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This deliverable presents the first results of WP 2 (Robust User Interaction
in Crowded Environments). It addresses mainly T2.1 (User Behavior Anal-
ysis and Scenario Definition) based on a contextual analysis on children’s
collaborative play (without robot) and a first user study on children’s en-
gagement with a robot. It also includes a first corpus of annotated data from
the first user study.

The main goal of the contextual analysis was to identify processes and
patterns of how children deal with clutter in their social interactions. We
researched what non-verbal behaviors appeared in children’s small-group
collaborative activities and how each child’s behaviors affected the other
children in the group.

As engagement is one of the main aspects that contribute to initiate,
sustain and maintain child-robot interactions, it was also the focus of the
first study with children and a robot. We investigated the effect of a robot’s
social characters expressing two different styles of interaction (i.e., peer and
tutor) on children-task engagement and task performance. The annotated
corpus of this study (i.e., ELAN files and videos) is part of this deliverable
and can be accessed by the project partners.

The results of both studies inform us about how the children get engaged
in the task and how a robot could help this process. This work sets the frame
for our on-going research on robot behavior design in T2.4. At the same time,
both studies inform the SQUIRREL scenarios and the work of other partners
in the project such as the ones working on perception and planning.
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1 Summary

This deliverable presents the first results of WP 2 (Robust User Interaction
in Crowded Environments). It addresses mainly T2.1 (User Behavior Anal-
ysis and Scenario Definition) based on a contextual analysis on children’s
collaborative play (without robot) (see Section 2) and a first user study on
children’s engagement with a robot (see Section 3). It also includes a first
corpus of annotated data from the first user study (see Section 4).

The main goal of the contextual analysis was to identify how children
deal with clutter in their social interactions. We researched what non-verbal
behaviors appeared in children’s small-group collaborative activities and how
each child’s behaviors affected the other children in the group. To address
these points, we observed 24 children, aged 5-8, in groups of 3. The groups
assembled structures from magnetic wooden blocks. We analyzed the video
recordings for children’s actions, overlap between these actions, and spatial
behavior in the task. The results inform us about how the children get
engaged in the task and how a robot could help this process.

As engagement is one of the main aspects that contribute to initiate, sus-
tain and maintain child-robot interactions, it was also the focus of the first
study with children and a robot. Whilst some efforts to identify the features
of human-robot task engagement have been reported in the literature, little
is known about the patterns of children-robot task engagement. In partic-
ular, it is not yet well understood which style of interaction a robot should
have to successfully maintain and sustain the task engagement of more than
one child which is very relevant for SQUIRREL. We investigated the effect
of a robot’s social characters expressing two different styles of interaction
(i.e., peer and tutor) on children-task engagement and task performance. 10
pairs of children, aged 6 to 9, participated in this study. Our results showed
higher task effectiveness and performance in the peer condition (where the
robot behaved as a friend) at least in more difficult tasks. The annotated
corpus of this study (i.e., ELAN files and videos) is part of this deliverable
and can be accessed by the project partners.

This work sets the frame for our on-going research on robot behavior
design in T2.4. At the same time, both studies inform the SQUIRREL
scenarios and the work of other partners in the project such as the ones
working on perception and planning.
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2 Contextual Analysis

In daily life, children have to deal with different situations, which function
as a context for them to develop and learn. Often, they play in crowded
environments with other children or adults as well as with the clutter, which
implicitly results in their development. While they engage in tasks or games,
children exhibit a variety of social behaviors. In order for us to design an
appropriate context for the children within the SQUIRREL project, we need
to develop a deep understanding of how children deal with clutter in their
daily life. Thus, the main goal of this contextual analysis was to identify
how children deal with clutter in their social interactions. We call this study
a contextual analysis as a reference to a method of sociological analysis [23].
Based on this method we observe children in their natural context (here:
a school environment) and interpret their behaviors in the context of the
interaction in the group.

In line with the SQUIRREL project goal to clean clutter bit by bit,
we took the decision to focus the contextual analysis on children’s spatial
awareness and sorting skills. The task also included opportunities for cre-
ative construction. In this way, we tried to transform the activity of tidying
up, which is often considered as a routine activity in children’s life, into an
opportunity for their creative expression through play.

We based our work on fundamental psychological theories for children’s
development. We explain basic aspects of those theories in Section 2.1. Rel-
evant current studies that are based on and have expanded those theories
are reported in Section 2.2. Following this, we describe the research ques-
tions (see Section 2.3), the methods (see Section 2.4), the setup (see Section
2.5) and the findings (see Section 2.6) of the contextual analysis. At the end
of the section we present a discussion and design implications (see Section
2.7).

2.1 Theoretical background

The theoretical framework that has been used for understanding and analyz-
ing children’s behaviors is underpinned (i) by the notion of constructivism,
(ii) by aspects of the socio-cultural theory and (iii) by the theories on chil-
dren’s creative thinking processes and play.

2.1.1 Constructivism and child’s development

Piaget [52] outlined children’s cognitive development as a progressive re-
organization of mental processes, which underpin the construction of the
increasing number and complexity of children’s schemata. A schema is de-
fined as a set of linked mental representations of the surrounding world and
it is formed and grown through children’s development. This occurs, ac-
cording to Piaget, through a sequence of processes. It starts with the use of
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an existing schema, which needs to be changed in order to deal with a new
situation and, eventually, with all similar situations.

Piaget conceived children’s cognitive development in the form of four
stages, which relate to specific age-groups, namely (i) sensorimotor stage,
(ii) preoperational stage, (iii) concrete operational stage and (iv) formal
operational stage. In line with the SQUIRREL project, the participant in
this research are children that attend primary education and belong to the
concrete operational stage, which refer to children from 6-7 years old up to
10-11 years old. In this stage children develop their logical thinking and are
able to handle more abstract concepts. They become less ego-centric and
are able to realize and share their thoughts and feelings. Thus, in this study,
we expected from children to be able to understand the rules of an activity
and to develop their spatial reasoning and sorting skills. Also, according
to this taxonomy, children in this age are able to play collaboratively and
interact with each other during an activity.

2.1.2 Socio-cultural theory

Socio-cultural theory prioritizes the importance of social interactions in
child’s learning processes. Vygotsky [75] discussed that children learn in a
better and more efficient way if they interact with other children or adults.
In this way, they have more opportunities to verbalize their thoughts, which
makes them understand the world around them in a better way.

In addition to social interactions, Vygotsky highlighted the important
role of ’tools’ in children’s learning processes and development. Tools me-
diate any human activity and interaction with the physical world and con-
sequently their features and design affect our thinking [29]. In the context
of children’s activities appropriately designed tools may affect children’s de-
velopment in a better way.

Through their social interaction and their interaction with specific tools,
children have the chance to exploit and expand their Zone of Proximal De-
velopment.The concept of Zone of Proximal Development (ZPD) has been
introduced by Vygotsky to describe the level of their potential development,
in which learning takes place. This concept refers to the time when child’s
spontaneous concepts meet the systematic reasoning through her interaction
with elements of the environment and her peers or other adults [20].

In accordance with this theory we took into consideration both oppor-
tunities for social interactions as well as the possibilities that specific tools
encourage engagement and development. Hence, we aimed to design an
interactive task that is supported by engaging tools.

EU FP7 SQUIRREL 6



D2.1: Report on user behavior UT

2.1.3 Creative thinking

For this contextual analysis, elements of theories of children’s creative think-
ing processes have been taken into consideration for the design of a devel-
opmentally appropriate task that is rich in opportunities for learning and
creation. An innate characteristic that facilitates children’s development is
their need to explore their surrounding world and to adapt to it by using their
sensory skills. Children’s inherent motivation to explore their surrounding
world has been related to their imaginative and creative approaches to ex-
plore, understand and act upon their environment through playful activities
[39], [56]. Since creativity is a human characteristic that underpins every
innovation, scientific discovery or piece of music and art, developmental
psychologists emphasize the importance of its understanding and support in
children’s daily life [80].

Torrance [71] emphasized the importance for children to develop cre-
atively, giving children a chance to learn, think and act in a variety of
ways that may also contain mistakes. During such a process, children learn
by means such as questioning, experimenting, tinkering and often by aim-
less play. This approach has been recently seen in relation to children’s
playfulness [39] and possibility thinking [21], which involves curiosity-driven
exploration in childhood.

Wallas [77] offered an analytic framework of a relatively valid way to or-
ganize the complexities, which are involved in the process of creative think-
ing, around four fundamental stages, namely (i) preparation, (ii) incubation,
(iii) illumination and (iv) verification. This approach of children’s processes
emphasizes to intentional/deliberate actions towards the completion of a
task.

More recently, creative thinking has been considered with regard to its
social nature. Holzman [32], for example, highlights the correlation of ZPD
expansion with creative thinking. Researchers suggest that creativity hap-
pens in the interaction between a persons thoughts and a socio-cultural
context [4]. This approach of creative thinking is interpreted as being fun-
damentally underpinned by the concepts of social constructivism and Vy-
gotskian socio-cultural theory, which have been discussed in the previous
paragraphs.

For the design of this study we took into consideration the fundamental
aspects of these theories of children’s creative thinking processes. The design
of the task, that children went through, was mainly based on the basic stages
of the creative process, namely exploration, elaboration, and creation.

2.1.4 Summary

The combination of the constructivist approach with Vygotsky’s socio-cultural
theory in the context of open-ended activities that allow for collaboration
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and creative thinking has been considered as the theoretical framework for
this study. Papert [50] emphasized the importance of children’s flexibility
of knowledge under construction. In this approach children are allowed to
take a risk, to make mistakes and to mess around with risky ideas. Learning
occurs when they try to make sense of and deal with the messy, crowded
status of their ideas.

2.2 Related work

In this section we focus on recent studies and related work that have in-
formed two core aspects of this study, namely (i) children’s collaborative
activities and (ii) the contextualization of their creative thinking with play-
ful activities and their engagement.

2.2.1 Collaborative activities

Empirical and neuroscientific research has shown that children develop in a
more effective and holistic way when they interact with other people (e.g.,
[10]). This interaction may have different forms, one of which is collabora-
tion. Collaboration occurs when two or more people work together towards
a common goal [59]. Rogoff defines collaboration as the mutual involvement
and participation in shared endeavors, which may or may not strive to pro-
mote cognitive development. In collaborative activities, children share and
discuss the actions they take and their products are conceived as a result of
these shared actions [63].

More recently, Tomasello [70] highlighted a distinct element of collabora-
tive activities: collective intentionality. When all members of the team are
aware of their common goal, they tend to work more effectively together.
However, collective intentionality appears to be dynamic and evolving within
the members of the same group. Accordingly, Wing-yi Cheng et al. [81] ar-
gue that what is more important for children’s collective intentionality and
efficacy is related to group processes rather than the homogeneity or inho-
mogeneity of the group. In their big scale research (N=1921 students), they
found that both high achievers as well as low achievers may benefit from
group work.

As the SQUIRREL project focuses on groups of children interacting with
a robot, in this research, we emphasize the importance of groups’ collective
intentionality, since this contributes more effort to the group endeavor, which
results in greater group and individual accomplishments [5].

2.2.2 Play and engagement

Another crucial characteristic of children’s development is their natural need
for play, which mediates and partially determines the degree of their task
engagement. Play has been considered as the most natural way for a child
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to develop [28]. According to Froebel, play provides all the means for a
child’s holistic development, which includes her cognitive, social, emotional
and physical development. Contextualizing this study with playful activities
that might be more meaningful, creative and enjoyable for children makes
it more likely to achieve a higher degree of children’s task engagement [51],
[58].

In the literature, engagement has been described as a quality of human
experience, which is characterized by attributes of challenge, positive affect,
endurability, attention, to mention a few [48]. Wang and Degol [78] highlight
the importance of considering the multidimensionality of engagement and
its dynamic character.

In this study, we focus on children’s behaviors that indicate their task
engagement and their social engagement in a playful activity.

2.3 Research questions

The primary goal of this contextual analysis is to understand the behavior of
children in their everyday school environment and the ways that they collab-
orate in order to accomplish their task goals. The results of this contextual
analysis will inform the next research steps for the SQUIRREL project re-
garding robot’s behaviors to optimize children’s interaction with it. Thus,
an understanding is needed of children’s behaviors in a collaborative activ-
ity. As the SQUIRREL robot will mainly use non-verbal behaviors itself,
we here focus on these rather than on speech.

For this analysis we take into account both individual behaviors as well
as interrelations in the group. In accordance with the previously mentioned
goals as well as with findings from relevant research studies, we formed the
research question of this contextual analysis:

• What kind of relevant non-verbal behaviors appear in children’s small-
group collaborative activities?

• How do the non-verbal behaviors affect task engagement of all children
in a group?

• How do individuals’ behaviors combine to form different types of chil-
drens collaboration?

2.4 Method

The most suitable method for us to collect data for this contextual analysis
was participatory observation in a naturalistic environment. Observation is
a widely used method for research studies that focus on children’s behaviors,
since it can provide a systematic description of events and behaviors in the
social setting chosen for study (e.g., [17], [44]). The observation in our case
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Group Child 1 Child 2 Child 3

1 6 / M 7 / F 8 / M

2 7 / F 7 /M 7 / F

3 7 / M 6 / M 7 / F

4 8 / M 8 / F 8 / M

5 7 / M 6 / F 7 / M

6 6 / M 6 / F 6 / M

7 6 / M 6 / M 6 / M

8 9 / M 6/ F 5 / F

Table 2.1: Demographics (age / gender) of each child in each group

was participatory, i.e., one researcher functioned as facilitator, e.g., explain-
ing tasks to children. We considered this necessary given the age group of
our participants in order to decrease uncertainties and stress. However, the
facilitator intervened as little as possible, in order to let children regulate
their own ways and take their own decisions of solving the task. This is
in accordance with the fundamental theories that have been described in
Sections 2.1 and 2.2.

Data collection took place in a public primary school in the Netherlands.
A specific system (Montessori) underpins the pedagogical approaches of this
school, which support learning by doing with the use of sensorimotor col-
laborative activities. As a result, children in this school were familiar with
working in small groups using different kinds of physical tools. For the pur-
poses of this research, we recruited participants from age 5-8 (see Section
2.4.1). All the sessions were video-taped and audio-recorded (see Section
2.4.4). The recordings were then annotated in the software ELAN. In total,
we collected data from 8 sessions that took approximately 30 minutes each.
In the whole process, including the task design (see Section 2.4.3) and the
procedure (see Section 2.4.5), we paid specific attention to ethical consid-
erations as laid out in Section 2.4.2. We also conducted a pilot study (see
Section 2.4.6) to practice the process, to test our measures (see Section 2.5)
and to make sure that the participation was as little stressful and as much
fun for the children as possible.

2.4.1 Participants

The participants were students of early primary education. In total 24 chil-
dren (10 girls and 13 boys) aged 5-8 (M=6.95 and SD=0.95) were assigned
to groups of 3 (see Table 2.1). We decided to investigate children’s behaviors
in such groups that are considered to be the smallest possible social group
(Stangor, 2004). We believed that this group size would trigger collaborative
activities and different collaborative constellations.

EU FP7 SQUIRREL 10
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The children were assigned according to their age, trying to have chil-
dren with approximately the same age in the same group. All the children
participated in the same tasks. Prior to participation the parents had to fill
in a consent form as explained in depth below.

2.4.2 Ethical considerations

During the research design, we ensured that this study conformed to the
ethical procedures, which are in compliance with the fundamental ethical
principles that are suggested by the Code of Human Research Ethics [13]
and the Data Protection Act as it appears at the British Education Research
Association [8]. Before the data collection, we received the initial permission
by the head of the school and we followed up with a discussion with the
teachers of the school about the aim of the research. Subsequently, we sent
to the parents and carers of the children a form, in order to obtain their
approval for their child to participate in the study. Finally, the children
who had parental permission to participate were asked whether they wanted
to take part in the study. In accordance with research that advocate the
importance of listening to children’s voices, e.g. [16], the researcher informed
children that their participation in the research was voluntary and that
they had the right to withdraw from the study at any time for any or no
reason. The best interests of the children were the primary consideration
throughout the research study. There was no predictable detriment arising
from the process of the research. Confidential and anonymous treatment
of participant’s data was considered the norm in this research. Although
the issues of confidentiality and anonymity are particularly critical for all
research, children’s vulnerability heightened the importance of protecting
their identities. It was made clear that any resultant data from the study
would be anonymized and the participants would not be identified at any
point. Participants’ privacy was protected by avoiding any undue intrusion
into their personal affairs [2]. They were also informed that data were to be
kept safely on a secure server and password protected.

