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Abstract.  In this paper we summarize some of the current work 
in the field of robot-based therapy for children with autism, and 
explore new directions that emphasize the important role of the 
therapist in achieving clinical benefit for these children and 
children with specific language impairment (SLI).  Our ongoing 
and future research related to robot-based imitation therapy, 
design of therapist interfaces, and development of therapy robots 
is described.  The overarching assumption in each of these 
research thrusts is that clinical benefits to children with autism 
and SLI are best achieved through triadic interactions between 
the child, the therapist, and the robot facilitator. 

1 INTRODUCTION 
There is growing anecdotal evidence that robots provide unique 
opportunities for assisting children with autism.  Children with 
autism exhibit social behaviors with robots that may be useful in 
generating potential therapies.  Such social behaviors include 
imitation, eye gaze, and joint attention [12,15].  These social 
behaviors are often rare in children with autism, but evidence 
suggests that robots trigger them more often in such children; 
sometimes these behaviors can be prompted and sometimes they 
are spontaneous.   

Unfortunately, there is no evidence that the social behaviors 
observed in interactions between children with autism and robots 
will generalize from laboratory or clinical settings to interactions 
between children with autism and other people.  However, it is 
believed that developing even basic social skills for children 
with autism will not only allow them to becoming higher 
functioning, but also enable and reward their caregivers in the 
challenging task of providing their care. 

In addition to children with autism, there is another large 
population of children that can potentially benefit from using 
robots to improve social skills.  It has been observed that 
children with specific language impairment (SLI) often lag 
behind their peers in social development [2,4].  Although there is 
much debate as to the cause of social deficiencies in children 
with SLI, there appears to be general agreement that early 
intervention to promote social skill development will allow these 
children to have fewer social problems in the near-term and to 
achieve higher levels in the long-term.  Thus, it is desirable to 

consider how assistive robotics can benefit children on a 
spectrum of abilities, from low-functioning children with autism 
to higher-functioning children with SLI. 

The purpose of this abstract is to summarize general trends in 
robot-assisted interactions with children with autism, and outline 
a research agenda for developing effective therapies for helping 
not only those children but also children with SLI.  We are 
interested in using robots to help children with SLI, although 
there appears to be no work on using robots to help this portion 
of the population even though the number of children with SLI is 
much larger than the number of children with autism [27]. 

2 THERAPIST-IN-THE-LOOP INTERACTION 

2.1 Brief Overview of Related Literature 
Children with SLI tend to exhibit reticence and solitary-passive 
withdrawal more than typically developing peers, and children 
with more severe impairments demonstrate fewer prosocial 
behaviors [1].  Additionally, emotion regulation and language 
impairment are significant predictors of reticence [2].  Studies 
considering why some children with SLI can struggle with social 
competence point to difficulty in identifying and describing 
emotional state from a story context [3], as well as in inferring 
emotion from prosody in vocally-presented stories [4].  
Complementing these studies is evidence that children with SLI 
may also display deficiencies in properly displaying emotions, 
specifically knowing when to display and when to dissemble 
emotions in social situations [5]. 

Robotic technologies provide potential therapies for children 
with SLI and autism, but it is important that we do not lose sight 
of the goal of helping children just so we can promote a robotic 
research agenda.  However, there are a number of reasons to 
consider robots as therapeutic tools for children with autism and 
SLI.  Robots have been shown to invoke interest and social 
interaction from young children [10] and to engage children with 
autism at various age levels [11-13].  One of the reasons for 
using robots in therapies for autistic children is because of the 
toy-like engagement that it offers [14].  Additionally, work has 
been performed that uses robots as a tool for diagnosing autism 
[15].  However, it is important to note that using robots to treat 
children with autism or SLI should avoid introducing new or 
reinforcing old stereotypical behaviors in such children [16], 
including providing an object on which the child may fixate, and 
should consider including the robot not only as a “social other” 
but also as a mediator/facilitator for a therapist, clinician, parent, 
or other child [11, 12].  Moreover, attention must be given to the 
appearance of the robot because it may be that animal-like robots 
or simple humanoid forms are more useful than realistic 
humanoid robots [11, 17].  Finally, it should be noted that robots 
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are not the only computer-based technologies that are useful in 
autism therapy, so technologies that focus on managing or 
tracking the information requirements associated with therapies 
should also be considered [18]. 

