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Chapter 1

Introduction
This thesis introduces a social robot as a teacher of assistive sign language
to children with autism. The robot InMoov, which is modified specifically
for this use, is used as a platform for research. The thesis answers the question: How should the InMoov be designed to be a tutor of assistive sign
language for children with autism? First, design choices that could affect
the usefulness of the InMoov as a sign language tutor are examined. An
initial, theoretical design is defined according to existing research. In order
to achieve this design, a design framework for the design of social robots
is introduced. The InMoov is then modified accordingly, and the resulting
implementation is examined in experiments with children with autism. The
results are examined, based on which recommendations for future implementations of the InMoov in this use are made. Recommendations for robots to
be used with autistic children in general are also made.
This introduction details the background and motivation for the research,
defines the research problem and three different research questions, discusses
the goal and scope of the study, and introduces the structure of the study.

1.1

Background and motivation

Social robotics is a rapidly growing application area in the field of robotics.
Social robots are robots that aim to interact with people in a manner that
feels natural and interpersonal, usually to achieve social-emotional goals in
diverse fields of application such as communication, collaboration, quality of
life, health and education (Breazeal et al., 2008). This study focuses on the
domains of rehabilitation and healthcare, as well as education. Application
branches of robotics are visible in figure 1.1.
Autism spectrum disorder (ASD) is a disorder characterized by impaired
1
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Robotics application branches

Social robotics
Space robots & systems

This thesis’ domain

Industrial
Intelligent vehicles

Mining

Rehabilitation & healthcare

Underwater

Search and rescue
Education
Medical robotics

Aerial
Domestic
Construction
Robots in agriculture & forestry

Administrative & concierge tasks
Entertainment & companionship

Figure 1.1: The field of robotics, adapted from (Breazeal et al., 2008). This
project focuses on the rehabilitation, healthcare and education domains of
robotics. Intelligent vehicles, search and rescue robotics, medical robotics
and domestic robotics can be considered to be on the border of being social,
which is why they are depicted partially inside the sphere of social robotics.
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language and communication, impaired social behavior, and narrow flexibility in daily activities (Frith, 2003; von Tetzchner and Martinsen, 2014; World
Health Organization, 2017). Assistive sign language is a form of communication used by people with autism with limited verbal abilities (Huuhtanen,
2011). Autists usually learn assistive signs early on, which is why this research examines autistic children specifically.
Robots have been previously explored in communication therapy use with
children with autism. The rationale behind using a robot for this type of
therapy is that the robot’s social behavior can be consistently controlled,
which may make it less overwhelming for autistic people (Kozima et al.,
2009). Additionally, children with ASDs have been observed to show more
attention toward objects than to humans (Kerola et al., 2009), and to be
more interested in treatment when it involves robotic components (Robins
et al., 2006). Research has been conducted to explore robots as tools in
communication therapy for autistic children (Bekele et al., 2013; Boccanfuso
and O’Kane, 2011; Boccanfuso et al., 2017; Duquette et al., 2008; Giullian
et al., 2010; Goodrich et al., 2012; Kim et al., 2013, 2015; Kozima et al., 2009;
Pop et al., 2013; Robins et al., 2004, 2006; Wainer et al., 2014), and separately
to teach sign language to neurotypical children (Kose and Yorganci, 2011;
Uluer et al., 2015). Combining these two elements served as the motivation
to conduct this research.
In order to examine whether a robot teaching assistive sign language
to children with autism is feasible, experiments are performed with autistic
children. The robot used as a platform for this solution is the open source
robot InMoov, which is modified to be appropriate for this use. The InMoov
is a human-sized humanoid robot torso, constructed out of 3D printed body
components and gears. Its entire schematic is available under the Creative
Commons license (CC-BY-NC). The original InMoov schematic was designed
by Gael Langevin, and further contributions to its schematics and attached
software are made by the open source community of InMoov enthusiasts
(Langevin, 2013). The InMoov was selected due to availability, and to my
knowledge has not been used in other academic studies.
The experiments are done in collaboration with the Satakunta hospital
district in Finland. Two professionals working at the Satakunta hospital district acted as advisors for the design process presented in this thesis. These
experts consulted are a speech therapist, Akuliina Lehtonen, and a neuropsychologist, Terhi Nyman.
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Research problem

This thesis aims to design and implement the first instance of a robot teaching
assistive sign language to children with autism. This thesis explores the
research problem:
How should the InMoov be designed to be a tutor of assistive sign
language for children with autism?
This is done by first developing an understanding of autism, assistive
signing, and robots in use by children with autism. With the developed
knowledge, a design is constructed and tested with autistic children. This
design is then evaluated. Thus, the research problem is divided into three
research questions:
RQ1: What are the design choices that may impact the InMoov’s
usefulness as a sign language tutor?
RQ2: Is the designed robot successful as an assistive sign tutor?
RQ3: How should the initial design or consequent designs be modified?
The knowledge necessary to answer RQ1 is gathered in chapter 2, after
which a design is constructed in chapter 3. The methods to answer RQ2
are detailed in chapter 4, and results are examined in chapter 5. RQ3 is
discussed in chapter 6.

1.3

Objectives and scope of the thesis

The objective of this thesis is to provide knowledge on the design of social
robots, specifically for use in teaching assistive sign language to children with
autism.
On an empirical level, this objective is fulfilled by detailing the first pilot
study of a robot teaching assistive signs to children with autism. The study
examines whether the robot is successful as a tutor. Specifically, three different design conditions are compared, in order to provide knowledge on which
of these three design decisions are beneficial. Additionally, future recommendations for the robot presented in this thesis, and other similar robots that
could be implemented in the future, are presented based on the results from
the experiments. These recommendations can help people designing robots
make decisions in the future.
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On a theoretical level, the objective is fulfilled by proposing a design
framework for the design of social robots. Existing social robots have not
been systematically and consistently designed from end-to-end, which motivated the creation of the framework. The framework is utilized as a tool
during the design process presented in this thesis, and it can be utilized
in the design of any social robot in the future. To my knowledge, this is
the only design framework that details the entire design process of a social
robot. In this thesis, the framework is used specifically to modify the design
of the robot InMoov to be suitable for teaching assistive signs to children
with autism. The description of this process serves as an example of how the
framework can be utilized.
Due to the large base of theoretical knowledge that is presented in this
thesis, the experiments themselves are kept small in size. Additionally, organizing experiments with autistic children is challenging, which is why only
10 participants’ data are analyzed. To provide definitive results on the usefulness of a robot in this type of use, clinical level studies would need to be
conducted. However, due to the pilot nature of the study, a small number of
participants is deemed as useful to provide the first steps into a previously
unknown niche branch of robotics.
Due to the narrow scope of the experiment itself, the design framework
is considered as the most important contribution of this thesis.

1.4

Structure of the thesis

The second chapter is a literature review presenting academic literature on
autism and the communication impairment associated with it, social robots
previously in used in communication therapy, and social robots previously
used as teachers of sign language. The chapter ends with the theoretical
knowledge being synthesized into design guidelines for the robot.
Following the discussion of the background, the design for the robot is
presented. A design framework is introduced as a tool to make design decisions about different dimensions of a social robot. In this thesis, the robot
InMoov is situated into the design framework, and modifications are made
to it according to the design guidelines established in chapter 2.
Chapter 4 presents the methods to be used to study the modified InMoov
teaching assistive signs to children with autism. The research setting, process
and methodology are presented.
Results of the experiments are presented in chapter 5. Both quantitative
and qualitative results are analyzed.
Following the results of the study, the chapter 6 discusses the answers
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to the research questions. Limitations of the study are detailed thoroughly.
Practical and theoretical implications, as well as suggestions for future research are discussed. Finally, a conclusion is provided.

Chapter 2

Background
This chapter examines how autism manifests in children, how it affects their
communication skills, and what assistive sign language is. This chapter also
examines what research has already been done with social robots as communication therapy tools for autistic children, and social robots as teachers
of sign language. At the end of this chapter, this knowledge is synthesized
into five design guidelines, which will guide the design process of the robot
in chapter 3.

2.1

Autism in children

Autism or autism spectrum disorder (ASD) is a developmental disorder which
is characterized by impaired social behavior, impaired communication and
language, and a narrow range of interests and activities that are unique to the
individual and carried out repetitively (World Health Organization, 2017).
The intervention described in this thesis is targeted at improving impaired
communication.
In 2017, the World Health Organization reported that worldwide, 1 in 160
children has an autism spectrum disorder (World Health Organization, 2017).
According to a Danish study, ASD diagnoses have been increasing, with
incidence rates rising from 9.0 to 38.6 per 100 000 people from 1995 to 2010
in Denmark. Increases were most pronounced among adolescents, adults and
females (Jensen et al., 2014). Diagnoses of ASD are also increasing globally.
This apparent increase could be due to improved awareness, expansion of
diagnostic criteria, or better diagnostic tools and improved reporting (World
Health Organization, 2017).
ASD begins in childhood, and in most cases the condition is apparent
during the first five years of a child’s life. Autism usually persists into ado7
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lescence and adulthood. The level of functioning among individuals with
ASD is highly variable, and ability ranges from profound cognitive impairment to superior performance in certain areas (World Health Organization,
2017). Research has shown that the level of functioning of adults with ASDs
depends on how well they were using language before school age (von Tetzchner and Martinsen, 2014).
Early interventions targeted at improving the speech, communication or
behavior of the autist are aimed at improving quality of life, rather than
curing the disorder. When provided early enough, interventions can improve
the person’s self-care, communication and social skills (von Tetzchner and
Martinsen, 2014). Due to this, the intervention introduced in this thesis
focuses on children.

2.1.1

Communication and language difficulty as a
characteristic of autism spectrum disorder

50 % of children with autism remain functionally mute in adulthood (Huuhtanen, 2011; Peeters and Gillberg, 1999). For those that do learn to speak,
the development of language is often delayed, and the level of language is
highly variable (Huuhtanen, 2011).
According to the current understanding, the key problem of autism is a
lack of “Theory of Mind”, which means that people with autism have trouble
recognizing that other humans have thoughts and feelings, and have trouble
anticipating others’ behavior (Baron-Cohen et al., 1985; Frith, 2003). People
with autism also experience problems in integrating pieces of information into
a coherent whole. These core problems contribute to the problems of communication, social interaction and flexibility that people with ASDs experience
(Frith, 2003). Problems experienced in social interactions discourage autistic
people even further from making an effort, which in turn minimizes opportunities to learn communication and social skills, creating a negative feedback
loop (Kerola et al., 2009).
To avoid this loop, teaching autistic children communication and social
skills needs to be clear and structured so as not to confuse and distress the
person even further. Therapy for children with ASDs often focuses on teaching basic social skills such as eye contact, turn taking, joint attention and
emotion recognition (Kerola et al., 2009). Because problems in speech can be
anticipated, therapy for people with autism often includes practicing using
other forms of communication, such as using assistive sign language, gestures,
picture symbols or photos (Huuhtanen, 2011; Tincani, 2004). These forms of
communication can be used either as alternative communication, which re-
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places speech, or augmentative communication, which supports speech (Huuhtanen, 2011). In the intervention presented in this thesis, the focus is
specifically on assistive sign language, which is a form of augmentative communication.

2.1.2

Assistive sign language as a communication method
for people with autism spectrum disorder

Signing is the most used form of both alternative and augmentative communication used in Finland (Huuhtanen, 2011) and globally (von Tetzchner
and Martinsen, 2014). Signing can hasten the acquisition of speech for some
autistic individuals, since during signing, visual and motoric memory support the auditory memory used for speech (Bonvillian et al., 1981; Kerola
et al., 2009). Early sign language teaching has been shown to advance the
development of children, especially their language, cognitive and social skills
(Huuhtanen, 2011).
Assistive sign language, which is a form of augmentative communication,
is used simultaneously with speech, in support of it. Individual signs are
borrowed from Finnish sign language, but the grammar and structural rules
associated with Finnish sign language are not used. The most important
words of sentences are signed simultaneously as the words are spoken (Huuhtanen, 2011). According to speech therapist Lehtonen, who works with
autistic children, the most important word is determined by the context. For
example, when saying “Let’s go to the kitchen to eat.”, the most important
word can be “kitchen” if eating is usually done somewhere else, or it could
be “eat” if eating is being done at an exceptional time, and the kitchen is
usually reserved for other activities (A. Lehtonen, personal communication,
June 25, 2018).
Finnish sign language signs are constructed of four components: hand
shape, placement, movement and orientation. In addition to hands, facial
expressions and body posture are also used to communicate signs. Mouth
shape can also be used to communicate (Huuhtanen, 2011). According to
speech therapist Lehtonen, the hands are most important in assistive signing.
Facial expressions can be used to communicate the tone of the statement.
For example, saying “My house burned down.” requires a frown, but “We
have a nice new house.” requires a smile, even if the word “house” is what is
being signed in both cases (A. Lehtonen, personal communication, June 25,
2018).
Assistive signing has advantages over other augmentative communication
systems, such as graphical picture systems. Signing needs no external tools.
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Especially for a small child, carrying around equipment such as an image
communication system would not be practical (Huuhtanen, 2011). However,
symbolic pictures or photos do not share the disadvantage of being hard to
understand for people who have no experience with them (von Tetzchner and
Martinsen, 2014).
Autistic individuals can have difficulties learning to sign. Motoric difficulties sometimes exhibited by autistic individuals may play into difficulties
signing (Kerola et al., 2009). Many autistic children have spacial dyspraxia, a
coordination disorder, which makes it difficult to perceive and produce signs.
For example, signs may be performed slowly (Bonvillian et al., 1981), the
fingers of the individual may be stiff, or the trajectory of movements may be
hard to control. In addition to this, some autists may have trouble recalling
signs from memory quickly enough to be used in spontaneous conversation
(Huuhtanen, 2011).
These factors can lead to assistive signs being individualistic, and only
recognizable by the individual’s family and others closely in contact with
them (Kerola et al., 2009). When the autistic individual meets a new person, this person should be taught the unique signs that the autist is using
(Huuhtanen, 2011).

2.1.3

Current methods and challenges of learning
assistive signs as a child with autism spectrum
disorder

Learning a new method of communication requires co-operation of the child’s
speech therapist, loved ones and other educators the autistic child may have
(von Tetzchner and Martinsen, 2014). Learning assistive signs is difficult from
a book or from videos, since signs require spacial moves. This means that the
individual usually needs a physical teacher to learn signs. To achieve best
results, the people close to the autistic person should learn and use assistive
sign language in everyday situations (Bonvillian et al., 1981; Huuhtanen,
2011). Sign language tutoring should be started as early as possible, in order
to achieve the best level of signing and speech possible (Bonvillian et al.,
1981).
Almost all autistic people are capable of learning at least a few signs,
and usually in a short time (Bonvillian et al., 1981; von Tetzchner and Martinsen, 2014). Those individuals who benefit the most from signing can
spontaneously produce long signed sentences after years of speech therapy.
For some exceptional individuals, remembered signs can exceed hundreds. It
has been shown that even the lowest functioning autists can acquire from five
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to ten signs with a year of studying. Even this level of signing can greatly
improve quality of life (von Tetzchner and Martinsen, 2014).
Goals for learning sign language should be defined according to the individual, to avoid unrealistic goals that would deter both student and teacher
from further study. Therapy sessions should be designed and signs to be
learned should be chosen according to the needs of the individual, as autism
can present very differently across individuals. The individual’s needs and
interests need to be taken into account (Bonvillian et al., 1981; von Tetzchner
and Martinsen, 2014).
Taking breaks from learning can have adverse effects, as the child may
forget already learned signs if they do not have enough repetitions and practice. Moving or change of environment can also create problems for learning.
If the teacher changes, the new teacher may not have sufficient knowledge of
what the child has learned, and what they do not yet know. If a teacher is
unfamiliar with a child, they may be unable to recognize unique signs that a
child is using. Such inconsistencies in teaching will frustrate the child, which
in autism can often lead to behavioral problems and anger, which will further
degrade the quality of learning (von Tetzchner and Martinsen, 2014). These
are problems that could be addressed with new teaching methods.
Generalization is another challenge in learning signs. Generalization is
the process of transferring learned signs into use in everyday life. To aid generalization, spontaneity of communication should be emphasized, to encourage the child to take initiative and be an independent communicator, rather
than attempting to communicate only when prompted (Carr and Kologinsky,
1983). This can be done by combining the learning of speech and communication with everyday situations, and practicing with the people present in
the child’s everyday life. This requires co-operation with the individual’s
loved ones and other educators (Carr and Kologinsky, 1983; von Tetzchner
and Martinsen, 2014).

2.2

Social robots as tools for autistic children
and sign language tutors

Social robots have been used as communication therapy tools with autistic
children. They have also been explored as tools to teach sign language to children. This thesis presents the first known instance of using a social robot to
teach assistive sign language to autistic children, as a form of communication
therapy.
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Robots as communication therapy tools for
autistic children

A significant amount of research has been done in the field of robotics with
autistic children as a user group. The ability to consistently control a robot’s
social behavior make them potentially interesting tools for communication
practice for autistic children (Kozima et al., 2009). Additionally, autistic
children have been observed to show more attention toward objects than to
humans when playing (Kerola et al., 2009), and to be more interested in
treatment if it involves technological or robotic components (Robins et al.,
2006). These observations have led researchers to explore robots as tools in
therapy.
A variety of robots have been used in communication therapy with autistic children, nine of them are presented in table 2.1. These robots have
either been specifically built for research with autistic children, built for research and adapted for autistic children, or built for commercial purposes but
adapted for use in research with autistic children. Additionally, robots that
have been built to be commercially sold for use in communication behavior
therapy with autistic children exist. However, no research on those robots is
available, so they are not included here.
The list of robots in table 2.1 is not exhaustive, as other robots used in
autism communication therapy also exist. The robots presented here were
chosen on the basis of relevant literature being made available. The robots
examined here were used in experiments with autistic children specifically
with the purpose of improving their communication skills. The purpose of
examining these robots is to gain theoretical knowledge about robots in this
use, in order to make design decisions about the robot to be used in this
experiment, and the experimental set-up to be used.
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Image

References

interaction
games
(Duquette et al.,
2008)

Creators: Audrey
Duquette, François
Michaud and Henri
Mercier. Image:
Assistive
Technologies and
Child-Robot
Interaction –
Scientific Figure on
ResearchGate.
Available from:
https://www.
researchgate.net/
Tito fig2 249766819

Troy

built for
research
with
autistic
children

pilot study
(Giullian et al.,
2010), long-term
therapy
(Goodrich et al.,
2012)

Creators: J. Alan
Atherton and
Michael J. Goodrich.
Image: Visual robot
choreography for
clinicians – Scientific
Figure on
ResearchGate.
Available from:
https:
//www.researchgate.
net/Troy-BYUshumanoidrobot fig1 224243058

Charlie

built for
research
with
autistic
children

pilot study
(Boccanfuso and
O’Kane, 2011),
interaction
games
(Boccanfuso
et al., 2017)

Creators: Laura
Boccanfuso and
Jason M. O’Kane.
Image: With kind
permission from
Springer Science +
Business Media: Intl
J Soc Rob,
(Boccanfuso and
O’Kane, 2011).