2.4.3 Task design

Since the goal of this research does not predetermine a specific task, we de-
cided that a flexible and open-ended environment, which supports children’s
choices for action, would be the ideal playful activity. The task we decided
for was 3D constructions with magnetic wooden blocks. This task is in
line with the idea of clearing clutter because its basic component is sorting
blocks. We chose the specific magnetic wooden blocks, because they have
features that are developmentally appropriate for children of this age-group.
The blocks have a variety of shapes, colors, and directions of the magnets
that allow to construct many shapes with different levels of difficulty. For
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our task, all the shapes depicted animals because children are familiar with
them and this theme allows for a lot of variation.

Playing with wooden blocks may have multiple benefits for children.
Activities with building blocks have been mainly related to the development
of spatial awareness and have been reported as crucial for the development
of reasoning skills, the success in mathematics and science, the abilities of
navigation, estimation and balance [72], [76]. These skills are highly relevant
for the SQUIRREL scenario of clearing clutter bit by bit.

For the purposes of this research, we distinguish two kinds of activities
with building blocks: (i) structured play and (ii) unstructured play. In the
first case, children are given a model (image) that they have to build. In
the second case, children engage in open-ended block play. In both cases,
as Verdine et al. [74] reported, inherent geometric properties of blocks en-
courage the development of children’s ability to produce complex relations
and analytical skills of spatial representations. These skills are relevant for
children as well as for the robot collaborating in the SQUIRREL scenario.

The structure of the activity was based on the initial theoretical frame-
work about the process of creativity and on existing models of young chil-
dren’s creative thinking processes (see Section 2.1). The main features that
frame the design of this activity are: (i) Exploration, (ii) Guided Construc-
tion, and (iii) Creative Construction. Thus, we decided for three tasks, each
of them focusing on one of these aspects.

For the first two tasks, the shapes that the children had to construct were
presented to them in pictures. Each shape followed some rules of coherency
that the children had to discover. For example, each part of the animal body
(head, body, legs and tail) consisted of equal shapes (cubes, quadrilaterals,
triangles, or rectangles) and/or colors (green, blue, brown or pink). In the
following the three tasks are described in some more depth.

Exploration (Task 1) In the exploration phase the children were free to
play with the blocks and to try out how to assemble a simple shape, provided
to them in an image, without time limit. The purpose of this task was
twofold: on the one hand, we gave the children the opportunity to explore
the blocks and the possibilities of their combinations; on the other hand
children explored and formulated thinking strategies in order to replicate
the specific structure that were depicted in the image.

Guided Construction (Task 2) In this task again the children were asked
to replicate the structures that were depicted in images. In total, six different
images were designed for children with an increasing degree of difficulty. The
difficulty depended on the number of the blocks that were needed to replicate
the structure and on the complexity of block combinations. Children were
allowed to choose the degree of difficulty of the structures. However, they
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Figure 2.1: Setup of the experimental area
.

were not allowed to see each picture in advance.

Creative Construction (Task 3) The third task was designed to let chil-
dren’s creativity unfold while they used their sorting skills and spatial rea-
soning that was developed in the previous tasks. Children had to build
an animal but were completely free in what and how to build. The facil-
itator emphasized that we expected the children to build one construction
together.

2.4.4 Setup

We conducted the research in a local primary school in the Netherlands.
The head of the school gave us access to a room that is normally used for
after-school activities. It was familiar to the children and the furniture and
the decoration were suitable to make children feel at ease.

We decided to conduct the research on the floor of this room, avoiding
tables and chairs (see Figure 2.1). In this way, we tried to give a more
playful air to the activity and allow children to move within the playground.
However, we put two carpets in order to implicitly define the barriers of
the playground. At the two sides of the playground we put books in order
to define the playground in a better way and to protect children from any
distraction by the researchers.

We used one small table and a chair, outside the playground in distance
of approximately 2m from the carpet, for storing the relevant material for
the study (e.g. pictures, worksheets) and for the facilitator to sit, while
the children were engaged with the task. Also, we used two tables, out of
vision of the participating children, to put all the technical material (e.g.,
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Figure 2.2: Magnetic wooden blocks used in the study.
.

laptops). We placed a plastic frame in the center of the playground in order
to support childrens collaboration, since in this way we implicitly guided
children to work in the same place. Also, we placed three different boxes
next to the position of each child, in which we put the magnetic blocks.

In each box, we placed a limited number of blocks that the children
needed to build a specific shape. In total, we used twelve cubes, twelve right-
angle parallelograms, twelve triangles and six parallelograms (see Figure
2.2). They were split between children in a way that blocks from each child
were needed to complete a shape.

To give children the opportunity to reflect on their work, we designed
a worksheet that they had to complete after each construction (see Figure
2.3).

For data collection purposes, we video-recorded all sessions. In total,
three cameras recorded each child’s behaviors. The central camera recorded
the overview of the activity. A camera to the right recorded the child at the
left and vice versa.

Three members of the research team were present during all the sessions.
However, they only took care of the technical setup. We collaborated with
a research assistant, who facilitated children to go through the activities.
The facilitator was a Dutch-speaking female with background in educational
sciences. She was given specific instructions to interact with the children
during the activity, with the main rule being to intervene as little as possible.

2.4.5 Procedure

When the children entered the room, they were guided to their positions
on the play mat (see Section 2.4.4). They were equipped with close talk
microphones and asked to assent to participation. If they assented, we
turned on the cameras to record the interaction. Thereafter, the facilitator
asked them about their names and explained the activity. After this brief
introduction, the children started to work on the first task.
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Figure 2.3: Worksheet used in the study asking the children to define the
colors and shapes of the parts of the animals’ bodies.

Each of the three tasks introduced above was designed to have a fixed du-
ration and complexity level. However, during the actual data collection, we
were not absolutely strict as for the duration of the tasks, allowing children
to take some more minutes if needed, particularly in the exploration task.
This first task contained the following steps that took about five minutes to
complete:

• A picture of a shape was given to the children (see Figure 2.4)

Figure 2.4: Image provided to the children in the first task (exploration).

• The facilitator explained to the children that they had to build the
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Figure 2.5: Images provided to the children in the second task (guided
construction).

structure of the image with the wooden blocks. Only 18 cubes were
given to the children, which include the cubes that were needed for
the construction of the specific image plus 30% of cubes that were
not actually needed for the construction. The cubes were distributed
among the children in accordance to their shape, in order to maximize
the possibility of collaboration.

• Children completed the task and the worksheet.

• The facilitator made sure that the children had built the structure
and completed the worksheet. She gave positive feedback about the
construction. Then, she allowed the children to deconstruct the model.

The second task (guided construction) consisted of six structures that the
children could built (see Figure 2.5). The children were asked to complete
as many structures as possible within 10 minutes. The structures were of
gradual difficulty. The difficulty was related to the number of the blocks
as well as to the complexity of their combinations. However, one rule was
common to all the constructions in order to create coherency. This rule
dictated that every part of the body of each animal was built by blocks of
the same shape. That is to say that all the legs were built by parallelograms
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or the head by triangles. Thus, we aimed for children to create a learning
abstraction during the second task related to their sorting skills. This task
followed similar steps:

• The facilitator gave the children one picture at a time and explained
the rule of the game. Children as a team tried to replicate the struc-
tures on the pictures.

• A worksheet was given to the children to check the characteristics of
the last structure.

In the third task (creative construction) the children had to come up
with an idea for an animal themselves. They had 5 minutes to built the
animal of their choice. All cubes were available to them. However, each
child could only have cubes of the same shape. In the end of the activity,
the children completed the worksheet and received positive feedback from
the facilitator. After this third task, the facilitator thanked the children for
participation and took them back to the classroom.

2.4.6 Pilot study

We conducted a pilot-study with children at an after-school care institution
to test our research design. In total, three groups of three children par-
ticipated for about 20 minutes each. In general, children seemed to enjoy
the activity. However, we discovered some issues that we needed to address
before the actual study:

• Some of the structures that children were asked to build were too
complicated for the younger children. It took them much more time
than we planned to assemble each structure. As a result, we replaced
the challenging structures with simpler ones and we emphasized to
children that they always had the choice between a simpler and a
more difficult structure.

• Children had to fill in the worksheet that contained some text. This
proved to be hard for the young children. As a result, we minimized
the amount of written text as much as possible by replacing words
with pictures.

• The facilitator was supposed to interfere as little as possible. However,
we observed that children tended to seek the facilitator’s help each time
they faced a challenge on the task. For this reason, we decided to move
the facilitator further away from the scene of the task and to allow for
interventions only when it was needed for her to give instructions of
the procedure as well as during the completion of the worksheets by
the children.
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2.5 Measures and data analysis

Our analysis was mainly based on the video recordings of children’s behav-
iors. We took into account a total of 103 minutes of video. Unfortunately,
due to a technical issue in data recording, we cannot include the third task
for group 5 into the analysis. Within the video recordings that were ana-
lyzed, we aimed to find behaviors that helped us to address our research
questions. Thus, we annotated the videos for relevant behaviors. The an-
notation scheme and process is described in the following section.

2.5.1 Annotation Scheme

In order to build the annotation scheme, we looked at a subset of the data to
identify behaviors that the children displayed in the interaction. We chose
this bottom-up approach because we wanted to be open to all possible behav-
iors that occurred. Our focus was on non-verbal behaviors. When looking
at them in the data, we were guided by the initial, very basic, framework
derived from relevant literature about children’s engagement with a task
and their ways of collaboration during activities with shared goals. Three
researchers of our team looked at the videos, in order to identify low-level
behaviors that indicate children’s collaborative activities and engagement in
the task.

After a discussion, we agreed that the most promising types of behav-
iors were children’s actions and their spatial position within the playground
in relation to the position of the task. In a next step, each of the three
researchers compiled a list of actions. After comparison and discussion, we
decided to differentiate 21 actions (further explanation in Section 2.5.3).

For the positions of children and task, we tried annotations with different
levels of complexity. It turned out that 13 child positions and 7 task positions
were feasible and rather reliable (see Figures 2.7 and 2.8, respectively). We
annotated the position of each child (C1, C2, and C3) and one position for
the task (for further explanation see Section 2.5.4).

In fact, the behaviors that we decided to code based on a first analysis of
the data, provide an answer to our first research question (RQ1: What kind
of non-verbal behaviors appear in children’s small-group collaborative activ-
ities). The results section will answer how often these behaviors occurred
and how they affected collaboration in the groups of children.

Furthermore, we annotated the phases of the task (Task 1 (exploration),
2 (guided construction) and 3 (creative construction)), whether the images
in the second task were completed (yes or no), and how many blocks were
attached correctly. The last two annotations were only made for the second
task, as only in this task the goal was to complete as many constructions
as possible in a restricted time. These measures of task performance are
further explained in Section 2.5.2.
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Together with the coding scheme we developed rules for how to annotate
the data to ensure validity and inter-rater reliability:

• All annotations covered the whole duration of an action or the whole
time that children / the task remained in one position, respectively.

• The behaviors were coded from the point when they commenced with
a movement (e.g., the hand starting to lift up the block to hold it up,
the child starting to move to change position).

• The end of the annotation was the start of a new movement.

• Since we decided to consider only children’s interactions with each
other and not their interaction with the facilitator, only the parts of
the sessions when the facilitator was absent were coded.

• The annotations were based on the frontal camera view. If something
was not clearly visible from this perspective, one of the other videos
was consulted.

The data were annotated by two researchers with the use of ELAN [82].
For the data analysis, we used a Matlab tool developed by the University
of Bielefeld to analyze ELAN files. We extracted counts of the children’s
behaviors for all the sessions and per task.

2.5.2 Task Performance

Next to the children’s behaviors, we measured and analyzed the task per-
formance. We wanted to determine how children’s collaborative actions and
positioning behaviors influenced how well they performed the task. As it has
been explained above, task performance was determined only for the second
task where the children had a limited time to complete a certain number of
images.

Task performance consisted of various measures. We coded in the video
files how many constructions the children worked on (1 to 6), whether a
certain construction was completed or not (yes/no) according to the given
image, the time needed for completion of each task (time in seconds) and
the degree of correctness of each structure in relation to the given picture
(i.e., percentage of blocks that were in the correct place). As the shapes
that the children could assemble had different degrees of difficulty, we also
included this measure. More specifically, the degree of difficulty per image
was related to the number of blocks that were needed for the image as well
as the complexity of the combinations of blocks for the construction. As a
result, image 1 had degree of difficulty 1, image 2 had degree of difficulty
2, etc. (see Figure 2.5). Children had the freedom to choose for an image
of a variety of degree of difficulty. This is to say that it was not necessary
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Block
actions

Observation Attention Exchange Aggression

attach block
to block;
attach block
to construc-
tion;
check block
with pic-
ture;
detach
block;
looking at
block;
looking at
picture;
picking from
area;
picking from
own basket;
rotate block

observing
other chil-
dren

showing a
block;
pointing at
a block;
pointing at
construc-
tion;
pointing at
image

giving a
block;
receiving a
block

grasping
from child;
grasping
from bucket;
stopping
others from
taking
blocks

Table 2.2: Action categories

for children to follow any predetermined sequence of pictures. The sum of
the degree of difficulty of all images that children replicated indicated the
degree of difficulty of the overall task. Since this measure refers to the task,
we consider this performance as a collective result of the group of children,
rather than as a performance for each child separately.

2.5.3 Actions

As described above, we annotated 21 actions that are explained in Figure 2.6.
Although these actions could be seen in isolation, what was more meaningful
for our understanding was to examine them in relation to each other. Hence
we categorized the actions into 5 categories (see Table 2.2).

Block Actions This category includes actions that are merely task-related.
We annotated all the low-level actions that children exhibited during their
engagement with the task, such as attaching a block to another.

Observing During the activity, children were not always active in build-
ing their construction; instead there were instances when they observed
other children’s work. We consider these instances important, since, in this
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Action 
 

Description 
 

Attachment to block 
 
 

The child attaches a block to another block, outside the main 
construction 
 

Attachment to construction 
 
 

The child attaches an object to the main construction 
 
 

Check a block with picture 
 
 

The child checks and compares a block with the picture 
 
 

Detachment from block 
 
 

The child detaches a block from another block 
 
 

Detachment from construction 
 
 

The child detaches a block or set of block from the main 
construction 
 

Giving block 
 
 

A child gives an block to another child either he/she has been 
asked or not 
 

Grasping from basket 
 
 

The child grasps a block from another child's basket, without 
this block being offered 
 

Grasping from child 
 
 

The child grasps a block from another child, without this block 
being offered 
 

Looking at the block 
 
 

The child looks at a block more than 1sec 
 
 

Looking at the picture 
 
 

The child looks at the picture 
 
 

Observing other people's work 
 
 

The child observe what other children are doing 
 
 

Picking block from own basket 
 
 

The child picks a block from his/her own basket 
 
 

Picking block from the area 
 
 

The child picks a block from the task area 
 
 

Pointing block 
 
 

Child points with the second figure towards a certain block 
 
 

Pointing construction 
 
 

The child points with the 2nd finger the construction 
 
 

Pointing image 
 
 

Child point with the second finger towards the image 
 
 

Putting block down 
 
 

The child puts a block down on the floor 
 
 

Receiving block 
 
 

A child receives a block either he/she has asked for it or not 
 

Rotation 
 
 

The child rotates a block to find a desired position 
 
 

Showing a block 
 
 

The child shows a block (with the intention to offer it) 
 
 

Stopping others from taking a block The child stops a peer from taking a block 

Figure 2.6: Actions that were included in the annotation scheme and the
description for each action

age group, children tend to observe adults or more able peers in order to
gain insights for their own actions. Hence, we annotated when the children
observed others.
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Attracting attention These behaviors include children’s actions that ex-
hibit their intention for social interaction with other members of the group,
e.g., by showing or pointing blocks. These actions can also be interpreted
as children’s intention to collaborate with other.

Exchange This category includes two actions that relate to pure collab-
oration that is expressed by only two actions, namely giving a block and
receiving a block. These actions exhibit a mutual intention for collabora-
tion from both children. The child who gives the block supports the child
who receives the block in building a construction.

Aggression During the task, children sometimes exhibited quite aggres-
sive behaviors towards other members of the group. For example, when
children wanted a block from another child, they grasped it, instead of ask-
ing for it. These behaviors might cause a defensive behavior from the other
child, such as stopping from taking a block.

The above mentioned categories inform us about children’s task engage-
ment and their possible types of collaboration with each other. In this re-
search, we defined collaboration as any interaction among the participants
that was the result of their mutual intention to achieve a common task-
related goal.

