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Abstract— The major contribution of this research is to
present a co-design study with groups of children about creating
movement for robots. Results show that according to the personality trait of the robot (extraversion, openness to experience
and agreeableness), children represent movement differently. By
having used the Effort System from Laban Movement Analysis
to code the movements performed by children, we envision to
create groups of robots with movements associated with their
respective personality trait. This study is part of a larger project
entitled T HE ROBOT–C REATIVITY P ROJECT whose goal is to
create multiple robots for multiple children in order to boost
their creativity while performing playful activities. We aim to
build robots with different personalities based on the findings
from this research, to create robots that enhance creativity in
children using different strategies according to their personality.

I. INTRODUCTION
From science-fiction to reality, it is expected that social
robots will enter our daily environments in the near future.
The field of Human-Robot Interaction (HRI) emerged as
being responsible for developing and studying socially intelligent robots that are designed and developed with the
ultimate goal of being interactive tools that can be included
in a broad range of contexts with different functions. This
seems to be an ever-growing field of study, with pertinent
research on humans interacting with robots. Despite the
clear advances of this field, there seems to be a lack of
investigation that considers more than one person and more
than one robot interacting at the same time (also called multiperson multi-robot interactions).
Technology in general and robots in particular have been
developed under multidisciplinary teams to promote and
sustain our lifestyle [1]. This has been achieved by developing robots for children in educational contexts [2], [3],
for elders with health care purposes [4], and even for adults
in collaborative tasks [5]. With granted importance to these
developments, robots also seem to bring a new generation
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of possibilities for tasks and contexts that require not only
functionally, but also creative thinking.
Creativity appears as one of the most important and
pervasive of all human abilities [6]. This ability has become
specially recognized since societies are shifting from industrialized to creative economies, in which problem solving
skills and thinking out of the box collaborations appear as
promises for growth [7]. However, these skills seems to
decline during school age years, in a phenomenon entitled
“creative crisis” [8]. In order to support and nurture creative
abilities at a young age, we propose to use social robots as
tools for enhancing creativity in children.
This paper is organized as follows: In Section II we
start by introducing T HE ROBOT–C REATIVITY P ROJECT,
providing a wider vision of our goals; we move to section III
in which we present the results of a co-design study of
a robot with children; we finalize with future work in
section IV.
II. THE ROBOT-CREATIVITY PROJECT
T HE ROBOT–C REATIVITY P ROJECT is grounded in the
field of HRI in which multiple social robots are created to
act as tools to boost creativity in children, stabilizing a new
generation of physical manipulatives [9]. In the scope of
this project we do not view robots as mere interactants with
children, but instead as technological tools (or “objects to
think with” [10]) to foster creativity in children within the
educational context of a classroom.
Robots emerge as powerful tools as they live in the same
space as humans do, providing opportunities for physical
interaction and stimulation. A study has showed that when
comparing a social robot with a virtual agent, people seem
to engage more with the robot, perceiving it as exerting more
social influence and being liked more over the virtual agent
[11]. In this project, we will design, develop and evaluate
groups of robots that can enhance creativity in children
between 7-8 years old. We envision these robots as nonhumanoid artifacts that resemble toys for children to play
with, having the potential to be a conductor of creative
thinking.
III. CO-DESIGNING PERSONALITIES FOR
ROBOTS WITH GROUPS OF CHILDREN
The major contribution of this study was the involvement
of children as co-designers of a robot. This study is part
of the larger project entitled T HE ROBOT–C REATIVITY
P ROJECT in which groups of robots will be interacting
with groups of children with the ultimate goal of boosting