Tito

built for
research
with
autistic
children
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Keepon

Probo

Kaspar
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long-term
therapy (Robins
et al., 2004),
effect of
appearance of
robot (Robins
et al., 2006)

Creators: Aude
Billard at Adaptive
Systems Laboratory
at University of
Lausanne.
(Adaptive Systems
Laboratory, 2018).
Image: KASPAR –
A Minimally
Expressive
Humanoid Robot for
Human–Robot
Interaction Research
– Scientific Figure
on ResearchGate.
Available from:
https:
//www.researchgate.
net/figure/RobotaBillard-et-al2006 fig4 255601703

built for
research

freeform
interaction
(Kozima et al.,
2009)

Creators: Hideki
Kozima while at the
National Institute of
Information and
Communications
Technology. Image:
Ilikedudes, from
Wikimedia
Commons.

built for
research

independent
communicating
during social
stories (Pop
et al., 2013)

Creators: Vrije
Universiteit Brussel.
Image: Probo, Vrije
Universiteit Brussel
(Vrije Universiteit
Brussel, 2009).

interactive
games (Wainer
et al., 2014),
co-creating
autism
interventions
(Huijnen et al.,
2017)

Creators: Adaptive
Systems Research
Group at University
of Hertfordshire
(The AuRoRA
Research Group,
2018). Image: Luke
Wood, Kerstin
Dautenhahn, A.
Rainer, Ben Robins,
Hagen Lehmann and
Dag Sverre Syrdal.
Used under a
Creative Commons
Attribution licence.

built for
research

built for
research
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Pleo

commercial,
adapted for
research

attention
direction
(Bekele et al.,
2013)

15

Creators: Aldebaran
Robotics, acquired
by Softbank
Robotics (Softbank
Robotics, 2018).
Image: Anonimski
[CC0], from
Wikimedia
Commons.

robot as an
embedded
reinforcer of
social behavior
during
semi-structured
Creators: Innvo
commercial, interactions
Labs (Innvo Labs,
2018). Image:
(Kim
et
al.,
adapted for
Jiuguang Wang,
2013), effect of
from Wikimedia
research
Commons.
positive affect
during
semi-structured
interactions
(Kim et al.,
2015)
Table 2.1: Nine robots used in interventions targeting
improvement of communication skills for children with
ASDs. Pilot studies examining the robot’s usability for
this purpose, and studies where the robot was interacting with children with ASD are included. Robots are
organized by category: robots that were designed specifically for use by children with autism first, robots that
were designed for research and adapted for use by children with autism next, and robots that were designed for
commercial use but adapted for research for children with
autism last. Inside these categories, robots are organized
according to oldest relevant research.

These nine robots are discussed in more detail below.
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Tito

Tito is a low-cost, custom-made robot for autism therapy created at the
University of Sherbrooke. Tito is a small, cartoon-like robot that wears
human clothes.
Tito was used in an experiment to facilitate reciprocal interaction, such
as imitative play. The experiment involved four low-functioning autistic children, two of whom interacted with the robot and two with a human mediator. The mediators executed imitation play patterns on three levels: facial
expressions, body movements, and familiar actions with or without objects.
Experiments were conducted with pre-programmed behaviors consisting of
motion and vocal messages (Duquette et al., 2008).
The study measured shared focused attention and shared conventions,
as well as absence of sharing, to determine the success of the interaction.
The study showed that the robot mediator induced increased shared focused
attention, visual contact and physical proximity, and children paired with
it smiled more. However, children paired with the human mediator showed
more shared conventions, such as imitation of body movements and familiar
actions (Duquette et al., 2008).
2.2.1.2

Troy

Troy was built at Brigham Young University for use in autism therapy. It is
simple and mechanical in appearance, wears a human’s shirt and pants, and
has a screen as a face, on which different emotions can be displayed. Troy’s
behaviors were designed to encourage turn-taking and imitation in the child
interacting with it (Goodrich et al., 2011).
The baseline of Troy in use for autism therapy was determined in a small
study in 2010. The study showed that the robot could be controlled effectively during a therapy session, and that children seemed to treat it as a
“social other” (Giullian et al., 2010).
In 2012, Troy was incorporated into an autism therapy team in longitudinal studies with two children with autism. The experimental set-up had a
“low-dose” approach, where the robot was used for only 10 minutes during
a 50 minute therapy session. The study noted increase in socially engaged
behaviors as compared to before the study. The children also showed more
interaction with the clinician after the treatment. Increase in greeting, symbolic play and sharing toys was also noted, as well as a decrease in restricted
interests and repetitive behaviors (Goodrich et al., 2012).
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Charlie

Charlie is a low-cost robot, designed for use by children with autism in communication therapy, built at the University of South Carolina. The robot was
explored in a pilot study in use with typically developing children in 2011.
The robot taught imitation skills via the games “Imitate Me, Imitate You”,
and “Pass the Pose”. Children interacted either only with the robot, imitating its movements and vice versa, or interacting with another child through
the robot. The pilot succeeded as a proof-of-concept, as the neurotypical
children interacted with the robot willingly, and it succeeded in operating as
planned, detecting the children’s faces and hands successfully (Boccanfuso
and O’Kane, 2011).
At Yale university, Charlie was incorporated into an ASD-intervention
within clinical methodology. The research noted improvements in communication and social interaction in the children, which were measured prior and
after the interventions. The interventions focused on child-led interaction
games (Boccanfuso et al., 2017).
2.2.1.4

Robota

Robota is a small, female-looking, doll-like robot, that was built at Adaptive
Systems Laboratory at University of Lausanne (Billard, 2003). Robota was
designed to emphasize its humanoid aspect, and to have an especially humanlike appearance for its face (Billard et al., 2006).
Robota was not originally designed for use by children with autism, but
has been applied as assistive technology in behavioral studies with lowfunctioning autistic children (Billard et al., 2006). Robota has been used in
studies with autistic children by the AuRoRA research group, “Autonomous
Robot as a Remedial tool for Autistic children”, at the University of Hertfordshire (Robins et al., 2004, 2006). AuRoRA is a research project initiated
in 1988 at the University of Hertfordshire, studying the use of robots as tools
that may serve an educational or therapeutic role for children with autism.
Robota is autonomous, and has been taught sequences of actions and vocabulary using machine learning algorithms. Robota can react to touch by
detecting passive motion of its limbs and head through its potentiometers
(Robins et al., 2004).
AuRoRa used Robota to examine the long-term effects of use of a social robot in therapy with autistic children. This experiment was designed
in response to the observation that one-time experiments are not likely to
accurately predict what effects long-term therapy with robots could have.
The change over time of eye gaze, touch and imitation in social interactions
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were observed. The experiment showed that all four children involved opened
up socially to the robot and willingly interacted with it. The experiments
also showed that conditions prior to arriving at the therapy, for example an
unplanned change in schedule, which can be stressful for an autistic child,
can significantly affect the child’s behavior during the session (Robins et al.,
2004).
Robota was also used by AuRoRA to explore whether a robot’s appearance matters in the interaction between an autistic child and the robot. The
study showed that children with ASD have a preference for plain, featureless
robots over robots with human-like features. The study compared Robota
with a robotic appearance with a dressed-up, human-like Robota. Children displayed more social and pro-active behavior toward the plain Robota
(Robins et al., 2006). Robota’s appearance was subsequently changed to be
more simple and robotic (Billard et al., 2006).
2.2.1.5

Keepon

Keepon is a small robot, designed for non-verbal, simple communication
with children in order to study, test and elaborate on psychological models
of development of social intelligence. It was designed by Hideki Kozima’s
research team at the National Institute of Information and Communications
Technology in Kyoto. The minimalistic design has a yellow “snowman”like form, and was created after the same researchers determined that their
toddler-sized and mechanical robot Infanoid provided too much stimulus for
autistic children, and overwhelmed them so that they could not interact
with it. Keepon has both an autonomous and teleoperated operation mode
(Kozima et al., 2009).
Keepon has been used with both normally developing and autistic children. With autistic children, Keepon was observed to become regarded as a
social actor by the children, increasingly toward the end of the their 15 interaction sessions over five months. The authors suggest that this indicates
that autistic children do in fact have a motivation for sharing and exchanging
mental states with others, contrary to popular belief (cf. (Carpenter et al.,
2005)). The researchers argue that when a robot is carefully designed to
express its mental states in a way that is comprehensible to autistic children,
they will establish a social relationship with it. Kozima argues that simple robots can facilitate exchange of mental states in children with autism,
implying that the major social difficulties experienced by autistic children
stem from difficulty of sifting out socially meaningful information in human
interactions, rather than from lack of motivation (Kozima et al., 2009).
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Probo

The “huggable robot” Probo was designed at Vrije Universiteit Brussel, to
be used by children in hospital contexts as a tele-interface for entertainment,
communication and medical assistance. The social robot is a soft, elephantlike creature, with a screen in its stomach (Saldien et al., 2008). It has been
adapted for research with autistic children.
An experiment conducted with 20 autistic children revealed that the children needed fewer communication prompts from the robot than a computer
display, in order to respond to prompts given during a social story. The
prompts were hierarchical, ranging from verbal to gestural and physical. The
study examined the degree of independence of expressing social abilities such
as asking questions, eye gaze, asking for help, and greeting. The use of Probo
increased the independence of children expressing their social abilities (Pop
et al., 2013).
2.2.1.7

Kaspar

Kaspar, “Kinesics and Synchronization in Personal Assistant Robotics”, is
a child-sized minimally expressive humanoid robot that has been developed
by the Adaptive Systems Research Group at University of Hertfordshire.
Kaspar is male-looking, has elastic skin and wears children’s clothes. Kaspar
was specifically designed to study human-robot interaction, with the aim of
being able to signal emotions in a minimally expressive way (Dautenhahn
et al., 2009).
The AuRoRA research group has used Kaspar in several studies (The
AuRoRA Project, 2018). Kaspar has been used to provide a predictable and
repetitive experience of communication, which aims to be more comfortable
for autistic children. Kaspar can be used to teach autistic children communication skills such as engaging in direct eye contact or taking turns. Kaspar
also provides an enjoyable play context for the child to build their social skills
(University of Hertfordshire, 2018).
In the latest study by AuRoRA, Kaspar was used to explore the differences of a robot and a human playing partner in an interactive game with
autistic children. The study concluded that children were more entertained
by the robot, but more collaborative with human partners (Wainer et al.,
2014).
Kaspar has also been used at other universities, such as Zuyd University
of Applied Sciences, where it was used to co-create autism interventions
together with autistic children, their parents and professionals of the field
(Huijnen et al., 2017).
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Nao

Nao is a commercial robot developed by Aldebaran Robotics in 2006, later
acquired by Softbank Robotics (Softbank Robotics, 2018). Nao is a small
humanoid robot. It has been adapted as a research platform, due to its
programmability.
In 2013, Nao was used as a tool to test robot-mediated joint attention
skills with autistic children. The research involved creating a hierarchical
structure of prompts executed by the robot to direct the child’s attention.
The study determined that children with autism showed a stronger preference toward robots over humans when compared to neurotypical children.
Children with ASD also needed more prompts from the robot to successfully
direct their attention than neurotypical children (Bekele et al., 2013).
The study concluded that using robots to teach social skills was promising, and they could be used to take advantage of autistic children’s non-social
attention preference. The study raised questions of how to generalize skills
learned with the robot into everyday life (Bekele et al., 2013).
2.2.1.9

Pleo

Pleo is a small animatronic dinosaur toy, developed by Innvo Labs (Innvo
Labs, 2018). Pleo has rudimentary sight, touch, temperature and motion
sensors, and can understand basic voice commands.
The robot Pleo has been used to study the behavior of autistic children in
semi-structured interactions (Kim et al., 2013, 2015). Children were found to
show more utterances toward an accompanying adult, when interacting with
the robot in comparison to a computer screen (Kim et al., 2013). Researchers
also noted more positive affect displayed by the child when interacting with
the robot than with a human partner. Positive affect was defined as enjoyment or happy excitement. The study also noted that positive affect was
related to greater autism severity, which meant that robots have the potential to be effective in interventions with lower functioning autistic individuals
(Kim et al., 2015).

2.2.2

Sign language tutoring with social robots

To my knowledge there is only one research group, the Cognitive Social
Robotics Laboratory at Istanbul Technical University in Turkey, that has
been studying robots as teachers of sign language to children (Cognitive
Social Robotics Laboratory, 2015). These studies have not researched the
use of robots to teach sign language to children with ASD.
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Figure 2.1: Robovie R3. Creators: VStone (VStone, 2010). Image: Advanced Telecommunications Research Institute International. Available at:
http://www.atr.jp/topics/press 100420 j.html
2.2.2.1

Nao

A study by the research group in 2011 explored the use of the Nao as a teacher
of sign language for neurotypical children with normal hearing. In this study,
non-verbal communication and imitation based interaction games between
the robot and child were used to evaluate the children’s ability to learn sign
language from Nao (Kose and Yorganci, 2011). Children readily imitated the
robot during the study. The study referenced a previous study by the same
research group, where the physical presence of a robot (Kaspar in particular)
was determined to be more effective than a video of a robot (Kose-Bagci
et al., 2009), and noted that this new study confirmed the result. The use
of video as a sign language teaching method for children was not as effective
as the use of a robot, because it lacks the social interaction dimension. The
researchers also found that the effects of the physical limitations of the robots
were diminished when the children had a relevant context or story for the
signs (Kose and Yorganci, 2011).
This study did not research the use of the robot with children with ASD.
The main observation from the study in the context of this thesis is that
successful imitation of the robot by the human user can be used as a measure
of successfully learning sign language from the robot.

CHAPTER 2. BACKGROUND
2.2.2.2

22

Robovie R3

A study done by the same research group in 2015 detailed how a five-fingered
robotic platform, Robovie R3, was used to teach Turkish sign language to
children. Robovie R3 is a humanoid robot with sophisticated hands, developed by Japanese company Vstone (VStone, 2010). Robovie R3 is presented
in figure 2.1.
The study used imitation-based interaction games to tutor both children
with hearing loss and children with normal hearing. The study aimed to
establish interaction between the child and the humanoid robot through imitation and turn-taking. Robovie R3 was determined to be both successful
in accurately demonstrating signs, and teaching the children (Uluer et al.,
2015).
The study’s robot was able to produce a set of 10 signs, chosen from a
sub-set of daily used words. The same signs were used in the previous study
with the robot Nao, and thus took into account Nao’s physical limitations
(Kose and Yorganci, 2011). Due to its greater physical flexibility, Robovie
R3 was determined to be a better sign language teacher than Nao (Uluer
et al., 2015).
The robot was not examined in use by autistic children. The most important learning from this study in the context of this thesis is that imitation
and turn-taking games were determined to be useful methodologies in a study
examining whether users can learn sign language from a social robot.

2.2.3

Design guidelines

The robots discussed here, along with the observations and recommendations
made in the studies, are used as a base to formulate design guidelines for
a robot to be used to teach assistive signing to children with autism. In
addition to this, explicit design recommendations and guidelines made by
researchers for the design of social robots (Bartneck and Forlizzi, 2004), and
for robots specifically for use by autistic children (Dautenhahn, 2002; Giullian
et al., 2010; Michaud et al., 2003; Robins et al., 2007) are taken into account.
Knowledge and research presented earlier in this chapter on how autism
manifests and is treated in children is also applied to formulate the design
guidelines.
The design guidelines will be used to guide the design process of the
robot presented in this thesis, and will be utilized in the process of making
explicit design decisions in the next chapter. While these guidelines have been
developed with this particular application in mind, where the robot is used
to teach assistive sign language to children with autism, these guidelines can
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be utilized in the design of robots for use by children with autism in general.
The design guidelines are:
• Simple form (Boccanfuso and O’Kane, 2011; Boccanfuso et al., 2017;
Dautenhahn, 2002; Duquette et al., 2008; Frith, 2003; Giullian et al.,
2010; Robins et al., 2007, 2006; Kozima et al., 2009)
• Consistent, structured, simple behavior (Bartneck and Forlizzi,
2004; Boccanfuso and O’Kane, 2011; Boccanfuso et al., 2017; Billard
et al., 2006; Dautenhahn, 2002; Duquette et al., 2008; Frith, 2003; Giullian et al., 2010; Kim et al., 2013, 2015; Kozima et al., 2009; Robins
et al., 2007)
• Positive, supportive, rewarding experience and environment
(Bekele et al., 2013; Boccanfuso and O’Kane, 2011; Boccanfuso et al.,
2017; Carr and Kologinsky, 1983; Giullian et al., 2010; Huijnen et al.,
2017; Kim et al., 2015; Kozima et al., 2009; Michaud et al., 2003; Pop
et al., 2013; Robins et al., 2004, 2007; Wainer et al., 2014)
• Modular complexity (Bekele et al., 2013; Billard et al., 2006; Bonvillian et al., 1981; Dautenhahn, 2002; Duquette et al., 2008; Giullian
et al., 2010; Pop et al., 2013; Robins et al., 2007, 2006; von Tetzchner
and Martinsen, 2014)
• Modular specific to child’s preferences (Dautenhahn, 2002; Bonvillian et al., 1981; Giullian et al., 2010; Robins et al., 2007; von Tetzchner
and Martinsen, 2014)
The design guidelines are discussed in more detail below. Details on how
the robots discussed in table 2.1 fulfill the design guidelines are presented in
table 2.2. The first three robots – Tito, Troy and Charlie – were designed
specifically for use autistic children. Design guidelines are marked as fulfilled
on the basis that a study conducted with the robot explicitly mentions the
design condition being implemented or having pre-existed. Some robots that
are introduced do exhibit realization of the design guidelines even if they are
not explicitly mentioned. However, this is entirely up to the judgment of the
observer, so these robots are not marked as following the design guidelines.
For robots with multiple implementations across studies, if any implementation mentions the design guideline, they are included.