In total, 6.233 actions were annotated for the eight groups and three
children per session. To analyze the data, we counted the number of occur-
rences of each action and we calculated the percentage of their duration per
action. Additionally, we analyzed the higher-level categories, as they are
described in this paragraph (again for number and duration). All of them
have been analyzed per session for each child. Additionally, we contextual-
ized the actions and the categories of actions according to the phase of the
task, namely exploration, guided construction, and creative construction.
Furthermore, we interpreted the results of actions in relation to the task
performance for the second phase of the activity (i.e., guided construction)
as well as to the position of the children and the position of the task.

2.5.4 Positioning

The preliminary analysis of a subset of data revealed that the positioning
of the children in the space is an informative cue of task engagement and
children’s collaborative behaviors. In fact, the distance between the children
and the task and the distance among the children appear to be particularly
dynamic in the sessions being an indicator for their task engagement.

Projecting the most frequent positions on a sketch of the playground
described in Figure 2.1, thirteen children positions and seven task positions
emerged as informative. We observed that those positions together were
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organized in two circles in the playground: an outer circle comprising the
positions distant from the designated position of task in the middle and par-
ticipants and an inner circle comprising the positions close to the designated
position of the task.

The positions were annotated in the data set following a rationale ex-
plained in the following paragraphs. The annotation values related to those
positions were then analyzed with respect to their counts and duration.

Children positions We defined and annotated the spatial location as-
sumed by the children. During the preliminary analysis of a subset of data,
we defined thirteen child positions projecting them into a sketch of the play-
ground (see Figure 2.7).

Each child position was annotated with ELAN following the rules of
annotation explained in Section 2.5. The position was coded for each child
individually. We considered a position the act of sitting or leaning the upper
body toward one of the labeled positions on the playground. To analyze the
annotations of the task positions we used SALEM (Statistical AnaLysis of
Elan files in Matlab)[31], a Matlab tool to analyze ELAN files developed by
the University of Bielefeld. We extracted counts of the child positions for
all the sessions and per task. Then, we again provided the results on counts
per task.

Figure 2.7: Positions of the participants in the playground. P1 represents
the designated position of the task. P3, P5, and P7 represent the positions
assigned to the participants. P2, P4, P6, and P8 represent the positions that
the participants could take in the outer circle. P9, P10, P11, P12, and P13
represent the positions that the participants could take in the inner circle.

Furthermore, we analyzed the number and duration of cases where the
position of two or all three children in a group overlapped. This measure
informed us about how close the children were to each other, indicating col-
laboration. Moreover, it provided information about the tendency to cluster
in dyads or triads and about possible spatial formations. In order to do so,
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Figure 2.8: Positions of the task in the playground. T1 is the designated
position of the task where the facilitator placed the images. T2, T3, and T4
are the designated positions of the participants. T5, T6, and T7 represent
possible positions to perform the task outside the designated area.

we defined rules to overlap the task position with multiple child positions.
We took either C1/C2/C3 as referent tier and we overlapped it with either
one of the other child tier (i.e., C1 referent tier, C2/C3 comparison tier) or
two of them (i.e., C1+C2+C3). Following the above rationale, we defined
the rules of overlap as follows: overlap between two children in the same po-
sition, overlap between the designated position and the opposite positions in
the inner circle (e.g., P3+P9 or P3+P10 etc..), overlap between the desig-
nated position and the adjacent position in the outer circle (e.g., P3+P4 or
P3+P2 etc..), overlap between the inner circle positions and the designated
position of the task (i.e., P1). We coded the rules in a script written in Java.
The results of the script were loaded in ELAN and the analysis was carried
out with the help of SALEM. The results report the counts and percentages
of the child positions overlap per task, per group. They are presented by
dyads and triads.

Task position As explained above, we also defined and annotated the
spatial location where the task was performed (see Figure 2.8). This re-
sulted in one annotation for the whole group. Again, we annotated with
ELAN following the rules explained in Section 2.5. To analyze the anno-
tations of the task positions, we again used SALEM. We extracted counts
and durations of the task positions annotation for all the sessions and per
task. Then, we provided the results on counts for each group. Furthermore,
we analyzed the number and duration of the time when the position of the
task overlapped with the position of a child. This measure indicated close-
ness to the task and, hence, the degree of task engagement. We defined
rules to overlap the task position with multiple child positions. (i) overlap
with designated child position (CP), (ii) overlap with designated position
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of the task (TP), (iii) overlap with the inner circle position opposite to CP
(IC1,IC2, IC3),(iv) overlap with the inner circle position toward the other
child (IC12, IC23), (v) overlap with the outer circle position toward the
other child (OC12, OC13). We coded rules of overlap in line with the above
mentioned categories in a script written in Java. The results of the script
were loaded in ELAN and the analysis was carried out with the help of
SALEM. The results report the counts and percentages of the overlap per
task.

2.6 Results

In the following we present the results of the actions that the children per-
formed, their positioning behavior and the task performance.

2.6.1 Task Performance

Task performance has been considered as a collective result of a group of
children, rather than as the performance of each of the children separately.
Table 2.3 depicts the number of pictures that each group managed to work
on in the time given, the number that they completed successfully, and the
percentage of blocks that were put in the right place. We also report the sum
of the difficulty of all pictures that the children had worked on (difficulty 1
was assigned to picture 1 and so forth).

The table shows that the performance differed between the groups. The
number of shapes completed ranged between 1 and 5. 1 group only com-
pleted 1 shape, 4 groups completed 2, 2 groups completed 4, and 1 group 5
shapes. The correct positioning of the blocks ranged between 64% and 100%.
Generally this percentage was lower if the group had started to work on an
image that they could not finish. The sum of difficulties of pictures that
the children had chosen for ranged between 3 (with two images this means
that the children chose for the two simplest tasks) and 20. The group with
the highest sum of difficulties that performed the best actually consisted
of the oldest children (all 8 years old) which is not surprising. Other than
that, there was no obvious correlation between performance and age, how-
ever, this could also be due to the sample. In the next section, we explain
the task performance results some more by putting them in relation to the
children’s actions.

2.6.2 Actions

In a first step, we analyzed how active each child was in each task. There-
after, we looked at the categories of actions to learn more about the collab-
oration between the children. We also related the action results back to the
performance results.
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group number of
pictures

number of
completed
pictures

% correct
blocks

sum of
difficulty of

pictures

1 2 2 85.00 3

2 4 4 84.00 10

3 3 2 64.00 11

4 5 5 100.00 20

5 2 1 85.50 7

6 3 2 82.00 9

7 3 2 83.30 11

8 4 4 91.25 10

Table 2.3: Task performance in the second task: number of pictures that the
children worked on, number that they completed successfully, percentage of
blocks put in the correct place, difficulty of the pictures

Activity level per child Table 2.4 depicts the number of actions that
each child performed in each task.

Overall, the number of actions that the children performed ranged be-
tween 600 and 977 for all three tasks. Hence, there was quite some variation
between the groups. However, this difference did not seem to be related
to whether the groups were rather balanced or included one child that was
much more active than the others. Table 2.4 also shows that overall, there
was a tendency that one of the three children performed more actions than
the other two. However, in two groups (groups 6 and 7), it seems that two
out of three children were more active and one was much less active. In
order to find a possible reason for these differences, we checked the age of
the children (see Table 2.1). While there is an indication that the older
children appear more active, the relatively similar age of the children in the
groups does not allow to draw a general conclusion.

It was also noticeable that the activity levels of the children varied with
the tasks. In the last task (T3), there was always one child that performed
more than 40% of the activities (in just one group it was two because one
child was almost inactive). For Task 1, however, this was only true for 4
groups, for Task 2 for 5 groups. Hence, we can assume that the collaboration
between the children was different for the creative construction task than
for the rest. One child seemed to mostly steer the creative construction, not
collaborating as much with the other children as in the other tasks.

While there was this difference between the tasks, in 4 out of 8 groups,
one child was most active throughout all tasks (Group 4 - C3 (44%), Group
6 - C1 (41%), Group 7 - C1 (42%) and Group 8 - C1 (42%)). Hence, this
child would also be the one leading the creative activity.

Group 7 showed an interesting pattern over time. While there was an
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increase of the activity of C1 (39% in T1, 40% in T2, 51% in T3), at the
same time the activity of C3 decreased (30% in T1, 24% in T2, 14% in T3).
This is an indication of the way that one child’s dominance may affect the
activity of another child.

Another influencing factor might be the nature of the individual tasks.
In two groups (group 1 and 6) one child was particularly active on the first
and last task (and as a results others were less active) that are more creative
in nature and require less collaboration. We will come back to this in the
following section when looking at the types of activities that the children
performed.

Types of actions In the next step, we analyzed the types of actions to
determine which actions the children performed and if there was a relation
to their overall level of activity. Table 2.5 depicts the results in terms of
number of each action and percentage with respect to all actions. Table 2.6
shows how long each type of action took in relation to the overall duration
of all actions.

Overall, all children spent most time on actions related to the blocks.
For all children, more than 44% of the actions belonged to this category.
The only exception was C2 of Group 4 in the third task, where this child
appeared to be almost inactive. In the cases when children seemed highly
engaged with the task (i.e., performing many block actions), it was more
likely for the other children to observe their work and to try to attract the
attention, e.g., by pointing out blocks.

With respect to collaborative actions (i.e., exchanging blocks with oth-
ers), we found that 2 children did not exhibit such actions at all in any
task (Group1/C1 and Group2/C2). Interestingly, 16 out of 24 children did
not exhibit any exchange action in at least one of the tasks. In fact, many
children seemed to be more likely to perform aggressive actions instead (i.e.,
to just take blocks from other children or to stop them from doing so). All
children displayed an aggressive behavior at some point of the activity.

Children were least likely to exchange blocks in the creative construction
task (Task 3) which is in line with the finding that mostly in this task one
child was more active than the others. Only for two children the rate of
exchanging blocks was highest in this task (C2 and C3 of group 1 obviously
exchanged blocks with each other twice and not at all in Task 1 and only
once in Task 2). The same was true for the aggressive actions, two children
displayed the highest percentage of aggressive actions in Task 3. Again these
children belonged to the same group (group 7, C2 with 5 actions (10.64%)
and C3 with 3 actions (16.67%)). The children in this group had displayed
aggressive behaviors throughout all tasks.
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Attracting attention seemed to be most important in the first task. 12
(50%) of the children displayed most of these actions here. We can assume
that the children used these actions to show others what they had discovered,
e.g., to show them what blocks they had and how they connected to each
other. Hence, these actions might have served to establish a common ground
between the children.

For the observation actions, there were no clear patterns. Some children
seemed to observe more than others but observation actions did not occur
more in one task than in the others.

We also want to highlight some findings for individual groups to point
out specific group constellations that might appear. In group 1, all children
tried to attract the attention for collaboration. In Task 1 this did not result
in exchange actions, however, C2 and C3 performed such actions in Task 2
and 3. C1 apparently tried to attract the attention and had an intention for
collaboration in all the three tasks but did not succeed. However, potentially
as a result, she displayed aggressive behaviors, particularly in Task 2.

In group 3, all three children displayed relatively similar percentages of
block related actions. The exception was C3 in Task 2, where she exhibits
a higher percentage of block actions (81.29%). In the same task, C1 and
C2 exhibit a relatively high percentage of observations and a relatively high
percentage of behaviors to attract attention for collaboration. Obviously in
the second task, C3 took the lead. This points to the fact that the roles can
change for the different tasks.

However, it can also be possible that one person takes the lead through-
out the activity as happened in group 6. C1 displayed a high percentage
of block-related actions particularly in Tasks 1 and 3, while C2 and C3 ob-
served more. Also the finding that relatively little exchange and aggressive
actions took place in this group points to the fact that the children let C1
take a leading role.

Actions and task performance We also want to relate these results
back to the performance measures. We focus on the groups that performed
best and worst.

There are some things that differentiate group 4 (the best group) from
the others. In this group, the children performed more exchange actions than
in any other group and task (C1 - 13, C2 - 16, C3 - 16). Also C1 and C2
spend 8% of their time on observing supposedly mostly C 3 who displayed
most actions in this task (42%). From these results we can assume that C1
and C2 stayed engaged in the task, observed C3 and helped in handing over
missing blocks. This strategy seemed to be successful.

In group 1, the group with the worst performance, all children displayed
a similar number of activities. As has been pointed out above already, in
this group the children performed quite a lot of aggressive actions (C1 - 15,
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C2 - 7, C3 - 4) that might have impacted their task performance.
In group 5 (the second-worst group), C1 performed more activities than

the others (43%). Also in this group many aggressive behaviors were per-
formed, particularly by C3 (C1 - 2, C2 - 3, C3 - 11). Hence, it seems as if
this child did not accept that C1 wanted to take the lead on the task which
again might have influenced task performance.

2.6.3 Positioning

To get a further indication of children’s task engagement, we analyzed where
the children positioned themselves and how close they were to the task.

Child positions The results for the positions of the children are depicted
in Table 2.7. In all the tasks, the children tended to remain in the assigned
positions (P3 for C1, P5 for C2, and P7 for C3) or to sit/lean toward the
inner circle positions opposite to the assigned positions (P9 for C1, P11 for
C2, and P13 for C3). In more than 50% of the annotations, the children
in each task remained in these positions. There are two exceptions to this:
children in position 3 in Task 1 and children in position 1 in Task 2. Children
in position 3 in Task 1 also frequently moved to positions P6, P11, and P12,
which were the positions closer to C2 in the inner and outer circle. Children
in position 1 in Task 2 frequently moved to P1 (the original task position)
and P2 (next to the task and away from the other children).

Table 2.8 depicts the number of cases and percentages when the position
of two or all three children overlapped, indicating how often the children
shared the same position and supposedly worked together. In most cases
we found that only two children shared the same position and, thus, worked
together only in dyads. This is in line with the findings on the activity
levels.

We want to highlight the results for group 3 because it was really different
in that all children were in the same space in the first task, in the second
task the overlap is between C1 and C2, and C2 and C3, and in the third
task there are no overlaps between the children at all. Hence, it seems as if
the children became dis-engaged with each other over time or stayed further
away from each other because of the nature of the task.

Also group 6 stood out in that the overlap occurred to a very high
percentage between C1 and C2 throughout the tasks (T1: 71%, T2: 89%,
T3: 79%). Hence this measure underlines the finding that these two children
were most active.

Child positions and task performance In group 1, that performed
worst in Task 2, in Task 1 and 3, C2 shared the space with C1 (overlap 34%
and 42%, respectively) but also with C3 to a similar extent (39% and 37%).
In Task 2, C1 mainly stayed close to C2 (50%), but C2 was not so close to
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C3 (9%). An assumption could be that the lack of overlap between these
two children and a change in collaboration compared to the other tasks was
one cause for the weak performance of the group.

Group 5 had also performed below average. However, in this case there
was quite some overlap between C1 and C3 (32%) and between C2 and C3
(32%). Hence, all the children seemed to be close to at least C1, who, as
we discussed above, was most active. However, as we also mentioned, there
was a lot of aggressive behavior in this group such that the closeness alone
cannot indicate good collaboration.

In fact, the percentage of overlap between the children was not much
higher for the best group (group 4) with 37% between C1 and C2 and
40% between C2 and C3. However, as it has been explained above, the
actions that took place between these children were less aggressive and more
collaborative.

Task position For the task position, we first had a look at Table 2.9.
Generally we observed that the task was mostly located in T1, hence, in
the designated position of the task for Tasks 2 and 3 (33.46% and 41.82%
of the time, respectively). However, in the first task, the constructions were
performed more often in the designated positions of one of the children
(22.56% at T1 (which is next to C1), 28.86% in T2 (which is the original
position of C1), 10.42% in T3 (which is the original position of C2), and
25.86% in T4 (which is the original position of C3)). The task was barely
performed in T5 or T6 which are the positions between C1 and C2, C2
and C3, respectively. It was never performed in T7 which was the position
furthest away from the children. These results may indicate that children
explored the objects rather by themselves than in a shared space; whereas
they chose the central, shared space for more collaborative tasks.

