
it’s not always beneficial, and depending on the situation, can be
helpful, neutral or detrimental [S0]. This praise by the teacher doesn’t
necessarily reinforce learning, but it has a positive impact on students,
either by filling the emotional needs or managing their (children)
behaviour [50]. He cites some strategies, from Slavin’s (1986) book
“Educational Psychology: Theory into practice”, that teachers can use in
classes and that work as positive reinforcers. For instance teachers use
things like a wink, a smile, an “I'm proud of you” or even writing “good
job” in their tests. More recently Pan (2014) conducted an experiment
that explored the way teachers taught their classes and also came up
with a few similar strategies that allow for improving the interaction
between teachers and students. A few examples were to get students
motivated with a smile, making them feel happy and confident; use of
eye-contact because it established the sense of presence while
reinforcing the importance of the message the teacher was trying to
transmit; be happy for children’s interest in something; when teaching
language, draw attention for specific letters and words and give
opportunity to students to talk about what is read and the sounds of
them; engage in play-based activities, such as writing words [48].

These strategies are the ones that we aim at exploring, since they
are the ones that we can identify as being closer to our system, and
therefore have a system that is a more accurate representation of the
reality.

2.5. Play and gamification

By combining all that that has just been said, the whole idea of
the concept of play is to let children drive their own activities and not
imposed entirely to them by us, adults. They have to experiment and
keep trying new things, communicate their ideas or feelings and learn
from their own mistakes [43]. A very effective way for them to learn is
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precisely by them taking risks and learning even when they fail, which
will eventually allow them to acquire new experiences where learning
will naturally occur. Usually children who respond/do something
incorrectly, tend to attribute their failure to their abilities (or lack of)
rather than blaming the teacher and that, in order for them to increase
their learning, they should always be active, and not just listening,
mainly because “memory is the residue of thought” [52] and so in order
for them to remember they need to think.

2.6. Virtual Agents and gamification through verbal and
non-verbal (kinesics) feedback

Up until now we have explained the concepts of gamification and
play-based learning, as a way to increase learning outcomes and how
these are related to intrinsic motivation. We have also seen that ideally
what we want to create is a system that is supported by the theory of a
child-initiated activity. But the question here is how can we develop a
system that can motivate children to complete a certain task? First we
have gamification that is responsible for keeping child’s engagement,
but then, there is also the intrinsic motivation that can be provided by
‘playing’. With this is mind we intend to implement the VA in a way
where it can act as a replacement of an adult (something that
technology is aiming for [81]), and help children when they need. First
we start by reviewing a few general characteristics of virtual agents, and
see what kind of impact they have on humans, and then we talk about
how we can make them provide feedback in a way that sustains
engagement.

2.6.1. Anthropomorphic virtual agent

Anthropomorphic virtual agents (‘Human-like’), as proven by
numerous studies, have had a big impact on increasing engagement.
They are a powerful ‘tool’ that can be designed as social models, for
specific situations. For instance we can design them to positively
influence young children to stay in school, by making them (Virtual
Agents) to look like someone that children can look at - a ‘role model’.
The VA’s are not only introduced to virtual environments to make them
appear more realistic. Lots of the time they are introduced in order to
create content and mood [22] and according to Nass’s paradigm - where



Literature review 23

computers can be interpreted as social actors - there has been evidence
that humans can be influenced by these agents, just as they would by
human social models [17]. The appearance is perhaps the most
important factor. VA’s have been found to have equal levels of influence
as humans in inducing certain emotions on the counterpart, and its
facial expressions are interpreted in the same way as those of humans,
while attaining the complexity and diversity of those of humans [2]. An
example of this is a study that showed when users saw an avatar that
looked like themselves exercising and losing weight, they started to
exercise more in the real world [17]. This shows us that by making good
use of them, we can design VA’s that can influence humans’

engagement.
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Figure 6 — Examples of Anthropomorphic Virtual Agents (from [17])
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2.6.2. Virtual Agent and Feedback

There is considerable research that says that feedback leads to
learning gains [53]. Following the points that we made in the above
section, we can see that the way they (virtual agents) communicate with
the user is very important. Vinayagamoorthy, et al (2006) state that
nonverbal communication can override verbal communication, i.e. a
negative message (conveyed in a nonverbal way), that is given with a
smile, can be perceived as friendly, even while not being so. In essence,
nonverbal communication is taken as the true psychological state of an
individual, especially when the cues are negative [22], and in order to
create a believable social character, nonverbal communication must be
part of it, even being a complex task. For instance, looking at someone
in the eyes can be characterizes by either loving or aggressive, but it all
depends on the relation between both [22]. These expressions represent
how we, humans, truly feel about something, since we can say what
we’d like, but our face won’t look same if we don’t mean what we say.

There is also the behaviour associated with the VA, which can be
more important than the visual realism of the character, since people
expect the characters to behave according to their appearance, and any
discrepancies will be disturbing [14] (because people often respond to
praise, criticism and social responses from a computer the same way
they would respond to a human. [17, 22]). A similar study to ours,
conducted by Prendinger et al (2005), tried to analyze the impact that
affective-feedback and non-affective feedback had on stress and
frustration levels of users. Basically they had a VA that had a certain
level of empathy associated, that was used in the respective versions of
the system (affective feedback and no-affective feedback). For example,
in affective-feedback version, the VA had two emotions associated for
each type of answer (correct, incorrect and even a ‘delayed’ answer);
when correct answer was given by the user, the VA would show
appropriate facial expressions for the correct answer (happy). Similarly
would happen for an incorrect answer (sadness). They concluded that
the empathetic version of the character against the non-empathetic
version, significantly lowered the perception of difficulty and frustration
levels, by just representing a correct body language (smile or appear sad
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depending on answers) and by providing some kind of feedback when
there was a delay associated with an answer.

Another study conducted by Slater, Pertaub & Steed (1999),
consisted on asking people to talk in front of a virtual audience and
then were asked how they rated their performance. Their responses
were clearly affected by how the virtual audience gave positive or
negative feedback. Even sometimes, when the audience was negative
the perceived audience interest overcame the negativity. The positive
audience caused greater self-rating and reduced the speaking anxiety.
Both these studies show the impact that a VA has on humans, and for
those reasons, we need to combine all the reviewed methods used by
teachers, in order to provide this feedback in the best possible way.

2.7. Related Work

2.7.1. GraphoGame

GraphoGame [34] is a study, made also for children, that has a
different approach but similar goals to our study. It makes use of
sounds of letters to make children learn which letter that sound
corresponds to. By hearing the sound, they have to choose between
some letters available in the screen.

Figure 7 — ‘GraphoGame’ Ul
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In order to evaluate the results of the study they set up a class
with small groups of people where each of those classes had the
duration of 45min, 4 times a week, during 28 weeks (7 months). This
allowed them to see how this technological way of teaching/learning
compares with the traditional methods.

The goal of GraphoGame was to assess how certain features can
retain children’s engagement, specifically the rewards system, and the
challenge the game brings (difficulty level).

Results of that study show that children that had a reward
system initially started by having high interest but as sessions went on,
it reduced to almost same level than children that didn’t had any
rewards system, until eventually differences were null. According to the
parents, children stopped using the game because they eventually
learnt how to read, and therefore there was no point in continuing.

In a version of the game there was no feedback about the progress
or skill development, which in turn did not help children understand
why they were playing the game.

As for results of this study, the difficulty level didn’t had any
impact on the engagement and as we could expect the children that
used GraphoGame represented the one that had more gains.

Similarly in [35] the same game was used for evaluating neural
processing in children. For the period of 8 weeks that GraphoGame was
used it started to used specific parts of the brain that is responsible for
reading and in about 3 weeks children started to improve their
phonological processing and writing of words and pseudo words.

2.7.2. The virtual quiz master

In contrast with ‘GraphoGame’ this work had a different approach
and slightly different goals to ours. The ‘virtual quiz master’ [23] had the
goal of measuring not engagement, but the frustration levels of users,
when presented with a specific situation. However the main focus of it,
is that in order to measure the differences between frustration levels, it
relied on the feedback of a virtual agent.
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The study consisted on a series of mathematical questions, where
users would sum S displayed numbers, and then asked to subtract a
number (i, where i<5) of that exact sequence. But in some versions, the
Sth number had a delay on showing, which caused some frustration
(users wanted to be the first to finish and with best scores).

Results showed that if the VA showed empathy (apologizing for
the delay) and presenting correspondent emotions (for example bowing
down to say sorry and a sad facial expressions) versus just replying
‘correct’ or ‘incorrect’ it had significant effect on lowering frustration
levels.

3 Quiz Game — Microsoft Internet Explorer
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Figure 8 — The “virtual quiz master’ apologizes for delay

2.7.3. Agents Appearance

Baylor et al (2005) manipulated various characteristics of a VA,
more specifically ‘attractiveness’, ‘coolness’ and age in order to
investigate some student’s motivation, regarding the possibility of
choosing an engineering career. They were then given 16 possible
agents to choose from, and it was noticed that women tended to choose
the agent that was female, attractive, ‘cool’ and young as, in their
words, being ‘more like themselves’. Men in the other hand chose a
male, older and ‘uncool’ agent. After receiving persuasive messages for a
period of time they found that the ones who had the possibility of
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choosing an agent, were more influenced than others. Base on this
study we can infer that people can be more influenced by someone who
is alike to themselves. But we should bear in mind that this is not
always the case. The same author states another study that had as goal
verify the change of behaviour that the avatar could have. For that they
manipulated the attractiveness of the avatar, and it was noticed that
participants with good looking avatars, demonstrated more friendliness
and extroversion. A similar thing happened in an experiment conducted
by Bailenson et al (2001) that consisted interacting with a virtual
environment through a head mount, and measure the distance on
which they walked around an avatar. This avatar, in one version, was a
self-representation of the user, while in the other version (control) that
avatar was someone unknown. What they concluded was that users
would walk much more closely to their virtual-selves (M=0.23m,
SD=0.15), when compared to virtual-others (M=0.51, SD=0.19). More
recently, Rosenberg-kima et al (2007) concluded from their experiment
that when an agent was visible, students tended to have greater levels
of motivational outcomes.