CHAPTER 2. BACKGROUND

24

Tito

Troy

Charlie

Robota

Keepon

Probo

Kaspar

Nao

Pleo

Simple form

x

x

x

x

x

–

–

–

–

Consistent,
structured,
simple behavior

x

x

x

x

x

–

–

–

x

Positive,
supportive,
rewarding
experience and
environment

–

x

x

x

x

x

x

x

x

Modular complexity

x

x

–

x

–

x

x

x

–

Modular specific to child’s
preferences

–

–

–

–

–

–

/

–

–

Table 2.2: This table details how the robots presented in table 2.1 follow the
established design guidelines in their relevant studies. If the robot follows
a design guideline, it is marked with an “x”, if they do not, it is marked
with a “–”. The “/” indicates that this is an emerging realization of a design
guideline.
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Simple form

As discussed previously in this chapter, people with autism have problems
with forming a holistic perception, meaning they have problems integrating different stimuli into a “wholesome” experience, and may instead fixate
on isolated features (Dautenhahn, 2002; Frith, 2003; Giullian et al., 2010).
To avoid overstimulation, social robots designed for use by autistic children
should be kept simple and predictable in their appearance (Dautenhahn,
2002; Kozima et al., 2009; Robins et al., 2007). Additionally, an appearance
that is too life-like and close to a human could even unnecessarily limit the
robot and restrict its functionalities (Dautenhahn, 2002).
Robots examined in table 2.1 which have been designed specifically for
use by autistic children have all been kept simple in form and appearance, as
seen in table 2.2. The robot Charlie was created to have simple, toy-like and
friendly appearance to more easily attract the attention of a child, and to
appear approachable and not intimidating (Boccanfuso and O’Kane, 2011;
Boccanfuso et al., 2017). The robot Tito was described by researchers to be
simple and human-like in appearance (Duquette et al., 2008). The robot Troy
was designed to not be overly realistic, and to have a simple and mascot-like
appearance. It was designed to have a mechanical appearance in order to be
discernable as a robot, but not too mechanical so that the child would not
become fixated on its components. The robot’s face, which is a computer
screen, has a cartoonish and simple design (Giullian et al., 2010).
Robota, a robot applied to behavioral studies with autistic children, was
especially designed to be humanoid in appearance (Billard et al., 2006). However, it was later discovered in a study with Robota that children preferred it
to have a simpler, robotic appearance (Robins et al., 2006). The appearance
was changed accordingly for subsequent use by children with autism (Billard
et al., 2006).
The robot Keepon, which was designed for interaction with children, was
also designed to be simple in appearance, and to have basic anthropomorphic traits such as lateral symmetry and two eyes, to indicate potential for
social agency. The designers also opted to convey Keepon’s emotions through
bodily movement, avoiding facial expression in order to not risk a flood of
information (Kozima et al., 2009).
2.2.3.2

Consistent, structured, simple behavior

As discussed, people with autism have problems with social interaction and
flexibility of behavior and routines (Frith, 2003; von Tetzchner and Martinsen, 2014). Their lack of Theory of Mind leads them to be unable to predict
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other people’s behavior (Baron-Cohen et al., 1985; Frith, 2003). Robots
that behave consistently and predictably could potentially bridge the gap for
autists confused by human complexity, and help them learn communication
skills (Dautenhahn, 2002; Robins et al., 2007). A large number of features
in behavior could even be overwhelming (Dautenhahn, 2002), and result in
overstimulation (Dautenhahn, 2002; Kozima et al., 2009). A consistent set of
behaviors (Bartneck and Forlizzi, 2004), as well as a structured sequence of
actions and positive behavior reinforcement is recommended (Robins et al.,
2007).
All robots examined in table 2.1, which have been designed for children
with autism, follow this design guideline (as seen in table 2.2). The robot Tito
was described by researchers to be more predictable than humans (Duquette
et al., 2008). Troy’s behavior was designed to be simple and clearly structured
through if/else branching and do/while loops. Some adaptability was built
in, so that a therapist could make changes during a therapy session (Giullian
et al., 2010). The games that the robot Charlie was designed to play with
children, “Imitate Me, Imitate You” and “Pass the Pose”, both follow a
consistent and structured behavioral flow (Boccanfuso and O’Kane, 2011).
The same simple games were further developed in a later study with Charlie
(Boccanfuso et al., 2017).
Robota can engage in both simple and complex behaviors with the user,
depending whether it is performing its “built-in” or “learning” behaviors.
Robota’s simple behaviors include simple imitation of the user, and simple
expression of emotions (Billard et al., 2006).
Keepon’s behavior was kept simple and constituted of two actions: attentive orienting toward a certain target by directing its head toward it,
and emotive expression by rocking its body up and down. These behaviors aimed to communicate what Keepon perceives, and how it evaluates the
target (Kozima et al., 2009).
Pleo was pre-programmed with 13 socially expressive behaviors (Kim
et al., 2013). In a later study, its behavior was constrained to a pre-determined
set, which were delivered according to a tightly controlled interactive script
(Kim et al., 2015).
2.2.3.3

Positive, supportive, rewarding experience and environment

Learning a new method of communication requires the co-operation and support of the child’s speech therapist, loved ones and other educators they may
have (von Tetzchner and Martinsen, 2014). Involving the people present in
the child’s everyday life, and practicing in familiar environments, can help
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aid generalization and creates a supportive experience (Carr and Kologinsky,
1983). An encouraging and supportive environment congratulates the child
when they are doing well, but is not too critical if the child should respond
incorrectly (Michaud et al., 2003; Robins et al., 2007). A sensory reward
for participating in the therapy is recommended to keep the child motivated
and the experience positive (Michaud et al., 2003; Robins et al., 2007). The
robot should be a companion to the child, and be receptive and responsive
to the child’s actions (Robins et al., 2007). Eight out of the nine examined
robots follow this design guideline, as seen in table 2.2.
Troy is designed to involve the therapist of the child in a triadic interaction
with the robot, with the robot acting as a facilitator of social interaction,
in order to aid generalization. Troy is responsive to the child’s behavior
(Giullian et al., 2010).
Charlie was designed to provide positive sensory feedback, in the form of
LEDs flashing in its hands, when the child successfully imitated the robot’s
pose. The robot could also provide positive auditory feedback. If the child
did not respond, the robot did not criticize the child, but continued with the
game (Boccanfuso and O’Kane, 2011; Boccanfuso et al., 2017).
Robota was used in a reassuring environment, where the robot’s predictability and repetitive behavior were comforting factors (Robins et al.,
2004). Keepon was situated in the naturalistic environment of the children’s
preschool playroom, in order to create a supportive environment (Kozima
et al., 2009). Probo was designed to offer positive feedback to the user when
they answered correctly in order to reward them, and to correct wrong answers (Pop et al., 2013).
In a co-creation study, positively reinforcing behaviors, such as rewarding,
were designed for Kaspar. Participants suggested that Kaspar could give
a thumbs up to reward the chidlren in a non-verbal manner. If the child
made a mistake, Kaspar was designed to give a reaction in a neutral voice,
without an angry tone (Huijnen et al., 2017). In another study, sensory
rewards were designed to be used in the experiment environment, when the
child behaved correctly. Rewards were implemented either as visuals on a
separate screen, or as a reward sound. Children seemed to enjoy the sensory
rewards. Additionally, the study concluded that the interaction with Kaspar
had been a positive experience, as children displayed positive affect, such as
smiling when interacting with the robot (Wainer et al., 2014).
The robot Nao was used to generate sensory rewards and encouragement
to autistic children who responded correctly to attention prompts. The robot
would for example say “Good job!”, and a movie clip would play on a screen.
When the children responded incorrectly, the robot issued the next level of
prompt (Bekele et al., 2013).
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The robot Pleo was used to study the role of positive affect on communication and social skills during interventions with autistic children. The robot
was designed to maintain a child’s engagement through positive affect (Kim
et al., 2015).
2.2.3.4

Modular complexity

Due to the level of functioning among individuals with ASD being highly variable (World Health Organization, 2017), the individual’s social and cognitive
skills and needs should be taken into account when designing the complexity of the robot (Bonvillian et al., 1981; Dautenhahn, 2002; von Tetzchner
and Martinsen, 2014). In the initial design of the robot, the first two design
guidelines, “simplicity of form” and “consistent, structured, simple behavior”
should be followed. However, as the child’s skills develop, the robot’s qualities, including form and behavior, should become increasingly complex, in
order to continue challenging and teaching the child. Six out of the presented
robots follow this design guideline (table 2.2).
The complexity of the robot’s behavior needs to be structured so that the
child knows what to expect, but also evolve continually to keep the child’s
interest (Dautenhahn, 2002; Michaud et al., 2003). Interaction complexity
should also be modular. Built-in capacity to gradually increase complexity
of interaction, to promote further learning is recommended (Dautenhahn,
2002; Robins et al., 2007). This can be done through developing different interaction modalities, such as using lights and sounds (Robins et al.,
2007). Complexity of the robot’s appearance could also be increased over
time (Robins et al., 2007), for example by making it appear more human-like
with clothing or wigs.
The robot Tito was studied as a social mediator, where three levels of
imitation were organized in increasing complexity, varying the interaction
complexity (Duquette et al., 2008).
Modularity of complexity has been previously used in a comparative
behavioral study with the Nao robot, where hierarchical communication
prompts were made by the robot to the child (Bekele et al., 2013). Hierarchical prompting was also used in a study comparing the robot Probo with
a computer display (Pop et al., 2013). Both studies showed that different
children needed different complexity levels of prompting to respond.
Modularity of complexity was built-in into the design of Troy. Its face,
which is a screen, has a simple cartoonish face initially, but could eventually
show the image of a human’s face to achieve increased realism. This is
designed with the goal to aid generalization of skills learned with the robot
(Giullian et al., 2010). For Troy’s behavior, sub-choreographies of behavior

CHAPTER 2. BACKGROUND

29

were designed to be chosen based on the particular child who the therapist
would be treating. If one of the sub-choreographies did not elicit desired
behavior from the child, the therapist could change what the robot was doing
(Giullian et al., 2010).
Robota can engage in increasingly complex behaviors with its user while
in “learning” mode. The user can for example teach the robot to dance or
teach it a simple vocabulary (Billard et al., 2006).
One of the co-created interventions for Kaspar details the level of intervention increasing and decreasing according to the child, in order to ensure
generalization (Huijnen et al., 2017).
2.2.3.5

Modular specific to child’s preferences

Modularity specific to a child’s preferences can be thought to include the
previously mentioned modularity of complexity, which takes into account the
child’s pre-existing social and cognitive skills. However, here the distinction is
made that this design guideline targets modularity that incorporates a child’s
interests or needs in another way. In communication therapy interventions
for autism, the individual’s needs and interests need to be taken into account
(Bonvillian et al., 1981; von Tetzchner and Martinsen, 2014). As autism is
a spectrum, designing one static robot to fit all autistic children’s needs is
not possible. Built-in modularity of the robot’s behavior, form, and other
qualities is useful for this reason (Dautenhahn, 2002; Robins et al., 2007).
The robot’s actions should adapt to the child’s responses and their level of
interest (Giullian et al., 2010). The robot should be modifiable for different
therapeutic solutions, including different interaction modalities and interaction scenarios (Dautenhahn, 2002; Robins et al., 2007; Michaud et al., 2003).
Children’s personal interests can be used to modify interactions (Dautenhahn, 2002; Robins et al., 2007), for example by discussing the child’s interests during the therapy, or incorporating music that the child likes into
the therapy. For children prone to overstimulation, for example by flashing lights, any lights on the robot should be disabled. The robot should be
adaptable to a personalized and familiar context or environment, such as the
child’s home, so it can be explored in a safe setting (Robins et al., 2007).
Modularity specific to a child’s preferences (excluding modularity of complexity) has not been studied in robotic interventions to my knowledge. This
could be due to the fact that robotic interventions have not yet reached
the level of sophistication to implement child-specific requirements, and are
instead in the pilot levels of study.
The robot Troy’s designers mention adapting the robot’s behavior’s complexity according to how the child responds in therapy (Giullian et al., 2010).
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However, this does not respond to the child’s specific interests or preferences,
rather their level of learning. Similarly, an intervention implemented with
the robot Kaspar details increasing or decreasing the level of intervention
according to the child (Huijnen et al., 2017). This is not responding to the
child’s preferences, but rather their level of learning, and in fact follows the
“modular complexity” design guideline, rather than the “modular specific to
child’s preferences” guideline.
However, a “girl-version” of the robot Kaspar, Kassy, was created in
response to co-creation studies with professionals of autism interventions
recommending it (Huijnen et al., 2017). This gender-specific design modification can be seen as a step in the direction of designing robots specific
to children’s personal preferences. The emerging realization of this design
guideline is given acknowledgement in the table 2.2.

2.3

Summary

In this chapter, research on autistic children, their difficulties communicating, and sign language as a communication method is reviewed. Additionally,
research on social robots that have previously been used to perform communication therapy with autistic children is reviewed. Insights from this research
have been synthesized to form design guidelines.
In the next chapter, the design guidelines will be used to guide the design
decisions made to create a robot for the purpose of teaching assistive signs
to children with ASD. The design guidelines fit into a design framework for
social robots.
The five design guidelines defined in this chapter can be used to guide
the design of robots for use by children with autism in general.
The other key outcome of this literature review is insight from previous
studies on teaching sign language with robots to neurotypical children. This
informs the design of the experiment described in chapter 4.

Chapter 3

Desiging InMoov to be a tool for
teaching assistive signs to
children with autism
The previous chapter defined design guidelines for a robot used to teach
assistive sign language to children with autism. These design guidelines can
be used to guide the design of any robot to be used by children with autism.
In this chapter, the design guidelines are utilized.
To design the robot, a design framework is implemented. The design
guidelines fit into the design framework, as can be seen in figure 3.2. The
framework provides the tools for answering RQ1: “What are the design
choices that may impact the InMoov’s usefulness as a sign language tutor?”.
First, the design framework and its dimensions are introduced. Next, the
robot InMoov, which is the platform that will be used in this solution, is
situated into the design framework. Here, platform means the physical robot
onto which desired changes are made, and solution means the final outcome
of the design process. The original design of InMoov can be seen in figure 3.1.
After this, changes are made to the initial design of the InMoov, according
to the design guidelines defined in the previous chapter.
The design framework was mainly influenced by two research papers
which detail design frameworks for social robots (Bartneck and Forlizzi, 2004;
Huijnen et al., 2017), with four articles defining design guidelines for robots
used with autistic children acting as secondary influences (Dautenhahn, 2002;
Giullian et al., 2010; Michaud et al., 2003; Robins et al., 2007).
Huijnen implemented a co-creation design framework specifically for the
design of robotic interventions for children with autism. The primary design
dimensions which Huijnen describes are “robot”, “end-user”, “environment”
and “practical implementation”, which lead to a “new intervention” when de31
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Figure 3.1: The original form of the open source humanoid robot InMoov,
which is designed by Gael Langevin. Image: Gael Langevin, from Wikipedia.
fined (Huijnen et al., 2017). Bartneck defined a design framework with five
parameters: “form”, “modality”, “social norms”, “autonomy” and “interactivity”. Each parameter is rated along a scale, for example “form” ranges
from abstract, to bimorphic, to anthropomoprhic (Bartneck and Forlizzi,
2004).
The structure of Huijnen’s “process” was used to inspire the framework
presented here. Huijnen first defined four dimensions, which led to the development of the new intervention (Huijnen et al., 2017). Bartneck’s idea of
design parameters rated on ranges was incorporated into the design framework presented here (Bartneck and Forlizzi, 2004). Additionally, four articles
discussing the design requirements for robots to be used for autistic children
specifically were examined for common design dimensions, although they
were not explicitly mentioned in the articles (Dautenhahn, 2002; Giullian
et al., 2010; Michaud et al., 2003; Robins et al., 2007).
The influence of these articles led to the realization of the process and
design dimensions described in the framework presented here (figure 3.2).
First the design problem space is defined, which involves defining the user
group, their goal, and the task of the robot. The problem space was examined
already in the previous chapter: the nature of the user group and their issues
and goals in therapy were discussed, along with the qualities of previous
robots used in these interventions. The solution space is briefly discussed
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Problem space
Human side

User group

Goal

Safety and ethical considerations

Task
Robot side

Design
guidelines

Solution space
Environment
Form
Interaction

Behavior

Figure 3.2: A proposed framework for the design of social robots. The design
framework shows an abstraction of the process of design: first defining the
problem space, then the design guidelines that emerge from that specific
problem space, and the resulting solution space.
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again in this chapter, as it is situated into the design framework. The qualities
of the problem space lead to design guidelines, which were defined in the
previous chapter. These design guidelines guide the decisions made in the
solution space, which is discussed in this chapter. Defining the social robot
as a solution involves making design decisions about its form, the way it
can interact, and its behavior, which are all affected by the environment the
robot is operating in.

3.1

Relevant design theory

The design framework is an abstraction of the design problems related to
social robots, and decisions that need to be made when designing social
robots in general. While in this thesis it is used for the specific purpose of
designing a robot to teach assistive signs to children with autism, it can be
used for the design of other social robots.
The design framework presented should be used at the start of the design
process. It aids in defining the problem clearly for all individuals involved in
the design process, as well as in considering all the dimensions relevant in the
design process. The framework itself does not provide methods for granular
design, but functions as a primer for considerations about the robot. When
designing a robot with an interdisciplinary team, the design framework can
be utilized as a boundary object, which helps bring knowledge into a material
form, creating conditions for collaboration (Nicolini et al., 2012).
The framework describes the entire design process of a social robot, from
problem space to solution space. The robot implemented here is used for a
pilot study, so its design is a prototype, and is not planned to be the final
version of the robot. Performing pilot studies with prototypes provides the
opportunity to make ideas tangible faster, so that they can be evaluated and
refined, and the best solution can be found faster (Brown, 2009). In use of the
framework, after the implementation of the robot, another design iteration
should be completed based on the examination of the initial implementation. This is a technique called iterative design, adapted from the design of
computer user interfaces. Each iteration should be subjected to user testing
or other usability evaluation (Nielsen, 1993). Iterations should be continued
until the user issues have reached an acceptable level, or solved entirely. The
iterative process to be used with the design framework for designing social
robots is detailed in figure 3.3. In the case of this thesis, only one iteration
was completed. User feedback is detailed in chapter 5, while what would be
new design guidelines for the next iteration are discussed chapter 6.
Designing social robots requires a deep understanding of human behavior
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Problem space
Human side

User group

Goal

Safety and ethical considerations

Task
Robot side

Design
guidelines

Solution space
Environment
Form
Behavior

Interaction

User
testing

Reﬁned problem space
Human side

User group

Goal

Safety and ethical considerations

Task
Robot side

Reﬁned design
guidelines

Reﬁned solution space
Environment
Form
Behavior

Interaction

User
testing

Figure 3.3: The iterative design process to be utilized with the social robot
design framework. After initial definition of the problem space, design guidelines and solution space, a round of user testing should take place. User
testing evaluates the proposed solution, after which changes should be made.
User testing could reveal that the original user group or their goal, the robot’s
task, or safety and ethical considerations were not adequately defined or constrained, which is why they should be re-examined after user testing. New
design guidelines for the next iteration should be defined, and any existing
design guidelines from the previous iteration that were not yet fully realized
should be kept. The solution space should be refined and altered based on
the user feedback.
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and intelligence, in order to build their behavior in a way that seems intuitive to humans. Specifically, interdisciplinary knowledge and co-operation
are needed, to build robots and applications that play a beneficial role in
people’s lives. Breazeal details a multidisciplinary approach where “the design of social robot technologies and methodologies are informed by robotics,
artificial intelligence, psychology, neuroscience, human factors, design, anthropology, and more.” (Breazeal et al., 2008)
As Breazeal recommends interdisciplinary collaboration, experts in the
field of treating autism were consulted for the design of this robot. Designing the InMoov for use as an assistive sign teacher for autistic children
involved two experts from the Satakunta hospital district, where the experiments would be performed. These experts were consulted during the definition of the dimensions of the robot in this design framework. Terhi Nyman is
a psychologist specialized in neuropsychology, and the psychologist in-charge
of social services at Satakunta’s health care district. She has worked with
people with autism and developmental disorders for over 10 years, and is
well versed in the diagnosis and rehabilitation of ASDs and developmental
disorders. Akuliina Lehtonen is a speech therapist who has been providing
speech therapy for two years, and has over 10 years of experience of working
with people with developmental and speech disorders.
Knowledge of the experts was gathered during collaborative conversations
where initial design decisions about the robot were made. Additionally, the
speech therapist examined the robot and gave final suggestions before experiments were performed. Electronic communications were also utilized with
both Lehtonen and Nyman to obtain additional knowledge. In this design
process, new knowledge was created through the interaction between the
tacit knowledge of the experts – which is converted into explicit knowledge
through collaboration – and the explicit knowledge gathered from the theoretical research. This method of knowledge creation has been described
by Nonaka (Nonaka and Takeuchi, 1995). In the future, the knowledge of
these experts should be captured by using the presented design framework
as a boundary object of collaboration (Nicolini et al., 2012). By doing this,
the experts will act more as participants in a co-design process, rather than
external consultants. Experts should be involved in each design iteration.