One of the most outstanding groups again was group 6 (see Table 2.10).
In this group, the task position barely changed. It stayed in the same place
in Tasks 1 and 3 (see Tables 2.11 and 2.13) and only switched to another
location and back in Task 2 (see Table 2.12). The task was mostly performed
in T2 which is closest to the original position of C1. When the task switched
location in Task 2 it went to position T5 (40% of the overall duration) which
is between C1 and C2. This is in line with the fact that C1 was most active
in the group as has been explained above.
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nr all actions nr actions T1 nr actions T2 nr actions T3

Group 1

C1 181 (.30) 65 (.35) 80 (.36) 36 (.19)

C2 259 (.43) 82 (.44) 74 (.33) 103 (.54)

C3 160 (.27) 38 (.21) 70 (.31) 52 (.27)

all 600 (1.00) 185 (1.00) 224 (1.00) 191 (1.00)

Group 2

C1 258 (.32) 51 (.27) 138 (.37) 69 (.29)

C2 286 (.36) 70 (.37) 115 (.31) 101 (.42)

C3 259 (.32) 69 (.36) 119 (.32) 71 (.29)

all 803 (1.00) 190 (1.0) 372 (1.0) 241 (1.0)

Group 3

C1 235 (.31) 89 (.36) 93 (.26) 53 (.34)

C2 222 (.29) 83 (.33) 110 (.31) 29 (.19)

C3 306 (.40) 78 (.31) 155 (.43) 73 (.47)

all 763 (1.00) 250 (1.0) 358 (1.0) 155 (1.0)

Group 4

C1 249 (.28) 76 (.27) 132 (.26) 41 (.44)

C2 252 (.28) 89 (.31) 162 (.32) 1 (.01)

C3 388 (.44) 121 (.42) 216 (.42) 51 (.55)

all 889 (1.0) 286 (1.0) 510 (1.0) 93 (1.0)

Group 5

C1 327 (.41) 112 (.36) 215 (.43) 0 (0)

C2 201 (.25) 79 (.26) 122 (.24) 0 (0)

C3 279 (.35) 117 (.38) 162 (.32) 0 (0)

all 807 (1.0) 308 (1.0) 499 (1.0) 0 (0)

Group 6

C1 396 (.41)) 146 (.46) 160 (.35) 90 (.44)

C2 346 (.35) 127 (.40) 152 (.34) 67 (.33)

C3 235 (.24) 46 (.14) 140 (.31) 49 (.24)

all 977 (1.0) 319 (1.0) 452 (1.0) 206 (1.0)

Group 7

C1 357 (.42) 79 (.39) 210 (.40) 68 (.51)

C2 295 (.34) 63 (.31) 185 (.36) 47 (.35)

C3 205 (.24) 62 (.30) 125 (.24) 18 (.14)

all 857 (1.0) 204 (1.0) 520 (1.0) 133 (1.0)

Group 8

C1 280 (.42) 105 (.40) 141 (.45) 34 (.56)

C2 178 (.28) 76 (.29) 81 (.28) 21 (.35)

C3 182 (.30) 84 (.31) 92 (.28) 6 (.09)

all 640 (1.00) 265 (1.00) 314 (1.00) 61 (1.00)

Table 2.4: Number (percentages) of actions per child, per child in each task,
and per group.
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block
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exchange aggression attention observation

Group 1

C1 T1
T2
T3

49 (75.38)
51 (63.75)
24 (66.67)

0 (0)
0 (0)
0 (0)

4 (6.15)
15 (18.75)
1 (2.78)

3 (4.62)
6 (7.50)
5 (13.89)

9 (13.85)
8 (10.00)
6 (16.67)

C2 T1
T2
T3

64 (78.05)
56 (75.68)
93 (90.29)

0 (0)
1 (1.35)
2 (1.94)

5 (6.10)
7 (9.46)
4 (3.88)

6 (7.32)
4 (5.41)
2 (1.94)

7 (8.54)
6 (8.11)
2 (1.94)

C3 T1
T2
T3

22 (57.89)
36 (51.43)
36 (69.23)

0 (0)
1 (1.43)
2 (3.85)

1 (2.63)
4 (5.71)
0 (0)

4 (10.53)
11 (15.71)
5 (9.62)

11 (28.95)
18 (25.71)
9 (17.31)

Group 2

C1 T1
T2
T3

39 (76.47)
111 (80.43)
57 (82.61)

0 (0)
3 (2.17)
0 (0)

7 (13.73)
14 (10.14)
0 (0)

2 (3.92)
4 (2.90)
3 (4.35)

3 (5.88)
6 (4.35)
9 (13.04)

C2 T1
T2
T3

58 (82.86)
81 (70.43)
95 (94.06)

0 (0)
0 (0)
0 (0)

6 (8.57)
5 (4.35)
1 (0.99)

0 (0)
3 (2.61)
0 (0)

6 (8.57)
26 (22.61)
5 (4.95)

C3 T1
T2
T3

46 (66.67)
77 (64.71)
51 (71.83)

1 (1.45)
4 (3.36)
0 (0.00)

5 (7.25)
9 (7.56)
3 (4.23)

1 (1.45)
2 (1.68)
2 (2.82)

16 (23.19)
27 (22.69)
15 (21.13)

Group 3

C1 T1
T2
T3

60 (67.42)
41 (44.09)
34 (64.15)

4 (4.49)
7 (7.53)
3 (5.66)

11 (12.36)
3 (3.23)
0 (0)

6 (6.74)
22 (23.66)
6 (11.32)

8 (8.99)
20 (21.51)
10 (18.87)

C2 T1
T2
T3

51 (61.45)
73 (66.36)
16 (55.17)

1 (1.20)
3 (2.73)
1 (3.45)

8 (9.64)
7 (6.36)
1 (3.45)

5 (6.02)
11 (10.00)
3 (10.34)

18 (21.69)
16 (14.55)
8 (27.59)

C3 T1
T2
T3

44 (56.41)
126 (81.29)
58 (79.45)

6 (7.69)
6 (3.87)
3 (4.11)

13 (16.67)
14 (9.03)
3 (4.11)

9 (11.54)
3 (1.94)
4 (5.48)

6 (7.69)
6 (3.87)
5 (6.85)

Group 4

C1 T1
T2
T3

41 (53.95)
78 (59.09)
36 (87.80)

8 (10.53)
13 (9.85)
0 (0)

0 (0)
3 (2.27)
0 (0

6 (7.89)
4 (3.03)
0 (0)

21 (27.63)
34 (25.76)
5 (12.20)

C2 T1
T2
T3

49 (55.06)
85 (52.47)
0 (0)

4 (4.49)
16 (9.88)
0 (0)

2 (2.25)
7 (4.32)
0 (0)

3 (3.37)
19 (11.73)
0 (0)

31 (34.83)
35 (21.60)
1 (100)

C3 T1
T2
T3

111 (91.74)
190 (87.96)
47 (92.16)

5 (4.13)
16 (7.41)
0 (0)

4 (3.31)
9 (4.17)
1 (1.96)

1 (0.83)
1 (0.46)
0 (0)

0 (0)
0 (0)
3 (5.88)
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Group 5

C1 T1
T2
T3

83 (74.11)
174 (80.93)
-

7 (6.25)
7 (3.26)
-

1 (0.89)
2 (0.93)
-

11 (9.82)
11 (5.12)
-

10 (8.93)
21 (9.77)
-

C2 T1
T2
T3

60 (75.95)
98 (80.33)
-

1 (1.27)
2 (1.64)
-

1 (1.27)
3 (2.46)
-

4 (5.06)
1 (0.82)
-

13 (16.46)
18 (14.75)
-

C3 T1
T2
T3

71 (60.68)
115 (70.99)
-

5 (4.27)
9 (5.56)
-

2 (1.71)
11 (6.79)
-

16 (13.68)
9 (5.56)
-

23 (19.66)
18 (11.11)
-

Group 6

C1 T1
T2
T3

134 (91.78)
148 (92.50)
88 (97.78)

3 (2.05)
0 (0)
0 (0)

4 (2.74)
6 (3.75)
1 (1.11)

2 (1.37)
2 (1.25)
0 (0)

3 (2.05)
4 (2.50)
1 (1.11)

C2 T1
T2
T3

111 (87.40)
141 (92.76)
64 (95.52)

1 (0.79)
0 (0)
0 (0)

7 (5.51)
2 (1.32)
0 (0)

6 (4.72)
1 (0.66)
0 (0)

2 (1.57)
8 (5.26)
3 (4.48)

C3 T1
T2
T3

31 (67.39)
133 (95.00)
41 (83.67)

3 (6.52)
0 (0)
0 (0)

1 (2.17)
2 (1.43)
1 (2.04)

3 (6.52)
2 (1.43)
0 (0)

8 (17.39)
3 (2.14)
7 (14.29)

Group 7

C1 T1
T2
T3

54 (68.35)
150 (71.43)
54 (79.41)

3 (3.80)
7 (3.33)
1 (1.47)

4 (5.06)
22 (10.48)
4 (5.88)

12 (15.19)
15 (7.14)
6 (8.82)

6 (7.59)
16 (7.62)
3 (4.41)

C2 T1
T2
T3

40 (63.49)
135 (72.97)
35 (74.47)

2 (3.17)
11 (5.95)
0 (0)

4 (6.35)
19 (10.27)
5 (10.64)

5 (7.94)
10 (5.41)
6 (12.77)

12 (19.05)
10 (5.41)
1 (2.13)

C3 T1
T2
T3

46 (74.19)
88 (70.40)
10 (55.56)

3 (4.84)
6 (4.80)
1 (5.56)

3 (4.84)
9 (7.20)
3 (16.67)

4 (6.45)
5 (4.00)
3 (16.67)

6 (9.68)
17 (13.60)
1 (5.56)

Group 8

C1 T1
T2
T3

90 (85.57)
130 (92.19)
31 (92.18)

4 (3.80)
4 (2.84)
0 (0)

8 (7.76)
6 (4.25)
0 (0)

1 (0.95)
0 (0)
0 (0)

2 (1.90)
1 (0.70)
2 (5.88)

C2 T1
T2
T3

54 (71.05)
45 (55.55)
10 (47.62)

0 (0)
6 (7.41)
1 (4.76)

3 (3.95)
4 (9.94)
1 (4.76)

5 (6.58)
8 (19.51)
3 (14.29)

14 (18.42)
18 (22.22)
6 (28.57)

C3 T1
T2
T3

53 (63.09)
59 (64.13)
3 (16.67)

5 (5.95)
4 (4.35)
0 (0)

6 (7.14)
5 (5.43)
1 (16.67)

8 (9.52)
14 (15.22)
1 (16.67)

12 (14.29)
10 (10.87)
3 (50.00)

Table 2.5: Number of actions (percentage of all actions) that the children
spent on tasks belonging to the types of collaboration.
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Group 1

C1 T1
T2
T3

18.92
13.42
10.96

0.00
0.00
0.00

1.54
3.95
0.46

1.16
1.58
2.28

3.47
2.11
2.74

C2 T1
T2
T3

24.71
14.74
42.47

0.00
0.26
0.91

1.93
1.84
1.83

2.32
1.05
0.91

2.70
1.58
0.91

C3 T1
T2
T3

8.49
9.47
16.44

0.00
0.26
0.91

0.39
1.05
0.00

1.54
2.89
2.28

4.25
4.74
4.11

Group 2

C1 T1
T2
T3

24.38
28.76
24.15

0.00
0.78
0.00

4.38
3.63
0.00

1.25
1.04
1.27

1.88
1.55
3.81

C2 T1
T2
T3

36.25
20.98
40.24

0.00
0.00
0.00

3.75
1.30
0.42

0.00
0.78
0.00

3.75
6.74
2.12

C3 T1
T2
T3

28.75
19.95
21.61

0.63
1.04
0.00

3.13
2.33
1.27

0.63
0.52
0.85

10.00
6.99
6.36

Group 3

C1 T1
T2
T3

23.53
11.71
20.48

1.57
2.00
1.81

4.31
0.86
0.00

2.35
6.29
3.61

3.14
5.71
6.02

C2 T1
T2
T3

20.00
20.86
9.64

0.39
0.86
0.60

3.14
2.00
0.60

1.96
3.14
1.81

7.06
4.57
4.82

C3 T1
T2
T3

17.25
36.00
34.94

2.35
1.71
1.81

5.10
4.00
1.81

3.53
0.86
2.41

2.35
1.71
3.01

Group 4

C1 T1
T2
T3

16.27
17.81
31.58

3.17
2.97
0.00

0.00
0.68
0.00

2.38
0.91
0.00

8.33
7.76
4.39

C2 T1
T2
T3

19.44
19.41
0.00

1.59
3.65
0.00

0.79
1.60
0.00

1.19
4.34
0.00

12.30
7.99
0.88

C3 T1
T2
T3

44.05
43.38
41.23

1.98
3.65
0.00

1.59
2.05
0.88

0.40
0.23
0.00

0.00
0.00
2.63
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Group 5

C1 T1
T2
T3

29.75
56.68
-

2.51
2.28
-

0.36
0.65
-

3.94
3.58
-

3.58
6.84
-

C2 T1
T2
T3

21.51
31.92
-

0.36
0.65
-

0.36
0.98
-

1.43
0.33
-

4.66
5.86
-

C3 T1
T2
T3

25.45
37.46
-

1.79
2.93
-

0.72
3.58
-

5.73
2.93
-

8.24
5.86
-

Group 6

C1 T1
T2
T3

59.03
62.71
80.00

1.32
0.00
0.00

1.76
2.54
0.91

0.88
0.85
0.00

1.32
1.69
0.91

C2 T1
T2
T3

48.90
59.75
58.18

0.44
0.00
0.00

3.08
0.85
0.00

2.64
0.42
0.00

0.88
3.39
2.73

C3 T1
T2
T3

13.66
56.36
37.27

1.32
0.00
0.00

0.44
0.85
0.91

1.32
0.85
0.00

3.52
1.27
6.36

Group 7

C1 T1
T2
T3

34.18
29.30
27.64

1.90
1.37
0.51

2.53
4.30
2.05

7.59
2.93
3.08

3.80
3.13
1.54

C2 T1
T2
T3

25.32
26.37
17.95

1.27
2.15
0.00

2.53
3.71
2.56

3.16
1.95
3.08

7.59
1.95
0.51

C3 T1
T2
T3

29.11
17.19
5.13

1.90
1.17
1.51

1.90
1.76
1,54

2.53
0.98
1.54

3.80
3.32
0.51

Group 8

C1 T1
T2
T3

30.51
35.42
40.79

1.36
1.09
0.00

2.71
1.63
0.00

0.34
0.00
0.00

0.68
0.27
2.63

C2 T1
T2
T3

18.31
12.26
13.16

0.00
1.63
1.32

1.02
1.09
1.32

1.69
2.18
3.95

4.75
4.90
7.89

C3 T1
T2
T3

17.97
16.08
3.95

1.69
1.09
0.00

2.03
1.36
1.32

2.71
3.81
1.32

4.07
2.72
3.95

Table 2.6: Rate of duration of actions of overall duration of all actions.
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Task position and child position Table 2.14 shows the percentages of
the overlap of child and task positions, in other words the time when the
children were close to the task. Comparing this information with the level
of activity of each child, we find a strong connection between being more
active and being closer to the task for a longer time. Hence, the positioning
information supports the information on the level of activity. We want
to illustrate this with the example of group 6. The task position for this
group mainly overlaps with the position of C1 who was the most active
child but also with C2. What we could observe most frequently was that C2
was leaning toward him in the outer circle and C3 was leaning toward him
through the designated position of the task.

Position overlap and task performance We again look at the groups
that performed best and worst.

For group 4, performing best, the task position overlapped mainly with
the position of C3 who was most active in that task (56%) (see Table 2.14).
Overall, the task stayed in position T4, with C3, for 77% of the time. We
observed that the other children mostly leaned towards this child and this
position.

For group 1, performing worst, the task mainly stayed in T1 (in the
middle, 36% of the time) and T3 (with C2, 30%). Hence, the task position
mainly overlapped with the position of C2 (68% of the annotations). Again,
we observed that the other children often leaned toward this child being
close to the task (C1 - 32% and C3 - 45% of the annotations). Hence, all
children were engaged in the task, but the collaboration was still not going
well as has been mentioned above.