These studies demonstrate the power that an avatar can have in a
virtual environment, and that appearance has a major role on humans.
It is very important that virtual agents are designed having in mind
their ultimate goal, i.e. if we want to impact a certain group of users, for
example — motivate young ones to stay in school — we should design one
agent with all the features that are found to have influence for such
group of users. In this case agents could be as an older and ‘cool’
person, while being careful in all the details, such as clothing, gender,
ethnicity and even their voice.

2.74. SAM

Sam [1] it’s a conversational agent whose appearance is destined
for pre-school (~6 years old) children. It was designed with advanced
speech strategies, meaning it had a more rich vocabulary. Its goal was
to see if a virtual agent with richer vocabulary (quoted speech — “Oh no,

»

she said”; temporal expressions — “today is ...”; or spatial expressions —
“from the other side”) could impact the learning outcomes, by
collaboratively telling stories. The system was able to track the child’s
movement and listen to sounds. When someone arrived near SAM, she

would salute them and tell a story of their own in a hope to provoke a
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first engagement with the child. When the story was done, SAM would
then place a figurine (which acts like a ‘token’, i.e. whoever has it, tells
a story) in a castle compartment (a physical structure represented in
front of the child). As soon as it was the child’s time to tell a story,
he/she would open the compartment of the castle, where it would find
the figurine, and then tell a story, where SAM was constantly listening
and saying things like “what happened next?”.

Figure 9 — Visual representation of SAM

As a result of this study, it was noticed that children, despite
being engaged, were using more of the special and temporal
expressions, as well as the use of quoted speech, as the study went on.
These findings show that virtual agents can enhance learning, hence it
contributed for increased literacy levels.

2.7.5. Animated agents in interactive learning environments

Almost two decades ago, Johnson and Rickel (1999) analyzed
some studies that made use of virtual agents as a way to promote
learning, which by then, were very few. The most complex one that they
found was called “Herman the bug” and had as a purpose to learn
about the field of botanical anatomy, where Herman (the virtual agent)
monitored students’ actions and gave according feedback, by explaining
concepts and hints. In that system, middle school students were given a
set of environment conditions, where they had to ‘create’ a plant that
derived from other plants and could survive in the proposed conditions.
The system was split in various versions where one gave only visual
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advice, other gave verbal advice only, and a third where we had a
combination of both. Upon executing pre and post-tests to evaluate
learning eventual learning outcomes, they concluded that students that
used the mixed approach of the VA, had significantly better results in
their post-tests, which suggested that a well-designed agent that can
make use of verbal and non-verbal actions, can bring beneficial results
for learning.

As we can see, and based on the previous sections, we can
confidently say that the authors’ assumptions were indeed correct, and
is explained with the success that this approach has had for learning
environments, in the last decade.
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Chapter 3

The design and development of CLEVA

With the development of CLEVA (Children’s-Learning Engagement
using Virtual Agents) our goal was to create an agent that was able to
relate with the aspects that we found to be of particular relevance on
existing research both on virtual agents and gamification, and thus
increase children’s engagement in the best way possible. Upon
analyzing and reflection of the literature, we knew we needed to have a
friendly avatar (VA) that behaved accordingly to its appearance, so that
children wouldn’t be disturbed by their actions. We also needed to
create a pleasant environment both visually and non-visually (audio) in
order to make children feel good. To do this we set a few goals that
needed to be accomplished, in a mission to create a VA that reunited
the best aspects for increasing engagement. With this said, our goals
were to 1) create an agent (VA) with an appearance suited to our target
population (children); 2) create an agent that behaved accordingly to the
situation (context-dependent); 3) create a system that supported a
child-initiated play approach; 4) create an agent that was able to convey
verbal and non-verbal feedback in the best way; and 5) a ‘pleasant to
the eye’ environment.

With these goals in mind, this section provides a detailed
description of CLEVA, ever since its first iteration up until the final one,
along with why and how certain decisions were taken.

For starters, the creation of the whole system was possible by
using Unity software. The virtual agent was only possible by using a
software that allowed for manipulation of the facial expressions. Such
software was Crazytalk7 by Reallusion.
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The base for the final system design was provided by the pilot
study that was made before conducting the final study. These
aspects/decisions are described thoroughly in the next section 3.2, but
we can summarize these aspects on alterations revolving around the
number of animations that existed, the replacement of some of the
objects that the system provided, for example, substituting a dog for a
more pleasantly looking dog (see Figure 10), and making some tweaks
in our code to increase the idle timer, so the system became less

interruptive.

—

Figure 10 — Evolution of the images shown to children

After all these changes were done we obtained a system with a
general workflow as represented in Figure 11, through a flowchart.

Input letter

Change letter color (red)
attempts++
(B)

Correct Letter?

Display letter;
change letter color (green)
strike++
(A)

Play strike Yes

animation %
< .

Play
encouragement
animation
D

Play
corect answer
animation

Figure 11 — System’s Flowchart
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Figure 12 — Visual representation of flowchart. Top-left image corresponds to (A); Top-right corresponds to (B);
Bottom-left correspond to screenshots of (C) and (E) animations; Bottom-right corresponds to (D) animation
As we can see in the flowchart, our system is continually
monitoring the child’s activity and their answers throughout their
interaction with the system and based on these parameters we are able
to infer when to intervene, so we could provide the immediate feedback
that we talked about initially on the gamification concept. In this case
(for the motivational version) as soon as children fails for three
consecutive times, an animation for encouragement is immediately
played, and the same happens for a strike animation — in this case five
consecutive correct letters. This feedback acts as reinforcement to make
children more motivated and continuing the task with more
enthusiasm.

3.1.1. Virtual Agent and Facial Expressions

The character chosen to be the VA of our system was the one
illustrated in Figure 13 below. This decision was made because there is
research that claims that virtual characters can become more believable
if the child manages to ‘identify’ with the character, hence we chose a
young and friendly-looking avatar [15]. With this said its appearance
takes into account our initial goals, where 1) it has a friendly
appearance, 2) it’s suited to our age range (young) and 3) it had an age-
appropriate voice (for verbal communication). For the verbal
communication we had a child with the age around of our target ages to
pre-record some sentences that were later used with the animation.
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Figure 13 — Virtual Agent

In order to make the virtual character more believable, we have to
target the facial expressions along with the feedback provided. But we
might wonder, why do facial expressions matter if we can provide
feedback verbally or even written? As we have addressed before the
non-verbal communication (i.e. facial expressions) usually outweighs
the verbal communication [14, 22], and to verify this we can address
the description given above for the workflow of the system. In that
specific case if a strike situation is present, by simply giving feedback
with no expression at all, it can be a bit disturbing — which goes against
the goals set for the system — because verbally the VA can show energy
and motivation but if that isn’t accompanied with proper facial
expressions it can be an odd thing to see. That is why facial expressions
are important and are a must when delivering feedback.

However, there isn’t currently an actual consent on which
expressions are the most basic/universal, but there is a wide consent
by researchers that all possible expressions are derived by a set of
expressions that are divided between fear, disgust, sadness, anger,
enjoyment, surprise, happiness, [2,3,4,5,7,14,16,22].

With all this in mind the need to focus on the facial expressions
was high, and so it was decided that we needed to start from the basic
facial expressions mentioned above. Nevertheless, it’s important to
notice that for the scope of this project, where ‘positivity’ is something
that we aimed at, the less positive expressions, such as fear, disgust or
even sadness are rarely used, despite making some appearances in the
control version of the system.
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Figure 14 - Facial expressions with some variations for ‘happy’ (left and middle columns), surprised (top-right) and
sad (bottom-right)

In Figure 14 we can see the facial expressions that our VA is
capable of conveying and are a result of an analysis on the
characteristics that are paired with their respective emotions. For
example, a surprised expression is characterized by an open mouth,
eyelids and eyebrows pulled up (see Figure 14 top-right image), or for a
sad expression where the corner of the lips are pulled down and the
inner part of the eyebrows are slightly pulled up. These expressions
were created by making use of adequate software - CrazyTalk7 — whose
customization for each facial aspect was vastly available. It allowed us
to move the needed facial points in the character, to achieve a ‘model’
for the facial expression in the character. In Figure 15 we can see some
illustrative examples of the facial expressions configuration and the
crazytalk7 customizability (Figure 16).
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Figure 15 — Manipulation of general facial areas and weights for each area
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Figure 16 — Manipulation of more specific facial parts

3.1.2. System Design

The system is constituted by a home screen, and the screen

where all the experiment consists on. The home screen is only intended

for the evaluator as they choose which version (defined previously) of

the system will be played in each group of children.