their creativity (more details on this project are included on
Section II). We start by providing a theoretical overview that
motivates our research in Sections III-A, III-B and III-C.
A. Representation of movement through gestures
One of the skills that children acquire during their developmental stage is object substitution, or the ability to use
an object to represent another. In order to do this, children
acquire skills that allow them to separate the meaning of
an object from the object itself, giving identities to objects
other than their original ones [12], [13]. This is why children
develop symbolic play, namely pretend play in which a toy
(or any other object) can represent something else rather
than what it is (e.g., a toy that has the form of a teddy
bear can represent in fact a boy that is going to school)
[14]. Additionally, children are capable of representing an
object or a referent without the need for an actual substitute,
using the ability to imagine it and to represent it using
movements or gestures (e.g., being able to develop acting
skills in which they need to embody a given character) [15].
The major goal of this study was to involve children in the
design of movements that express personality traits for a
robot using low fidelity robot prototypes (see Figure 1). The
movement or gestures that children perform with the robots
are the symbolic representations that children hold of specific
personality traits.
B. The magic of movement
When we think about movement, we imagine a change
in position of either the whole or of a part of something or
someone. We rely on movements that are around us to create
our own story about what we are surrounded of, with the impulse of restoring or maintaining our sense of order. This occurs since humans are action centres that strive within bounds
to create their own worlds and interpret reality. Indeed,
humans have an urge to narrative and we even use narrative to
describe movements of inanimate objects with the underlying
requirement that we give agency to those objects [16].
A classic example of narrative emergence through agency
projection in movements was an experiment conducted by
Heider and Simmel (1944), in which the perception of movement was studied by asking participants to interpret a moviepicture film in which three minimalist geometrical figures (a
small and a large triangle and a disc) were shown moving in
various directions and at various speeds (part of the film can
be seen here: https://www.youtube.com/watch?
v=VTNmLt7QX8E). Although the movie-picture film had a
duration of only 2:30min, the authors have concluded that the
majority of the groups had interpreted the figures as animated
beings, creating stories about them (e.g., love stories) and
almost no participant described the whole movie-picture film
using factual geometrical terms [17]. This seems to show that
humans not only are able to interpret human-like movement
and attribute a meaning to it (e.g., emotion attribution) [18],
as are also able project agency and create a narrative about
movement of non-anthropomorphic and minimalist objects.
The findings from Heider and Simmel (1944) have inspired

TABLE I
P ERSONALITY DIMENSIONS AND OPPOSING POLES ACCORDING TO
C OSTA AND M C C RAE (1992) [22] ( LEFT COLUMN ). A DAPTION OF THE
TERMINOLOGY FOR CHILDREN ( RIGHT COLUMN ).
Personality dimensions
and opposing poles
Neuroticism vs. Emotional stability
Extraversion vs. Introversion
Openness vs. closedness to experience
Agreeableness vs. Antagonism
Conscientiousness vs. Lack of direction

Adaptation of terminology
for children
Social vs. Shy
Imaginative vs. Flat
Kind vs. Grumpy
-

our methodology decision of using the geometric form of a
cube to serve as the robotic paper prototype that children in
the study would move or, using narrative words, animate.
Many researchers have recognized the richness and importance of movements. Indeed, many forms of movement
notation were developed as researchers became interested
in having a widely and systematic language for describing
movement so that it would be remembered and could be categorized [19]. From the existing notation movement systems,
we highlight the Laban Movement Analysis (LMA) as it is
one of the most used notation systems in HRI, e.g., [20].
The LMA was developed by Rudolf Laban in the 1940’s to
record dance choreography [21]. It is a method for observing,
describing, notating and interpreting human movement and
describes four categories of movement:
• Body - the way a body changes shape during movement;
• Effort - dynamic qualities and characteristics of how
the movement is performed with respect to the inner
intentions;
• Shape - manner in which the bodys structure changes
during a movement;
• Space - interactions between the body and its environment, where the environment is conceptualized as
a geometric space constructed from the length, width,
and depth of the body.
The LMA presents a promising way to model and analyze
movement of robots. In fact, in the field of HRI, Effort and
Shape have been the two most common categories of Laban’s
work that have been used for robots, e.g., [23], [20].
C. Different personalities, different movements
Laban believed that through the application of the four
categories of movement present in the LMA (i.e., body,
effort, shape and space), one could not only reach an
understanding on the physical aspects of movements, but also
about the psychological and emotional inner states [24], [25].
North (1972) completed Laban’s thinking, hypothesizing correlations between personality and movement. She proposed
that the Laban Effort system would be the categories of
movement in which the individual’s personality is most
saliently perceived as it uses patterns and rhythms that are
key for understanding inner states [26]. This hypothesis was
later confirmed by some studies, such as from Levy (2003)
[27].