For group 5, that also performed below average, the task position was
located mostly in T2 (with C1, 43% of the time) and T3 (with C2, 40% of
the time). Interestingly these children did not choose the position between
them. However, the annotations of all children’s positions, including C3,
overlap with the task space to a high degree (C1 - 70%, C2 - 43%, C3 -
54%). So again, all children seemed rather engaged. However, maybe the
fact that the task was always performed in the location of one of the children,
rather than in a shared space, points to the conclusion that the collaboration
was not going so well in this group.
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dyad/
triad

Task 1 nr.
overlap (%)

Task 2 nr.
overlap (%)

Task 3 nr.
overlap (%)

Group 1

c1/c2 15 (34.09) 37 (50) 8 (42.10)
c2/c3 17 (38.63) 7 (9.45) 7 (36.84)
c1/c3 5 (11.36) 20 (27.02) 3 (15.78)
c1/c2/c3 7 (15.90) 10 (13.51) 1 (5.26)
sum 44 (100) 74 (100) 19 (100)

Group 2

c1/c2 57 (64.04) 92 (28.75) 24 (60)
c2/c3 7 (7.86) 54 (16.87) 7 (17.5)
c1/c3 5 (5.61) 107 (33.43) 6 (15)
c1/c2/c3 20 (22.47) 67 (20.93) 3
sum 89 (100) 320 (100) 40 (100)

Group 3

c1/c2 30 (24.39) 72 (29.62) 0
c2/c3 32 (26.01) 73 (30) 0
c1/c3 28 (22.76) 51 (20.98) 0
c1/c2/c3 33 (26.82) 47 (19.34) 0
sum 123 (100) 243 (100) 0

Group 4

c1/c2 18 (42.85) 34 (36.95) 0
c2/c3 9 (21.42) 37 (40.21) 2 (40)
c1/c3 10 (23.80) 8 (8.69) 3 (60)
c1/c2/c3 5 (11.90) 13 (14.13) 0
sum 42 (100) 92 (100) 5 (100)

Group 5

c1/c2 25 (22.12) 23 (19.65) -
c2/c3 42 (37.16) 37 (31.62) -
c1/c3 32 (28.13) 38 (32.47) -
c1/c2/c3 14 (12.38) 19 (16.23) -
sum 113 (100) 117 (100) -

Group 6

c1/c2 25 (71.42) 24 (88.88) 11 (78.57)
c2/c3 4 (11.42) 1 (3.70) 1 (7.1)
c1/c3 2 (5.71) 1 (3.70) 2 (14.28)
c1/c2/c3 4 (11.42) 1 (3.70) 0
sum 35 (100) 27 (100) 14 (100)

Group 7

c1/c2 8 (50) 39 (97.5) 20 (41.66)
c2/c3 4 (25) 0 21 (43.75)
c1/c3 2 (12.5) 1 (2.5) 7 (14.58)
c1/c2/c3 2 (12.5) 0 0
sum 16 (100) 40 (100) 48 (100)

Group 8

c1/c2 16 (30.18) 53 (44.53) 5 (38.46)
c2/c3 20 (37.7) 22 (18.48) 0
c1/c3 13 (24.52) 19 (15.96) 8 (51.53)
c1/c2/c3 4 (7.54) 25 (21) 0
sum 53 (100) 119 (100) 13 (100)

Table 2.8: Number and percentage of overlap between dyads (c1/c2, c2/c3,
c1/c3) and triads (c1/c2/c3) per group per task.

EU FP7 SQUIRREL 38



D2.1: Report on user behavior UT

Task Position

1st task: Exploration

Position Count % Dur mean SD Dur sum %

T1 16 6.63 21.10 36.54 337.6 22.56

T2 18 7.46 23.97 26.44 432.0 28.86

T3 15 6.22 10.37 12.46 156.0 10.42

T4 18 7.46 21.54 29.86 387.0 25.86

T5 7 2.90 12.34 12.86 86.1 5.75

T6 10 4.14 9.82 5.69 98.0 6.55

T7 0 0 0 0 0 0

2nd task Guided Construction

T1 40 16.60 24.32 37.78 972.0 33.46

T2 11 4.56 39.72 51.13 436.7 15.03

T3 24 9.95 29.44 45.14 705.6 24.29

T4 24 9.95 17.13 17.33 410.4 14.13

T5 11 4.53 26.24 31.09 288.2 9.92

T6 14 5.80 6.56 7.78 92.4 3.18

T7 0 0 0 0 0 0

3rd task Creative Construction

T1 20 8.29 28.29 26.23 565.8 41.82

T2 13 5.39 32.88 36.00 427.7 31.61

T3 10 4.14 12.29 13.42 123.0 9.09

T4 10 4.14 9.55 6.77 96.0 7.09

T5 1 0.41 84.82 0 84.8 6.27

T6 3 1.24 18.65 31.25 55.8 4.12

T7 0 0 0 0 0 0

Table 2.9: Counts and durations of task positions in all the sessions. The
results are provided per task.
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Task Position

Group 1 Group 2
Task1(%) Task 2 (%) Task 3(%) Task1(%) Task 2(%) Task 3(%)

T1 5 (31.25) 6 (30) 8 (53.33) 2(40) 6 (50) 5 (38.46)

T2 1(6,25) 2 (10) (13.33) 0 (0) 0 (0) 2 (15,38)

T3 6 (37.5) 6(30) 1 (6,66) 1(20) 3 (25) 3 (23.07)

T4 3(18.75) 4 (20) 3(15) 2(40) 0 (0) 2(15.38)

T5 0 (0) 2 (10) 0 (0) 0 (0) 2 (16.66) 0 (0)

T6 1 (6.25) 0 (0) 1(6.66) 0 (0) 1(8.33) 1 (7.69)

all. 16 (100) 20 (100) 15 (100) 5 (100) 12 (100) 13 (100)

Group 3 Group 4
Task 1 Task 2 Task 3 Task 1 Task 2 Task 3

T1 3 (11.53) 7 (43.75) 2 (50) 0 (0) 10 (29.41) 1 (33.33)

T2 9 (34.61) 0 (0) 0 (0) 0 (0) 1 (2.94) 0 (0)

T3 2 (7.69) 3 (18.75) 1 (25) 0 (0) 0 (0) 0 (0)

T4 2 (7.69) 0 (0) 1(25) 4 (57.14) 16 (47.05) 2 (66.66)

T5 4 (15.38) 2 (12.5) 0 (0) 0 (0) 0 (00 0 (0)

T6 6 (23.07) 4 (25) 0 (0) 3 (42.85) 7 (20.58) 0 (0)

all. 26 (100) 16 (100) 4 (100) 7 (100) 34 (100) 3 (100)

Group 5 Group 6
Task 1 Task 2 Task 3 Task 1 Task 2 Task 3

T1 3 (17.64) 3 (43.85) 0 0 (0) 0 (0) 0 (0)

T2 4 (23.52) 2 (28.57) 0 1 (100) 2 (66.66) 1 (100)

T3 4 (23.52) 1 (14.28) 0 0 (0) 0 (0) 0 (0)

T4 6(35.29) 1(14.28) 0 0 (0) 0 (0) 0 (0)

T5 0 (0) 0 (0) 0 0 (0) 1 (33.33) 0 (0)

T6 0 (0) 0 (0) 0 0 (0) 0 (0) 0 (0)

all 17(100) 7(100) 0 1(100) 3 (100) 1(100)

Group 7 Group 8
Task 1 Task 2 Task 3 Task 1 Task 2 Task 3

T1 3 (30) 2 (16.66) 0 (0) 3 (20) 7 (46.66) 1 (50)

T2 0 (0) 0 (0) 0 (0) 7 (46.66) 2 (13.33) 0 (0)

T3 3 (30) 5 (41.66) 1 (33.33) 4 (26.66) 4 (26.66) 0 (0)

T4 1 (10) 1 0 (0) 1(6.66) 2(13.33) 1 (50)

T5 3 (30) 4 (33.33) 1 (33.33) 0 (0) 0 (0) 0 (0)

T6 0 (0) 0 (0) 1(33.33) 0 (0) 0 (0) 0 (0)

T6 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

all 10 (100) 12 (100) 3 (100) 15 (100) 15 (100) 2 (100)

Table 2.10: Counts and percentages of task positions. The results are pre-
sented per group and per task.
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Task Position (durations)

Group 1 Group 2
Dur sum/% M(s) SD(s) Dur sum /% M (s) SD (s)

T1 133.55/61.13 26.71 20.69 160.6/94.88 80.30 93.43

T2 9.70/4.44 9.70 0 0 0 0

T3 43.68/20 7.28 5.25 1.50/0.88 1.50 0

T4 21.84/9.99 17.10 9.45 7.16/4.24 3.58 1.63

T5 0 0 0 0 0 0

T6 9.68/4.44 9.68 0 0 0 0

Group 3 Group 4
Dur sum/% M(s) SD(s) Dur sum/% M (s) SD (s)

T1 17.91/7.28 5.97 2.12 0 0 0

T2 102.15/41.39 11. 35 8.18 0 0 0

T3 10.88/4.4 5.44 3.05 0 0 0

T4 22.42/9.04 11.21 4.17 206.28/84 51.57 41.77

T5 44.24/17.92 11.06 17.20 0 0 0

T6 49.14/19.97 8.19 5.98 39.3/16 13.10 5.66

Group 5 Group 6
Dur sum/ % M (s) SD (s) Dur sum/% M (s) SD (s)

T1 12.51/5.5 4.17 2.51 0 0 0

T2 101.48/45 25.37 33.28 64.13/100 64.13 0

T3 45.28/20 11.32 6.14 0 0 0

T4 65.76/29.5 10.96 17.58 0 0 0

T5 0 0 0 0 0 0

T6 0 0 0 0 0 0

Group 7 Group 8
Dur sum/% M (s) SD (s) Dur sum/% M (s) SD (s)

T1 12.99/7.56 4.33 23.22/8.48 2.4 7.74 1.24

T2 0 0 0 224/81.82 32.00 32.67

T3 81.83/47.7 27.11 34.12 21.88/8 5.47 6.11

T4 34.74/20.24 34.74 0 4.65/1.7 4.65 0

T5 42.06/24.5 14.02 6.67 0 0 0

T6 0 0 0 0 0 0

Table 2.11: Durations of task positions in task 1. Overall duration, mean
and standard deviation are expressed in seconds.
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Task Position (durations)

Group 1 Group 2
Dur sum/ % M(s) sd(s) Dur sum / % M (s) sd (s)

T1 112.74/35.55 18.79 8.07 360.72/90.63 60.12 62.68

T2 41.86/13.59 20.93 7.30 0 0 0

T3 93.48/30.3 15.58 8.77 30.03/7.54 10.01 5.61

T4 41.2/13.35 10.03 6.33 0 0 0

T5 19.16/6.21 9.80 9.74 5.3/1.33 2.65 0.037

T6 0 0 0 2.02/0.5 2.02 0

Group 3 Group 4
Dur sum / % M(s) sd(s) Dur sum / % M (s) sd (s)

T1 317.73/86.6 45.39 52.64 45.6/10.48 4.56 4.54

T2 0 0 0 6.79/1.57 6.79 0

T3 16.08/4.38 5.36 3.04 0 0 0

T4 0 0 0 335,2/77,17 20.95 20.25

T5 5.7/1.55 2.85 0.70 0 0 0

T6 28.25/7.67 7.10 2.35 46.83/0 6.69 8.08

Group 5 Group 6
Dur sum / % M (s) sd (s) Dur sum / % M (s) sd (s)

T1 64/15.4 21.6 28.09 0 0 0

T2 179.72/43.26 89.86 123.67 66.02/67.76 66.89 1.23

T3 167.39/40.29 167.39 0 0 0 0

T4 4.37/1.05 4.37 0 0 0 0

T5 0 0 0 87.92/39.65 87.92 0

T6 3.67/24.38 14.02 14.02 0 0 0

Group 7 Group 8
Dur sum / % M (s) sd (s) Dur sum/% M (s) sd (s)

T1 26.94/6.38 13.47 14.58 51.45/19.50 7.35 6.51

T2 0 0 0 47.88/18.12 23.94 14.11

T3 207.4/49.12 41.48 56.22 144.52/54.72 36.13 43.88

T4 17.76/4.2 17.76 0 20.25/7.66 10.25 9.68

T5 170.12/40.3 42.53 25.53 0 0 0

T6 0 0 0 0 0 0

T6 0 0 0 0 0 0

Table 2.12: Durations of task positions in task 2. Overall duration, mean
and standard deviation are expressed in seconds.
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Task Position (durations)

Group 1 Group 2
Dur sum/% M(s) sd(s) Dur sum/% M (s) sd (s)

T1 118/59.78 14.75 7.38 127.4/54.19 25.48 31.08

T2 18.02/9.12 9.10 0.77 42.44/18.04 21.22 24.77

T3 10.25/5.2 10.25 0 42.51/18.07 14.17 9.37

T4 32.49/16.45 10.83 5.26 17.7/7.53 8.85 5.00

T5 0 0 0 0 0 0

T6 18.64/9.45 18.64 0 5.09/2.17 5.09 0

Group 3 Group 4
Dur sum/ % M(s) sd(s) Dur sum/% M (s) sd (s)

T1 138.06/83.22 69.03 17.26 48.7/80.33 48.70 28.33

T2 0 0 0 0 0 0

T3 3.50/2.1 3.50 0 0 0 0

T4 24.32/14.68 24.32 0 11.92/19.67 5.96 9.67

T5 0 0 0 0 0 0

T6 0 0 0 0 0 0

Group 5 Group 6
Dur sum/% M (s) sd (s) Dur sum/% M (s) sd (s)

T1 - - - 0 0 0

T2 - - - 110.70/100 110.70 0

T3 - - - 0 0 0

T4 - - - 0 0 0

T5 - - - 0 0 0

T6 - - - 0 0 0

Group 7 Group 8
Dur sum/% M (s) sd (s) Dur sum/% M (s) sd (s)

T1 0 0 0 72.44/94.24 72.44 0

T2 0 0 0 0 0 0

T3 44.77/23.02 44.77 0 0 0 0

T4 0 0 0 4.42/5.76 4.42 0

T5 84.82/43.65 84.82 0 0 0 0

T6 0 0 0 0 0 0

T6 64.71/33.33 64.71 0 0 0 0

Table 2.13: Durations of task positions in task 3. Overall duration, mean
and standard deviation are expressed in seconds.
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2.7 Discussion and Design Implications

The result section has shown that our measures, task performance, level of
activity, type of activity, and positioning of children and task contribute
to the understanding of children’s collaboration on different tasks. At the
same time, the measures allow us to come to conclusions about the tasks
themselves. In the context of the SQUIRREL project, these conclusions
allow us to inspire future scenario development. Furthermore, implications
from our research can inform the design of the functional role of the robot
and the specific behavior of the robot in terms of positioning in space and
possible interventions to increase task engagement and enhance pro-social
behaviors in playful interaction (e.g., inclusion, collaboration).

Generally, we can conclude that assembling structures from magnetic
blocks turned out to be an adequate task because it enabled us to create
different sub-tasks that required various abilities by the children. Also, the
tasks affected the engagement as well as the social behaviors of the children.
Furthermore, the task allowed us to implement sub-tasks of different lev-
els of difficulty to suit the age and development of the children. The basic
elements of the tasks (e.g., creativity, sorting, understanding shapes and ob-
jects, collaboration) can be translated to other tasks within the SQUIRREL
project.

The three sub-tasks that we considered in our study were exploration,
guided construction, and creative construction. The characteristics related
to these tasks led to differences in children’s social behavior and collabo-
ration. Hence, when designing tasks we have to take these differences into
account.

Exploration In the explorative task, the children spent most of the time in
their own space working individually. Each of them examined the magnetic
blocks but then also many children performed actions to attract other’s
attention (e.g., showing a block) to share what they had discovered. In such
a task, the robot could also stay in its own space pointing out useful and
interesting information about the task aiming to engage the children in the
interaction. The robot should be positioned so that it is well visible for all
children.

Guided Construction The guided construction task was the one that
we analyzed the closest. In this task the children had a limited amount of
time to perform a certain number of sub-tasks. Thus, only in this task we
included performance measures to compare the groups with each other. We
found big differences in performance between the groups. One explanation
for these could be the age of the children. However, also groups with children
of similar age, varied quite a lot in performance. Hence, in our analysis we
tried to find further reasons for the differences.
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One possible reason is the distribution of the roles between the children.
In some groups the children were similarly active, in others one child was
more active then the others and supposedly took the lead. Both strategies
could work well or not. The group that performed best (group 6) had one
leader and the other children supported this person (e.g., by handing over
missing blocks). However, not in all groups all children accepted one as
the leader. In these cases, the children did not support the other child
and rather displayed aggressive behaviors, such as in group 5 that had the
second-worst result in terms of performance. However, also in this group
all children stayed on task - or engaged. Hence, the children seem to have
the choice to reduce their efforts (or in other words to dis-engage) or to
keep their efforts high and show their discomfort in other ways, such as
aggressive behaviors. Hence, we should be careful to draw conclusions on
the engagement level from the task performance. Also we cannot retrieve
general answers to our second research question (RQ2: How do the non-
verbal behaviors affect task engagement of all children in a group?).

The group with the worst performance was a rather balanced group in
terms of activity and they performed the task in the shared space. However,
they still showed a lot of aggressive behaviors and their collaboration was
obviously not perfect. Hence, measures like positioning and level of activity
alone do not necessarily describe the actual quality of the interaction. They
have to be put in context. Hence, also with respect to our third research
question (RQ3: How do individuals’ behaviors combine to form different
types of children’s collaboration?) we cannot generalize.