In order to obtain a graphical interface that was minimally child-

oriented, it was necessary to recur to image editing software such as
Adobe Photoshop and Adobe Illustrator, mainly because the images

found on the internet that were best suited had a watermark, that made

the background unpleasant. Figure 17 shows the final result for this

home screen.

~

Figure 17 — System Home Screen
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For the main screen, where all the interaction happens, it was
necessary to recur to the same tools as for the home screen for the
images and additional software for the manipulation of audio and video
animations. Upon loading, children were presented with a welcome
message, where the virtual agent presents itself, talks briefly about the
goals of the game, and tells what they need to do in order to advance.
This is a very important step as it’s the first time the child sees the VA,
and a good first impression is crucial for them, whether it is to create a
‘connection’ so they can relate themselves with the agent physically or
simply to like the agent. In the tables below (Table 1 and Table 2) we
can see the animations that the virtual agent is able to provide for each
version of the system for all specific situations:

Table 1 — Animations executed by the VA for the motivational version of the system

Type of Animation Animation Content
. . . it!
Encouragement (multiple incorrect lettersina | comeon youcandoit!
Don't give up!
rOW) You were almost there, try again!

Yay you're doing good!
Hooray! You got another right!
Strike (multiple correct letters in a row) Another correct letter!

The word is almost right!
You're doing very good!

You're the best!
Amazing, you're right!
Perfect!

Wow, excelent!

lupi!

Very good!

Yay you got it!
Awesome!

Correct Answer (correctly formed word)

Table 2 - Animations executed by the VA for the non-motivational version of the system

Type of Animation Animation Content
Right

Correct Answer Correct

0Ok, it's correct

Wrong

That's not ok

Wrong letter

Eh, it's wrong

Incorrect Strike (multiple incorrect letters in a row)

Strike (multiple correct letters in a row) N/A

As for the game, the objects/images are presented in a wooden
sign next to a chalkboard, where the word being formed appears. These
objects, as a result of the pilot study (discussed next in Chapter 4) were
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carefully chosen to be friendly looking and easily recognizable for
children of the targeted age.

The decision for the final layout (as seen in Figure 18), was made
considering the fact that the virtual agent is composed mainly by its
face, and since it had no body attached a floating head didn’t look very
good if it were to stay above the letters (which in turn would be located
in the bottom). All these elements (sound effects, audio, images,
videos/animations) were added because Labbo et al (2007) stated that
these aspects are proven to contribute to literacy improvement,
especially in computer-based activities.

Figure 18 — System’s main screen

Lastly, in order to get the data for posterior processing
(statistically-wise), it was implemented an exit button that was placed in
the top-right corner. When this button was clicked information about
the interaction process (see Section 4.3 for the exact logged information)
between the child and the system, were carefully saved in a text file
following the CSV format (Comma-Separated Values), so we could have
a way to easily export the data to Microsoft Excel, where later on we
could analyze and handle the necessary information for the results
representation.

The final ‘product’, as seen in Figure 18, was a result of our initial
goals where we defined as priorities the agent’s appearance; its
behaviour (proper feedback with correspondent facial expressions); a
good looking environment where all the elements blend in with
eachother; and a system that supports child-oriented play, by letting
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children learn though their own actions (visual feedback on letters -
Figure 19).

Figure 19 — Button feedback — neutral (left), incorrect (center) and correct (right)

3.2. Formative evaluation of CLEVA

In this section we present the pilot study that was executed in
order to gather more information on how children interacted with the
system and get some insights on how to improve it, by observing how
their reactions were concerning the events that occurred when
interacting with the system. Its obvious purpose was to understand
what part of a learning system, children value the most and
improve/build a prototype from there.

For this first phase, we involved a total of 4 children with ages
from 4 to 7, where 3 were males and 1 was female. Their age range was
part of our strategy to find the most suited age range for children to use
these types of systems, and having chosen a range allowed us to see
what the ideal age was. Apart from this, it was important that children
knew how to function with a smart device (tablet in our case), which
they all did.
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Figure 20 — Conduction of the pilot study

The main purpose of this preliminary study was mainly to observe
children as they interacted with the system. We used an Unstructured
Passive Observation [68] in order to register their behaviour. We took
notes by recording the interaction so we could analyze it later and know
what points we missed. After this test was concluded we conducted a
kind of mini-questionnaire/interview, where we asked 2 questions,
where we could obtain information that wasn’t possible by just
observing their interaction:

1. “Did you understand what the boy (VA) said?”
2. “What did you dislike from it?”

The system used for this pilot study was constituted simply by
the objects that the child had to form the word about, the virtual agent
(with an idle animation in the background), a background where we
could connect all this, and a basic set of animations.
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Figure 21 — Pilot study system

Figure 22 — Pilot study system

Concerning the age ranges for the study, what we can say is that
the lower and upper limit (4 and 7) were found to be the less ideal age
range for our system, mainly because, the youngest one (4 years old)
didn’t really know much of the letters, which made him just randomly
click on letters not knowing what he was doing, and therefore rendering
the experiment useless on him. However it’s important to notice that by
the end of the experiment he could assimilate some specific letter that
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he couldn’t in the beginning, suggesting that he at least learned
something with the system, which confirms previous work on
vocabulary learning, such as SAM’s system (see section 2.7.4). The
oldest one (7 years old) in the other hand, was found to complete the
tasks very easily. Children around that age have their writing or reading
skills in a typically more advanced level, and for that reason, they are
more familiar with word forming, therefore showing very little
difficulties. This left us with the ones that were 4 and 5 years old, that
as we could verify were the ones that ‘struggled’ a bit more, due to their
not so advanced writing skills.

As for an analysis of the two questions asked to children upon
finishing the experiment we concluded a few things. For the first
question answers were straight forward and all children, with no
exception, understood what the VA was trying to say. This was a plus in
our point of view, mainly because the addition of the ‘voice feature’ for
the system was somewhat complicated at the beginning, and was only
accomplished by managing to get a child to record some voice content
for the project. With this in mind, we could confidently afford to use the
audio for our final system, by making only a few minor improvements
where needed;

The second question was a little more in-depth and we wanted to
see if they (children) could give us some hints/guidelines on which we
could work on, however upon briefly analyzing this question, we came
to a conclusion that maybe it wasn’t the best question to ask, perhaps
because of the ‘complexity’ that it carried onto younger children, since
the ones that didn’t answer were the youngest ones. Nevertheless, the
other kids answered directly saying that they liked the music (which
suggests that there weren’t apparent dislikes). One other child
answered that it was too easy, and as we stated before, it was mainly
due to his age (7 years old).

After watching their interaction and analyzing their answers we
concluded a couple of things: 1) by understanding what the VA said, it
showed us what we had seen on existing literature, which was the
engagement that the agent managed to create with children. Some of
the children even knew that the avatar was trying to help them; and 2)
just as Csikszentmihalyi’s flow model demonstrates, when a task is too
easy (low challenge level and high skill levels) the user enters in a state
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of boredom or relaxation, which is precisely what we verified with the
oldest child.

As for the virtual environment itself, we found the first major
problem to be associated with the animations that were played. This
because, due to the nature of which they were played (randomly), it
would sometimes play the same animation more than once in a row,
and when this happened, children would often notice and say that the
character was saying the same thing again, and a wooden behaviour
makes the believability factor to disappear, and it is not what we
wanted, as stated by Vinayagamoorthy et al (2006).

Our second major problem was the way in which our messages
where given to the test subject, i.e. when he/she chose multiple letters
correctly in a sequence (what we call a ‘strike’ — see Table 1 for
reference) we had the animation ‘popping’ out of nowhere, which we
found to interrupt the flow of the activity, and by interrupting this flow,
the optimal state for engagement — concentration - was nowhere near to
happen [59]. And again, this wasn’t something that we’d want, but the
way the system was designed (due to constrains — explained in the
Conclusions chapter) was the only way to provide the feedback to
children, and we never thought it to be a negative aspect, until
performing some pilot tests, where we observed some frustration related
behaviour when the animation was given. This was a really big red flag
that had to be worked on for our final prototype.

Another problem that was encountered was the fact that the end
of the inactivity animation and the beginning of the same animation
later on, was spaced to close to each other, i.e. when a child was idle for
too long, it triggered a animation to be played, and this did manage to
show some signs of annoyance in children.

A situation that was disliked by some children was the fact some
of the objects were a bit scary for them, which implied a need for
replacements of said objects in the scene.

Another thing that we noticed is that the “Exit” icon/symbol,
where children could click in case they wanted to finish the experiment
earlier, wasn’t quite visible because it was blended in the background
(bad color combinations).
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Last but not least, some reactions that we got from children
testing, was that they did pay attention to the present virtual agent, and
when asked in the end if they understood what the character said, they
replied “yes he was saying that I was wrong sometimes”, and were
euphoric with some of the object representations, for example the “fish”
or the “mouse”, which suggests that they were fond of their ‘cartoonish’
representation.

These problems helped us model future iterations, by indicating
us that a few improvements were necessary to be done. For starters, we
had to come up with a way of providing the motivational feedback in a
way that it didn’t disturb the flow of the task. Also, we needed more
animations in order to decrease the probability of the same animations
being played again (repetitive) — which contributes to a wooden
behaviour; We also needed to increase the inactivity timer, so children
could have a longer response time, before playing again and therefore
become less annoying. Moreover, in the design process it was noticed
that the application looked very basic, i.e. it was too simple, and with
that in mind some minor animations had to be implemented for future
versions of the system.
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Chapter 4

Summative Evaluation of CLEVA

This chapter explains in detail how the evaluation of the system is
to be conducted, from the tasks necessary to test the prototype, to the
roles of all of those who were involved directly or indirectly in the study
and we also address the methodology used.