3.2

Problem space

Examining the problem space of designing a social robot involves defining the
human side and the robot side of the problem (visible in figure 3.2). Guiding
the interaction between the two are safety and ethical considerations. These
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Problem space
Human side

User group

Goal

children with autism
diagnosis, mild or severe

learn assistive sign
language from robot

Safety and ethical considerations
physical safety of child
correct behavioral enforcement for child
equality among users
safety of child’s data

Task
teach assistive sign language
to child

Robot side

Figure 3.4: The problem space of designing a social robot encompasses the
user group, the user’s goal, and the robot’s task. Between the interactions
of these two operators, safety and ethical considerations emerge.
must be an integral part of any proposed solution, and so they must be
discussed already during the definition of the problem.

3.2.1

User group

On the human side, defining the user group is the first step toward defining
the problem space. Defining a user group is important, in order to perform
analysis on it and define what it needs. The user group is usually a specific demographic, with specific characteristics, whose needs and interests
are steered by those characteristics.
In this case, the user group is children with a diagnosis of either mild
or severe autism (figure 3.4). The child should have the skill to recognize
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objects from photos, since this will be used with the robot as well. The child
also should not have severe degradation of motor skills, so that they have
the ability to learn signs. While children are different and have different
preferences, some generalizations can be made based on the user group to
design a starting point for the robot.

3.2.2

Goal

After defining the user group, their goal is defined. A clearly defined goal
helps examine the eventual solution’s success, by whether it accomplished
the defined goal for the user or not. The goal is specific to a user group, and
should be thought of in terms of short-term and long-term goals.
In the case of autism therapy, therapeutic tools should have designs that
have the goal of creating therapeutic value and meeting the individual, social
and cognitive needs of the children involved in therapy (Dautenhahn, 2002).
The goal for the users in this solution is to learn assistive signs from the robot
(figure 3.4). The long-term goal would be for children to learn the signs on
such a level that they are able to incorporate them into use in their daily
lives. The short-term goal of the children is to successfully imitate the robot
during the experiments.

3.2.3

Safety and ethical considerations

Roboethics was a field established in 2004, which focuses on the human ethics
of the robots’ designers, manufacturers and users (instead of the robot and its
artifical ethics). Roboethics are realized in the interaction between the robot
and its user (Veruggio and Operto, 2008). Safety and ethical considerations
are important, as users may not always be aware of the potential negative
consequences of using technology, and should be protected from negative
effects by the designers of the robot.
In this design framework, safety and ethical considerations are realized
on the border between the human side and the robot side (figure 3.2). Safety
and ethical considerations guide the definition of the problem space, and
affect the design in the solution space. The safety and ethical treatment of
both the user and their data should be taken into account. In this case, four
considerations for the safety and ethical treatment of the user were defined for
this robot-mediated intervention (figure 3.4). The implementation of these
considerations is discussed in chapter 3.3.
The physical safety of the child needs to be ensured while using the robot
(Giullian et al., 2010). Machinery has the potential to crush or pinch the
user if operated recklessly.
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Correct behavioral enforcement for the child was discussed with the psychologist and speech therapist. This means that the robot should not intend
to replace human contact for the child, but to act as a tool to supplement
learning. Mistreatment of the robot by the child should also be intervened in,
so that the child learns that that behavior is not acceptable. Children have
shown potential to treat social robots in an abusive manner when unsupervised (Brscić et al., 2015). Bad behavior toward social robots may even begin
influencing children’s behavior toward humans (Walk, Hunter, 2016). In this
case, behavioral interventions were decided to be done by the human working
with the child and the robot, rather than by the robot itself. Rewarding of
the child when they behave correctly was also defined to be important for
learning correct behavior.
Equality of the users was also discussed with the professionals. While the
majority of children with autism diagnoses are boys, the number of female
autism diagnoses has been steadily rising, faster than male diagnoses (Jensen
et al., 2014). It has been argued that the lower number of female diagnoses is
due to women being underdiagnosed with autism (Krahn and Fenton, 2012).
It has also been argued that males are generally more likely to be autists, as
autism is a presentation of an “extreme male brain” (Baron-Cohen, 2002).
Due to disagreement on this matter, it was decided to keep the robot neutral
in gender representation.
Data collected from experimental participants should be kept safely, especially in a medical context, in order to ensure privacy. Robots are in a
unique data collection position when compared to personal computers, because they feel more social to humans, and elicit emotional responses (Calo,
2014), which may lead to the revelation of more personal data to the robot.
If data is used nefariously, especially sensitive emotional data that can be
collected by a robot operating in a therapeutic context, there is potential
for manipulation. It should be carefully considered what is an appropriate
trade-off for users giving their data, and receiving a benefit from the processing of that data (Darling, 2017). In this case, the robot did not record
any data, but data collected from the experiments was treated with the same
respect.

3.2.4

Task

On the robot’s side of the problem space, the robot’s task is defined. The
task is directly related to the user’s goal. The task is the primary purpose
for which the robot is built, and is what it needs to accomplish with the user.
The build of the robot is completed once it can successfully accomplish the
task. The task should also be thought of as both long-term and short-term.
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In this case, the long-term task is teaching assistive sign language to the
child. The short-term task is to produce the pre-defined signs accurately,
and to respond to the child’s behavior appropriately.

3.3

Solution space

The design of the solution space is guided by the design guidelines defined in
the previous chapter, which were influenced by defining the problem space.
Defining the solution space involves making decisions about the environment
the robot operates in, which guides decisions made about its form, interaction
and behavior (figure 3.5). In reality, these dimensions overlap each other, but
this framework aims to make the interlinked decisions apparent and explicit.
The design guideline “simple form” specifically guides the form dimension, “positive, supportive, rewarding experience and environment” specifically guides the environment dimension, and “consistent, structured, simple
behavior” specifically guides the behavior dimension. However, all these
guidelines should be taken into consideration while designing other dimensions as well, as in reality the dimensions overlap each other.
The guidelines “modular complexity” and “modular specific to child’s
preferences” can be realized in all dimensions. In this thesis, these two guidelines are specifically explored in the interaction dimension, and not touched
on in the other dimensions. This is further explained in chapter 3.3.3. In a
fully functional clinical solution, these two design guidelines should be realized in all dimensions.
In this case, the robot InMoov was chosen as the platform for the solution,
due to availability. The selection of the InMoov creates some pre-defined
constraints for the design of its form and interaction. Some of the predefined form and interaction qualities of the original InMoov are modified
for this implementation. To modify the robot’s form, its voice and sounds
were modified from pre-set settings. To modify interaction qualities, new
hands were added to give better signing ability, a tablet was attached to its
chest, and lights were attached to one of its hands. These modifications are
discussed in more detail below. Environment and behavior could be freely
designed due to not being significantly limited by the InMoov.
First, the dimensions of the solution space are explained on a general
level. Then, pre-defined constraints of the design defined by the InMoov are
discussed. After this, the specific design for this solution, including modifications, is described.
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Figure 3.5: Detailed depiction of the solution space in the framework for
designing social robots. Defining the solution space involves designing the
robot’s environment, form, interaction and behaviors.
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Figure 3.6: Defining the environment of the social robot involves examining
the nature of the situational flow of the interaction with the robot, and the
step preceding and following it. It also involves making decisions about the
number of simultaneous users, the level of human facilitation needed in the
solution, and the nature of the role of the robot in its environment. The
environment affects design decisions made of the robot’s form, interactions
and behavior.

3.3.1

Environment

In this framework the environment does not mean the location of the robot,
but rather all factors surrounding its operation. The environment is examined through four qualities: situational flow, simultaneous users, human
facilitation and role of the robot, as seen in figure 3.6. The design driver “positive, supportive, rewarding experience and environment” guides the design
of this dimension.
The design choices made for the environment of the solution in this case
can be seen in figure 3.7.
3.3.1.1

Situational flow

The situational flow describes how pre-defined the environment surrounding
the interaction with the robot are, ranging from pre-defined, to somewhat
defined, to freestyle. Situational flow describes how exactly the events leading
up to and after the interaction with the robot are defined.
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Figure 3.7: Design choices made about the environment of the solution provided with the InMoov, shown in red.
The situational flow of this solution is highly pre-defined, as seen in figure
3.7. What happens before and after the therapy situation is rigidly predefined, since people with autism prefer routine and unexpected situations
may upset them (Frith, 2003; von Tetzchner and Martinsen, 2014). The child
is accompanied by their companion and the speech therapist when going into
and out of the room, in order to support them during what may be a stressful
experience. The exact experimental procedure is detailed in chapter 4. This
follows the “positive, supportive, rewarding experience and environment”
design guideline.
3.3.1.2

Simultaneous users

Simultaneous users describes how many users interact with the robot simultaneously in the environment.
In this case, there is only one user, due to the pilot nature of the study.
This thesis aims to observe the direct interaction between one child and the
robot. In future interventions, children could potentially interact with the
robot and another child, or another person. This would require re-designing
the environment of the robot accordingly.

CHAPTER 3. DESIGNING INMOOV
3.3.1.3

44

Human facilitation

The level of human facilitation of the environment describes whether the
interaction between the robot and the user needs another human’s support
to move forward. If the robot is part of a chain of events in which humans
are involved, human facilitation is required. If the robot freely exists in a
space, with users free to interact with it as they please, there is no human
facilitation. Partial human facilitation can for example mean a designated
human guiding users toward the robot.
The use of a robot in this context needs human facilitation. The child
should not be alone with the robot due to safety and ethical concerns discussed in the problem space: physical safety of the child and correct behavior
reinforcement. To ensure the physical safety of the child, the robot has a
quickly activated stop button in case of emergencies, as recommended (Giullian et al., 2010). However, intervention by a human facilitator is the primary
way of preventing the child from getting too close to the robot and injuring
themselves. The presence of another human also ensures correct behavioral
reinforcement, by ensuring that the robot does not replace human contact,
and by intervening if the child were to mistreat the robot.
The operation of the robot from the control room is made easier with a
human facilitator. The human facilitator, in this case the speech therapist,
signals to the operator how the robot should behave. A companion of the
child, meaning a parent or other caretaker, is also present in the therapy
to help the child feel safe and calm. This follows the “positive, supportive,
rewarding experience and environment” design guideline.
3.3.1.4

Role of the robot

The role of a robot is highly variable. Huijnen defines the roles of robots
used in autism therapy as “provoker”, “reinforcer”, “trainer”, “mediator”,
“prompter”, “diagnoser”, and “buddy” (Huijnen et al., 2017). However,
for the general design of social robots, these roles are too few. Because all
possible roles can not be listed in a design framework, a two-dimensional map
is implemented, within which roles can be situated. There are two ranges,
from service to co-operation, and authority to friend. This describes the
robot’s relationship to the user in the given environment. The robot can
either serve the user, or they can co-operate on a task. The robot can act as
an authority with the user, maintaining distance, or it can act as a friend,
feeling closer to the user. The robot does not have to be strictly one or the
other, but can fall into sub-divisions on the map.
In this solution, the robot is an authority for the child. Becoming more
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of a friend would require physical contact (as with for example Probo, the
huggable robot (Vrije Universiteit Brussel, 2009)), which was not possible
due to the fragility of the InMoov. The robot being framed as an authority
can also help the child focus on the task at hand and follow its instructions,
and not on “making friends” with the robot.
The robot is more of a co-operator than a server. The robot and the child
take turns signing, thus working together, rather than the robot performing
a task for the child.
To create a supportive and rewarding experience as a co-operating authority, the robot should reward the child when they sign correctly. If the
child signs incorrectly or does not react, however, the robot is not critical, and
is supportive of the child. This follows the “positive, supportive, rewarding
experience and environment” design guideline.

3.3.2

Form

The form of the robot encompasses all its externally perceptible qualities.
Defining the form of the robot involves examining six qualities: appearance,
movement, voice, sounds, tactile sensations and olfactory sensations, as seen
in figure 3.8. “Simple form” is the primary design guideline of this solution
dimension.
A well-known measure of a robot’s form in the field of robotics is evaluating the robot according to its “familiarity” to life. This is defined by the
degree to which the robot resembles human-like appearance and movements.
It is argued that a robot should not be too human-like, or it will fall into the
“uncanny valley” of negative familiarity, appearing like an animated corpse.
The original theory of the “uncanny valley” suggests that a robot should
not be made to be too human-like, as a safe familiarity can be produced by
a design approaching human likeness, but not too close to it (Mori, 1970).
This theory can be further expanded into creature-like robots: they should
not be made too life-like, to avoid appearing zombie-like. The appropriate
degree of familiarity according to this theory is generally accepted in the field
of robotics, which is why it is not introduced as a variable in this framework.
This accepted level of familiarity – approaching human or creature likeness,
but not attempting to be an exact copy – can be achieved by appropriately
designing the qualities that make up the robot’s form. All dimensions of the
robot’s form contribute toward its life-likeness, with appearance and movement being most important.
In this case, defining the form of the robot for the solution had some constraints, due to selection of the InMoov as a solution platform. Pre-defined
form qualities are visible in figure 3.9. The original form of the InMoov (fig-
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Figure 3.8: Defining the form of a social robot involves making decisions
about its appearance, the way it moves, its voice and sounds, and tactile and
olfactory sensations. As voice, sounds, tactile and olfactory sensations are
all highly variable, freeform descriptions are used.
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ure 3.1) is used as a base, and modified according to the established design
guidelines, and safety and ethical considerations. The modifications done to
the InMoov’s form can be seen in figure 3.10. The open source nature of the
InMoov makes modifying it possible. Modifying the robot’s voice and sounds
is possible through its open source MyRobotLab software.

Form
InMoov – pre-deﬁned
Apperance

Voice
human-like, male

humanoid

description
machinery

organic

Sounds
buzzing from machinery
description

creature

Tactile
Movement

plastic, cold, hard
description

machine-like

hybrid

organic

Olfactory
neutral
description

Figure 3.9: The choice of InMoov as the solution platform set the baseline
for form design.

3.3.2.1

Appearance

The appearance of a robot is highly variable, which is why a two-dimensional
map is used to describe it. In this framework, the appearance can range from
machine-like to organic, and from humanoid to creature-like. The appearance of a robot defines the user’s initial response to it. If a robot appears
sophisticated, the user will assume similar level of sophistication in its skills
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Figure 3.10: The design baseline of the form pre-defined by the InMoov is
shown in black, and the modifications made to it are shown in red.
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(Bartneck and Forlizzi, 2004; Dautenhahn, 2002). A humanoid robot is perceived as human-like, and elicits strong expectations about the robot’s social
and cognitive competencies (Dautenhahn, 2002), while a creature-like robot
is perceived as more of an animal, with a lower level of functioning.
The appearance of the robot was not modified significantly from the base
InMoov design. The only modifications to the robot’s appearance were done
for the sake of interaction, and are discussed in chapter 3.3.3. The humanoid
design of the InMoov is suitable for this solution, as the goal is for autistic children to use the humanoid robot to practice skills related to humanto-human communication (Dautenhahn, 2002). The robot is mechanical in
appearance, but not so mechanical that the child would be more interested
in examining its components, rather than interacting with it. The robot is
easily discernible as humanoid, but also robotic enough to not be confused
with a human (Giullian et al., 2010).
The InMoov’s original face design was also suitable for this solution. The
face is simple with distinct features, with no ability for facial expressions.
Complex affective expression by human faces have been shown to cause an
overstimulation effect in autistic people’s brains, which in turn leads to gaze
avoidance by the autistic person (Dalton et al., 2005). A simple face helps
prevent overstimulation, confusion and avoidance (Giullian et al., 2010).
The robot was not modified to appear more human, which could have
been done with clothing or a wig. This was decided in agreement with the
speech therapist and psychologist. This also follows the design guideline of
“simple form”.
3.3.2.2

Movement

In this framework, the movement of a robot can be rated from machinelike, to hybrid, to organic. Organic, smooth movements suggest a more
sophisticated robot in terms of skills, while a more mechanical movement
quality suggests a more rudimental robot.
It has also been argued that robotic movements, in contrast to human
movements, elicit a faster imitation response from autistic children (Pierno
et al., 2008). However, in this case, the speech therapist recommended that
the robot have movements that are as smooth as possible, in order to sign as
accurately as possible. The InMoov’s base level of movement is machine-like,
and difficult to modify. In order to take into account the speech therapist’s
advice, the InMoov’s original hands were replaced with different hands, in
order to give the fingers and wrists smoother movements. The robot does not
over-extend its limbs, and does not assume positions impossible for humans
(Giullian et al., 2010).
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Voice and sound

The robot’s voice and the sounds it makes contribute to the robot’s lifelikeness. A voice can be robotic, or human-like. Voice can be perceived to
have a gender or an age, which depends on speed, pitch and other qualities.
Voices, both robotic and human-like, can have tonality, being either monotone or having vibrant prosody. The noises a robot can make are almost
infinitely variable: machine-like “beeps”, music, human-like exclamations or
animal calls are common examples of sounds a robot can make. The sounds
that a robot’s machinery may make when it moves are also part of its soundscape. A robot’s soundscape can also include sounds that it makes when it
is touched, or if it is mobile, sounds that it makes when it moves in space.
In this framework, voice and sounds are defined through a free-form description, as they are both highly variable. Measurements via ranges or
maps, as are done for the appearance and movement, could be developed in
the future, in collaboration with an expert in audio.
The original voice of the InMoov was a human-like male, as seen in figure
3.9. It was decided that the robot should keep a human-like voice, in order
to make it more natural to practice human-to-human interaction with. Due
to the decision to keep the robot gender-neutral, which was discussed in the
definition of the problem space, its voice was modified. A female Finnishspeaking human-like voice, Satu from Apple, was used. Its pitch was lowered
to make it indistinguishable as either a male or female voice. Prosody of the
voice is defined by the Satu system, which mimics human-like tonality. The
voice of the robot was also slowed by 10 % from the original Satu voice, to
make it more understandable to the children.
The robot plays a short congratulatory musical tune through its mouth
speaker when a child signs successfully. This provides a sensory reward for
the child (Robins et al., 2007; Michaud et al., 2003), which follows the design
guideline of “positive, supportive, rewarding experience and environment”.
The InMoov’s machinery is quite noisy, and gives off a buzzing sound as
it moves its hands. The InMoov’s material does not give off sound when
touched. The InMoov as a whole is fixed in place, and thus there are no
sounds resulting from the robot moving from point to point.
3.3.2.4

Tactile sensations

Tactile sensations are especially important if the user is in close contact with
the robot. Soft and warm tactile sensations suggest comfort and familiarity, while hard and cold tactile sensations suggest distance and industrial
qualities.
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In this framework, free-form descriptions are used to describe tactile sensations, as they are highly variable. In the future, measurements such as
ranges or maps could be developed to describe these qualities.
In this solution, tactile properties were pre-defined by the choice of using
InMoov as a solution platform. The material used to construct the InMoov
is a cold, hard plastic, which suggests distance. However, as the planned
interactions with the robot do not include touching it, tactile sensations do
not need to be taken into account or modified.
3.3.2.5

Olfactory sensations

Olfactory sensations are also especially important if the user is in close contact with the robot. Olfactory sensations can induce sensations of pleasure
or disgust, or they can be entirely neutral.
In this framework, olfactory sensations are defined through a free-form
description, as they are highly variable. In the future, ranges or maps could
be developed to describe these sensations.
The olfactory sensations are pre-defined by the InMoov’s material, as
plastic has no smell and is thus neutral. In this case, there was no need to
modify the sensations, as users would not be in close contact with the robot,
and could not smell it.