However, the findings still provide some implications for possible robot
behaviors. The robot should potentially try to stop the children from per-
forming aggressive behaviors and to encourage exchange. In groups where
the aggressive behaviors occur because one child takes the lead and the oth-
ers do not accept this, the robot could try to involve all children more and
to balance activity levels to reduce these tensions. It could also try to en-
courage collaborative actions such as exchanging blocks in the task of the
study that is presented here. One possible approach to achieve this could
be to move the task back into a shared space.

However, we also observed groups where children willingly clustered
around the most active child by moving there or leaning over. This has
two implications: the robot should position itself in a similar way and it
should recognize if one child does not move close and encourage him/her
to do so. Thus, the robot should promote its own and all the children’s
inclusion spatially.

Creative Construction The last task in our study was creative construc-
tion, where the children could assemble one shape according to their own
choice. This task was designed in line with children’s free play in open-ended
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settings rather than guided play. We included this task into our study for
two reasons: Firstly, because it would give us an insight into children’s non-
verbal behaviors in a setting where they could take their own initiatives.
This is in line with the scenario of the SQUIRREL project. Secondly, this
setting would give the children the freedom to take control and determine
the course of their own actions. Thus, children’s behaviors are less related
to the affordances of the task-related tools (e.g., images to replicate).

A close investigation of children’s creative thinking was beyond the aim
of this study; this is to say that we did not look at their creative task per-
formance for this task. Rather, we focused on elements of their social inter-
actions and the level of their activity engagement through their non-verbal
behaviors. This analysis revealed that despite the fact that the children
were asked to collaboratively build one construction, they tended to exhibit
ego-centric behaviors and work individually. Results of the children’s posi-
tion and task position confirmed this tendency. Given these results, it seems
that special considerations are needed for the design of tasks that support
collaboration in open-ended settings and settings that support creative pro-
cesses. Hence, the same might be true if a robot comes into play and we
might have to work on strategies for robots to support such tasks and to
engage children in more collaborative behaviors.

Limitations We want to point out some limitations of the task design,
the study itself and the analysis.

One limitation with respect to the task design is that the children were
sitting and assigned specific positions in the experiment area at the begin-
ning of the session. Thus, the amount of movement in space of course was
limited and we might have to test more mobile scenarios to fit the SQUIR-
REL project.

Another limitation of the study design was the interference of the facil-
itator. While we tried to avoid the impact of this as much as possible, we
could not fully exclude this factor in order to ensure children’s safety and
understanding of the tasks.

Furthermore, the number of children that participated in this study al-
lowed us to get some qualitative insights, however, it was not high enough
to draw quantitative conclusions. Nevertheless, a deep understanding of the
data in a qualitative way is a valuable step to design acceptable robot be-
haviors within the SQUIRREL project. Hence, in future research we aim
to deepen the analysis, e.g., by including speech, i.e., what do children say
and how. Due to time constraints, this analysis was out of scope for this
deliverable.

Conclusion To conclude, this study was a valuable first step to under-
stand how children collaborate on different tasks. It led to some design
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implications for robot behavior and inspired our research. One question
that arose in this study is what roles children can take in the group. In
some groups we observed that one child was rather active on the task and
other children accepted this. In other groups, this did not work out at all
and resulted in aggressive behaviors. We assume that one cause for this are
the differences in the characters of the children. Hence, we wondered how
a robot should behave in order to be accepted by the children or, in other
words, what social character it should display. The study presented in the
next section aims to answer this question.

EU FP7 SQUIRREL 48



D2.1: Report on user behavior UT

3 First user study on child-robot interaction

In this section, we present the first user study on human-robot interaction
that we conducted within the SQUIRREL project. It aims to give a first
indication of how the robot should behave in the interaction with children
and what social character it should express.

3.1 Introduction

Children appear to respond readily and strongly to robots showing social
behavior [9]. Hence, child-robot interaction (CRI) is an eagerly explored
area for social robots [7] in many domains (e.g. education, health care,
collaborative play).

One of the main factors that contributes to initiate, sustain and maintain
child-robot interactions is engagement. Engagement is a comprehensive phe-
nomenon which comprises cognitive, affective and behavioral aspects such as
focus, involvement, flow and enjoyment. Engagement in human-robot inter-
action has been defined in different ways, but it has been addressed mainly
as ‘the process by which two (or more) participants establish, maintain and
end their perceived connection during interactions which they jointly un-
dertake [65]. Whilst some efforts to identify the features that contribute to
establish and sustain the perceived connection during joint interactions have
been reported in the literature, the question of which set of social behaviors
a robot should be endowed with in order to initiate, maintain and support
a positive engagement with a task is still to be answered.

Nevertheless, in the child-robot interaction literature one aspect that
appears to be crucial in the task engagement is the style of interaction con-
veyed by the robot behaviors [40, 26]. The style of interaction contributes to
foster children’s attention, flow, and motivation on a task. At the same time
it provides information about the ‘character ’ of the robot in the interaction
[49, 22] (e.g., the robot is seen as a friend, as a teacher, as a toy).

Given the above, our first exploration of task engagement in child-robot
interactions aims to shed light on the effect of ‘social characters’ [1] with
distinctive styles of interaction. Our study addresses the following research
questions:

• RQ1: Do robots with different ‘social characters’ (i.e., peer-like,
tutor-like) expressing different styles of interaction have a different
effect on the task engagement of children performing a task?

• RQ2: Do the ‘’social characters’ (i.e., peer-like, tutor-like) of the
robot affect the task performance differently?

To tackle these questions, we looked into the design of robot behaviors to
convey two ‘social characters’, which appear to be predominant in children
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task-oriented experiences, namely peers and tutors [60]. We identified sets
of behaviors that reveal an idiosyncratic style of interaction contributing to
convey a ‘social character’ (i.e., peer, tutor). Following a working definition
of task engagement, we evaluated the effect of the two ‘social characters’ (i.e.,
peer-like and tutor-like) on task engagement and task performance in a
Wizard of Oz (WoZ) user study.

The study entails a triadic scenario where an off-the-shelf robot (i.e.,
the Nao Robot) and two same sex children (6-9 years old) perform three
Tangram puzzle tasks with the help of the robot.

The results contribute to gaining first insights into children’s task engage-
ment and task performance, when interacting with a social robot. Moreover,
the findings set the frame for our ongoing research on designing engaging
robot behaviors in a task-related contexts. Finally, the study reveals some
methodological findings, which will also inform future work.

3.2 Task Engagement

Engagement is a multifaceted phenomenon, whose nature is still not well
understood in human-human interaction. Given its manifold nature, inves-
tigating engagement can be challenging, as the context, the interaction and
the interactant can further shape its definition [65, 57, 46].

As a result, engagement has been differently formalized across disciplines
and differently approached in scientific research. Nevertheless, its multidi-
mensional nature is widely accepted. In fact, the engagement phenomenon
encompasses three dimensions or states (i.e., cognitive, behavioral, affective)
[11]. The cognitive dimension/state is related to the attention processes and
the inhibitory control (i.e., suppression of actions and resistance to interfer-
ence from irrelevant stimuli). The behavioral dimension/state is related
to the cognitive one, but it represents its motor manifestation. In other
words, it comprises all the actions and fine or gross manipulations related
to the cognitive processes. The affective dimension/state is related to the
emotional and motivational aspect of engagement [62].

Since the early work of Sidner et al. [66], the discussions on the definition
of engagement is still ongoing in human-robot interaction. Recent research
highlighted that, in task related context, the social engagement (i.e., engage-
ment with the robot) and task engagement (i.e., engagement with the task,
intrinsic motivation in performing the task) should be differentiated [15, 19].

In order to investigate the effect of ‘social characters’ on children’s task
engagement and task performance, we need to provide out own working
definition of task engagement. Going a step forward from Sidner’s defi-
nition, ours elaborates on insights from [14, 27, 11, 19]. It considers the
level of cognitive, affective, and behavioral attributes of engagement during
the interaction. These attributes (see Table 3.1) are representative of task
engagement.
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Attributes Cues Examples

Cognitive e.g., directed gaze paying attention to the task

Affective e.g., smile, laughter
showing emotion in the task

or report endurability, enjoyment

Behavioral e.g., task related actions
be on task, attempting the task,

perform the task as expected,
completing the task

Table 3.1: The attributes of task engagement: cues and examples

The more these attributes occur in the interaction, the more motivating
and involving the interaction will be. We define task engagement as:

The process by which two (or more) participants establish, initiate, main-
tain and end their perceived connection during task related interactions which
they jointly undertake in order to accomplish a task. The initiation, main-
tenance and ending of the connection is regulated across the cognitive, af-
fective and behavioral dimensions of engagement. The positive attributes of
the cognitive, affective and behavioral dimensions of engagement represent
the points of task engagement. The more the attributes will occur the more
engaging the task will be. This definition of task engagement informed the
methodology of our study.

3.3 Related Work

A wide range of aspects of child-robot engagement has been researched,
mainly taking one of the following perspectives: user’s engagement detection
[15, 42] or identification of the elements that can lead to engagement in
child-robot interactions (i.e., robot behaviors, social features, robot’s styles
of interaction, user modeling). Given the goal of our research, we take the
latter perspective.

Most of the studies concern children with cognitive (e.g., autistic syn-
drome) or physical disabilities, or young users affected by chronic conditions
(e.g., diabetes type I). These studies usually focus on dyadic interactions
(i.e., one child interacts with the robot) [6, 25, 47, 68].

Nonetheless, some contributions have focused on normally developed
children performing a task with a robot, like playing chess together, or car-
rying out an educational assignment [18, 36, 38, 64, 26]. The main limitation
of these studies is that they account for highly specific scenarios, contexts
and applications. Hence, it is challenging to trace the basic features of the
child-robot engagement in task-oriented scenario. Nevertheless, one com-
mon element arises from the relevant work in the field. As a matter of fact,
the literature appears to agree implicitly that the ‘social character ’ and the
interaction style (i.e., set of communicative behaviors) of the robot plays a
role in the task engagement. In a well-known field study, Kanda et al. [37]
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revealed that children were more likely to engage in a learning task, when
they felt that they had something in common with the robot. Hence, shar-
ing a common ground with an equal peer robot contributed to an enhanced
engagement with a task. Not only sharing commonalities, but also interact-
ing with a specific style ascribable to character seems to play a crucial role
in task engagement. For instance, Okita et al. [49] illustrated how styles
of interaction influence affective engagement during a task, demonstrating
that a cooperative style better supports affective task engagement and task
performance. In a similar vein, Leite et al. [41] suggested that a set of
emphatic behaviors, exhibited by a robot companion during a game, may
encourage the child to identify the robot as a fellow peer, thus, enhancing
the endurability with the task. A related indication emerges from the work
of Belpaeme et al. [6]: a robot perceived as a peer during a game appears
to be more likely to support social and task engagement.

Not only a robot ‘friend’ can enhance engagement with the task, but
also a robot behaving like a ‘tutor’ can have a similar effect. A recent ex-
ploratory study of Kennedy et al. [40] showed how a robot tutor can enhance
learning outcomes in arithmetic tasks. Despite the results on children’s task
engagement, the study highlighted that caution is required when applying
a distinctive style of interaction to a robot ‘tutor’ in a learning scenario.
In fact, their findings suggest that a robot ‘tutor ’ endowed with sophisti-
cated social behaviors might lead towards worse task performance, albeit
sustaining the focus of attention on the learning activity.

Overall, the literature suggests implicitly that the complex set of task
related and affective behaviors with a distinctive style of interaction together
contribute to the definition of a robot ‘character ’, which appear to have an
effect on task engagement. In particular, a peer character and a tutor one
emerged as frequent robot ‘characters’ in task-oriented child-robot interac-
tions. To our knowledge, our study represents the first exploratory attempt
to overtly investigate the effect of social characters with distinctive styles of
interaction on children’s task engagement.

Robot social characters As a working definition of ‘social character’ we
took the one formulated by Janlert et al. [35], who define the ‘character of
things’ as ‘high-level attributes that help us understand and relate to them’.

Therefore, the robot ‘social character’ comprises all high-level func-
tional, affective, communicative behaviors, which combined convey a char-
acter with social characteristics. As the robot ‘social character’ is con-
textualized in a task-related scenario, it is further endowed with ‘stylized’
attributes of interaction, which together aim to lead toward task engage-
ment (i.e., cognitive, affective and behavioral attributes) and a better task
performance.

In line with the child-robot interaction and the child psychology litera-
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ture, we identified two ‘social characters’ : peer-like and tutor like. In fact,
in the interactive world of a child from six to nine years old, peers (e.g.,
school mates, sport mates, friends) and tutors (e.g., teachers, sport coaches)
play important social roles [60].

Peer interactions are crucial at this stage of cognitive development, as
they contribute to the social and emotional regulation of the child [33, 24].
Tutors represent an adult reference point outside the family playing a vital
role in the cognitive development of the children, fostering attention and
engagement on structured tasks [62].

The two ‘social characters’ present distinctive interaction styles dur-
ing task oriented activities. The interaction style of the peer-like character
encompasses checking the understanding of the task, mutual support, emo-
tional self-regulation, and sharing emotion [60]. The interaction style of
the tutor like character is based on scaffolding an educational technique
oriented to provide educational support to students, especially when per-
forming tasks [53]. Based on these basic interaction styles, the two charac-
ters are further specified by behaviors in different modalities (e.g., distance,
gaze, turn-taking, gestures, speech style, prosody etc.). Table 3.2 sums up
the main features of the two ’social characters’. These features guided the
robot behavior design.

Interaction
modalities

Modality
elements

Peer Tutor

vocals,
paralange

pitch high pitch low pitch

speech speech act, use
of vocabulary

exclamations,
direct speech,

simple
vocabulary

maieutic
language,

interrogative
speech

proxemics position sitting standing

kinesis, body
language

deictic
gestures

indication,
sweeping

pointing and
tracing

emphatic
gestures

arm in the air,
suprise

head nods

representational
gestures

mocking,
grasping

presenting

Table 3.2: Interaction modalities, elements and style of the robot social
characters (peer and tutor)

3.4 Hypotheses

Given the definition of engagement and the related work described above, we
sought to assess whether a ‘social character’ with a distinctive interaction
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style leads children to a different level of engagement with a task. Following
the literature, we defined two ‘social characters’, namely a peer-like and a
tutor-like character. Our specific hypotheses to address the effect of the
robot ’social character’ on children’s engagement are as follows:

• H1: There will be a significant difference in the task engagement (i.e.,
cognitive, affective, behavioral attributes) triggered by the two robot
‘social characters’.

• H2: A peer-like ‘social character’ will enhance affective engagement
as suggested by the literature [49]. Hence, there will be a difference in
the affective dimension of task engagement.

• H3: A tutor-like ‘social character’ will enhance the focus of attention.
Hence, there will be a significant difference in the cognitive dimension
of engagement triggered by the two robot ‘social characters’ [40].

In order to address the hypotheses, two conditions were devised:

1. Peer-like character (PC)

2. Tutor-like character (TC)

The two conditions are explained in the Method section.

3.5 Method

In order to investigate the effect of a robot ‘social character ’ on task en-
gagement, the social character (independent variable, IV) was manipulated
between-subjects. The children either interacted with a peer-like character
(i.e., PC) or with a tutor-like character (i.e., TC). We were interested in how
these ‘social characters’ affected the task engagement. Task engagement was
measured by means of behavior observations from video recordings and a
questionnaire specifically attuned to children’s cognitive development. The
behavior observations accounted for the cognitive and behavioral attributes
of task engagement, whereas the questionnaire measured the children’s sub-
jective experience related to a task (i.e., enjoyment), hence, accounting for
the affective attributes of task engagement (see Table 3.1).

In the study, dyads of same gender, same age children performed three
Tangram puzzle tasks with the robot exhibiting either the peer-like or the
tutor-like character. In both conditions, the role of the robot was to enhance
the participants’ task engagement. As such, the robot was not performing
the task with the children, but it was regulating the flow of the task as well
as providing support and reward to the children. To this end, we designed
a set of functional and affective robot behaviors for each character. These
behaviors conveyed an idiosyncratic style of interaction (i.e., like a peer or
like a tutor) to initiate, maintain, regulate and end the engagement on three
Tangram tasks.
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Figure 3.1: The figure presents the robot behaviors script used in the study

3.5.1 Robot and WoZ

We used the Nao robot1 as the physical agent for the triadic scenario. The
Nao is often used in child-robot interaction studies both for its features
and safety [7, 83]. In the user study, the robot was remotely controlled
by the researcher. A Python script controlled the communication between
the remote control (i.e., input manager, the terminal) and the Nao Robot
NaoQi 2 via Wi-Fi (i.e., output executor). The behaviors were specified
with numbers 0 to 10; the list of the behaviors with the relative number
were visualized in the terminal (i.e., input manager).