2.2 Triadic Interactions 
Among the trends emerging from studies of using robots to 
interact with children with autism, one trend captures our 
attention because it seems most likely to allow robot-assisted 
therapies to generalize to other social domains.  This trend is the 
emergence of triadic interactions between child, robot, and 
therapist.  This triad is important because it suggests the 
possibility of using the robot as a tool in the hands of a skilled 
therapist to trigger social interactions between the child and the 
therapist.  At least four researchers have noted the potential 
importance of this triadic interaction [6,9,14,24], and at least two 
have designed tools for a therapist that allows him or her to 
modulate robot behavior while interacting with children with 
autism [24,25]. 

We believe that interactions with the robot, though 
interesting, are less likely to produce generalizable social skill 
development than interactions between a child and the therapist.  
Indeed, robot social skills are very simple and are likely to 
remain simple for the near future, a fact that is perhaps the 
reason that robots trigger social responses in children with 
autism that are not usually triggered by human-human 
interactions.  To support generalization, it is desirable (a) to use 
the robot as an engaging object of attention that allows therapist 
and child to engage in joint attention, (b) to shape social 
behaviors triggered by a robot by including a therapist “in the 
loop”, or (c) to use the robot as a type of “cognitive orthotic” to 
facilitate social interactions between a child with autism and his 
or her caregiver, even if the child is unable to engage in social 
interactions in the absence of the robot. 

We propose that effective therapies can be built on triadic 
relationships between social agents: robot, child, and another 
human.  This other human can be a therapist, a teacher, a parent, 
or another child.  There are two different triads that seem most 
promising, as illustrated in Figure 1.  The first is between the 
child, the robot, and the child’s Companion.  This Companion 
can be a therapist, parent, teacher, or another child.  This triad 
has been identified as potentially valuable in therapy and is 
known as robot-mediated interaction [11,12].  The second triad 
is between the robot, the child’s Companion, and a “Wizard of 
Oz.” Although this triad affects the robot’s behavior, the 
presence of the Wizard is hidden from the child, as indicated by 

the wavy line between the robot and Wizard in Figure 1.  The 
Wizard can extend the robot’s perception and behaviors beyond 
what is possible using existing state-of-the-art algorithms, and 
can allow the robot to display a wider range of behaviors.  The 
Wizard and the child’s Companion can communicate via some 
means (radio, chat window, etc.) so that they can collectively 
work toward a therapeutic goal. 

With the presence of the Companion and Wizard, it is 
possible to strongly emphasize robot-mediated interactions 
between a therapist and the child.  The therapist can either play 
the role of Companion or Wizard, or perhaps both 
simultaneously [14]. We refer to the presence of a therapist 
modulating robot behavior as Therapist-in-the-Loop Assistive 
Robotics (TiLAR). We emphasize again that our objective is to 
use the robot as a facilitator in creating connections between the 
child and the therapist or other people, and the triadic therapies 
that we are exploring are designed to minimize the importance of 
the robot and emphasize the importance of other people in the 
triad. 

2.3 Requirements for Interface Design 
Given the constraints on the role of the robot in the interaction 
triad, it is desirable to understand the constraints on the user 
interface for interacting with the robot.  Most prior work in this 
area has emphasized the interactions between robot and child, 
and there appears to be no prior work that systematically studies 
how to create a user interface to support the therapist.  Since 
supporting the therapist by making the robot an effective and 
responsive tool in his or her hands is the goal of this work, we 
identify several practical constraints for this interface. 