First, we started by taking into account the issues that were
raised while pilot testing the system. For instance, our most serious
problem, as mentioned in section 3.2, was related to the disturbance of
flow when children were performing their task. With that in mind we
decided we needed to create some alternative where flow wasn’t
disturbed, which in turn allowed us to get more accurate data. As a
result we ended with a prototype that made use of both a computer and
a tablet, where the computer displayed the necessary animations,
instead of being played in the tablet screen, and thus putting an end to
the ‘interruptive’ experience. Further in this document we’ll go into
more details on how it was done.

4.1. Goals and Research Hypothesis

The main goal of our evaluation is to find out if motivational
feedback manages to impact engagement to the task - which translates
to a longer usage time of the system, while committing less errors and
consequently, know if this motivational feedback shortens the time
needed for children to form the correct word. We chose these as the
main aspects to measure engagement because they go into account of
the engagement definition given by Obrien & Toms (2008) (see Chapter
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2). With these goals in mind we postulated some hypothesis to on which
we base our work on:

Hypothesis 1: The presence of gamification through motivational
and immediate feedback will lead to prolonged periods of time using the
system (higher engagement);

Hypothesis 2: The presence of gamification will lead to the
completion of more tasks;

Hypothesis 3: The presence of gamification will lead to a faster
completion of the same tasks;

Hypothesis 4: The presence of gamification will lead to fewer
errors while performing a task;

Hypothesis 5: The presence of gamification by means of a virtual
agent will lead to a more pleasant experience for learning.

4.2. Defining test tasks and roles for adult participants

In the context of our project, a task represents an image/object
that children need to form the word about. For instance, when
presented with the image of a dog the children’s task is to form the word
‘dog’. This corresponds to a single task. Our system is composed of 50
images, and therefore 50 tasks and so, children will use the system
until it eventually reaches the end — completion of 50 words — or until
they decide they don’t want to continue, either from being tired or for
any other reasons that they might have.

After clarifying what a task is, we then need an adult that is
responsible for guiding children should they ask. For instance, it was
noticed in pilot tests, that some children didn’t know what a determined
object was, and at that point they asked “what is this?”. For this reason
we added a button ‘Help’ which sole intention is to try to help children
understand what the image is about. When this button is clicked the VA
intervenes and gives a hint on what the object is. As a last resort, if the
child failed to understand, then it is time for an adult to intervene and
help the child with the image. This feature was added having in mind
the research already done on these fields that state that both play in
general and intrinsic motivation are closely related, mainly because they
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are the combination for engagement to happen [78], and since our
system is targeting the child-initiated play field (see Figure 5) it needs to
be able to let children play on their own, by allowing them to learn by
their own choices and mistakes. Failing is vital for learning [27, 43, 52]
and only with minimal interruption from part of the adult, is that
children can develop intrinsic motivation [43].

We could have added a ‘skip word’ feature, but it is in our best
interest that children form the words, and not skip them, as the
purpose of the project is to keep them using the system longer, allowing
them to enter a state of flow where they can eventually learn new
things.

The other task that adults need to realize during the conduction
of our study is mostly for the purpose of the posterior phase of data
analyzing and conclusions withdrawal. The supervising adult is
responsible for taking notes of children’s behaviour, such as when they
demonstrate happiness or concentration.

4.3. Data Collection

The system is constantly logging the actions taken by part of
children. Among the logged actions is the following data:

e Total time spent using the system — measured from start to
finish;

e Exact time spent for the completion of each specific
task/word,;

e Average time spent to complete a task;

e Average time spent for choosing the correct or incorrect
characters;

e Number of times the child was ‘dle’ (no activity for
>30seconds), which triggered the inactive animation.

In addition to these metrics, and in order to get accurate
measurements we need to reduce external influence to the system, like
parents or someone helping. This was thought to be necessary because
Markopoulos et al (2008) stated that in order to reduce the distraction
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factor it was a must to use a free area, with minimal distractions
possible, and interestingly enough, we actually found it to be very true
while pilot testing. Clearly when other children were present, the ‘tester-
child’ would often get distracted and interrupted by them, which caused
us to intervene and separate them. For this reason the study was
thought to be conducted individually.

Some other popular metrics that can be used are provided by
Markopoulos et al (2008), and can be divided into multiple categories
[68]:

1. Observation methods — Here the interaction is observed
either in a structured or in an unstructured way. The main
difference is that in a structured way the evaluators observe
a set of behaviours that are already established beforehand,
while unstructured is observed the natural interaction that
occurs with no pre-defined behaviours. This last one, is
particularly good for finding unexpected issues and also
usage patterns;

2. Verbalization methods — Children during the conduction of
the study verbalize their thoughts so the person evaluating
can know exactly why children find the system difficult (if it
happens). Other way is the intervention of the evaluator,
that intervenes to ask questions about specific things of the
interaction process;

3. Survey methods - Constituted by interviews and
questionnaires. Questionnaires has the advantage that we
can use paper forms containing rating or ranking scales.
Also it can save time, when compared to interviews,
because it can get lots of data from multiple children.
Interviews are meant to be conducted one-on-one with
children and can allow for a more in-depth discussion with
each child.

Of these, we came to a conclusion that the most suited to our
purpose, are based on observation and survey methods, mainly because
we want to know what children feel like during the test, without
disturbing the flow of the task, and to accomplish this, those methods
are the ones that can give us a more detailed answer. However, they
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claim that conducting an interview with children is more prone to
incorrect data mainly due to the fact that an interview is usually carried
in a one-on-one situation, and so, it can make children feel
uncomfortable and provide unreliable answers (very dependent on the
present people or the surrounding environment).

Awful Not very good Good Really good  Brilliant

Figure 23 - Smileyometer

The use of graphical representations or scales are also another
popular manner of retrieving the desired information. An example is the
well-known smileyometer (see Figure 23). The smileyometer provides 5
options, where each option represents the rating of the experience,
ranging from a sad face (awful) to a more happy face (brilliant). We
intend to use this method as a way to know exactly if the children that
participated enjoyed the task and therefore being more receptive to
these types of learning environments.

These metrics were selected as the best ones for a better and
more detailed analysis, to be performed later in this chapter for the
study conduction.

4.4. Data Analysis

In order to support the veracity of the proposed hypothesis, the
obtained data was analyzed having in consideration multiple factors.
For starters, we needed to exclude all those who didn’t meet our criteria
for testing the prototype, and this was made possible through an
interview with the participants, even knowing some of the
disadvantages these interviews carry (as mentioned above) [68].
Nevertheless, we found this (interview) to be the better way to detect for
abnormalities in literacy levels among children that could otherwise
have influence on our results.

In a later stage (after collecting all necessary data) we carefully
considered all details (specified in the above section) from which we
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calculated from a statistical point of view, the values of means,
standard deviations, correlations and some independent samples T-
tests. This allowed us to compare both versions and posteriorly relate
them with all our proposed hypothesis and also for a better
understanding of the data itself and the patterns that emerged from the
obtained information.

4.5. Methodological approach

In order to get accurate results we considered only the results of
children who were up to the task, i.e. children who had the minimal
literacy knowledge. This decision was mainly because research [68]
suggests that when dealing with children, it’s important not to exclude
any children in order to not make them feel bad with themselves and
thus leaving them wondering why they weren’t allowed to do the same
task than others. Markopoulos, et al (2008) state that in order to
address this problem, we should carry the study with everyone, and
then exclude results from those who were not fit to the task. The
information relative to those fit to the task’ was obtained through small
questions of the alphabet, i.e. the recruited children (specified in the
next section) were shown the alphabet and were then asked which letter
was which. Afterwards we asked them to spell a word provided by us.
Those who didn’t meet our criteria (knowledge of the alphabet), were
‘flagged’ so we could later (during the data analysis) remove their
results.

During the testing, we used an Unstructured Passive Observation
approach [68], where we observed the entire interaction with the
system, while looking for behavior related to our goal, through note
taking. This way we managed to get information that later was used to
uncover the most recurrent behavioural patterns, more specifically the
ones that showed signs of whether the child was focused on the task
(enjoying it), or even bored (like being forced into doing it).

In order to fully analyze the usage of the system, we used a brief
questionnaire constituted by a few questions carefully created having in
mind Markopoulos et al (2008) guidelines because we’re working with
children and the questions need to be as simple as possible. As a result
these questions allowed us to understand the children’s points of view
of the system they used:
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e “Did you enjoy the game?”

e “Did you feel that you learned something new?”

e “Do you prefer a real teacher or an in-game teacher?”
e “Did you prefer not to have an avatar (Virtual Agent)?”
e “Did the avatar help you to continue forming words?”

This questionnaire (in a sheet of paper) was individually handed
to each children in the end of their experiment, and made use of the
smileyometer for all the questions except question 3 “Do you prefer a
real teacher or an in-game teacher?”. All other questions answers were
measured using a Likert scale ranging from 1 (negative) to S (positive).
Figure 24 shows the questionnaire given to children:

Questionario /4. Achas que aprendeste alguma coisa nova?