Personality is a term used to describe relatively enduring
styles of thinking, feeling and acting that characterize and
individual. It has been conceptualized from a variety of
theoretical perspectives, providing unique contributions for
the understanding of individual behavior and experience of
a person. For the purposes of developing a personality for
a robot, we have relied on the NEO Personality Inventory
Revised. In this model, personality is described according
to five factors (Extraversion, Agreeableness, Conscientiousness, Neuroticism, Openness to experience), each of them
associated with an opposing pole [22] (see Figure III-C,
left column). Thus, extraversion describes people that are
talkative, assertive and energetic; agreeableness relates with
good-natured, cooperative and trustful characteristics; conscientiousness with people that are orderly, responsible and
dependable; emotional stability with people that are calm,
not neurotic nor easily upset; and openness to experience
with intellectual, imaginative and independent-minded people [28].
As we have seen, movement appears to be related with
inner states. To achieve our goal of creating movement for a
robot, we relied on three personality dimensions to instruct
children to build movements for. The chosen dimensions
were extraversion, agreeableness and openness to experience. The motivation behind this choice relates with the
the robot will be able to maintain a social interaction with
groups f children, and these these dimensions are the socalled “social dimensions of personality”, i.e., the ones that
are more prone to be perceived in a social interaction.
D. Study description
This study is framed in T HE ROBOT–C REATIVITY
P ROJECT described in Section II. The goal of the project is
to create groups of robots that boost the creativity of groups
of children. For the process of the robots’ development, a
co-design study with children was conducted. The major
contribution of this study is to provide a classification of
movements for a robot according to different personality
dimensions. Co-design is one of the approaches that can be
adopted to actively involve users in the design process, to
ensure that the product that is being developed meets their
needs and revels to be useful [29]. From the different roles
that children can have as co-designers of new technologies,
in the case of our study, they were involved as design partners
for the design of movements for robots [30].
In this study, children were invited to represent movement
constellations personality dimensions: how a robot moves
when it meets another robot (called “social movement
constellation” onwards) and how the robot moves when it
is alone (called “alone movement constellation” onwards).
The movements that children created for each personality
dimensions were analyzed using the LMA and are detailed
in the Sections below. Therefore, the specific research
question that we aim to address is: How do children
represent with movement, personalities for a social robot?
In particular, we are interested in studying how children
produce the social and alone movement constellations for

Fig. 1. Children interacting with the paper prototype of a robot in the
form of a cube. The robot prototypes had a mechanism with an embedded
crayon that served to collect the drawn trajectories of the movements and
to motivate children to represent the movements in a 2D plane, avoiding
3D movements that are impossible to model and replicate in a real robot,
such as jumping and flying.

the same personality dimension, e.g., will a kind robot
move in the same way or differently if moving alone (alone
movement constellation) or when it meets another robot
(social movement constellation)? These are the types of
questions we are interested in studying.
1) Sample: A total of 52 children participated in this
study (M = 7.93 years old, SD = 1.32; 48.1% female, 51.9%
male) performed in a classroom of School Infante Sagres
in Lisbon, Portugal. Children performed the activity of
developing personality for a robot in groups of 3-5 elements.
The study had two pilot sessions, each session comprised
four children. These pilot sessions provided insights about
the activity that children performed and enabled us to refine
and adapt it according to our research goals. Thus, the
main study was comprised of 44 children, distributed in 9
groups of 4 elements, 1 group of 3 elements and 1 group
of 5 elements. The intended size for all the groups was
of 4 elements, but due to a child that got ill one of the
group performed the activity with only 3 elements, and
another group performed the activity with 5 elements as
we did not wanted to exclude any children that had signed
up for the activity. Inclusion of children in the study was
dependent on parents’ signed consent form prior to the study.
2) Method and material decisions: Paper prototypes of
a robot in the form of cubes were used. The prototypes
were made using origami techniques and each cube was
built with a mechanism that integrates a crayon inside so
that children could represent the movements of the robot
by drawing them in large paper sheets used as playgrounds
(see Figure 1). To embed a crayon in one of the cube faces
was a design methodology choice with a double intention.
Firstly, by having a crayon we were able to collect physical
representations of the movement that children made (in
this case, the drawn trajectory of the movement in paper
sheets) and this was important to enable movement analysis;
the second intention was to motivate children to represent
movements of the robot in a 2D space, avoid movements in
a 3D plane (such as flying, jumping) in order to stimulate