The researcher selected the ‘social character ’ (i.e., peer or tutor) and
input a number to launch the behaviors in the Nao Robot. The researchers
managed the transition of the behavior, i.e., the flow of the robot behaviors
in the task following a script. The robot behavior script was designed to
organize the behaviors in a way to regulate the task phases (e.g., introduction
of the task, time management, end of the task) and the task engagement

1https://www.aldebaran.com/en/humanoid-robot/nao-robot
2http://doc.aldebaran.com/1-14/dev/naoqi/index.html
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Robot Behavior Function

Introduction Task 1 To welcome the participants and explain the
first task

Refrain introduction To repeat the information of the introduction
in case of confusion

Reward to attempt To provide reward once the task is attempted

Support To support the participants providing
suggestions and acknowledging the difficulty of

the task

Reinforcement to
activity and keep on

To provide positive reinforcement if the task is
not accomplished and to spur to try with a

new task

Reward for completion To reward the accomplishment of the task

Introduction Task 2 To explain the second task

Introduction Task 3 To explain the third task

Final reward To reward the participants for their
participation after the third task irrespective of

task completion

Time management To tell the participants the time is almost over

Goodbye To greet the participants

Table 3.3: Robot behaviors and their functions.

(e.g., support, reward, refrain of information). Figure 3.1 presents the robot
behavior script. The behavior design is detailed in the following section.

3.5.2 Behavior design

Using Choregraphe3, we designed and programmed twenty-two behaviors.
Eleven for the PC condition and eleven for the TC condition. In order
to compare the two conditions, we designed the behaviors in such a way
that their function (e.g., introducing the task, providing reward, refraining
information) remained the same in the two conditions.

Furthermore, each behavior in both conditions was designed employ-
ing the same interaction modalities (e.g., speech and gestures). The only
difference in the design of the behaviors was the style of interaction (see
Table 3.2). In other words, the way the behavior was expressed through ges-
tures, speech, and positioning was designed either with peer-like or tutor-like
characteristics (see Section 3.3.1).

The robot behaviors The behaviors were designed to (i) regulate the
phases of the tasks, (ii) provide information about the state of the task

3https://www.aldebaran.com/en/robotics-solutions/robot-software/development
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(i.e., introduction, performance, end), (iii) support the attention of the par-
ticipants, (iv) provide reinforcement and support, and (v) provide reward.
The resulting behaviors are described in Table 3.3 and organized in a task-
related script described in Figure 3.1. Each behavior comprises the fol-
lowing modalities: speech, gestures, and positioning. These modalities are
designed in accordance with a peer-like and a tutor-like style of interaction.
In fact, exploring the literature [24, 62, 45], we identified distinctive features
of speech, gestures, and positioning per condition. These features were im-
plemented in the behaviors. The following paragraphs provide details about
the distinctive features of interaction modalities per condition.

Speech: differences in TC and PC All the behaviors were supplied
with speech components. We wrote speech lines consistent with the function
of each behavior and with the script. The speech lines were recorded by a
female researcher and added to behaviors as .wav files. The language of the
speech lines was Dutch. In total, 116 speech lines (i.e., 58 for PC and 58 for
TC) were recorded; we ensured that the total amount of speech was kept as
similar as possible for both conditions.

The content of the speech lines was the same for the PC and TC condi-
tions. In order to convey the difference in styles of interaction we modulated
(i) the pitch, (ii) the syntax of the speech lines, and (iii) the semantic of the
speech lines. The pitch was modulated to convey the PC voice (i.e., higher
pitch) and the TC one (i.e., lower).

As for the syntax, in TC speech lines the interrogative speech in a scaf-
folding fashion was prevalent. In other words, in TC the robot suggests,
supports and it does not instruct the child [67]. Moreover, in order to con-
vey the tutor-pupil relationship, the robot in TC addressed the participants
with the pronoun ‘you’ and the noun ‘kids’. The vocabulary used the typi-
cal tutoring register which encompasses the use of simple vocabulary, but no
colloquial and reinforcement expressions (e.g., ‘Well, done. Keep playing like
this’). In the PC speech lines, the direct speech was prevalent and emphatic
speech was frequently used. The vocabulary was simple with a colloquial
twist [61]. In order to convey a sense of equal partnership, the pronoun ‘we’
and the noun ‘together’ were used. The robot in PC addressed the children
as ‘mates’, ‘buddies’ and it underlined that the activity was somehow shared
[69]. Furthermore, speech lines in the PC condition exploited utterances to
express affect, especially when expressing reward (e.g, ‘Wow!, Nice!!!’ ).

Gestures: differences in PC and TC The gestures accompanied the
robot’s speech. In both conditions, (i) deictic gestures, (ii) representational
gestures, and (iii) emphatic gestures were used. In the TC condition, point-
ing and tracing gestures represented deictic and representational gestures,
respectively (see Figure 3.2). These types of gestures are usually used by
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(a) Tracing gesture start (b) Tracing gesture end

Figure 3.2: TC condition: Deictic and representational gestures

tutors and teachers to ground concepts. They are employed when explain-
ing the task or providing help [73]. As for the emphatic gestures, head nods
were used in the reinforcement and rewarding behaviors (see Figure 3.3). In
the PC condition, deictic gestures like grouping were used (see Figure 3.4).
Grouping is similar to presenting but it has the advantage to recall ‘grasp-
ing’, thus, granting the impression of the robot trying to actively engage in
the task, like an equal peer. Also emphatic gestures to express perplexity,
such as bringing one arm to the head, or gestures to express enjoyment like
raising both arms in the air are used in the PC condition to convey the peer
style of interaction [30, 3] (see Figure 3.5).

Positioning: differences in PC and TC In PC, the robot was mainly
sitting with the children, again, simulating equal partnership. Moreover, the
robot was close to the children [43]. In TC the robot was standing in front
of the children, simulating the way a tutor would position himself/herself in
space. In addition, in the TC condition the robot was positioned slightly
further away from the children [62].

3.5.3 Task scenario

Figure 3.6 depicts the triadic scenario of the study. The child-robot inter-
actions occurred on a playground were a couple of children (i.e., C1, C2)
sitting side by side on a play-mat had to perform a puzzle task with the help
of the robot, whose role was to sustain task engagement.

Following the literature on play and engagement presented in the Con-
textual analysis (see Section 2.2), we selected a playful sorting task for the
environment. The dyad of children had to solve three Tangram puzzles of
scalable difficulty. Tangram puzzles are ancient Chinese dissection puzzles
consisting of seven geometric pieces, called tans, which are put together to
form different shapes. The three tasks consisted in three puzzles to solve.
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(a) Expression of reinforcement (b) Reward Gesture

Figure 3.3: TC condition: Emphatic gestures

(a) Grouping gesture (b) Mocking grasping

Figure 3.4: PC condition: Deictic and representational gestures

(a) Reward gesture (b) An expression of perplexity

Figure 3.5: PC condition: Emphatic gestures

The puzzles were presented as an outline (e.g., the perimeter of an object
shape or animal shape) that had to be completed filling in the tans. The
pieces to complete the puzzle were divided equally between the children, who
needed to collaborate to accomplish the task. The first puzzle was designed
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Figure 3.6: The scenario of the study

Figure 3.7: An image of one Tangram set

to be solvable for all the children, even the younger ones. It consisted of
a simple outline with orientation lines, i.e., the lines defining the Tangram
piece perimeter, partially completed (i.e., four puzzle pieces placed on the
puzzle outline, three needed to be inserted).

The second puzzle had a medium difficulty. An outline of a house without
lines was given to the children. Only a perimeter of a house was visible and
one tan was placed on the outline to give a hint to the children. The children
had to fill in six pieces.

The third puzzle was difficult and required creativity: the children had
to organize puzzle pieces in a square without any hint. The task could be
solved in a creative way, i.e., creating color patterns or mirror patterns with
the pieces. In this task the children had 10 tans at their disposal; they could
fill minimum 4 tans maximum 10 to complete the square puzzle.

3.6 Setup and Procedure

Setup We collected the data in the wild at the local school in Enschede
(The Netherlands). We conducted the study in the gym room that we
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Figure 3.8: The setup of the study

divided in three areas: an experimental area, a WoZ area and a questionnaire
area. The experimental area and the WoZ area were equipped with three
HD cameras and computers (see Figure 3.8).

Procedure A facilitator escorted the children to the experimental area;
prior to the commencement of the session, the facilitator provided an in-
troduction to the robot in order to allow the children to familiarize with
it.

The children sat on a play-mat, one next to each other; the facilitator
placed the puzzle outlines and the Tangram pieces in front of them. The
robot was placed opposite of the participants, outside the play-mat at a
safe distance. The robot was remotely controlled from the WoZ area by
one of the researchers. Although the researcher was sitting in the same
room, his role was hidden from the participants. The only external actor,
who had an active role in the trials, was the facilitator. The facilitator
placed the puzzles’ outlines for each task. The robot initiated and ended
all the trials performing the ‘Introduction to the first puzzle’ behaviors and
the ‘Goodbye’ behavior. After the interaction with the robot, the facilitator
escorted the participants to the questionnaire area where the questionnaires
were administered.

WoZ management The behaviors were prompted and executed following
the participants’ reactions. The WoZ manager was instructed to end the
cycle after 21 minutes, even if the participants did not complete the tasks.
Thus, for each task the WoZ manager allocated 7 minutes maximum.

Participants Twenty children, divided in ten couples (six male and four
female couples), participated in the study. Their age ranged between 6 and
9 years old (M = 7.1, SD = 1.28). Following the study design, the couples
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Figure 3.9: A frame from one of the recorded session. The participants are
interacting with the robot during the second task.

were organized to be same sex couples (i.e., boy-boy, girl-girl). Moreover,
to guarantee uniformity in the cognitive development, a further cluster con-
cerning the age was applied, hence, the couples were the same age. Besides
the age and sex requirements, the coupling was randomized: five couples
were assigned to the peer character condition (N = 10) and the other five
to the tutor character condition (N = 10).

3.7 Data analysis

We analyzed the videos and the questionnaires collected in the trials. We
aimed to find behaviors and constructs that helped us to address our hy-
potheses. Following our definition of task engagement, we measured cog-
nitive, affective, and behavioral attributes of engagement in order to inves-
tigate the effect of the robot’s social characters on task engagement. To
account for the cognitive attributes of engagement, we investigated focus of
attention, namely the gaze behaviors of the participants. To account for
the affective attributes of engagement, we designed a questionnaire on the
construct of intrinsic motivation/enjoyment. To account for the behavioral
attributes of engagement, we investigated task performance, rating the de-
gree of completion of the task and analyzing task performance duration. In
the following paragraphs, we provide a detailed account of the measures and
the data analysis.

Behavior Observation In total we recorded approximately 126 minutes
of video. All interactions were recorded with three video cameras: one cap-
turing the central view, one the right view and one the left view. The videos
were coded in the annotation tool Elan4 following an annotation scheme

4https://tla.mpi.nl/tools/tla-tools/elan/
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developed for the analysis which accounted for the cognitive attributes of
task engagement cues (i.e., focus of attention), task performance information
(i.e., efficiency and degree of completion) and contextual cues (i.e., phase
of the session, phase of the task, robot behaviors). The annotations were
analyzed using a Matlab toolbox called SALEM. Approximately 10% of the
data (11’:42”) were coded by two independent coders who reached a good
inter-rater reliability (Cohen’s kappa: focus of attention κ = 0.730, p = .003,
task performance κ = 0.750, p = .000) [31].

We annotated the focus of attention of the participants on the play-
ground as follows: focus to the robot as gaze to the robot, focus to the
task as gaze directed to the task, focus to other child, as gaze directed to
either C1 or C2. We also annotated when the participants looked elsewhere
outside the playground. Each cue was annotated for both children (i.e.,
there is a tier in ELAN for each child). These annotations were analyzed
for counts and duration. As the recorded interactions differ in lengths, we
normalized the results providing seconds per minute of gaze (i.e, normaliza-
tion of summed duration counted gazes with overall length) and counts per
minute of gaze (i.e., the rate: count normalized with overall length). These
normalizations allow for comparison across interactions of different lengths.
The results are compared across conditions (PC vs. TC) with two-tailed
independent sample t-tests.

The task performance was evaluated in terms of completion (i.e., the
degree/extent of task completion) and in terms of duration. To assess the
completion, we established the following rationale: for task 1 and 2 we
annotated the number of correct Tangram pieces placed on the outlines
(by the participants as dyads). The scores (the number of Tangram pieces
placed correctly) were respectively a maximum 3 for the first and 6 for the
second task. The minimum for both tasks was 0. As for Task 3, the one
which entailed some degree of creativity, we rated the results from 0 to 6
irrespective of pieces placed, as the children could complete the puzzle even
without using the total number of tans available. The task was rated 6 when
completed with creativity, 5 when completed, 4 when completed for three
quarters 3 when half completed, 2 when completed for one quarter, 1 when
attempted with few tans, 0 when no tans were inserted in the square. The
degree of completion results are compared across conditions (PC vs. TC)
with two-tailed independent sample t-tests.

To assess the time needed to accomplish the task, we annotated the
duration of task performance as a cue for efficiency. To investigate the dif-
ference between the durations of task performances between the conditions,
a Mann-Whitney U test was carried out.

Questionnaire A questionnaire was designed to measure the affective at-
tributes of engagement (see Table 3.1). With this goal in mind, we se-
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Annotation scheme

Focus of attention

gaze to robot GR
gaze to task GT

gaze to other child GC
gaze else where NGD

Task performance

duration of perfomance performance

completion
from 0 to 3
from 0 to 6
from 0 to 6

Phase of the session tasks
1task
2task
3 task

Robot behaviors

greeting
asking

explaining
reinforcing
supporting
rewarding

Gr
Ask
Exp
Reinf
Supp

Reward

Table 3.4: Annotation scheme used for the behavior observation. The first
column contains the cognitive attributes of engagement (i.e., focus of atten-
tion), task performance information (i.e., duration and degree of completion)
and contextual cues (phase of the session, robot behaviors) annotated. The
central column specifies values of annotation and the last column provides
the abbreviation used in Elan to perform the coding.

Figure 3.10: Smileyometer scale used in the questionnaire.

lected three items of the Intrinsic Motivation Inventory measuring the In-
terest/enjoyment construct [34]. The questions were translated to Dutch.
Following the guidelines of the literature concerning survey methods in the
field of child-computer interaction [55, 54, 12], we used the Smileyometer, a
pictorial representation of the 5-point Likert scale anchored from “Strongly
Agree” to “Strongly disagree” and we avoided reversed items. The internal
reliability of the scale was 0.851 (Cronbach’s alpha). Figure 3.10 presents the
scale of the questionnaire. Table 3.5 presents the selected items in English.

The questionnaire presented also a closed question item. In fact, we
asked the participants to say if the robot behaved more like a peer or more
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IMI/Enjoyment Subscale Items

Q1 When I was playing with the tangram I was thinking
on how much was enjoyable
Q2 Playing with Tangram and Nao was fun
Q3 I enjoyed the Tangram activities very much

Table 3.5: IMI/Enjoyment subscale items in the questionnaire.

like a tutor. The goal was to have an indication of the user’s perception of
the robot.

3.8 Results

This section presents the results for each of the conditions. In total, 125
minutes and 41,4 seconds were analyzed: 60 minutes and 47,4 seconds in
PC and 64 minutes and 54 seconds in TC. The total number of annotations
for the focus of attention was 1976 annotations: 1050 in PC and 926 in TC.
Furthermore, we analyzed the questionnaires. The following paragraphs
provide details on the findings.

3.8.1 Cognitive attributes of task engagement: focus of attention

If we look at the total of gaze behaviors directed to the playground (the
gaze to the robot, to the task and to the child) the participants’ gaze rate
differed significantly between conditions; PC (M = 15.479, SD = 0.16) and
TC (M = 14.268, SD = 0.21; t(18) = 14.51, p = .0001). However, the gaze
rate attained outside the playground did not differ significantly between
the two conditions; PC (M = 1.793, SD = 2.265) and TC (M = 1.217,
SD = 1.960; t(18) = 0.6081, p = .5507).