Ksobreu \ @
utro

1
Quantos anos tens? /_{“ l D anos \ [:]ﬂ Quc[jse noda N[:]e ! [:]no [:]I /
5 Gostaste do rapaz que estava no jogo a falar? \

,:ae
Rapaz E] ﬁ B Rapariga
)

\\ Ndo gostei Pouco Neutro Gaostei Gostei
. 0 que achaste do jogo? nada Muito Bastante

\[:][:][:][:][:]/

/6 O rapaz ajudou-te a formar as palavras?
Womkel  Niomutobom  Som  MutoBom  Excelems

Es um rapaz ou rapariga?
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f f f 5 \ Nada Quase nada  Neutro Muito Baslante
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n e
] ) &

Figure 24 — Questionnaire to be filled by the participants

4.6. Participants

As mentioned previously, our target population were children
whose ages were among 5 and 6 years old. Ideally the recruitment for
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participants would be children of a school classroom, however due to
technical problems, this wasn’t possible, and so we needed to look
individually for children. After we found some, we reached out to their
closest friends, and so on. We made sure we had authorization from the
parents who were very receptive to the study.

The participants had the basic knowledge of letters (Alphabet).
The chosen age range was selected having in mind that children of
those ages are usually the ones that have the basic knowledge for words
reading and writing. According to our pilot studies, children that were
younger than 5, didn’t really know the letters of the alphabet and
therefore couldn’t participate in the study. On the other hand, children
older than 6 were already somewhat fluent in the mentioned skills
(reading and writing) which would make the study ‘useless’ or drift
apart of the main goal, hence the choice of the age range afore
mentioned.

During the course of 7 days we had a total of 18 children
participating in the study (12 males, 6 females), of which 8 were found
to be completely knowledgeable of the alphabet and 8 were familiar with
most letters of it (mostly the younger ones). Only 1 child owned a
computer at home while the others didn’t own one, but had access to
one, and also similarly 8 owned a tablet, and therefore were familiar
with the use of both of those devices. The mean age for the participants
was 5.7 years old, with a standard deviation of 0.47.

According to the methodology defined in the previous section, all
children were asked to participate in the study freely, meaning that
those who didn’t want to participate, they wouldn’t be forced to do so.

4.7. Study Design

The subjects that participated in our study are categorized as ‘in-
between’ subjects, i.e. there are multiple participants that are allocated
in each version of the system.

In sum the system consists of two versions:

e The first version involves a system that provides
motivational feedback (Motivational Version) to the subject,
when this is thought to be necessary. In other words, if the
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child currently using the system keeps failing, the system
intervenes (by the virtual agent) and provides motivational
messages (see Chapter 3 for a list of the motivational
messages) in order to avoid losing the attention of children.
The global functioning of this version can be seen in Figure
11.

e The second version (Control Version) is based on the same
system, however it does not make use of motivational
messages, i.e. the VA still provides feedback but in a non-
motivational way. Figure 25, represents the general
workflow for this version.

ﬁ/ Input letter /4

Correct Letter?

Change letter color (red)
Aftempts++
(B)

Display letter;
Change letter color
(green)

(A)

!

Play
wWrong answer
animation
(c)

Play
correct answer
animation

)

End

Figure 25 — Flowchart of control version of the system (non-motivational feedback)
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Figure 26 - Visual representation of flowchart. Top-left image corresponds to (A); Top-right corresponds to (B);
Bottom-left correspond to screenshots of (D) animation; Bottom-right corresponds to (C) animation

It’s relevant to say that the given feedback was a result of the
investigation around how feedback is delivered in the traditional
methods and the best way to deliver it. In our motivational version for
example, we wanted to take into consideration the use of both positive
forms of giving feedback: rewarding and approving [47]. As we explained
in our literature review chapter (Chapter 2) the reward type
(characterized by small rewards like stickers or smileyfaces) targets
mostly extrinsic motivation, and that is exactly the opposite of what we
wanted with this project which targets intrinsic motivation. So, we made
use mostly of the approving type where we give positive messages to the
user as a way to congratulate their achievements, while having
attention to the voice tone. It is also important to notice that this type of
positive feedback relies heavily on nonverbal communication [47], which
further contributes to the importance of the facial expressions, as we
referred in the previous chapter on the importance of facial expressions.

Also, both systems were designed having in consideration the
gamification aspects defined by Lee & Hammer (2011) - cognitive,
emotional and social aspects. The cognitive area is targeted through the
use of some basic rules that define the gameplay, i.e. children can’t
choose the letters that were already correctly placed, and when these
letters are chosen, changing their colors to green or red (for correct and
incorrect letters, respectively). The emotional aspect is mostly used in
the feedback that is provided by the VA, when it is given in a (for
example) failure situation, by providing appropriate feedback which in
turn could make them less afraid of failing again. The social aspect is
the only one that we didn’t address, because its major features were not
in the scope for the goal of this project (e.g. various roles, scoreboards,
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competition factor, or even freedom of choice — most of which are
characteristics of a full game). Some might think that scoreboards could
have been added for the purpose of competition between other children,
however since we wanted to analyze the impact of feedback specifically,
if we added scoreboards, we could not have been able to say for sure
which one had influence in the results.

Nevertheless, both these versions are fully functional interactive
prototypes that are intended to test the ability that a virtual agent has
on engaging children.

4.8. Study Procedure

The first and most obvious task was to find children willing to be
subjects to our system. After finding them we then needed to find a
location. The location chosen to conduct the study was mostly in a
building where children gathered around to play. We also did conduct
the study in a couple of the participant’s house (due to the proximate
relationship between some of them). This was mainly because of the
familiarity they had with the environment and with this permitting us to
get accurate information.

After having the participants and the location we needed to get
the necessary material to carry the experiment. Initially we were going
to use just one device for testing both versions (we only had one
available), however upon reading Markopoulos et al (2008) suggestions
for study conduction we realized that we were going with the bare
minimum and if for some reason it failed we would find ourselves in an
inconvenient situation. With this in mind we set to find more devices as
a way of redundancy. We ended up with having two android tablets that
were later assigned to specific locations, relatively far apart from each
other, as to minimize the chance of children ‘glancing’ at each other.
This setup permitted us to save a lot of time during the testing because
1) the use of only one device was going to be very time consuming, and
2) more than two devices would force us to have more adults to be
present and would also create some unwanted confusion in the room,
both with the adults and children. Each device had both versions of the
system installed, providing this way redundancy of the systems in case
of failure of a device. Also for redundancy purposes we had available
another two tablets capable of running the same system.
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Lastly, before carrying on with the study, children were asked if
they knew how to operate the tablet and were then explained on how
the system worked and what their role in the experiment was. After this
was settled children could start to play. In the cases of having two
participants at the same time, we provided one of the participants with
some headphones (see the left participant on Figure 27), so they
wouldn’t be interrupted by each other’s devices. We were careful enough
to clean them (headphones) after each session, for hygienic purposes.

Figure 27 — Two participants carrying both versions of the study — Control (left) and Motivational (Right)

The experiment ended when/if a child wanted to stop playing.
Following this we provided them with the questionnaire (see Figure 24)
and while they were filling it, we started to prepare for the next child (if
there was other one waiting). When the child finished filling the
questionnaire we thanked them and their parents for participating.

Figure 28 — Study conduction
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4,9. Results

After concluding the experiment we proceeded to analyze the
obtained data through the system which allowed us to make a
quantitative and qualitative analysis. The quantitative analysis served
for understanding if children in the motivational version had performed
better or worse than those who participated in the control version of the
system. A qualitative analysis in the other hand permitted us to
understand what the good (what children liked) and the less-good
features of the system were.

Table 3 — Statistics for the time spent with system statistics

Group Statistics
Condition N Mean S.td.' Std. Error
Deviation Mean
Total duration ~ Control 9 13,0978 | 2,87877 | ,95959
(min) Motivational 9 15,5811 | 6,49985 | 2,16662

Our first impressions were that our motivational version seemed
to have better results than the control version, even though we expected
the difference to be more accentuated. This was first verified by looking
at the total time spent (TTS) with the system. The motivational version
had a mean usage time of approximately 15.58 minutes when compared
to the 13.09 minutes accomplished by the control group. The results
however were more consistent within the control version (13.09
minutes) versus the 15.58 minutes of the motivational version, i.e. the
control version results were mostly around the mean value (SD=2.9)
whereas motivational version had a more diversified data (SD=6.5). This
suggested that the motivational feedback version had a slight impact on
the length of the activity. However, when using a statistical approach we
came to the conclusion that (statistically) the difference was almost
nonexistent. We concluded this by carrying an independent samples t-
test where we compared the time spent with the system with
motivational and non-motivational feedback conditions (Table 4).
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Table 4 — T-test results for time spent with system

Independent Samples Test

Equality of Variances t-test for Equality of Means
Sig. (2- Mean | Std. Error Interval of the
F Sig. t df tailed) |Difference | Difference | Lower Upper
Equal
variances 2,588 127 -1,048 16 310 -2,48333| 2,36961| -7,50667| 2,54001
Total assumed
duration Equal
(min) \r/]z(a)rt|ances -1,048| 11,022 317| -2,48333| 2,36961| -7,69752| 2,73085
assumed

We found there was not a significant difference in the scores for
the control version (M=13.1, SD=2.9) and the motivational version
(M=15.58, SD=6.5); t(16) = -1.05, p=0.310. This suggests that despite
the difference noticed in the beginning, statistically, motivational
feedback didn’t influence on time spent with the system. With this said
our first hypothesis (H1) - The presence of gamification through
motivational and immediate feedback will lead to prolonged periods of
time using the system, can be considered valid, even if statistically wise
this difference is not very significant. However, based on the research
that we previously analyzed, we expected this difference to be much
more distinguishable, because multiple studies [18, 56, 78] showed that
feedback (sometimes paired with other elements) had direct impact in
engagement, which leads us to believe that this difference was due to
the fact that it was about something new, where initially the curiosity
and the ‘novelty’ factor played its role.