3.3.3

Interaction

The interaction dimension defines the manner in which a user can interact
with a robot. In this framework, interaction is examined through three qualities: modalities, leadership, and goals (figure 3.11).
No design guidelines defined in the previous chapter specifically guide the
interaction dimension. However, the design guidelines “modular complexity”
and “modular specific to child’s preferences” can both be realized in the
design of interactions.
In this thesis, different modalities of interaction are compared. These
modalities are used to examine modularity of the robot. In the future, modular qualities of the robot can be used to fulfill the design guidelines of
“modular complexity” and “modular specific to child’s preferences”. Due
to the pilot nature of this study, these design guidelines are not yet fully
realized.
Due to the overlapping nature of the design dimensions, interaction is
somewhat pre-defined by the form of the robot. Interacting with the InMoov
involves the modalities of voice and gestures, due to the design of the robot’s
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Figure 3.11: The interaction design dimension contains interaction modalities, which can be expanded upon from the list available, leadership of the
interactions, and the robot’s goals in performing the interactions.
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Figure 3.12: InMoov has the pre-set interactions modalities of voice and
sounds, and movement and gestures, which set the baseline for design.
form. The pre-defined interaction qualities are visible in figure 3.12, and
modifications made to the interaction dimension are seen in figure 3.13.
3.3.3.1

Modalities

Modalities of interaction define the different ways a user can interact and
communicate with the robot. Modalities of interaction can vary greatly. A
list of the most common modalities encountered in interaction with robots are
listed in this framework. Additionally, an empty space for novel modalities
is provided. Modalities are restricted by what human senses can perceive.
Even though a robot could theoretically communicate via radio frequency, a
human can not do this, so interaction through this modality is not possible.
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Figure 3.13: The design baseline for interactions pre-defined by the InMoov
are shown in black, and the additions made to it are shown in red.
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Robots can interact via multiple modalities, either simultaneously or one
after the other.
For this solution, interaction modalities were discussed with the psychologist and speech therapist, and determined to be a special area of interest in
communication therapy with a robot. Increasing the complexity of a communication prompt according to the child’s skills has been studied previously
(Bekele et al., 2013; Pop et al., 2013). This could be done by using modalities
that are more complex in quality, or combining different modalities with each
other to produce a more complex prompt.
Here, three different interaction schemes – constructed out of different
interaction modalities – are compared with each other. The schemes could
potentially be used to increase complexity, or selected specifically to suit a
child’s preferences. However, in this solution, the schemes are not chosen
specific to complexity or child. The schemes are examined in isolation, in
order to separate the effect of each scheme. The specific organization of the
interaction schemes during the interaction is further examined in chapter 4.
The schemes can be thought of as three separate design conditions.
Interaction modalities used in this solution are voice and sounds, gestures,
digital visuals, lights and signs. Voice and sounds were discussed in chapter
3.3.2.
Visual elements such as photos can be used to aid communication with
autistic individuals (von Tetzchner and Martinsen, 2014; Michaud et al.,
2003). One of the interaction modalities chosen was to display digital visuals
from a tablet planted into the robots chest, as inspired by Probo (Pop et al.,
2013). This way, the InMoov could show an image of the word being signed.
The robot’s open source nature made this possible, as the new parts that
were needed for the chest could be easily designed and 3D printed.
Lights can be used to capture the interest of autistic children (Michaud
et al., 2003). Lights have been observed to be a good attention grabbing and
maintaining tool in an experiment where autistic children played turn-taking
games with colorful light-up blocks (Brok and Barakova, 2010). Small LED
lights were attached to the robot’s hand, which flash when it signs.
Signing is a novel interaction modality. Better signing was accomplished
due to the new hands attached to the robot. To keep from confusing the
child, movement is otherwise kept to a minimum. In addition to the signs,
the robot uses only three communicative gestures: waving hello when the
child arrives, waving goodbye when the child leaves, and showing a thumbs
up when they succeed in signing correctly. No other body language, such as
using gaze direction or body orientation to direct attention is used.

CHAPTER 3. DESIGNING INMOOV
3.3.3.2

56

Leadership

The leadership of the interaction describes who drives the interaction forward,
and takes initiative. Leadership can range from robot-led, to mutual or
alternate, to user-led. Leadership defines whether the user feels that they
are controlling the robot’s actions, or if the robot is guiding the user to act
a certain way.
In this solution, the interactions are initiated and led by the robot. During
the interactions, the robot signs, and asks the child to imitate. The robot
explains the rules of the game to the child when they enter the room. The
robot always signs first and then asks the child to imitate the sign. The robot
also ends the interaction with a goodbye.
3.3.3.3

Goals

The goals of the interaction relate back to the goal of the user defined in the
problem space (figure 3.4). The interaction can have only one, or multiple
goals. The goal of the interaction for the user can be to complete a task, or
exploratory in nature. When the goal is to complete a task, it is clear when
the task has been accomplished. An exploratory interaction can for example
generate knowledge, pleasure, or a novel experience for the user. The goal or
goals of interacting can also be a mix of exploration and task completion.
For the InMoov, the goal of the interaction is task completion. The
robot’s goal is to successfully teach the child assistive signs through imitation.

3.3.4

Behavior

The behavior dimension defines how the robot acts. Behavioral design is
important, as the robot’s behavior is one of the primary determinants of the
user’s attitude toward it, and contributes to its life-like impression (Dautenhahn, 2002). Behavior is defined by four qualities: contextual adaptation,
motivation, social awareness and autonomy (as seen in figure 3.14). “Consistent, structured, simple behavior” guides the design of the behavior dimension. The design decisions made about the InMoov’s behavior are seen in
figure 3.15.
3.3.4.1

Contextual adaptation

Contextual adaptation of behavior refers to how much of the robot’s behavior has been defined beforehand by its creator, and how much the robot can
independently determine its behavior according to the context. The levels
of contextual adaptation of a robot’s behaviour range from none, to partial,
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Figure 3.14: Behavior design involves defining the level of contextual adaptation of the robots behavior, the motivation for behaviors, the level of social
awareness evidenced in behavior, and the level of autonomous behaving of
the robot.

CHAPTER 3. DESIGNING INMOOV

58

Behavior
InMoov – modiﬁed
Contextual adaptation

none

partial

extensive

mixed

internal
models

Motivation

external /
environment

Social awareness

none

some

full

partial

full

Autonomy

none

Figure 3.15: The design decisions made about the InMoov’s behavior in this
solution are showed in red.
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to extensive. Extensive adaptation is a description of human-like behavior,
where the agent could improvise and adapt to different contexts and domains. Currently, to my knowledge, no robots exist that could perform a
similar level of adaptation to humans. Behavior that can be classified as
extensive contextual adaptation would involve the robot taking input from
past situations that it has learned from, as well as the current context, and
determining the best course of action according to these. If a robot were
to perform on a similar level as a human, it would need to be able to learn
to improve its decision making process and behavior according to success of
past tasks. Robots that exhibit no contextual adaptation always follow the
same course of action in a given situation. Their behavior is “hard-coded”.
At the time of writing, robots generally exhibit no contextual adaptation,
or partial contextual adaptation. An example of partial contextual adaptation could be a robot behaving in a particular way in a given situation, but
with randomized adaptations. By performing randomized behavior, a robot
can modify its future behavior based on the best outcomes, and become
more efficient in partial adaptation. For example, ”artist robots” can create
artwork by randomizing certain artistic styles onto pre-determined images.
The choice of artistic style is based on data from previous sales of paintings,
which leads to the robot attempting to improve its performance with each
iteration. Here, while the robot appears to be behaving in a creative and improvisational manner, it does not take into consideration the context of the
image being created. It also could not apply its artistic skills in another context. This leads to the behavior being classified as having partial contextual
adaptation.
The behavior of the InMoov has no contextual adaptation. The signs
and speech of the robot need to be pre-programmed. Hard coded behavior
is also more consistent and structured than adaptation, which leads to less
confusion for the child. Children can learn to imitate the robot more easily,
due to the repetitiveness of the robot’s imitation prompts. This follows the
design guideline of “consistent, structured, simple behavior”.
3.3.4.2

Motivation

Motivation of behavior describes whether the robot behaves purely in response to external stimulus from its environment, purely according to internal models, or a mix of the two. An example of motivation via internal
models is the motivation system of the robot Kismet, in which behaviors
are influenced according to internal models of Kismet’s drives and emotions
(Breazeal, 2004).
In this solution, everything the robot does in the therapy situation is mo-
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tivated by what the child is doing, which means that motivation is entirely
external. The robot has no programmed “internal models”. Keeping the
robot’s behavior externally motivated follows the design guideline of “consistent, structured, simple behavior”, since children with autism have trouble
anticipating other’s internally motivated behavior due to lack of Theory of
Mind (Baron-Cohen et al., 1985; Frith, 2003).
3.3.4.3

Social awareness

Designing social behavior to the right degree is difficult, as a robot may be
perceived to have intentional behavior, due to its life-like appearance and
behavior (Bartneck and Forlizzi, 2004). Social robots should adhere to generally accepted social norms, in order to create the impression of possessing
some form of social intelligence (Bartneck and Forlizzi, 2004; Dautenhahn,
2002). Social awareness of a robot can range from none, to some, to full,
although to my knowledge no robots with full social awareness currently exist. Arguably, this quality can vary also among humans. Social awareness
means how well the robot follows social conventions, such as greeting a new
person when they enter a room, maintaining appropriate personal distance
to a human, or understanding when it is its turn to speak.
In this solution, sophisticated social abilities are not needed, as autistic
children themselves have limited social abilities, and would be confused by
a robot operating on the social level of a human. However, the InMoov
does adhere to simple social norms, in order to teach them to the children.
The InMoov greets upon meeting, says farewell when the user leaves, and
acknowledges the user’s presence by asking for their name. The robot also
keeps eye contact, by looking in the general direction of the child. This was
done by seating the child in front of the robot. No programmatic tracking
of the child’s face was implemented. The robot is also programmed to start
and finish every sign with the same position, with fingers and arms resting
at both sides freely. This helps indicate to the user when the robot’s turn
to speak starts and ends (Uluer et al., 2015). Keeping the level of social
norms simple follows the design guideline of “consistent, structured, simple
behavior”.
3.3.4.4

Autonomy

Autonomy defines to what degree a robot displays behavior in a self-contained
manner. Autonomy of the robot’s behavior can range from none, to some, to
full. A robot that has no autonomy is operated externally by a human, and
a robot that has full autonomy is completely self-contained in its operation.
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A robot with partial autonomy may occasionally need human intervention
to behave appropriately.
The InMoov has no autonomy and is completely externally operated.
However, it appears autonomous to the child, as the child’s actions are being
observed by a human operator from another room, who programs the robot
to respond appropriately to the child. The human operating the robot follows
a simple if-then do-while outline for the therapy. This makes the behavior
of the robot straightforward and understandable for both the child. This
follows the design guideline “consistent, structured, simple behavior”.

3.4

Summary of the design

This chapter introduced a design framework for the purpose of designing social robots, and detailed the process of using the framework. To my knowledge, no other frameworks that describe the entire design process of social
robots exist.
The framework is utilized to make design decisions about a robot which
is used to teach assistive sign language to children with autism. The robot
selected for this solution is the open source humanoid robot InMoov.
First, the problem space was defined, which involved defining the user
group, their goal, safety and ethical considerations, and the robot’s task.
Based on the problem space, five design guidelines were established. The
guidelines were used to guide the design of the solution space, which involved making decisions about the robot’s environment, form, interaction
and behavior. The implementation of the solution designed in this chapter
is introduced in the next chapter.

Chapter 4

Methods
This chapter describes the research methodology used to examine the success
of the design described in the previous chapter. The research setting, process
and data analysis methodology are presented.
The design in chapter 3 involves many choices which may have affected
the performance of the robot as a sign language tutor. Resources were not
available to validate all of those choices. The interaction scheme of the robot
was chosen as a likely candidate to influence tutoring effectiveness, and so
the following study was designed. This study also serves as an example of
how the design framework can be used more broadly: fixing other design
parameters, and varying one to measure its effect of success.
Three different interaction schemes of the robot, referred to here as design conditions, were compared. The study of the robot’s and the child’s
interaction was framed as a comparative design study. The research question relevant for this chapter is RQ2: Is the designed robot successful as an
assistive sign tutor? This was examined by testing three hypotheses:
H1: Children will imitate signs performed by the robot
H2: The design condition will affect the success of imitation
H3: The design condition will affect the child’s attention focus
These hypotheses, and how they were tested, is discussed further in this
chapter.

4.1

Research setting and process

Experiments with 12 autistic children were organized to examine their responses to the robot InMoov as an assistive sign tutor. The experiments
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were organized at Satakunta’s hospital district, in collaboration with speech
therapist Lehtonen and neuropsychologist Nyman. A script for the robot to
follow during the experiments was created together with the speech therapist. The experiments lasted around 30 minutes per child, with the speech
therapist and a companion of the child (parent or other care-taker) present
with the child in the experimentation room. The robot was operated from
the next room by myself and another engineer, according to instructions
given by the speech therapist via a camera feed. The therapy session was
observed by the operators through three camera feeds. After the therapy
session, the child and their companion were asked to fill out short surveys
to describe their experience. The surveys along with footage from the camera feeds were analyzed after the experiments, using both quantitative and
qualitative methods.

4.1.1

The InMoov and its modifications

The InMoov is a human-sized humanoid robot torso, controlled by Arduino
microcontrollers, constructed out of 3D printed plastic body components and
gears. The power is distributed through custom printed circuit boards, also
available under the CC BY-NC license. The fully assembled robot has 29
servo motors controlled by two Mega Arduino boards. A USB hub connects
the Arduino boards and peripherals (in our case a mouth speaker and an
eye camera) to the controlling computer, which in this case was a Windows
laptop. The software used to control the robot, MyRobotLab, is an open
source robot control framework (Langevin, 2013).
The implementation of the InMoov used in this experiment can be seen
in figure 4.1. The InMoov used in this experiment was built using the original schematics, and printed out of ABS and PLA plastic, with additional
NinjaFlex in the hands. Its original hands were replaced by Ada hands, the
schematics for which are also available online under a Creative Commons
license CC-BY-SA (Open Bionics Labs, 2018). The original hands are visible in figure 4.2, while the new hands are visible in figure 4.3. The signs
were performed solely with the robot’s arms and hands. The InMoov had 2
degrees of freedom (DOF) in each finger, including its thumb. Its wrists had
2 DOF, biceps 4 DOF, and shoulders 4 DOF. The InMoov was powered by
an adjustable bench power supply with 6 V. The Ada hands were powered
through two 12 V AC adapters.
The InMoov’s chest components were modified to fit a tablet screen, and
lights were attached to its right hand with tape. To control the robot during
the experiments, commands were executed through MyRobotLab. Unique
command sequences were written for each child, which were executed accord-
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Figure 4.1: The robot pictured in the experimentation room, with both the
lights on the hand and the picture on the tablet active.

Figure 4.2: The InMoov’s original hands.
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Figure 4.3: The new Ada hands.
ing to what the operators observed to be happening in the experiment room.
The tablet in the robot’s chest was also controlled through MyRobotLab.

4.1.2

Signing with the InMoov

9 signs were selected for the experiment together with the speech therapist.
The signs are depicted in figures 4.4 and 4.5. The thumbs up gesture that the
robot performs during the experiments is also depicted in figure 4.5. When
choosing these signs, the physical limitations of the InMoov were taken into
account: the InMoov is unable to cross its arms over its midsection, could not
raise its shoulders, and could not bend its wrists. All of the signs were nonabstract concepts, such as animals or sports, which children were familiar
with beforehand. These signs would be taught in assistive signing therapy
even without the robot. Before the signs were used in the experiments, the
speech therapist verified the recognizability of the signs with a colleague who
did not know the set of signs. This procedure was adapted from the sign
language study performed with Robovie R3 (Uluer et al., 2015).

4.1.3

Research participants

10 out of the 12 children that took part in the experiments were analyzed.
Two of the experiments had to be discarded from data analysis, one due
to a mistake in the operation of the robot, and the other after the child’s
parent stopped the experiment since the child could not calm down. The
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“kissa” – cat

“kattila” – pan

“ankka” – duck

“hiihto” – skiing

“jauho” – ﬂour

Figure 4.4: Five signs out of the set of nine.
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“lamppu” – lamp

“leipä” – bread

“pallo” – ball

“talo” – house

thumbs up

Figure 4.5: Four signs out of the set of nine, and the thumbs up gesture that
the robot makes to reward the child.
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Age

Autism severity

13

mild

23

severe

caretaker

14

severe

caretaker

13

severe

mother

14

mild

mother

11

severe

mother

16

severe

caretaker and psychologist

14

severe

two caretakers

11

mild

16

severe

Accompanying person(s)
mother

mother and father
two caretakers

Table 4.1: A list of the experiment participants’ ages, autism severity, and
accompanying persons.
participants’ ages, severity of autism and companions in the experiment are
detailed in table 4.1.