First, the user interface should allow interactions for either a 
Wizard or Companion location in the triad.  For a Wizard, the 
user interface could allow a storyboard or other graphical user 
interface, but for a Companion the interface should probably be 
unobtrusive so that it does not distract the child.  Indeed, 
controlling the robot unobtrusively was a key influence on the 
way the therapist managed robots in both Robins’ and 
Scassellati’s work [24,25].  

Second, the user interface should be created for someone 
who is not a roboticist or computer professional.  The therapist 
will be trained to understand and to help children, a task that 
often requires substantial mental workload on the part of the 
therapist.  If the interface requires the therapist to do some form 
of “programming” during the therapy, it will likely be unusable. 

Third, the user interface should support a specified clinical 
script, but be flexible enough to allow the therapist to modify 
behaviour in response to the child’s responses.   To track 
progress of a therapy and to measure effectiveness, robot-
assisted therapies should have specific therapeutic goals and 
should exist within a framework specified by the training and 
schooling of the child.  This influence tends to constrain robot 
behaviours to a fixed set that may be rigid and repeatable.  
However, the flexibility of having a semi-autonomous, socially 
responsive robot in a therapeutic loop means that unplanned 
behaviours may be exhibited by the child, and the therapist 
should have flexibility to respond to those unscripted 
interactions. 

Fourth, the user interface should allow the set of useful robot 
behaviours to grow.  This could include using interactive 
learning, wherein the robot’s behaviours are modified over time 
by feedback from the child or the therapist.  This could also 

Figure 1.  Triadic interactions between child, robot, and companion. 



include having the human demonstrate behaviours to the robot, 
which are then added to the robots behaviour repertoire.  Finally, 
this could include the ability to sequence primitive behaviours 
into a more sophisticated social script.  This could be especially 
beneficial for high functioning children, such as those with SLI. 

We are developing a computer interface to provide to 
clinicians the functionality just described.  Specifically, it will 
allow therapists to design and record robot behaviors that may be 
played back during therapy sessions, either as sequences of 
behaviors (storylines) or as stand-alone actions that the therapist 
can specify in real time.  Additionally, the therapist will provide 
the means by which clinicians can initiate, terminate, and 
modulate the imitation behavior of the robot or avatar in 
automated imitation therapies, which will be discussed in the 
next section. 

3 IMITATION THERAPY 
Imitation therapy has been shown to provide potential benefits as 
a tool in the clinical treatment of autism [28].  One form of this 
therapy involves a therapist or other person imitating some or all 
of the behaviours of the child with autism.  In this form 
(therapist imitating child), imitation therapy for autistic children 
has been expanded into the field of robotics, with the therapist 
directly controlling the robot’s motion to imitate the motion of 
the child [14,17,29].  In a clinical setting, direct robot control 
would place a prohibitive workload on the therapist, thereby 
limiting his or her ability to interact with and observe the child. 

The members of our research team at Honda Research 
Institute have developed algorithms and software that may 
enable real-time, automatic imitation of children with autism.  
The foundation for this work is the algorithm that enables real-
time estimation of human pose from 3D time-of-flight data from 
a single depth camera sensor [30].  The method is markerless, 
and does not require an a priori model of the human whose pose 
is to be imitated.  The system is capable of estimating pose of a 
17 DOF upper body representation at a rate of 10 frames per 
second on a standard PC.  The problem of transferring estimated 
human pose data to a humanoid robot has also been addressed 
[7,19] and demonstrated on avatars (Figure 2) and physical 
robots, including ASIMO (Figure 3). 

The ability to estimate and imitate the motion of children 
automatically may be a valuable tool in autism treatment.  To 

validate this tool, we propose to conduct studies with typical 
children and children with autism, in which we explore the set of 
behaviours that may be elicited through avatar- and robot-based 
imitation involving ASIMO and a custom-built robot whose 
design is described below. 