Figure 29 illustrates the time spent for each individual participant
for each version of the system:



Summative Evaluation of CLEVA 59

Time spent in both systems
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B Control Version
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M Experimental Version 13.2415.15 8.74 10.9 12.0112.7419.2330.5917.63

H Control Version 13.5414.6216.81 7.46 13.1615.0112.61 14.9 9.77

Time spent (minutes)

Figure 29 — Comparison between time spent on both versions of the systems (in minutes)

Secondly, we looked at the average number of tasks completed by
each group of participants that similarly appeared to be in our favour -
~39 tasks (SD=8.84) versus ~36 tasks (SD=9.98). We noticed during the
testing that the participants who did the least amount of tasks, were
the ones that according to the questionnaire, enjoyed the game less
than others, or who found the VA to not help them form the words, and
as a consequence they spent little time with the system and completed
less tasks. However we faced the same situation that happened for the
previous hypothesis (H1). We conducted an independent-samples t-test
where we checked the number of tasks completed with motivational and
non-motivational feedback conditions (Table 5).

Table 5 — T-test results for number of tasks completed

Group Statistics
Condition |N Mean Std'. . Std. Error
Deviation [Mean
Control 9 35,89 9,981 3,327
Number of
tasks Motivational 9 38,89 8,838 2,946
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Independent Samples Test

Equality of Variances t-test for Equality of Means
Interval of the
Sig. (2- Mean Std. Error Difference
F Sig. t df tailed) [Difference | Difference | Lower Upper
Equal
variances ,006 ,941 -675 16 ,509 -3,000 4,444 -12,420 6,420
Number of Zssuvlned
tasks v:rl'Jaances
i
not -675 15,769 ,509 -3,000 4,444 -12,432 6,432
assumed

We found that there was not a significant difference in the scores
for both the control (M=35.9, SD=9.98) and motivational versions
(M=38.89, SD=8.84); t(16)= -0.675, p=0.509.

Nevertheless, this data shows that even though statistically the
difference isn’t very significant, we did obtain a higher number of tasks,
which verifies our second proposed hypothesis - The presence of
gamification will lead to the completion of more tasks. However, one of
our assumptions in the beginning about the time spent using the
system increasing the number of tasks completed was wrong, because
after calculating the correlation between the TTS and the number of
tasks, we ended with a rather low correlation (r=0.16) which tells us
that there was not a significant relation between these two variables
(0.1 being very low and 1 being very high) that influences the number of
tasks completed.

For our hypothesis 3 - The presence of gamification will lead to a
faster completion of the same tasks — and even though we ‘contained’
the two ends of the spectrum (lowest and highest) of literacy level
presented by each individual child (as described in the methodological
approach section) we noticed that some children were more skilled than
others (naturally), which made them complete tasks faster. An example
of this is participant n° 15 (P15) that managed to complete almost all
tasks (48) in 12 minutes when compared to participant n°19 (P19) that
only achieved 33 tasks in 17 minutes (see Table 6 and Table 7 below for
a full reference of this data).
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Table 6 - Data obtained for the control version of system

Control version
Participant P1 P2 P3 P4 P5 P6 P7 P8 P9
Age 6 5 6 6 6 5 6 6

Sex M M M M F F M M F

N2 of completed tasks 30 35 48 15 34 41 35 48 37
Total time spent (min) 13.54 14.62 16.81 7.46 13.16 15.01 12.61 14.9 9.77

N2 of idle (>30 secs) 4 4 0 1 3 2 3 2 0
Mean time per task (secs) 25.8 24.81 20.55 28.16 22.88 21.54 21.54 18.2 15.74

Table 7 - Data obtained for the motivational versions of the system

Motivational version

Participant P11 P12 P13 P14 P15 P16 P17 P18 P19

Age 5 5 6 6 6 5 6 6 6

Sex M M M M M F F M F

N2 of completed tasks 48 48 21 38 48 38 35 41 33
Total time spent (min) 13.24 15.15 8.74 10.9 12.01 12.74 19.23 30.59 17.63

N2 of idle (>30 secs) 0 1 0 0 0 2 3 7 2
Mean time per task (secs) | 16.17 18.48 24.1 17.09 14.66 19.28 32.85 44.67 31.1

With this in mind we first needed to get some fair values for later
comparing the two groups. This is mainly because not every participant
completed the same number of tasks, and also since the difficulty level
was a not a factor to consider in this project (i.e. longer words
sometimes are harder to spell, which takes longer to answer), results
would be affected and henceforth calculating an average value for the
time of each would produce incorrect values. To repair this
miscalculation we made a comparison between the timestamps for each
individual letter/character, rather the full word. This way we would
remove both the different amount of tasks completed and the difficulty
factor, out of the equation, and therefore obtaining more precise results.

As a result, even by making those calculations, we surprisingly
found very similar results (Table 8), i.e., the difference between the two
versions was of less than a second (more specifically of about 0.4
seconds).

Table 8 — Average time needed for completing tasks in both versions

Motivational Version Control Version
Mean time for each letter
3.75 3.39
(seconds)
SD for each letter 0.89 0.99
(seconds)
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With these results it’s fair to acknowledge that motivational
feedback hasn’t had impact on how fast words are completed, which
rendered our third hypothesis (H3) as invalid.

Our hypothesis 4 - The presence of gamification will lead to
fewer errors while performing a task — in the other hand, has proven to
be successful. For this hypothesis we initially calculated the average of
the number of incorrectly clicked letters, to see which version produced
a greater number of incorrect clicks. As a result we had a mean of 50.9
in the motivational version, opposed to 75.8 of the control version. In
order to verify the impact that our independent variable (motivational
feedback) had on the number of errors in both versions, we also
conducted an independent sample t-test (Table 9).

Table 9 — T-test results for the number of errors

Group Statistics
Std. Std. Error
Condition N Mean Deviation Mean
Number of Control 9 75,89 29,759 9,920
€rrors Motivational 9 50,89 19,903 6,634
Average time Control 9 10,7656 3,37791 1,12597
for incorrect L
letter Motivational 9] 19,0044]| 10,38501 3,46167
Independent Samples Test
Equality of Variances t-test for Equality of Means
Sig.(2- | Mean | Std.Ermor | Intenalofthe
F Sig. t df tailed) |Difference | Difference | Lower Upper
Equal
variances 437 518 2,095 16 ,052 25,000 11,934 -,298 50,298
Number of assumed
Equal
errors )
‘r’]irt'ances 2,095 13,963 055 25000 11,934 -602| 50,602
assumed
Equal
. variances 5,444 ,033 -2,263 16 ,038( -8,23889( 3,64019(-15,95574 -,52203
Average click
) assumed
time for
. Equal
incorrect variances
letter not -2,263 9,674 ,048( -8,23889( 3,64019(-16,38693 -,09085
assumed

We found that there was a significant difference in the errors
made in the control (M=78.89, SD=29.76) and the motivational versions
(M=50.89, SD=19.09); t(16)= 2.095, p=0.052. This shows us that
children are prone to make less errors when given feedback in a
motivational way.
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We also found of interest to compare these errors, with the
average time it took for those errors to happen and as Table 9
demonstrates, there is also a significant difference for the latter
(M=10.76, SD=3.38 for the control group and M=19, SD=10.39 for the
motivational group); with t(9.67)= -2.263, p=0.048. Both these results
suggest that children think more before choosing a letter, rather than
choosing one randomly without putting much thought, which is
something very positive, as we can verify by the studied literature [43]
and can be related as the ‘hands-on brains-on’ activities that cause
intrinsic motivation.

Lastly, to verify the validity of our final hypothesis (h5), we needed
to approach it using both forms of analysis, i.e., the questionnaire
(quantitative) and our observations on the interaction with the system
(qualitative). First, the individual questionnaire consisted on S items of
a Likert scale where participants could evaluate their experience with
the system. Each item (i.e. question) was based on a 5-points answer,
as we can see in the table below (Table 10).

Table 10 — Classification for questionnaire questions in a Likert scale

Question 2 Points Question4and 6 Points Question5 Points
Horrible 1 Nothing 1 Not atall 1
Not very good 2 Almost nothing 2 Not much 2
Good 3 Partly 3 Partly 3
Very Good 4 Helped 4 Liked it 4
Excelent 5 Helped a lot 5 Likeditalot| 5

Question 3 of the questionnaire is not represented because it had
as a purpose to understand what type of teacher children preferred —
real or virtual — and such, it didn’t meet the criteria for representation
on the Likert scale. However we could say that based on their answers,
the majority of children prefer to learn from a ‘irtual being’ — 12 of
them versus 6 that rather have a real teacher. This finding suggests
that children enjoy their virtual experiences enough as to receive
instructions from them, as was stated by existing research [17] (more
on Chapter 2 for literature review). For full reference of the
questionnaire answers see appendix A.
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As for the other questions for a total of 18 participants (20
initially but the results from two participants were discarded for being
too ‘low’ in literacy levels) - 9 participants in each version (n=9). Table
11 shows the obtained results.