4.1.4

Experiment set-up

The experiment was set up in a room at the facilities of Satakunta’s hospital
district, in collaboration with speech therapist Lehtonen and neuropsychologist Nyman. The experiment set-up is seen in figure 4.6. The experimentation room was familiar to some of the children beforehand. Some of the
children came from home, and some lived at the hospital’s quarters. All children were accompanied by either a parent or a caretaker from the hospital.
The robot was at the back of the room on the floor. The child was sat at
a table directly facing the robot. The speech therapist sat diagonally next
to the child. The companion of the child sat in one of the chairs along the
sides of the room, wherever they felt most comfortable.
The table was placed between the user and the robot to discourage physical contact in order to ensure physical safety of the child, and of the robot,
as the robot is fragile. Some of the test users were also known to display
aggressive behavior on occasion, so the table acted as a protector of both the
robot and the child.
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windows

sofa

sink
chair
available
for
companion

robot
camera 2

camera 3

chair

stool
chair
available
for
companion
table

chair

chair
available
for
companion

child

therapist

closet

camera 1

door

table

Figure 4.6: The experiment set-up. The child sat directly in front of the
robot, with a table in between them, for the safety of the child. The speech
therapist sat next to the child, facing the child and the robot. Three cameras
were placed in the room, in order to capture all of the child’s behavior. The
child’s companion could choose one of the three seats on the side of the room.
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Figure 4.7: View from the front camera, with the robot signing “flour”.
The robot was teleoperated from a room across the hall. An observer
observed the experiment room through three camera feeds, and told the operator which functions to execute, according to the speech therapist’s signals.
The speech therapist indicated to the operator that the child signed correctly,
incorrectly, or that the child had not responded as all. Cameras were placed
behind the child, to the front of the child, and in the robot’s right eye. The
view front the front camera can be seen in figure 4.7, and the back camera
in figure 4.8. In accordance to the ethics consideration defined in the design
process, the footage recorded by the cameras that was used to generate data
was treated with care, and kept encrypted.

4.1.5

Experimental procedure

The experimental procedure was precisely defined beforehand, as was discussed in the previous chapter.
When the child first entered the experimentation room, the speech therapist showed the child a picture series of how the experiment would proceed.
This procedure was adapted from the study done with the robot Tito and
children with autism (Duquette et al., 2008). The picture series is visible in
appendix C. This was done to create some familiarity with the robot so the
child could feel more comfortable (Duquette et al., 2008), and to help the
child know what to expect. After the experiment ended, the child and their
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Figure 4.8: View from the back camera, with the speech therapist showing
to the camera that the child had signed accurately.
companion were asked to give their opinions via surveys. The child’s survey
is visible in appendix E, and the companion’s survey is visible in appendix F.
The survey was administered by neuropsychologist Nyman, who entered the
experiment room after the interaction with the robot had concluded. After
completion of the surveys, the child and their companion promptly left the
experimentation room.
For the experiments themselves, an interaction structure was programmed
beforehand for each child. The programmed interaction structure included
each child’s name, and a randomized order for the signs. For each sign, one of
three different design conditions was randomized. Three signs were assigned
randomly to each condition. The design conditions were made up of different
interaction modalities. The design conditions were:
• Sign and voice command
• Sign and voice command, and image in chest tablet
• Sign and voice command, and flashing lights in right hand
The image condition can be seen in figure 4.1, and the images shown on
the tablet are seen in figure 4.9. The image always corresponded with the
word being signed. The lights on the robot’s hand can be seen in figures

CHAPTER 4. METHODS

“kissa” – cat

“lamppu” – lamp

“kattila” – pan
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“ankka” – duck

“leipä” – bread

“hiihto” – skiing

“pallo” – ball

“ﬂour” – jauho

“talo” – house

Figure 4.9: Images shown on the tablet simultaneously with the word spoken
in the second design condition.

Figure 4.10: The lights attached to the robot’s hand for the third design
condition.
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4.10 and 4.1. The lights were turned on when the robot started signing, and
switched off when it stopped signing.
The basic interaction structure used during the experiments is depicted
in figure 4.11. The robot demonstrated a sign, asked the child to respond,
and then responded appropriately to the child’s response. The robot demonstrated nine signs overall during each experiment. At the start of the experiment the robot said hello, and at the end of the experiment the robot said
goodbye. A more detailed conversation transcript is attached in appendix D
in Finnish.

4.2

Research methodology

The primary research methodology was examining and analyzing the videos
of each child interacting with the robot. Due to the small amount of quantitative data anticipated to be gathered from the videos, it was triangulated
with qualitative data gathered from the surveys conducted with the children
and their companion after the experiment.
H1, H2 and H3 were tested primarily through the video data, and resulting conclusions were supported by qualitative data from the surveys.

4.2.1

Quantitative measures

Two quantitative measures were selected to be analyzed from the videos to
evaluate the success of the robot as an assistive sign teacher. Firstly, the
success of the child’s imitation was analyzed. Secondly, the child’s attention
on the robot and other objects was analyzed.
4.2.1.1

Imitation

Imitation has been used as a measure of success in previous studies examining
the use of robots in autism therapy with children (Robins et al., 2004, 2006;
Goodrich et al., 2012; Duquette et al., 2008; Boccanfuso et al., 2017), as well
as teaching sign language to neurotypical children (Kose and Yorganci, 2011;
Uluer et al., 2015).
Imitation has two functions: communication and learning. These two
functions imply capacities such as detection of novelty, attraction toward
moving stimuli and perception-action coupling. It is argued that basic perceptionaction coupling is intact in autistic children (Nadel et al., 2004).
Imitation can be described as having several levels: at a low level of
functioning, children with autism may produce perception-action coupling
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Robot demonstrates sign

Robot asks
for imitation
of sign

no reaction

correct

Outcome?

incorrect
Robot asks for attention

Robot says not quite correct

Robot demonstrates sign

Robot asks
for imitation
of sign

correct

Outcome?

Robot says correct,
shows thumbs up

incorrect or no reaction
Therapist demonstrates sign

Robot
observes
outcome

Outcome?
correct

incorrect

Robot says now
that’s correct

Robot says let’s
go to next sign

Figure 4.11: Flowchart of the robot’s behavior, which was executed by the
operators according to the child’s responses.
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and imitate movements that they see, without an explicit intention to do so.
At a higher level, imitative behavior is informed by the intention to do as
the other intends to do. An even higher level is communicative imitation,
where the imitator has the intention to do as the others intend for them to
do (Meltzoff and Prinz, 2002). In this experiment, types of imitation are
not distinguished from each other, and even rudimentary perception-action
coupling is accepted. However, for further experiments, different types of
imitation should be considered.
Children’s responses to the robot’s signs were categorized into four categories: correctly imitating the robot, correctly imitating the robot with
human assistance, incorrect imitation of the robot, and no reaction to the
robot’s imitation suggestion.
Correct imitation with human assistance was measured as a separate
category, as there could be no certainty whether the child had in fact imitated
the robot or the human. If the child imitated the human, it could not be taken
as an indicator of the success of the robot as a teacher. Human assistance
was defined as either the therapist or the companion signing simultaneously
or after the robot, after which the child signed correctly.
The robot asked for each sign up to two times. The response given on the
latter request was recorded: if the child signed incorrectly or did not respond
on the first request, but signed correctly on the second request, the response
was recorded as correct.
H1 was tested by determining overall imitation success. Imitation success
was compared across the three design conditions. This directly tested H2.
4.2.1.2

Gaze direction

The other quantitative measure selected was eye gaze direction, which has
also been used in previous studies examining the success of using a robot in
autism therapy (Bekele et al., 2013; Duquette et al., 2008; Goodrich et al.,
2012; Kozima et al., 2009; Pop et al., 2013; Robins et al., 2004; Wainer
et al., 2014). The specific attention analysis methodology used was adapted
from a previous study observing interactions of children with autism (Joseph
and Tager-Flusberg, 1997). Gaze direction was categorized into four categories: robot, therapist, loved one, and elsewhere or unfocused. When the
gaze direction was obscured, the time of obscuration was discarded from the
analysis.
Gaze directed at an interaction partner is a sign of initiation of contact,
and its maintenance. Gaze is the indicator of social accessibility (Goffman,
2017). Individuals with ASD may be slower to be direct their gaze at their
interaction partner, and the timing of gaze may differ from neurotypical
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people (Kendon, 1967). In this case, gaze directed at the robot is used as a
measure of success of contact between the child and the robot.
Gaze directed at the robot was measured as a percentage of the time spent
in interaction, as times varied between interaction instances, and between
children. Gaze was measured from the videos by observing the child’s gaze
focus from each frame. Gaze directed at the robot was defined as the child
looking at the robot’s face, torso or hands.
The gaze direction was compared across the three design conditions. This
directly tested H3.

4.2.2

Qualitative methods

Qualitative methods used were surveys conducted with the children and their
companions, where they were asked for their opinions about the robot.
Children were asked how they felt about the robot and its design conditions right after the experiment. Their companion was asked how they
thought the child felt about the robot, and how they would rank the usefulness of the design conditions. Companions were also asked whether they
thought the child formed a connection with the robot, and if they could
benefit from using it as a tool. The companions were also asked how they
felt about the robot. Some of the questions were quantifiable, while others
provided the opportunity to give a free-form answer.
The simpler answers were quantified, while the free-form text was analyzed for recurring themes. Out of 10 children, 6 were able to answer the
questions reliably. Out of 10 companions, 8 turned in the survey, with most
questions answered.
The symptoms of autism vary greatly from person to person. Because of
this, qualitative data gathered from these interviewees is not directly generalizable to the entire autistic population. However, this is always the case
with user interviews: one person’s perspective does not necessarily represent
the whole. The qualitative data gathered was used to create a general sense
of direction for future designs of the robot, or other robots used for the same
purpose. The qualitative data was used to support the answers provided by
the quantitative methods for hypotheses H1, H2 and H3.

Chapter 5

Results
The aim of the study was to examine the effect of three design conditions on
outcomes. The design conditions were three different interaction schemes:
the robot signs and says the word in question (abbreviated in tables as “Sign
only”); the robot signs, says the word in question and shows an image of the
word (abbreviated in tables as “Image”); and the robot signs, says the word
in question and flashes lights (abbreviated in tables as “Light”).
First, quantitative analysis of the child’s responses to the robot’s signs
and the child’s gaze direction are presented. Second, the qualitative analysis
of the surveys conducted with the children and their companions is presented.
As a reminder, the hypotheses tested in the experiments were:
H1: Children will imitate signs performed by the robot
H2: The design condition will affect the success of imitation
H3: The design condition will affect the child’s attention focus

5.1

Quantitative analysis

The Wilcoxon signed-rank test is used to examine the success rate of the
children’s imitations of the signs. The Wilcoxon test is a non-parametric
statistical hypothesis test, and is used to perform a one-sample test to determine whether the median number of imitations is statistically significantly
different from zero (Wilcoxon, 1945). The Friedman test was used to analyze
the potential effect of the three different design conditions on both the child’s
ability to sign accurately and the child’s gaze direction. The Friedman test
is a non-parametric test, and is used to detect differences in outcomes across
multiple test attempts (Friedman, 1937). An α level of 0.05 was used for all
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Child
A
B
C
D
E
F
G
H
I
J
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Sign only
2
2
2
0
3
0
0
0
3
2

Image
2
3
3
0
3
0
0
1
3
2

Light
1
1
2
0
3
0
0
3
3
1

All
5
6
7
0
9
0
0
4
9
5

Table 5.1: Successful imitations of each child in different design conditions,
and combined successes for all design conditions.
statistical tests.

5.1.1

Successful imitation of signs

Table 5.1 depicts the success of the children imitating the robot across different design conditions. Considering the “All” column in table 5.1, 7 out of
10 children performed a non-zero number of imitations of the robot’s signs.
A one-sample Wilcoxon signed rank test reveals that the median number of
total successful repetitions was significantly greater than zero (p = 0.01101).
Thus H1 can be accepted – children were able to imitate the robot’s signs.
However, a Friedman test showed no significant effect of design condition on
successful imitations, χ2 = 0.46154, p = 0.7939.
No significant effect of design condition was discovered on the outcomes
of incorrect signing (χ2 = 0.66667, p = 0.7165), no reaction to the signing
prompt (χ2 = 2, p = 0.3679), or correct with human assistance (χ2 = 0.8, p =
0.6703).
The results suggest that success of imitations was not dependent on the
design condition of the robot: 2 children imitated all signs successfully, while
3 imitated no signs successfully. Half of the children (5), signed between
4-7 signs correctly. Based on this evidence, we are unable to reject the null
hypothesis, and we can not accept H2. It is possible that success of imitations
is dependent on the child themselves, be it their prior skills, interest level in
technology, or other variables related to them. However, this possibility could
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Gaze direction
Robot
Therapist
Companion
Elsewhere

Sign
Mean
73.36 %
5.14 %
2.95 %
18.55 %

79
only
SD
29.89 %
6.07 %
3.44 %
25.83 %

Image
Mean
SD
74.01 % 30.77 %
5.41 %
9.01 %
3.83 %
2.97 %
16.74 % 26.47 %

Light
Mean
SD
74.77 % 29.12 %
5.81 % 11.35 %
3.28 %
2.97 %
16.13 % 22.39 %

Table 5.2: Children’s gaze direction relating to three different design conditions.
not be tested with the data available.
While on average children were able to imitate the robot, it is important
to note that 3 children achieved no successful imitations. The intervention
does not fit all children with autism, and studies in a clinical setting need to
be conducted in order to determine how to best conduct this intervention,
and who would benefit from it.

5.1.2

Attention focus

Attention focus on a certain subject was calculated as a percentage of the
length of each experiment, as times varied significantly between children.
Attention focus categories were defined as robot, therapist, companion of the
child, or elsewhere. Attention focus was determined by examining the footage
of children interacting with the robot, gathered from two cameras. Each
second of footage was manually coded for the child’s gaze direction, using
the software BORIS (Behavioral Observation Research Interactive Software)
(Friard, O. and Gamba, M., 2016). The total interaction time used in the
experiment, with the shortest time used for the entire experiment being 367
seconds (just over 6 minutes), and the longest time 1666 seconds (nearly
28 minutes). The variation was due to children’s different response speeds.
An independent second coder was used to analyze one video to examine
agreement levels, of both imitation and gaze direction. The same video was
also coded by me a second time to determine internal agreement.
For the data presented in table 5.2, a Friedman test revealed no significant
effect of design conditions on the focus on the child’s attention on the robot,
χ2 = 0.97436, p = 0.6144.
No significant effect of the design condition was noted on the child’s
attention on the therapist (χ2 = 0.63158, p = 0.7292), their companion (χ2 =
0, p = 1), or elsewhere (χ2 = 0.85714, p = 0.6514).
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Gaze direction
Robot
Therapist
Companion
Elsewhere
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All
Mean
73.89 %
5.38 %
3.38 %
17.24 %

SD
29.80 %
8.41 %
2.79 %
24.16 %

Table 5.3: Gaze direction in all design conditions combined.
Based on this evidence, we are unable to reject the null hypothesis, and
we can not accept H3.
Examining the table 5.3, which shows the children’s gaze direction among
all design conditions, the majority of focus was clearly on the robot, with
elsewhere being a second. However, standard deviation is quite high among
all gaze attention targets. This means that there is high variation between
children. This reinforces the imitation results, in that the effectiveness varies
highly by child.

5.2

Qualitative analysis

Simple surveys containing five questions were conducted with the children
by the neuropsychologist after the experiment. 6 children out of the 10
whose data is analyzed in the quantitative section were able to answer these
questions. 4 children gave no response to any of the questions. With the
children’s companions, surveys containing 12 questions were conducted. 8
companions answered these surveys.
As the data obtained from these surveys are not significant in size, no coding for themes was developed beforehand to go through the answers. Instead,
all answers were examined for common statements about or evaluations of
the design conditions being examined. Additionally, other evaluations or
suggestions regarding the robot and its use in this therapeutic context were
regarded as valuable data to guide future applications.

5.2.1

Survey with children

All 10 children were asked to answer a short survey after the experiments
(survey can be seen in appendix E). 6 children were able to answer the first
questions about how the robot felt, and 5 were able to answer about the
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How did the robot
feel to you

81
Fun
5

Boring
0

Scary
2

Table 5.4: All 6 children responded to this question.

The robot is
The images are
The lights are

Good
5
5
5

Bad
0
0
0

Table 5.5: 5 out of 6 children answered these questions.
robot, its lights and images. All children were also given a chance to give
any additional comments about the robot, but none of them did.
Out of the options fun, boring and scary, 5 out of 6 children said the
robot was fun, although 1 said it was also scary (table 5.4). 1 child thought
the robot was only scary. This indicates a general positive attitude toward
the robot from the children, although its scary qualities should be further
examined, and removed for future iterations.
All 5 of the kids who were able to answer if the robot, its images and
lights were good, said that they all were (table 5.5). These answers further
indicate that the children had a generally positive outlook on the robot and
its qualities.

5.2.2

Survey with adults

Out of 10 companions present in the experiments, 8 returned the survey.
Some of the participants filled the survey directly after the experiment, and
some took it home and turned it in later. The survey contained 12 questions,
but not all participants answered all questions. The survey can be seen in
appendix F.
Questions with pre-set answers are presented in tables, while freeform answers are discussed within the text. Quotations are translated from Finnish.
5.2.2.1

How did the robot feel?

The majority of the companions, 7 out of 8, reported that the robot seemed
to feel fun to the child, although 2 of them said it also seemed scary (table
5.6). This further indicates that there are some scary qualities of the robot
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How did the robot
feel to the child
How did the robot
feel to you

82

Fun
7

Boring
1

Scary
2

Other
interesting (2), new (1)

7

0

0

interesting (5)

Table 5.6: All 8 companions answered these questions.

Rank the
conditions

design

Sign only
5

Image
14

Light
2

Table 5.7: 8 companions answered these questions. The companions were
asked to rate each design condition, giving the best one 2 points, the second
best 1 point, and the worst 0 points. Some companions only indicated the
best condition, in which case this condition was given 2 points.
that should be fixed. 1 companion regarded the robot as boring to the child.
These answers support what the children said they felt about the robot.
The perception of the robot was aligned between children and their companions – in both cases where a child answered that the robot felt scary, their
companion had the same perception of the child’s experience.
The majority of the companions, 7 out of 8, said the robot felt fun also
to themselves. 5 of them added that it was interesting in the open answer
(table 5.6). This indicates a positive reaction from the companions toward
applying the robot in this type of therapeutic use. This is promising, as
future applications of the robot, especially in everyday use, would need cooperation from the children’s parents and caretakers.
5.2.2.2

Design conditions

Companions of the children were asked to rate the design conditions from
best to worst. The best condition was given 2 points, the second rated was
given 1 point, and the worst 0 points (table 5.7). Some companions only
indicated what they thought was the best condition.
1 companion chose “Sign only” as the best condition. The child of this
companion did particularly well in the experiment, and did not need the
additional images or lights to stay focused or imitate successfully. This supports the idea that robots should be modular in complexity, and modular
per child. 2 companions were concerned whether the voice and sign were
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Did the child have a connection with the robot

Yes
8

No
1

Table 5.8: 8 companions answered these questions, 1 answered both yes and
no.