movements that can actually be modelled for robot’s motions
as the robot also navigates in a 2D plane. Additionally, a
video camera was used to record the interaction so that the
flow and weight of the movement could be analyzed.
3) Procedure: This study was performed in a classroom
of a school and children already in a group of 3-4 elements
which were previously chosen by their teachers, who have
chosen children that were friends. Each session lasted around
1h-1:30h and the procedure for the activity unfolded according to three stages:
Ice breaking: The first stage was concerned with breaking
the ice and make children feel comfortable with the
two researchers in the room. The ice breaker activity
chosen used a dice of cards with different animals
that were randomly distributed on the floor. Everyone,
including the researches, choose an animal that they
felt shares a similarity with them and has to present
it to the group and explain heir choice. This enabled
the researchers and the children to get to know each
other by sharing something about themselves. In order
to conduct a successful co-design session with groups
of children, we have applied the CHECk tool [31] to
explain to children their role as design partners in a codesign session, as well as to set expectations. At the
end of this stage, children were more relaxed and the
researchers moved to the next one.
Personalities’ passerelle: As the ultimate goal is to collect
children’s representation of movements for different
personality traits, we developed and activity that ensured
that all children were aware of what the different
personality dimensions were. This activity is called
“personalities’ passerelle” and makes use of bodystorming technique to prime children towards the personality
dimensions they will be working with in the next stage.
A set of instructions related with personality are given
to children e.g., “imagine you are now very shy, how
would you walk now?” Children are in a circle and start
moving in the classroom trying to express themselves
with the movements of their bodies and sounds as they
cannot use words for expression. The rule of no-words
was set as the main activity of moving a robot does
not imply verbal content. The next instruction would
follow: “Now you are grumpy, how do you walk now?
Remember that you cannot talk.”, “How would you like
to express to others that you are grumpy” At the end of
the activity children knew the meaning of the different
personality dimensions they would be representing on
the robots, namely extraversion, openness to experience
and agreeableness. As this terminology is very technical
for children, we have adapted it and used the adjectives
social and shy to represent extaversion and introversion,
imaginative and flat for openness and closedness to
experience, and kind and grumpy for agreeableness
and anatagonism (see Figure I). We have worked with
the adapted terminology for children throughout the
activity.

TABLE II
L ABAN E FFORT S YSTEM FOR MOVEMENT QUALITY [32].
Laban Effort System
Space
Weight
Time
Flow

Indulging
Indirect
Light
Sustained
Free

Fighting
Direct
Strong
Quick
Bound

Movement production At this stage, children were randomly assigned to produce movement for one of the
personality dimensions and it’s opposing pole. Therefore, one child would be responsible to produce the
movement of extraversion (social and shy), another
to openness to experience (imaginative and flat), and
the other child produced movement for agreeableness
(kind and grumpy). They were instructed to produce
one movement for the social movement constellation
and two different movements for the alone movement
constellation for the corresponding poles of each personality dimension. So, e.g., the child that was assigned
to produce movements for the extraversion dimension
would create 3 movements for the social facet (1
social movement constellation and 2 alone movement
constellation), plus 3 movements for the shy facet; thus,
each child produced a total of 6 different movements.
Children were given some time to explore their ideas
and after they were invited to start their production
line of movements for the robot’s personality in large
paper sheets, using the low-fidelity prototype. All of
children’s movement production of the prototypes were
video recorded.
In this section we present the analysis process and the
results from the co-design study with children. This study
enabled the collection of two types of data sets: paper sheet
drawing productions of robot movements and recordings of
the movements through the use of a video camera. Our goal
was to analyze the produced movements that children have
performed with the low fidelity robot prototype using both
data set sources.
E. Laban Effort System for movement analysis
We relied on LMA to analyze the movements produced
by children using the robot prototype. As explained in Section III-B, LMA is composed of four categories of movement
(body, effort, shape, and space) [21]. Since our interest was
on analyzing how children represent personality traits using
movement, we selected the Laban Effort System to perform
this analysis, as this is the category of LMA that relates
with the expression of inner states through movement. The
Laban Effort System is composed of four motion factors:
space, weight, time and flow. These four factors describe the
quality of the continuum movement through how resistant
the movement appears to be: if the movement appears to
have no resistance (named as indulging by Laban) or if it
appears to be a resistant movement (named fighting). The
organization of this coding scheme is represented in Table