Question 2 (Q2) results, shows that children enjoyed playing the
game, regardless of the versions they participated in, being the average
answers similar on both versions (control version — mean of 4.0;
motivational version — mean of 4.1). The proximity of these values
suggests that even though with the ‘lack of functionality’ of the control
version children enjoyed the game as a whole and thus future
applications of this kind are prone to be well received by them
(children). Question 5 (QS5) results are similar to those of question 2, i.e.
children seemed to enjoy the avatar being there and interacting with
them, regardless of the version, as we previously expected upon reading
Slater et al (1999) study.

In the other hand, question 4 (Q4) and question 6 (Q6) were the
ones where we found the most differences between the two groups. For
instance, Q4 had an average score of 3.4 for the control version,
compared with a score of 4.1 for the motivational version. It also had a
lower standard deviation (SD=0.33) than the control group which
suggests that most children did think they had learned something by
using the system. Similarly Q6 resulted in the same pattern, but in
greater differences, i.e., children in the motivational version really
thought the VA helped them form the words (mean=4.2 versus
mean=3.44), which goes into account with our hypothesis 5 and to the
main goal of this project. For a deeper understanding of these results an
independent sample t-test was performed (Table 11).

Table 11 - T-test results for questionnaire

Group Statistics

Std. Std. Error

Condition N Mean Deviation Mean
] ) Control 9 4,00 ,500 167

[Q2]Perceived enjoyment
Motivational 9 4,11 ,782 ,261
Control 9 3,44 527 176
[Q4]Learning
Motivational 9 4,11 ,333 111
o Control 9 4,67 ,500 167
[Q5]Avatar liking
Motivational 9 4,78 441 147
Control 9 3,44 ,7126 242
[@Q6]Help from avatar o

Motivational 9 4,22 441 147
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Independent Samples Test

Equality of Variances t-test for Equality of Means
Sig.(2- | Mean | Std.Error | Intervalofthe
F Sig. t df tailed) |Difference | Difference | Lower Upper
Essjrlnv:gances 3.008 102 -,359 16 724 - 111 ,309 -, 767 ,545)
[Q2]Perceived enjoyment E | vari
qual variances -359 13,607 725 -111 ,309 -776 554
notassumed
Eg:arlnv:gances 11,184 1004 -3,207 16 ,005 -,667 ,208 -1,107 -226
[Q4]Learning E ul -
qual variances 3207 13517 007 -667 208 1,114 -219
notassumed
Egzarlnv:gances 1,000 332 -,500 16 624 -111 ,222 -,582 ,360
[Q5]Avatar liking . “I i
qual variances -500 15,754 624 - 111 ,222 -,583 ,361
notassumed
Eg:srlnv:gances 2,847 111 2,746 16 014 -778 ,283 -1,378 =177
[Q6]Help from avatar Equal variances
q 2,746 13,190 016 -778 283|  -1,389 -167
notassumed

We found that the most significant differences were on Q4 and
Q6, which correspond to the perceived learning outcomes and the
perceived help from the avatar, respectively. Question 4 for instance,
had a significance level well under the 5% mark (which is the maximum
threshold for significance to be verified), with 0.5% - t(16)= -3.207;
p=0.005. Q6 similarly represented a significance level of around 1.5% -
t(16) = -2.746; p=0.014. This suggests that the children’s perception (in
learning and the help they get from the agent) are much higher in the
motivational version, which solidifies the idea that VA does have an
effect on humans [2, 17, 22]. The following chart (Figure 30) aims to
visually represent this significance found with the t-test. It tries to
transmit the probability of randomly choosing a child that when asked
the same two questions, their answers ‘all’ between the represented
mean answers (with a 95% confidence interval). In other words, if we
compare the question for the perceived learning (Q4) for both versions,
there is a 95% probability that the respective answers will fall between
the outlined values, for each version. As we can see the difference is
significant, as there is very little to no overlap between values. The same
thing happens for Q6.
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Figure 30 — Mean score for Q4 and Q6, with respective error bars

In the other hand, a more qualitative analysis told us a few things

our quantitative approach couldn’t.

First we noticed that those participants that struggled a bit
more than others, had a better appreciation for the VA, i.e.,
they paid closer attention to the virtual agent and showed
excitement when they completed the word;

We noticed that children ‘dropped-out’ of the game for
mainly two reasons: 1) it was being too easy for them
(similar with what happened in the pilot study - lack of
challenge resulted in boredom state (see Csikszentmihalyi’s
flow model [59]); and 2) when a longer, complicated word
needed to be formed. This second reason promoted mostly
some frustration. These were the most frequent causers of
ending the experiment, but of course there were others. For
example, one child ended the participation because it had
to use the bathroom, while other one simply didn’t want to
play anymore;

Children also enjoyed quite a lot the visual aspect of the
system, but even more, the sounds that were played when
they formed the word correctly;
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e Lastly, as we can verify in section 2.7.3 (related work on
agent’s appearance), we were expecting to see some
differences in the way both genders (male and female)
interacted with the system, and after an analysis of the
study, we didn’t confirm this. Nevertheless, upon some
more research, we found that children around the ages of
our participants begin to associate the male/female
interaction, and prefer a same sex interaction [68], with
“begin” being the keyword. Our thoughts on other reasons
of why this happened, is perhaps because we had a
relatively low sample or possibly the participants didn’t
express it out loud, but actually thought of it.

These observations showed us that a learning activity can be fun
and engaging and can even be enhanced with the use of a virtual agent,
as the previous work on this field of study demonstrates (Chapter 2).

As a closing remark we do believe that these results were
somewhat disappointing for various reasons. One of them is that we
were expecting to have a much larger difference between usage time for
both systems, which is one of the ways to measure engagement,
because as we said before, being engaged means being in an optimal
state of flow, and when in a state of flow, time is something that passes
very quickly [59]. We have no doubt that children entered the state of
flow, as we observed their whole interaction and to prove that, is the
result of our observation methods, where we noticed their high levels of
concentration, ever since the beginning. Yet, despite all efforts to choose
the images that most children of their age could recognize, sometimes
they didn’t, which unfortunately interrupted that same flow.

Another reason is that we believed that a longer interaction would
translate into completion of more and faster tasks, however, as
suggested by some researchers [41, 68], even by narrowing down to
children with similar levels of knowledge, this wasn’t the case. In our
point of view we did not verify this, not because the knowledge levels,
but mainly for the personality that they had. Personality-wise we
couldn’t do anything, and as a result some just wanted to complete as
fast as possible, while others would take their time, independently of
knowledge levels.
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In our opinion, our results could’ve been better if we had paired
the feedback with other gamification elements, such as a system that
allowed children to compete with each other (noticed when we had
children testing at the same time). We are well aware that it is not
something we aimed at with this project, but it is something that future
projects that have language learning as a goal, should implement, along
with other gamification elements that we described in this thesis.

Figure 31 — Study Conduction
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Chapter 5
Conclusions

The aim from project that was described so far, was to explore the
importance of virtual agents in helping children in the field of language
learning. After performing extensive research, it was noticed that there
was a considerable amount of articles and studies, that talked about
virtual agents effects on people (children to adults), that could vary from
motivating to perform physical exercise [17], to playing and learning
within a virtual world [18]. However systems that target language
learning specifically with virtual agents to provide feedback (play the
role of a teacher), from what we could find, is still in its infancy.

With this in mind, we had as a goal to create a fun system that
was able to create a motivational environment (as described in Chapter
1), so children could be engaged for longer periods of time. By studying
how to engage children and make activities more fun/engaging (Chapter
2) we found that what most children like when learning is the ability of
being ‘independent’. They like to guide their activities by their own, and
only when necessary is that they need an adult. This is why we
designed the virtual agent to encourage them on continuing their task
even when they weren’t being successful. This resulted on a system that
ran in an android tablet, and was only possible by studying what
children liked. To do this, what better way than involving children in the
design process? By asking a couple of children if they ‘liked this’ or ‘how
would you prefer this’ types of questions, we managed to create a
system that was visually appealing and that ultimately led us to our
pilot study. After the visuals of the system were created, only a few
minor alterations were necessary to complete it (graphics related) and
the proof of this is the final design that was nothing like the initial
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design for the system (see Figure 32 and Figure 33). Afterwards, we
proceeded to think about and create the most important aspect of the

project - the virtual agent.

Figure 32 — Initial main screen

Figure 33 — Final main screen
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By using this approach we know we hit the right point for a good
representation of the system, along with the VA to enhance the learning
activity. Also, we found children to be alert to the VA, and so, we can
see these types of system eventually becoming successful among
children for language learning.

Concerning the prototype, it is important to notice, that we had a
much more beneficial response from children for the motivational
feedback provided in this final version, when compared to the pilot
study. As we explained previously we found that flow was being
disturbed by the way feedback was being given. The solution we found
consisted on playing the same animation on a separate screen. However
we had to create another application - a ‘desktop’ application, because
android didn’t support the feature we wanted (playing in a
different/separate screen). This application was constantly listening to
certain ‘flags’ that were broadcasted by the tablet, such as “strike”, and
would then play in the computer screen an animation related to the
“strike” event. By providing motivational feedback in this fashion, we
successfully removed the factor that sometimes provided some
frustration to children. This in our opinion contributed to a more
pleasant experience for the study.