How was the child’s connection with the robot

Better
than with
human
2

Same as
with human
5

Worse
than with
human
3

Table 5.9: 8 companions answered these questions.
sufficient for the child to understand what concept was actually meant by
either.
“Image” was overwhelmingly rated the best, by 7 out of 8 participants,
with a total of 14 points. Additional positive remarks about the “Image”
design condition were given by 7 out of 8 companions, noting that it “grabbed
the child’s attention”, and “helped them understand what was meant by the
sign”. The image was commented to add to the child’s interest, and clarity
of the sign.
The “Light” condition scored only 2 points. 4 out of 8 companions remarked negatively about the light, for example that “it did not seem to have
any effect”, or that they “did not notice it”. Most likely, the lights had no
significant impact on the interactions with the children in this experiment.
5.2.2.3

Contact and usefulness

All of the companions said the child had a connection with the robot, although 1 also said no (table 5.8). This is a promising result, and supports
the result of a mean of 73.89 % of gaze direction focused on the robot (table
5.3), in indicating that the robot was successful in capturing and keeping the
children’s attention throughout the interaction.
The majority of companions rated the child’s contact with the robot as
being on a similar level with a human, with 1 also choosing better. 1 chose
solely better, and 3 chose solely worse (table 6.2.4). This could possibly indicate that the social interaction partner being specifically a robot may not
have any significant advantage over a human, contrary some of the research
presented in chapter 2, although the sample is so small and the question so
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Could the child benefit from
the robot

84
Yes
6

No
3

Table 5.10: 8 companions answered these questions, 1 answered both yes and
no.
general that it is difficult to contest existing research based on this. This
could also mean that the robot used in this experiment was too unsophisticated to generate any significant advantages.
6 out of 8 companions said the child could benefit from use of the robot,
although 1 also said no (table 5.10). 5 out of 8 companions also made additional positive comments about the robots potential in this application, for
example that the robot was “interesting to the child”, and that the “robot’s
positive feedback encouraged the child”. 1 companion regarded the robot as
a good potential “learning platform for contact”. This shows that there is
a general interest from the children’s companions in the robot as a tool for
therapeutic use.
2 out of 8 companions said their child could not benefit from use of the
robot. 1 of the children whose companions regarded the robot as not useful
did not imitate any signs successfully. The companion remarked that the
child was “slightly suspicious with new people, until trust is achieved”. The
companion remarked that their child usually established contact through
touch, which was not possible in this case. This statement supports the
design requirement of modularity per child. The companion who chose yes
and no remarked that the robot’s movements seemed a bit stiff. They also
remarked that their child was used to using the picture symbol system to
communicate, rather than signs, which is why the child did not imitate the
robot at first.
The other child whose companion regarded it as not useful, performed 7
successful imitations. In this case, the companion of the child was questioning
whether the child really connected the sign with the word the robot was
saying, since the child does not understand speech well. The parent was
unsure whether the child truly understood what concept was being discussed.
This raises an important concern for future research: verifying whether the
children are understanding the signs, or merely imitating them.

CHAPTER 5. RESULTS

5.3

85

Results and Implications

Analysis of the children’s imitation attempts indicated no statistically significant effect of the different design conditions. Similarly, analysis of the
children’s gaze direction indicated no statistically significant effect of the
design conditions.
However, the surveys conducted with the children and their companions
give an overview of how the children and their companions responded to
different design conditions, and the robot in general.
Children were able to imitate signs performed by the robot
7 out of 10 children performed a non-zero number of imitations of the
robot’s signs. This means that the robot has a potential use as an assistive
sign language tutor, and there is scope for further study. However, 3 out of
10 children performed zero successful imitations of the robot’s signs. This
suggests that the robot is not suitable for all autistic children. Further studies should be conducted in order to determine who would benefit from this
intervention.
Positive experience for children, however robot can be scary
The children’s survey answers indicated that they had a mainly positive
experience with the robot (tables 5.4 and 5.5), and their companions’ answers
supported this interpretation (table 5.6). The scary qualities of the robot
should be identified and altered for future experiments. 1 parent suggested
that the robot’s black hands could be seen as scary, or the noise that it
makes when it moves. The parent remarked that their child has sensory
sensitivity, characteristic of ASDs, which could have led to the servos’ noise
being scary. The noise from the robot’s servos was also regarded as an issue
for understandability of the robot’s speech by 2 companions, as it sometimes
drowned out the speech. For future iterations, the hands’ color could be
changed, and noise from the robot’s servos should be further minimized.
“Image” was the strongest design condition, according to the perception of the companions
The children’s opinions on the design conditions made no preferences
(table 5.5). However, the companion’s answers showed a clear preference for
the “Image” design condition, and a non-preference for the “Light” design
condition. In further design of this or other robots, images should be used to
support the teaching of signs, and lights should not be used in this realization
form.
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Forming a connection with the robot was successful
The companion’s answers indicated that the children formed a connection
with the robot (table ), which is supported by the mean of 73.89 % of children’s gaze direction being focused on the robot, with a standard deviation
of 29.80 % (table 5.3). This is promising for future solutions, and proves that
contact between a robot teaching assistive signs and a child with ASD can
be established.
Robot has potential benefits
6 companions thought the child could benefit from the robot (table 5.10).
7 companions thought the robot was fun to them, and 5 thought it was
interesting (table 5.6). This shows there is a general interest for the robot
being used as a learning platform in the future.
Understanding of signs needs to be verified
Other concerns that became apparent were that it should be made sure
that children connect the words with the sign, and are not merely imitating it.
This should be verified in future iterations. According to a parent, “images
help support understanding”, which further supports the implementation of
the “Image” design condition in future iterations.
Performance of signs needs to be improved
1 parent noted that the signs the InMoov was performing were somewhat
stiff. Speech therapist Lehtonen also agreed with this, and said that she
noticed the children imitating the robot’s stiffness. In order to avoid having children signing too stiffly as a result of the robot, its movements need
to be made smoother. Lehtonen also remarked that in future iterations,
implementation of facial expressions could be beneficial, in order to better
communicate the tone of a statement (A. Lehtonen, personal communication,
June 25, 2018).
Modularity per child
One of the companions discussed with the psychologist after the experiment that the room had had too much stimulation for the child, which is
why they could not focus. The child had been to the same room before, and
was expecting certain type of play to happen there, which is common for
people with ASD who rely on routines. For future experiments, it should be
made sure that the experiment environment is stimulation-free, and that it
does not hold any previous connotations for the children who are especially
prone to routines.
One parent’s preference for no images and no lights, as well as one parent’s preference for a different room support that suggestion that the robot
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should be modular per child, and in complexity. One parent who stopped the
experiment due to the fact that their child could not experiment remarked
that music could have helped their child focus. If the robot were to be taken
into use by specific children, these specific children’s preferences should be
taken into consideration.

Chapter 6

Discussion
This chapter combines the results discussed in the previous chapter with the
theoretical knowledge presented in chapter 2, along with how to implement
it using the design framework presented in chapter 3. This chapter evaluates
how effectively the original design defined in chapter 3 was realized, and
makes suggestions for future improvements, both for this particular robot,
and other robots built for the use of teaching assistive signs to children with
autism. This chapter also answers the research questions, and examines the
limitations of this study.

6.1

Answers to the research questions

RQ1: What are the design choices that may impact the InMoov’s
usefulness as a sign language tutor?
In order to examine the design choices that could impact the InMoov’s
usefulness as a sign language tutor, a design framework was defined in chapter
3. Using the framework, an initial design for the robot, which would be
used in the study, was defined. These design choices were guided by five
design guidelines defined in chapter 2, which were based on previous studies
on autism and robots used in therapy with autistic children. The design
choices made involved making decisions about the robot’s environment, form,
interaction and behavior. In order to specifically examine the usefulness of a
certain design choice, three different design conditions were designed, which
were compared. The design process involved consulting the speech therapist
and neuropsychologist as experts.
RQ2: Is the designed robot successful as an assistive sign tutor?
7 out of 10 children performed a non-zero amount of successful imitations
88
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of the robot’s signs. However, 3 out of 10 children performed zero successful
imitations. This suggests that the robot has the potential to be a successful
assistive sign tutor to some autistic children. The success of the children’s
imitation seemed to be dependent upon the specific child, rather than the
different design conditions. This leads to the question of whether the success
of the outcome is more dependent on the robot’s design, or other surrounding
factors, such as how the child was feeling at the moment or what their preexisting skill level was. To determine whether the robot is actually successful
as a tutor over time, experiments with multiple measurements are needed.
The robot succeeded in providing a positive experience for the children
and their companions (tables 5.4 and 5.6). The robot was generally successful
in capturing and retaining the children’s attention during the interaction
(tables 5.3 and 5.8). 6 out of 8 children’s companions also remarked that
their children could benefit from the use of the robot as a tool (table 5.10).
RQ3: How should the initial design or consequent designs be modified?
Out of the original design drivers, the first three (simplicity of form;
consistent, structured, simple behavior; and positive, supportive, rewarding
experience and environment) were well realized. These should be further
improved upon in further designs.
However, the last two design drivers (modularity of complexity; modularity specific to child’s preferences) were not well enough realized, as indicated
by children’s companions calling for more modularity in the qualitative results. In future realizations of the robot, these design drivers should be
emphasized more, with the help of consulting the children’s parents or caretakers, who know their individual strengths and preferences. These can then
be incorporated into any aspect of the robots design: its environment, form,
interaction of behavior.
Out of the design conditions, “Image” was the best in terms of perceived
usefulness, according to the surveys completed with the children’s companions. However, quantitative data on imitation success and attention focus
did not show any effect of design condition. Due to partial evidence of the
design condition’s usefulness, it should be further developed in future iterations. The “Light” condition was not perceived as beneficial by the children’s
companions, and the lights should be removed in their current form in future
iterations.
Specific alterations to the design of this robot that came up in the results
were: finding out what makes the robot scary and changing the robot’s form
accordingly, minimizing the sounds that come from the robot’s movement,
making the robot’s movements smoother, adding music to the robot, and
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making the robot able to be touched. These suggestions all involve modifying
the robots form (as defined in figure 3.8). Finding out what exactly makes
the robot appear scary needs to be done by comparing different qualities,
and receiving feedback from the children and parents. The robot’s sounds
should be changed: they should have more diversity according to child using
it, and the sounds made by its joints moving should be minimized. Its
movements should also be modified to appear more organic. Additionally,
the robot’s tactile sensations could be modified to make it softer and thus
more inviting and friendly (although this would need to be compared to the
current condition of hard tactile sensations, in order to make an informed
design decision). Making the robot be able to interact in a tactile manner
could also involve re-designing its interaction dimension (figure 3.11), so that
it could sense and respond to the child’s touch. With autistic children, a
touch-sensing robot could for example be used to teach the child what kind
of physical contact is appropriate.
For the experiments themselves, specific alteration suggestions that came
up in results are: make sure the room is free of external stimuli, make sure
the room has no previous connotations to the child, have the child spend
more time with the robot so that they can trust it, verify that the child is
understanding the concept of the word during the experiments, and not only
imitating.

6.2

Limitations of the Study

Due to the pilot nature of the study, there are several limitations. Among
these were limitations due to the InMoov, quantity of participants and the
experimental set-up. Reliability and validity of the results are also evaluated.

6.2.1

Limitations of the InMoov

The InMoov’s software and hardware was not always reliable, and the InMoov
did shut down in the middle of one of the experiments, which led to the
unusability of the data obtained from it. The InMoov stayed operational
during the other experiments. In future experiments, it is worthwhile to
consider other robots with more stable builds.
The InMoov’s hardware has also had malfunctions, such as its shoulder
dropping out of its socket, but luckily none happened during the experiments.
The robot’s movements were also noted as stiff by both the speech therapist
and a child’s companion. The robot does not perform the signs on the same
level as a human.
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The operation of the InMoov was done by a human observer in real-time,
which meant that it did not always react quickly to the child’s imitation
attempts. In the future, responses could be automated to provide more
immediate feedback to the child.
The UI of the InMoov’s operating system, MyRobotLab, also provides
some limitations. In the future, a symbolic user interface, that could be used
by engineer and speech therapist alike, would be beneficial.

6.2.2

Quantity of experiment participants

The quantity of experiment participants was limited, as it is difficult to arrange experiments with children with ASDs. The limited number of participants could have led to the inability to obtain statistically significant effects
of design conditions on attention or imitation success. In the future, studies
with more participants are needed.
The limited number of participants available also led to the age range of
the children being larger than was originally planned. The original planned
age range was 6-12, while the realized age range was 11-16, with even one 23
year old present. Unfortunately the two youngest participants, aged 5 and 7,
were left out of the data analysis due to incomplete data. In order to develop
a robot specifically for children, future studies need to include children from
younger age groups as well.
Additionally, at least one of the participants had sensory sensitivity, which
others did not. This makes it harder to generalize the results.
The participants were all selected by the neuropsychologist and speech
therapist, and thus deemed to be appropriate for the experiment. On this
basis, we can take the results of this experiment and apply them to further
design of robots in use with children with ASDs in the future.

6.2.3

Experimental set-up

To truly examine whether the children are learning the meaning of the signs,
or applying them to their daily language, a longitudinal study would need to
be organized. One parent remarked that “if the child could have been with
the robot longer, the signs could have started flowing better”. Additionally,
this pilot study can only observe how the children respond to the robot in
this one instance. To accurately predict what effect long-term therapy with
robots could have, a long-term study is needed.
If the robot were to be applied as a therapeutic tool, clinical grade research needs to be done. A study with a control group of neurotypical

CHAPTER 6. DISCUSSION

92

children, with the robot being compared to a human teacher needs to be
conducted.
Additionally, this study only examines one dimension of the robot’s design
– its interaction schemes. In order to develop a comprehensive solution,
other design dimensions should be studied in the future, in relation to the
robot’s usefulness in this context. Determining which dimensions should
be examined should be done together with experts of the domain (such as
psychologists or therapists), and the children and their companions.

6.2.4

Reliability

In this study, inter-rater and test-retest reliability are relevant for the quantitative methods used. To perform reliability checks, one video was retested
by another observer, as well as retested by myself.
Cohen’s kappa coefficient was calculated to examine the reliability of coding the child’s gaze direction from the front and back cameras.
Between the original coding and a retest, κ = 0, 858, indicating an almost perfect agreement according to Landis and Koch (Landis and Koch,
1977), and excellent agreement according to Fleiss (Fleiss et al., 2013). This
indicates high test-retest reliability.
Between the original coding and coding performed by another observer,
κ = 0, 840, also indicating an almost perfect agreement according to Landis
and Koch, and an excellent agreement according to Fleiss. This indicates
high inter-rater reliability.
Between the retest and coding by another observer, κ = 0, 905, which
also indicates almost perfect or excellent agreement. This indicates that the
method of coding gaze direction from the front and back cameras can be
determined as reliable.
Cohen’s kappa coefficient was also calculated to examine the reliability of
classifying the response of the child to the robot’s imitation request. Between
the original coding and a retest, κ = 1, with all classifications of response
matching each other perfectly. Between the original coding and coding performed by another observer, κ = 1, with all classifications matching each
other perfectly. Similarly, for the retest and coding performed by another
observer, κ = 1.
The definition of successful imitation attempts was quite strict. The
definition could be broadened in future experiments, to include imitations
to be correct also with human help. However, here we wanted to examine
purely the robot’s effects.
Inter-method reliability can be examined by comparing the results of
the quantitative methods with the qualitative methods. However, as the
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quantitative methods did not show any significant effect of design condition,
inter-method reliability is difficult to examine. The result of children establishing successful contact seemed to be supported by both quantitative and
qualitative methods. 8 out of 8 companions said that their child established
contact with the robot (table , which is supported by the mean of 73,89 %
of children’s gaze direction being focused on the robot.
The methodology of asking children with ASD to give their opinions about
a robot is novel to my knowledge, so evaluation of its accuracy and reliability
is difficult. It is difficult to know how reliable these answers are: not all of
the children understand speech perfectly, so some may have had trouble
understanding the questions. Additionally, the answers were recorded by
the neuropsychologist and not the children themselves, so they were up to
her interpretation. The children did not independently and spontaneously
communicate their feelings about the robot. Due to this, the children’s replies
about the design conditions were not taken as pure statement of opinion, but
rather as indicators of a positive attitude toward the robot overall.
The methodology of asking companions of the children to give their opinions via the survey seemed to be more reliable. The replies were consistent
throughout the surveys.

6.2.5

Validity

The following is a discussion of the internal and external validity of the
experimental methods.
6.2.5.1

Internal validity

History within the experiments themselves is taken into account. The child
may learn to sign more accurately with the robot as they progress during the
interactions, which may lead to an apparent effect between the design condition and the accuracy. This is mitigated by repeating each design condition
three times, in a randomized order for each child.
Instrumentation, or changes in calibration of measurement tools is taken
into account. The footage analyzed for data was recorded from three different
angles, so that if the child happened to be in a different spot of the room due
to the chair moving, they would still not be obscured and their gaze direction
could be reliably assessed.
Maturation may have interfered with the experiments, for example by
children growing more tired during the experiments. The experiments were
all kept as short as possible, with them all being under 30 minutes. However,
if children were tired prior to the experiments, this may have affected the
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results. The effect of conditions prior to therapy on the therapy has been
noted in a previous study where autistic children interacted with a robot
(Robins et al., 2004).
Due to the one-time nature of the experiment, no experimental mortality
or selection-maturation interaction was observed.
6.2.5.2

External validity

The group selected for the study is not entirely representative due to the low
number of participants, and the relatively high age range (12-16, with one
23 year old). 3 out of 10 participants are mildly autistic, and 7 out of 10
are severely autistic. Only 2 out of 10 participants are female. Due to ASD
having varying presentation in different people, participants could not in any
case be representative of the entire ASD child population. Further testing
is required with a more widely varied participant group gender and autism
severity wise, and with younger children.
Selection biases for successful outcome among the participants are assumed to not be present, as the participants were selected by two professionals, the neuropsychologist and the speech therapist.
As only one experiment was conducted, there is no risk of a pretest affecting the outcome, and no multiple-treatment interference.

6.3

Practical implications

The practical objective of this thesis was to examine the success of a specific
robot in teaching assistive signs to children with autism. The goal was to
create an initial design in a systematic way, and use it for pilot tests. The
practical contribution of this thesis is the framework developed for designing
social robots for specific uses, and the design recommendations made upon
the examination of the completed design. The design recommendations contribute to the design of future robots for the use of teaching assistive sign
language with children with autism, and the design framework contributes
to this, and also to the method of designing social robots in general. Additionally, the developed research methods can be used in future research.
This thesis focused on a single design iteration, in which professionals of
the field (a neurospychologist and a speech therapist, as well the robotics
engineer writing this thesis) were involved in defining the problem space and
design drivers, and children and their companions were involved in evaluating
the interaction of the solution space. I propose that for robotic solutions to be
fully effective, children with ASD and their companions should be involved
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in all aspects of the robot design: defining the problem space and design
drivers, as well as defining the solution space: the robot’s environment, form,
interaction and behavior. The involvement of these co-creators should ideally
be done through each design phase, and in an iterative manner when building
the robot.
Should the research continue with this InMoov as a solution platform,
the next iteration would be modified based on the feedback obtained through
the qualitative surveys (as the quantitative data provided no actionable outcomes). Design iterations should also be done on a child-to-child basis, as
modularity per child was underlined in the qualitative results.
The method of using gaze direction as a measure of attention focus can
be considered as particularly reliable. The classification of the children’s reactions were also reliable. These methods could be used in future research
when data being examined is video material of a child interacting with a
robot. The qualitative methods, having children and their companions fill in
surveys, need to be further developed in future research, but show promise
as a method of examining both the success of robot, and as a method of involving users and their loved ones in the design process. Finding a method of
involving the children especially is a worthwhile goal for future research. The
design framework’s iterative process should be used to gather user feedback
from children. The novel survey presented here can be used as a basis for
developing user feedback methods to be used specifically with children with
ASDs.