In the peer condition, the participants appeared to gaze more frequently
to the robot. The gaze to the robot rate was significantly higher in PC
(M = 6.218, SD = 0.10) than in TC (M = 5.28, SD = 1.4; t(18) = 2.5920,
p = .0184). Moreover, the participants looked at the robot significantly
longer (i.e., gaze seconds/per minutes) in PC (M = 6.190, SD = 1.6) than
TC (M = 4.480, SD = 0.41; t(10) = 3.2739, p = .0084).

As for the gaze focused on the task, the rate of gaze was significantly
higher in PC (M = 6.43, SD = 0.16) than in TC (M = 5.023, SD = 0.21;
t(18) = 16.8530, p = .0001). The average amount of gaze seconds per
minutes on the task was also significantly different in the two conditions
(PC: M = 3.09, SD = 0.040; TC: M = 2.04, SD = 0.08; t(18) = 8.1398,
p = .001).

We also looked at the focus of attention (i.e., gaze) directed to the other
child. No significant difference in the rate of gaze to the other child was found
between PC (M = 2.829, SD = 0.63) and TC (M = 2.742, SD = 0.38;
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Task performance:
Efficiency

min max M SD

PC condition

Perf T1 24.10 63.50 38.12 17.23

Perf T2 30.47 165.10 87.97 63.61

Perf T3 40.40 276.90 124.23 99.68

Tot. Perf 24.10 276.90 83.43 73.58

TC Condition

Perf T1 49.50 179.80 95.17 58.93

Perf T2 49.00 170.00 126.76 53.64

Perf T3 67.00 301.80 211.84 101.06

Tot. Perf 49.00 301.80 132.16 84.07

Table 3.6: Task performance: efficiency expressed in performance duration
(s). The table presents the min/max duration, mean and standard deviation
of total duration of performance (Tot. Perf), duration perfomance in the
first task (Perf T1) second task (Perf T2), third task (Perf T3).

t(18) = 0.3739, p = .1184). In a similar vein, the average amount of gaze
seconds per minute were also not statistically significant across conditions
(PC: M = 5.170, SD = 1.08, TC: M = 6.04, SD = 8.43; t(18) = 0.3237,
p = 0.7499).

3.8.2 Affective attributes of engagement: enjoyment

Overall, both in the peer character condition and the tutor character con-
dition the results were polarized towards the highest score. The children
reported high enjoyment with the robot and the task in both conditions. A
Shapiro-Wilk test on the data confirmed the non-normality of the distribu-
tions with an evident negative skew. Given the distribution of the data and
the presence of outliers, a Mann-Whitney U test was carried out to determine
if there were differences in the IMI/Enjoyment score between PC and TC.
Enjoyment scores for PC (meanrank = 10.30) and TC (meanrank = 10.70)
were not statistically significantly different (U = 48, Z = −154, p = .878).

3.8.3 Behavioral attributes of task engagement: task completion

Task 1 was completed by all the participants in both conditions. Task 2 was
completed by 80% of the participants (4 out of 5 dyads) in the peer char-
acter condition and just by 20% of participants (1 out of 5 dyads) in the
tutor character condition. Likewise, Task 3 was completed by 80% of the
participants in the peer character condition and by only 20% of participants
in the tutor character condition. An independent-samples t-test was car-
ried out to determine if there were differences in participants’ effectiveness
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between the group who performed Task 2 in PC or TC. The task perfor-
mance was better in PC (M = 5.80, SD = 0.44) than in the TC (M = 3.80,
SD = 2.16), but no statistically significant difference was found (95% CI,
t(8) = 2.020, p = .078). As for Task 3, the task performance was better
in PC (M = 5.60, SD = 0.89) than in TC (M = 2.80, SD = 0.83) and a
statistically significant difference was found (t(8) = 5.112; p = .001).

Therefore, H1 was only supported for the third task, the most difficult
one, but not for the first and second task.

3.8.4 Behavioral attribute of task engagement: efficiency

We also annotated the duration of task performance as a cue for efficiency
(i.e., time needed to perform the task). The results also revealed that the
participants in TC not only had difficulties to accomplish the tasks, but
they also took more time to perform the tasks than the participants in PC.
Table 3.6 depicts the descriptive statistics relative to the total duration of
task performances and the duration of task performance for the first, second,
third task.

A Mann-Whitney U test conducted on the total performance duration
confirmed that the participants in the tutor condition (meanrank = 18.50)
took significantly more time (U = 154, Z = 2.139, p = .033) to perform the
task than the participants in the peer condition (meanrank = 11.73), thus
supporting H1.

3.8.5 Children’s perception of the robot: peer or tutor

The majority of the children perceived the robot as a friend, hence, even
when they were assigned to the tutor condition they saw the robot as a
peer; only 15% of the children perceived the robot as a tutor/teacher, 85%
of the participants experienced the robot like a fellow peer. In TC, 80% of
the participants identified the robot as a peer, while the remaining 20% of
the participants correctly identified the ‘social character ’ of the robot (i.e.,
tutor). In PC, the results appeared reversed as 90% of the participants
correctly identified the peer-like social character of the robot, while only
10% perceived it as a tutor.

3.9 Discussion

In our first user study we presented an exploration of the effect of two ‘social
characters’, peer-like and robot-like, on children’s task engagement. From
the analysis of the results of cognitive attributes of engagement (i.e., focus
of attention), affective attributes of engagement (i.e., intrinsic motivation,
enjoyment) and behavioral attributes of engagement (i.e., task performance)
we can account for an effect of the two ‘social characters’ on cognitive-
behavioral attributes of task engagement, but not for an effect on affective
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engagement, thus H1 is partially supported. Despite the results partially
supporting H1, the children did not seem to perceive a difference between
the ‘social characters’, as they reported the robot being a peer in both
conditions.

If we look at each attribute independently, the peer-like ‘social character ’
appears to have an effect on the focus of attention of the children, triggering
significantly more focus towards the robot and the task than the tutor-
like ‘character ’. In other words, the peer-like ‘social character ’ attracted
more attention towards itself, its explanations, reinforcements, rewards and
towards the task. These results contradict H3 and the literature, suggesting
that a social tutor enhances the attention of children on a task and on the
tutor’s explanations [40]. One possible reason for this unexpected outcome
is that the style of interaction exhibited in the peer-like condition, friendly,
equal, direct, emphatic is more suitable for a playful task like the Tangram
tasks, than for a more scaffolding-oriented one.

This explanation can be applied also on the results of the behavioral
attributes of task engagement. In fact, our findings showed higher task per-
formance and task effectiveness in the peer-like ‘social character ’ condition
in the more difficult tasks. This supports the outcome on the focus of at-
tention, thus, indicating that the style of interaction of a peer-like ‘social
character ’ as promoting an enhanced cognitive-behavioral task engagement.

On the other hand, the results on affective attributes of task engage-
ment discard the possibility of a significant difference of the effect of ‘social
characters’ on children’s enjoyment. In contrast with the literature [41], the
peer-like ‘social character ’ is not providing an enhanced effect on affective
attributes of engagement, thus H2 is not supported. Despite performing dif-
ferently and in some cases worse, the children scored their enjoyment very
high in both conditions, thereby not accounting for less enjoyment in case of
poor task performance. One explanation of these results could be a ‘novelty
effect ’ of the robot on the children. In fact, as this user study represents
the very first encounter with a robot for the children, their perception of
the robot and of the task might have been biased by their curiosity and
excitement for the new experience. This might have led to less awareness
on the perceived enjoyment.

Furthermore, the results on affective attributes of engagement and the
open question results could be suspect to the suggestibility effect [79]. In
fact, it has been reported by the literature that children’s self-reporting can
be affected by the desire to please the facilitator and by the pressure of
the school context, leading to score the questionnaire in a positive way to
not disappoint the researcher. The results account also for a polarization
effect, the children tend to polarize their responses to the questionnaire to
the extreme anchors [12]. This effect might indicate that their capability to
discern a scale is not refined yet, suggesting the inappropriateness of survey
methods with this user group.
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Another aspect reported by the literature, that might have contributed
to the questionnaire’s results, is the expectation of the children towards the
robot [7]. In fact, the appearance of the Nao robot, with his friendly and
pleasant embodiment could have increased the expectations of bonding, thus
contributing in seeing this robot like a fellow enjoyable peer.

Overall, our first investigation of children’s engagement highlights once
more the complexity of the engagement phenomenon and the necessity to
look into its cognitive, affective and behavioral attributes, as they contribute
differently to task engagement. With respect to our research questions (RQ1
and RQ2) on the effect of peer-like and tutor-like ‘social characters’ on task
engagement, our user study indicates an effect of the peer-like character
with its distinctive interaction style on cognitive-behavioral task engage-
ment (i.e., focus of attention and task performance). Moreover, from this
first exploration we draw some methodological conclusions, namely the in-
appropriateness of survey methods with this user group and the need to
address children’s expectation towards a social robot.

3.10 Limitations and future work

Our first user study suffered some limitations, which will be addressed in
future work.

Firstly, the sample size attenuates the results, as the study was carried
out with only 20 participants.

Secondly, we are aware that our findings on behavioral attributes of en-
gagement cannot provide a comprehensive account of the task performance
results, as they do not account for children’s prior level of ability on the task.
In our experimental design, we tried to overcome this limitation by address-
ing the possible discrepancies in the children’s cognitive development. This
is why we favored uniform age and same gender dyads. Nevertheless, we
are aware that the task performance results need to be grounded by each
child’s sorting ability level and we will add this aspect to our future study
designs. In the long run, this aspect will be added en route to endow the
robot with the capability to adapt to the users’ abilities. Similarly, we are
aware that, to provide a complete account of the task engagement dynamics,
future work should take into account the effect of task engagement on the
small group of children, hence discriminating the results per child.

Furthermore, we are aware that our results should be compared with a
human peer and human tutor interactions to be further grounded. This was
not possible for this very first exploration, but it will possibly be addressed
in follow-up studies.

Lastly, our investigation looked into the design of engaging child-robot
interaction from a top-down perspective. We looked at the overall effect
of a ‘social character ’ with a distinctive style of interaction. Our goal was
to have early indications on what ‘social character ’ a robot should display
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when it inserts itself in a play-group. As a result, we did not look into the
effect of single robot behaviors and single style interaction features. This
was beyond the scope of the study. In light of our findings on the effect of a
robot’s ‘social character ’ on task engagement, we will proceed with bottom-
up investigations to discern low-level engaging behaviors and interaction
style features oriented at promoting task engagement.
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4 Corpus of data from first user study

In the context of the user study (see section 3), we recorded our first child-
robot interaction corpus. The corpus comprises ten videos and ten richly
annotated files; each video accounts for one experimental session and each
annotated file represents the output of the annotations realized with the
annotation tool ELAN.

The following sections detail the terms of use of the corpus, the recorded
videos and the annotated files.

4.1 Use of the corpus: ethical consideration

In this section, we provide details about the terms of use of the corpus.
These terms of use affect: (i) the consultation, (ii) further data analysis and
(iii) the dissemination of the corpus by project partners and third parties.

As explained in Section 3, participants were recruited at a local elemen-
tary school, partner of the University of Twente. The approval to participate
in the study was given by the parents of the children by written agreement
on the basis of an information brochure and a consent form.

The consent form specified the usage of the collected data in terms of
anonymity, personally identifiable information and information dissemina-
tion. The parents could opt for giving a full consent, thus granting permis-
sion to participate in the user study, to allow audiovisual recordings and
to disseminate the data for research purposes. Otherwise the parents could
opt for giving a partial consent, not granting permission to disseminate the
audiovisual data.

In total, fifteen children had full consent and five children had partial
consent (see Table 4.1 for details). As a consequence, researchers who would
like to access the corpus should bear in mind the following terms of use:

• Data obtained from the user study is not disclosed to third parties.
The corpus is available to the SQUIRREL project partners for research
purposes only.

• Video screenshots and video recordings must be anonymized if dis-
closed in authorized academic dissemination (e.g. academic publica-
tions).

• Participants with partial consent cannot be included in any dissemina-
tion material, but their data can be analyzed by SQUIRREL project
partners.

• The researcher must operate in accordance with privacy legislation,
hence, data in which subjects are identifiable is carefully stored and is
deleted whenever the interest of the research allows for this.
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File Consent

C1C2S1PF.mov/.eaf Full
C1C2S2PM.mov/.eaf Full
C1C2S3PM.mov/.eaf Full
C1C2S4PF.mov/.eaf Partial
C1C2S5TM.mov/.eaf Partial(1 participant)
C1C2S6TF.mov/.eaf Partial(1 participant)
C1C2S7TM.mov/.eaf Full
C1C2S8TM.mov/.eaf Full
C1C2S9TF.mov/.eaf Full
C1C2S10PM.mov/.eaf Partial(1 participant)

Table 4.1: The table lists the files of the corpus, both videos and ELAN
files. In addition, it provides information about the consent.

In other words, the corpus can be consulted and used by SQUIRREL
project partners for research purposes (e.g., data analysis, internal presenta-
tions), but it cannot be available to the academic community or the general
public.

Moreover, in case of authorized dissemination (e.g, academic publica-
tions, presentations at conferences, symposiums) video screenshots or video
recordings should not be identifiable, hence the visual features of the par-
ticipants must be unrecognizable.

Overall, researchers are obliged to the above mentioned terms of use in
order to conform to the ethical principles of this research.

4.2 Videos

In this section we provide details about the videos collected during the first
user study. As explained in Section 3 the interaction between the partici-
pants and the robot were audio and video recorded.

Format and video synchronization. The audiovisual recordings cap-
tured three views: (i) a central view were the participants can be seen
frontally, (ii) a right view, which capture the interactions from the right
side and (iii) the left view, which capture the interactions from the left side.

In total, thirty raw videos were captured, one from each camera angle.
The raw videos were processed using Final Cut Pro3 and converted in a
standard format (i.e., .mov). Subsequently, the videos were synchronized as
follows: all the three camera angles start with the children sitting on the
mat opposite to the robot waiting for the first behavior of the script to start,
namely ‘Introduction to the first puzzle’ and end with the last behavior of
the script, namely ‘Goodbye’. Thus, the above mentioned anchor points
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Figure 4.1: The figure depicts a frame of the videos after synchronization
and split screen processing. The central, right and left views are labeled
accordingly.

were taken as referents for the time aligned synchronization. The former
was taken at starting point, the latter as ending point.

In addition, the three video streams are merged together in one video.
In fact, using the multi-camera function of the video processing tool, the
videos were merged in a single stream. The resulting ten videos present the
three camera angles in a split-screen-like manner. In other words, the videos
present all the streams synchronized in one (see Figure 4.1).

Use of the videos. The ten videos recorded during the first user study
can be used for further analysis in accordance with the general terms of use
discussed in the above section. The video format is compatible with the most
common annotation software (e.g., ELAN, ANVIL5) and data analysis tools
(e.g., MATLAB). Upon request, the master files of the frontal view videos
can be shared with the SQUIRREL project partners.

4.3 ELAN Files

The corpus includes ten richly annotated files. These files represent the
output of the behavior observations of the first user study.

Format and description of the files. As explained in Section 3, the
video data were annotated in ELAN following an annotation scheme (see
Table 3.4 used to analyzed participant’s task engagement. Details of the
annotation scheme can be found in Section 3. ELAN (EUDICO Linguistic
Annotator)6 is a free annotation tool that allows to create time aligned
annotation for multimodal data.

5http://www.anvil-software.org/
6https://tla.mpi.nl/tools/tla-tools/elan/
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Figure 4.2: The figure presents a screenshot taken from one of the ELAN
files.

The tool revolves around the concept of tier, namely a set of annotations
that share the same characteristics. Each tier has a controlled vocabulary,
namely a list of possible annotation values. In the ELAN files of the corpus,
the tiers and the annotation values are based on the user study’s annotation
scheme (see Table 3.4). As a result, the ELAN files included in the corpus
contain all the information about tiers, annotations values, time alignments
and links to media files, e.g., the videos (see Figure 4.2).

The format of the ELAN files is .eaf, a tool-specific extension. Hence,
the files can be read only in ELAN.

Use of ELAN files. Once read in ELAN, the files can be further analyzed,
adding more tiers and annotation values. Moreover, the tool allows the
integration of third part tools (e.g., Praat).

In order to analyze the annotations the files can be analyzed manually in
the tool or, alternatively, it is possible to export the files in text or XML files.
Once exported, in order to perform statistical analysis, these files have to
be imported in data analysis software (e.g., SPSS, Matlab). An alternative
to this laborious procedure is SALEM (Statistical AnaLysis of Elan files in
Matlab)[31], a Matlab tool developed by the University of Bielefeld. The
tool is free and available for research purposes. As already explained in
Section 3, SALEM was used to analyze the corpus.
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