With this said, we should address the main research question
that guided us throughout our work. In the next section we answer and
summarize about the question “How can we engage children in
language learning by delivering feedback through virtual characters?”,
and in this way, complement the work that is described throughout the
document, from the literature review to the results found with the

elaboration of the study.

5.1. Research question explained

5.1.1. How can we engage children in language learning by
delivering feedback through virtual characters?

Ever since the beginning we knew that virtual agents could be a
tricky thing to do, because of the complexity that is to ‘create’
something that behaves in a similar way to humans. Upon reviewing the

importance of virtual characters (see section 2.6), we noticed that
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delivering feedback in the correct way is more difficult than one might
think. There are too many aspects inherent to them (VA’s) that
contribute each in its own way, for engagement. The first factor is, for
instance the fact that the virtual character appearance, can make it be
more believable, or even the gender, since usually, depending on age
range, children behave differently when interacting with other children
of different genders. The second factor is that the way that feedback is
delivered, is tightly paired with the manner that the character provides
it — either the voice tone or the facial expressions. For instance in
Chapter 2 we provided the example that when a negative message is
delivered with a smile, the child might understand it as a positive thing,
when it is not the case, which causes them to learn incorrectly.

In sum and in our point of view after performing this study, the
way in which the virtual character can engage children, is by following a
few general guidelines about them, where most of them are related to
the appearance, behaviour and the timing for when intervene (provide
feedback):

e For starters, we should use a virtual agent that is age
appropriate to the target population of the system,;

e Choose a virtual agent that has an appealing appearance,
i.e. a friendly appearance;

e Make them behave according to its appearance (in a way
give some personality that relates to their looks, for
example, an energetic person versus a more calmer, quiet
one);

e Deliver rich feedback, i.e. feedback that is related with
something the child did, and not some meaningful ‘pre-
defined’ feedback;

e Based on our experience, make the character behave
without disturbing the flow (without disturbing the
execution of the task);

e Intervene in the correct time it is needed. This contributes
to the above recommendation of not disturbing flow.
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e About the system in general, try to incorporate some
children to help in the evolution of the design, so that we
can have an opinion from someone who ‘understands’ what
they’re talking about;

e Lastly, use plenty of music and sound effects, because
children really enjoy them, as it was shown in the
conduction of the field study.

As we saw in our results, by following these steps to create a VA,
we can obtain a working system that can help towards the future of
education, not only in language learning, but in all other disciplines.

5.2. Limitations

Our project suffered some limitations concerning our testing
phase, which was consequently reflected in our results. First, when the
prototype was finished we found ourselves in a holiday season, which
compromised our testing capabilities, because our idea was to test the
prototype with children from two different classrooms of a local school.
However due to bureaucracy reasons we weren’t allowed to test our
system with a local classroom, which put us at risk of not having any
user tests, and thus an incomplete work.

With this in mind, we needed urgently to find an alternative, and
the alternative found (as mentioned in Chapter 4) was first by finding a
couple of children, and then talking to their friends (and parents) and
so on. Only this way, we managed to test the system, but with the
drawback that our population sample wouldn’t be nearly vast enough
as if it was in the school, and therefore limiting the results we obtained.

5.3. Obstacles faced

This project was initially thought to have a different path than
what it actually had. First it was thought to be made with a tangible
user interface (TUI), and a platform was actually designed and
constructed. The platform was where the tablet would be positioned and
the word formation would be made possible by placing small cubes (5x5
cm) (where each corresponded to a letter of the alphabet) in it. The
cubes had an LED inside that light up red or green, according to the
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placement of the letter. What happened was that, that same platform
was literally destroyed by someone at the ‘workplace’ where it was
stored, and made it impossible to redo it with the time that was left for
the deadline. The solution to overcome this major issue, was the one
that was described ever since the beginning of this document (making
the ‘physical’ become ‘irtual)).

For the development of the system, the first obstacle that was
encountered was with the integration of the virtual agent software editor
with the program where the system was developed (Unity). In other
words, the plugin supplied with the virtual character for unity had
issues when trying to create a connection to the internet which didn’t
allow the use of the, initially defined, virtual agent software.

After finding another suited software for the creation of the virtual
agent (CrazyTalk7), we found yet another problem that is somewhat
similar to the one before. When downloading the program from its
webpage we noticed that it offered a pro version trial with the duration
of fifteen days. Since it was a limited license the thought here was to
finish all animations for the expressions and only then activate the pro
version and make the import to unity, so we could work on them from
there. After finishing the editing of these, what happened is that the pro
version of the software only allowed with a predefined template. By then
we had hit a brick wall, because that was the way it was supposed to be
made. After some thinking and investigation about Unity, we found a
feature that allowed to use video as a texture, instead of fixed images,
so it was decided that was how it was going to be done. The small
problem that was noticed is that the video had a white background and
so we spent some time in video editing software to remove it, but when
importing to unity, the video file format that unity supported didn’t
support transparency. What we did was work on a background that
would merge with the system background and hope it didn’t become
very noticeable. With this done, and after doing a couple functional
animations, we wanted to experiment in the tablet how it ran, and to
our surprise (again) it didn’t work. After some digging around, we found
that android did not support the use of video textures, which threw us
back to the beginning. This time we decided to lookup something that
was compatible and found the “Sprites” feature built into unity. This
option worked great but there was a problem. A single animation with
just a few seconds length, could use over 100Mb in size, which made
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the app run slowly and occupy a lot of storage, which wasn’t practical.
The solution was to create a combination of this and a video playback,
which can be seen in the final system. It didn’t necessarily remained as
good as we wanted it to be, but it was the only way found.

5.4. Future Work

Upon finishing our work, we can say that there is still room for
improvement. For instance future work could work on exploring the
gazes conveyed by the virtual character, that wasn’t possible in this
project due to software restrictions. It’s a very important feature,
because research has shown that gaze is related to task performance,
and when children are gazed at, they tend to recall the information
better than those who are not [46]. Gaze is likewise important when
conveying facial expressions — for instance when the agent is thinking,
‘looking up’ is a universal way to show that some cognitive process is
taking place.

Also it would be interesting if children could have the ability of
choosing between some different virtual agents (male or female), or even
‘create’ one, where they could identify with or relate with. This feature
despite contributing to maintain engagement with children, also
contributes to the concept of gamification, where one of the elements is
precisely to let children choose an avatar.

Another option would be to design these types of system in a way
that allows teachers to add their own objects and respective sound
effects. This wasn’t done in this project since it was about a more
exploratory project that aimed to see how these types of systems behave
in real situations, and thus, future work based could and should have
this feature built-in.

As stated previously this project was about getting insights on the
effect that the VA’s feedback has on children, which alone is not a very
complex gamified activity. However for future work that wants to have a
complete experience of gamification (i.e. adding more gamification
elements), we suggest a creation of a game with levels where difficulty
increases steadily according to player skills (like stated in flow theory, to
prevent loss of interest) and also consider the possibility of adding some
small in-game rewards, such as a piece of clothing for their avatar, etc.)
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On a final note, we do believe to have contributed positively for
the area of education by using the technology we currently dispose of,
technology itself that has been being proven numerous time in the last
years, as being a ‘plus’ in education whether for language learning or for
other ends. This thesis allowed to add a new project in the few that are
available on this area, for future research, and proved that gamification
(feedback specifically) is becoming more and more important as we can
verify by the number of studies they have influence on, and are slowly

becoming as an alternative to teach young children.
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Appendix A
Questionnaire answers

The table below (Table 12) represents the raw data of the
questionnaire answers for each group of participants. Q2, Q4, QS5, Q6
and Q3 refer to the number of the question in the questionnaire handed
to children in the end of their experiment. The numbers in red represent
the excluded questionnaires due to low literacy levels.

Table 12 — Summarized answers of questionnaire

Participant |Q2 Q4 Q5 Q6 Q3
1 4 3 5 3 Virtual
2 4 3 5 3 Real
3 4 4 5 5 Virtual
N 4 4 3 4 3 Real
¢°\% 5 4 3 5 4 Virtual
s 6 4 3 5 3 Virtual
7 3 4 5 4 Virtual
8 5 4 4 3 Real
9 4 4 4 3 Virtual
10 4 5 5 4 Virtual
11 4 4 5 5 Virtual
R 12 3 4 5 4 Real
&"éo 13 5 4 5 4 Virtual
o 14 4 4 4 5 Virtual
o 15 3 4 5 4 Real
Q° 16 5 4 5 4 Virtual
17 5 4 4 4 Real
18 4 4 5 4 Virtual
1 2 3 1 Real
2 1 2 1 Real
Total Real: 6
Total Virtual: 12
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Questionario

ﬁ Sobre ti: \

Quantos anos tens? D anos

Es um rapaz ou rapariga?

. : J
/

~

0 que achaste do jogo?
Horrivel Ndo muito bom Bom Muito Bom Excelente

N Y s R e B e Y e B

/3. Preferes um professor real ou um professor no jogo? \

Appendix A

/4 Achas que aprendeste alguma coisa nova?

Nada Quase nada  Neutro Muito Baslante

\CJC]CJCJCJ/

ﬁ Gostaste do rapaz que estava no jogo a falar? \

Ndio gosleu Pouco Neutro Gaostei Gostei
nada Muito Bastanie

\CJC]C]C]C]/

/6 Orapazajudou -te a formar as palavras?

Nada Quase nada  Neulro Muito Baslanie

S S L e S e o S

Obrigadol
[N

&

Figure 34 - Questionnaire
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