6.4

Theoretical implications

The theoretical objective of this thesis was to complete the first pilot study
of a robot used to teach assistive signs to children with autism. Previous
research has examined the use of robots in communication therapy with
children with ASDs, and to teach sign language to neurotypical children.
This previous research was examined to create a basis for the initial design
of the robot. This thesis is the first study in a new area of robotics research,
which researchers can take into consideration in future studies.
A study that examined the use of a robot as a teacher of sign language
to children served as the original inspiration for this application of the robot.
The study called for continued research into creating social robots for use
by disabled or impaired people. The researchers assert that people such
as hearing-impaired children and children with ASD need the assistance of
technology to survive more than the majority of society (Uluer et al., 2015).
A comparative design methodology was selected, as a need for research
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into the design spaces of behavior, appearance and interactional competencies
of robots in autism therapy had been previously identified (Dautenhahn,
2002; Robins et al., 2006). Comparative design studies were especially cited
as an efficient tool to help identify and meet the needs of this group of users
(Robins et al., 2006). This informed the development of the design framework
and research performed here.
The design framework introduced in chapter 3 is the biggest contribution
of this thesis. To my knowledge, it is the only design framework that aids
the entire design process of a social robot.
In order to showcase how the design framework relates to other existing
robots, the robots Charlie and Keepon, which were introduced in chapter 2,
are situated into the framework. This is detailed in the appendices A and
B. Situating these robots into the framework acts as a demonstration of its
usability outside the context of the particular implementation introduced in
this thesis.

6.5

Future research

The study in this thesis tested only one dimension of the design space (interaction schemes), but can be treated as an example of how to use the
framework for experiment design in general. Future research should focus
on varying other design dimensions in order to further improve the design
of robots to be used for assistive sign language tutoring. Future research
should also focus on determining who exactly would benefit from this type
of intervention, as the success level of imitations varied by child.
Future research should explore the possibility of the robot as a tool in
long-term use. This requires longitudinal clinical studies, with a control
group of neurotypical children and with a comparison to a human as a
teacher. This would also provide the possibility of examining whether children are learning the signs long term, and if they are transferring learned
skills into everyday life. Clinical research in the field of using robots in
communication therapy with autism is lacking (Begum et al., 2016). Robotmediated interventions need to be proved to produce stable positive effects,
to be considered evidence-based practices, and therefore effective clinical interventions (Begum et al., 2016).
If the clinical studies lead to robots being applied as therapy tools, future
research should also target the development of an interface for the robot that
therapists and psychologists could use to construct and program therapy
sessions. The interface should be implemented to any future iterations of
the robot introduced in this thesis, as well as other robots intended for a
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similar use. The interface should be understandable and adaptable to sudden
changes. An interface to modify the robot’s behavior and interactions would
be beneficial to support the modularity of its complexity and modularity per
child.
Future studies should also examine the possibility of placing an assistive
sign teaching robot into a child’s daily life, for example at their home or
at their school. This would make the robot more accessible to the child,
and provide more opportunities for the child to practice their skills with it.
This would also remove some of the workload of continued practice from the
child’s loved ones. It would also have the advantage of being freely accessible
by the child, which would increase the spontaneity of interactions, and aid
generalization. The robot could use its internal memory to remember signs
that are unique to a child, providing continuity for the child to use their
individualistic signs.
Possible future research regarding the design framework could be creating more precise methods for describing the robot’s voice, sounds, olfactory
and tactile sensations, which were examined in the “form” section (3.3.2).
In future versions of the framework, new design dimensions should also be
implemented. Three dimensions that will be important in the future design
of social robots are perception, personality, and mobility. These dimensions
came out in discussions with experts after the study was conducted, which is
why they are not included in the framework. This fact also indicates that as
new knowledge is accumulated about social robotics, the framework should
be modified accordingly.
Perception refers to the ability of the robot to perceive its surroundings,
and make decisions based on these. In the future, robots could perceive
not only simple speech, but use voice prosody analysis and facial analysis to
recognize for example the emotions of their interaction partner. Computer
vision could aid robots in recognizing objects, and interacting with them.
There are other perception technologies that could be implemented in robots
of the future.
Personality refers to the robot’s manner of interacting. Currently, social
robots do not display much character. Robot’s interactions currently focus
more on task-oriented goals, rather than exploratory ones (this was explored
in 3.3.3). As social robots become more sophisticated, users may perceive
them more as interaction partners who they can relate to and who can provide meaningful conversation, rather than only complete tasks. In this case,
personality of the robot begins to become more important.
Mobility affects the entire design of the robot. Mobility of social robots
provides them a larger environment, and modifications to its form in order to
accomodate mobility. Mobility can provide entirely new modes of interaction.
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It also means adjusting the robot’s behavior to move in the world, which
includes things such as social mobile behavior, such as collision avoidance.
Introducing mobility also requires sophisticated perception, in order to avoid
safety issues.
Other dimensions may emerge as social robots continue to be developed.
The framework is not intended to be static, and should be continuously
developed to remain a relevant tool in the future design of social robots.

Chapter 7

Conclusion
This thesis introduced a social robot that was used to teach assistive sign
language to children with autism. The phenomenon of autism in children
and the problems associated with it were discussed, as well as assistive sign
language as a communication tool for autistic children. Robots that had
been previously used in communication therapy use with autistic children,
and robots that had been used to teach neurotypical children sign language,
were examined. Based on the findings of this research, five design guidelines
for the design of social robots to be used with autistic children were defined.
In order to systematically design a social robot to be used to teach assistive sign language to children with autism, a design framework for the
design of social robots was introduced. The design framework is a tool that
can be used by experts of different fields, collaborating to create a social
robot. Collaboration across domains is often needed in the robotics field, as
was discussed in the introduction. Social robotics pioneer Cynthia Breazeal
has specifically called for a multidisciplinary approach to robotics (Breazeal
et al., 2008). In this case two experts, a speech therapist and a neuropsychologist, contributed to the design decisions with their expertise. The framework
acted as a facilitator of effective communication, and as a boundary object
for materializing ideas. It introduced a common language for experts from
different domains, which is essential for designing social robots that serve
their purpose efficiently. The framework also introduced safety and ethical
considerations into the design process of robots. This is important, as robots
have the capacity to affect human emotions, and can thus pose a risk for the
user.
For the case described in this thesis, the open source robot InMoov was
modified in order to follow the established design guidelines, and the advice of
the experts. The modified robot was tested with 10 autistic children, with its
interaction design dimension being examined in a comparative design study.
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The children’s interactions with the robot were filmed, which were analyzed
for imitation success and attention direction. Children and their companions
also answered surveys on their opinions about the robot.
Quantitative results obtained from the footage indicated that children
were in general successful in imitating the robot. Children were also generally
successful in establishing contact with the robot. Measures extracted from
the footage were compared across three different design conditions, in order
to examine whether the design condition had an effect on the success of
imitation or gaze direction. There was no significant effect of design condition
on either success of imitation or gaze direction. Qualitative results indicated
that the children enjoyed interacting with the robot, and that the majority of
their companions regarded the robot as a potentially useful platform for their
children to practice assistive signs with in the future. One design condition
was a clear favorite among companions of the children, which should influence
the design of future robots for similar uses.
The first important contribution of this thesis is a moral one. In the case
described here, highly sophisticated technology is used where it creates the
greatest benefit: with people whose lives are rendered more difficult by the
circumstances of their birth. This thesis serves as proof that rapid prototyping methods can be applied to effectively bring this type of technology to
marginalized people, without years of development.
The most important contribution of this thesis is the design framework.
It is the first social robot design framework to describe the entire design
process, and it can be an important tool for unifying the design process of
future social robots. Previously, design choices may have been made without
deliberation, without the designer even consciously realizing that a choice is
being made. This framework aids in making design decisions explicit and
deliberate. Design considerations in social robotics become increasingly important as robots are being edged closer to humans, embedded in the fabric
of our everyday life. The framework facilitates ethical design that takes into
account the users’ needs. Such design is essential for successfully integrating
social robots into our society while maximizing positive impact and minimizing negative effects. In the future, the design framework should be updated
and adapted according to the evolving field of social robotics.
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Appendix A

Charlie in the design framework
The robot Charlie, introduced in chapter 2, was developed specifically for use
by children with autism in communication therapy. Charlie is situated into
the design framework introduced in chapter 3, in order to showcase how the
framework defines an existing robot, based on the implementation detailed
in the newest study (Boccanfuso et al., 2017). This is depicted in figure A.1.
Charlie has been used to play interactive games with children with autism
(Boccanfuso and O’Kane, 2011; Boccanfuso et al., 2017). It can be used to
play with one child, or two at a time, which is why two different user quantities are indicated in figure A.1. Leadership is also defined as mutual and
alternate, as the robot explains the rules, but the child leads the interaction.
Goals are mixed, since the game is a task to complete, but the child can lead
the game in an exploratory manner.
The movement quality was estimated from photos of Charlie’s mechanics,
which do not afford organic movement. Social awareness was also estimated
from the script provided in the study, which detailed Charlie saying hello
and goodbye upon the child entering and leaving the interaction (Boccanfuso
et al., 2017). The study also described Charlie being controlled by a human,
but having machine vision to recognize successful imitation, which is why its
autonomy is classified as partial (Boccanfuso et al., 2017).
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Solution space
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Figure A.1: The robot Charlie is situated into the design framework.
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Keepon in the design framework
The robot Keepon, introduced in chapter 2, was developed to study humanrobot interaction with children, and was adapted to study interaction with
children with autism. Keepon is situated into the design framework introduced in chapter 3, in order to showcase how the framework defines an existing robot, which was not designed specifically for use by children with
autism. The implementation depicted in the framework (figure B.1 is based
on the most recent study (Kozima et al., 2009).
The situational flow is described as freestyle, in contrast to both the
InMoov described in this thesis and Charlie, which is detailed in chapter A.
The Keepon was placed into a daycare for children with special needs, and
autistic children could interact with it there sporadically. The study does not
describe adults or other humans guiding the children to use the robot, but
the Keepon was deliberately placed in the daycare among other toys. This
means that there was partial human facilitation in the environment. The
kids could explore the robot by themselves, or a few children could interact
with it simultaneously. Children may also have interacted with the Keepon
with their parent, or with a therapist.
The Keepon’s form and manner of communication are very creature-like.
It does not speak, and interacts by making chirping sounds, and moving to
express its emotions. The Keepon’s movements are quite organic, and do not
appear robotic.
The interactions were user-led, as the study did not detail Keepon initiating interactions (Kozima et al., 2009). The goal was for children to explore
how the robot responds to them, meaning that goals were exploratory, and
motivation for the robot’s behavior was external. The study does not mention the robot exhibiting any improvisational behavior. The robot could
operate both in an autonomous manner, or be fully controlled by a human,
although the researchers mention that usually it was controlled by a human
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in studies with autistic children. No mention of the robot’s socially aware
qualities are made in the study (Kozima et al., 2009).
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Solution space
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Figure B.1: The robot Keepon is situated into the design framework.

Appendix C

Explanation for children
An explanation of the events to take place before, during and after the experiments was provided at the start of the experiment by the speech therapist.
The symbols used are PECS-images, which are symbols frequently used by
people with ASDs to communicate. The meaning of the images are written
in Finnish below them.
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Figure C.1: Explanation of the experiments for the children.
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Appendix D

Robot and child model conversation transcript
D.1
1.
2.
3.
4.
5.
6.
7.

Esittely

Robotti:
Robotti:
Lapsi:
Robotti:
Robotti:
Robotti:

D.2

Robotin viittoma

1.
2.
3.
4.

Robotti:
Robotti:

D.3

Hei, olen Momo. Olen robotti.
*robotti heiluttaa kättä tervehtimisen merkiksi*
Mikä sinun nimesi on?
(nimi).
Hei, (nimi).
Tehdään yhdessä tehtäviä.
Katso, mitä minä teen. Tee sama perässä.

*robotti viittoo*
*jos tarve, robotti vilkuttaa valoa, tai näyttää tabletista
kuvan*
(viittoman sana).
Nyt on sinun vuorosi. Tee samoin.

Robotin reaktio

Lapsi viittoo joko viittoo oikein, viittoo väärin, tai ei reagoi.
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D.3.1
1.
2.
3.

Robotti:
Robotti:

D.3.2
1.
2.
3.
4.
5.
6.
7.

3.
4.

Lapsi viittoo väärin

Hyvä yritys, ei mennyt ihan oikein.
Kokeillaan uudestaan.
*robotti viittoo*
*jos tarve, robotti vilkuttaa valoa, tai näyttää tabletista
kuvan*
Robotti: (viittoman sana).
Robotti: Nyt on sinun vuorosi. Tee samoin.
*odotetaan puheterapeutin indikoima aika*
Lapsi viittoo nyt oikein

Robotti:
Robotti:

D.3.2.2
1.
2.

*robotti näyttää peukkua ylös*
Hyvä, oikein meni.
Kokeillaan seuraavaa viittomaa.

Robotti:
Robotti:

D.3.2.1
1.
2.
3.

Lapsi viittoo oikein

*robotti näyttää peukkua ylös*
Hyvä, oikein meni.
Kokeillaan seuraavaa viittomaa.

Lapsi viittoo uudelleen väärin, tai ei reagoi

Robotti:

Akuliina auttaa sinua nyt.
*puheterapeutti näyttää viittoman, tai auttaa lasta
tekemään sen kädestä pitäen*
Robotti: Noin, nythän se onnistui.
Robotti: Kokeillaan seuraavaa viittomaa.

Joissakin tapauksissa lapsi ei saanut puheterapeutin avulla viittomaa
oikein, jolloin repliikki 3 jätettiin sanomatta, ja siirrytiin suoraan repliikkiin
4.
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D.3.3
1.
2.
3.
4.
5.
6.

Robotti:

Hei, toista perässä mitä teen..
*robotti viittoo*
*jos tarve, robotti vilkuttaa valoa, tai näyttää tabletista
kuvan*
Robotti: (viittoman sana).
Robotti: Nyt on sinun vuorosi. Tee samoin.
*odotetaan puheterapeutin indikoima aika*

D.3.3.1
1.
2.
3.

3.
4.

Lapsi viittoo nyt oikein

Robotti:
Robotti:

D.3.3.2
1.
2.

Lapsi ei reagoi

*robotti näyttää peukkua ylös*
Hyvä, oikein meni.
Kokeillaan seuraavaa viittomaa.

Lapsi viittoo väärin, tai ei reagoi

Robotti:

Akuliina auttaa sinua nyt.
*puheterapeutti näyttää viittoman, tai auttaa lasta
tekemään sen kädestä pitäen*
Robotti: Noin, nythän se onnistui.
Robotti: Kokeillaan seuraavaa viittomaa.

Joissakin tapauksissa lapsi ei saanut puheterapeutin avulla viittomaa
oikein, jolloin repliikki 3 jätettiin sanomatta, ja siirrytiin suoraan repliikkiin
4.

D.4

Hyvästely

1. Robotti: Kiitos, minulla oli hauskaa.
2.
*robotti heiluttaa kättää hyvästelemisen merkiksi*
3. Robotti: Hei hei!

Appendix E

Survey for children
After the experiments, the neurospychologist entered the experimentation
room, and asked children to answer simple questions with the help of PECSimages.
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APPENDIX E. SURVEY FOR CHILDREN
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Figure E.1: The first part of the survey for the children. The questions are:
”Give your opinion.” ”The robot is... Good or bad?”, ”The robot’s lights
are... Good or bad?”, ”The robot’s images are... Good or bad?”
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Figure E.2: The second part of the survey for the children. The questions
are: ”How did it feel to be with the robot? Fun, boring, or scary?”, ”Do you
want to tell something else?”

Appendix F

Survey for companions
After the experiments, the childrens’ companions were given a survey to fill
out. Some of the companions filled it immediately, and some returned it later
by post. Companions were either childrens’ parents, or therapists familiar
with them. The surveys are in Finnish.
The questions are:
• How did your child experience the situation? Fun, scary, boring, something else?
• How did you feel during the experiment? Fun, scary, boring, something
else?
• Did you think your child had a connection with the robot? Yes or no.
• How did you perceive your child to have a connection with the robot
when compared to a human? Better than with a human, same as with
a human, worse than with a human.
• Do you think your child could benefit from practicing with the robot?
• Why or why not?
• What was the best and worst design condition (1. for best, 3. for
worst)? Sign + sound, sign + sound + lights, sign + sound + image.
• What did you think of the design conditions? What was good and
what was bad? Why? Sign + sound, sign + sound + lights, sign +
sound + image.
• Do you have other things to say about the design conditions?
• Free word.
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Lapsen nimi _____________________________________________________________
Huoltajan/lähi-ihmisen nimi _________________________________________________

Miten lapsi mielestäsi koki tilanteen?
[ ] hauska
[ ] pelottava
[ ] tylsä
[ ] muu? _______________________________

Miltä itsestänne tuntui olla mukana tutkimustilanteessa?
[ ] hauska
[ ] pelottava
[ ] tylsä
[ ] muu? _______________________________

Oliko lapsi mielestänne kontaktissa robotin kanssa?
[ ] kyllä

[ ] ei

Miten koette lapsenne olleen kontaktissa robottiin suhteessa ihmiskontaktiin?
[ ] kontakti parempi kuin ihmisen kanssa
[ ] kontakti samanlainen kuin ihmisen kanssa
[ ] kontakti huonompi kuin ihmisen kanssa

Koetteko, että lapsenne voisi hyötyä harjoittelusta robotin kanssa?
[ ] kyllä

[ ] ei

Miksi kyllä tai ei?
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________

Mikä oli paras ja mikä huonoin eri viittomapyyntötavoista? (1. paras, 3. huonoin)
_____ viittoma + puhe
_____ viittoma + puhe + kuva tabletissa
_____ viittoma + puhe + valot

Miten koit eri viittomapyyntötavat? Mikä oli hyvää ja mikä oli huonoa? Miksi?

Viittoma + puhe
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
Viittoma + puhe + kuva tabletissa
_________________________________________________________________________
_________________________________________________________________________

_________________________________________________________________________
_________________________________________________________________________
Viittoma + puhe + valot
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________

Onko sinulla muuta sanottavaa erilaisista viittomapyyntötavoista?
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________

Vapaa sana
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________
_________________________________________________________________________