Extraversion

II.
F. Code process of personality movement
We have analyzed 30% of the collected data which is
reported in this document, and the remaining data is under
analysis. According to our methodology, each child produced
movements for one personality trait, specifically for the two
poles of that trait (e.g., extraversion trait has the shy and
social poles). For each of the poles, children produced 3
movements (1 for the social movement constellation and
2 for the alone movement constellation), so each child
produced a total of 6 movements for the same trait. Therefore, 30% of the data provides a total of 78 movement
productions, however, 4 children voluntarily produced one
extra movement each, making a total of 82 movements that
were analyzed. Each movement was coded using the QSR
International’s NVivo 11.4.1 Software, taking into account
the Laban Effort System (see Table II). Taking extraversion
as an example, the produced movements for this trait were
coded in terms of space, weight, time and flow (see Table II).
The description of the coded scheme is the following:
Space (indirect-direct) Defines the spacial orientation of
the movement; indirect: the front of the low fidelity
robot prototype changes different orientations are considered such as side- back-wards; direct: the robot
acquires always the same spacial orientation and never
changes it until the movement is over.
Weight (light-strong) Defines how “heavy” the movement
appears to be; light: the movement appears to be effortless, being less influenced by gravity; strong: the
movement if performed with power or force.
Time (sustained-quick) Defines the speed-related aspect of
the movement; sustained: the movement is made by
making lingering movements; quick: the movement is
performed by making hurried or urgent movements that
are less time consuming.
Flow (free-bound) Defines the amount of control of the
movement; free: free movements occupy space and
can be messy; bound: the movement is careful and
controlled.

Direct
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Quick
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Agreeableness
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Fig. 2. Gears of personality movement for robots. The movement is
shown for the alone movement constellation (graphs on the left) and social
movement constellation (graph on the right) according to poles of three
personality traits (extraversion, openness to experience and agreeableness)
using the Laban Effort System. The graphs should be interpreted the
following way: extraversion personality trait is composed of the poles shy
and social. In the alone movement constellation, a shy robot moves in
a more direct space, sustained time and bound flow; whereas in social
movement constellation, direct space and bound flow are what best describes
its movement.

G. Results and discussion
In this section we will discuss the results presented in
Figure 2. This figure shows movements that children created,
clustered by personality trait (e.g., extraversion), pole (e.g.,
shy and social) and movement constellations (i.e., graphs
on the left represent what we have called “alone movement
constellation”, whereas graphs on the right represent “social
movement constellation” - more details about constellations
are present in Section III-D). By looking only at the three
personality traits (extraversion, openness to experience and
agreeableness) and not distinguishing between alone and
social movement constellations, results seem to show that
children perceived different movements for different personalty traits in a robot. In fact, Figure 2 shows how different
personality traits were represented by different types of
movements, by looking at changes in the frequency: the more

away from the center of the gear graph, the more frequent
the movement was. Specifically, we can see that the poles
for different personality traits were represented with different
movements: according to children and starting looking by
at extraversion, we can see that a shy robot moves slowly,
adopting careful and controlled movements (we can see from
Figure 2 that Bound and Sustained are the most frequent
movement types) and does not explore much the environment
around it (from the same graph, we can see that Direct is
also frequent). On the other hand, a social robot performed
expansive, effortless and free movements, but at a slow pace
(we can see high frequencies for Light, Free and Sustained
movements). Regarding openness to experience, an imaginative and a flat robots are were represented similarly in terms
of movement in which careful and controlled, effortless and

slow movements were produced (Bound, Sustained and Light
movements, according to the graph), not exploring much the
surrounding space and looking always to the front (Direct
movement). When moving onto agreeableness, we can see
that a grumpy robot is perceived as a robot that moves fast
with force and powerful movements, but these movements
are not necessarily controlled (Quick, Strong and Free). A
kind robot, however, moves effortlessly (Light movement).
When looking at the different movements that children
produced for movement constellations (alone and social,
with alone movement constellation represented on the left
and social movements constellation on the right of Figure 2),
it can be seen that the robots seem to move in the same way
when they are alone or in a social context, if they beling
to the same personality trait (i.e., shy and (we can see this
by comparing, e.g., the shy robot from the graph on the left
with the right and conclude that the same movement types
are made, although with slightly different frequencies and
appearing to be more creased when the robot is alone than in
a social context); the only exception is the kind robot which
explores the surroundings around it by looking at various
directions when it is alone, but when in a social context he
refrains from doing so and becomes engaged with one spacial
direction only, which is is facing towards the other robot.
IV. WORK IN PROGRESS AND FUTURE GOALS
The next steps concerns the analysis of the remaining data
from the co-design study to understand fully how children
represent movement for robots with different personalities.
The knowledge gathered will enable us to model these movements and build different robots for children to play with. As
the ultimate goal of our research is to have multiple robots
interacting with multiple children to boost their creativity,
we plan on relying on robots with different personalities to
convey different creativity strategies for creativity enhancement.
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