In a research setting, our interface will allow clinicians to 
change the behavior of the imitating robot or avatar.  For 
example, therapists will be able to cause the system to amplify or 
attenuate the imitated motions as a way of investigating the 
responses that robot imitation elicits in children.  The therapist 
will also be able to disable certain degrees of freedom, change 
the imitating avatar, or introduce a delay in the imitated motions.  
This last feature was identified by our team of clinical 
researchers as an important component in an automated imitation 
suite; in their experience, children with autism require additional 
time to process imitated motions. 

In addition to the obvious questions related to eliciting 
behaviors through robot-based imitation therapy, there are other 
open research questions that must be addressed for this type of 
system to be used in clinical settings.  Calibration of the pose 
estimation system presents an interesting challenge for children 
with autism, who may not be able to remain immobile in the 
calibration pose for the few seconds required by the software.  
We are investigating the use of a game to help the child to 
assume the proper pose.  Additional challenges include ensuring 
that the child remains within the usable volume of the camera, 
and segmenting out therapists or other participants that must pass 
into the field of view to assist the child. 

4 ROBOTIC TOOLS TO ASSIST CLINICIANS 
As mentioned previously, robots have the potential to induce 
behaviours in children with autism that are difficult to elicit in 
other ways.  One important question related to robot-based 
therapy is how to create robots that elicit desired behaviors 
repeatably and that encourage generalization/transfer of those 
behaviors into everyday life.   Our work seeks to explore this 
issue, in part, by developing a robot that (a) encourages joint 
attention between children with autism and clinicians, parents, 
etc.,  and (b) is easily adaptable to enable us to explore the role 
of robot appearance in the transfer of behaviors.  Details of these 
objectives are discussed below. 

4.1 Related Work 
Considerable research has been published on the design of 

Figure 3.  Real-time robot-based imitation using ASIMO.

Figure 2.  Avatar imitation (bottom) from estimated human pose (top).



expressive social robots, although the design and application of 
robots to autism therapy and diagnosis has been more limited.  A 
brief overview of some of the related work will now be 
presented.  Based on their studies using Robota, a small robot 
with the appearance of a toy doll [14], researchers at the 
University of Hertfordshire concluded that the best design for a 
robot to be used in interactions with autistic children would be 
one that is child-sized, has the general characteristics of a human 
face, but that is not so detailed as to overwhelm the children 
[17].  They have since created the robot KASPAR, which 
follows these criteria.  Researchers at the National Institute of 
Information and Communications Technology in Japan 
developed the mechanical-looking robot Infanoid for use in 
human-robot interaction studies.  In studies with children with 
autism, they observed that the children often focused more on 
the robot’s mechanical parts than on the social interaction.  The 
robot Keepon, with its simple, snowman-like design, was 
developed to address this concern [20].  Tito, a cartoon-like 
humanoid robot, was developed at the University of Sherbrook 
to combine the benefits of interacting with anthropomorphic 
forms with the appeal of less realistic robots [21].  To assist them 
in teaching complex social skills to high-functioning children 
with autism, researchers at the University of Pisa have developed 
the Face robot, which is designed to appear very human and 
realistically represent human emotions [22].  Other researchers 
have used non-humanoid, mobile robots to develop therapies for 
children with autism [13, 26].  For example, the toy dinosaur 
robot Pleo has been used to engage children with autism in 
triadic interactions with researchers [24].   

4.2 Requirements for Robot Design 
A robot designed to support the therapies proposed in this paper 
should be capable of general motions to enable imitation 
therapies and general behaviors choreographed by the therapist.  
Furthermore, based on discussions with our colleagues from the 
fields of psychology and communication disorders, it would be 
highly desirable to create a robot capable of engaging children 
with autism in exercises designed to encourage joint eye gaze 
and response to pointing [8].  Specifically, the robot should have 
the ability to point at an object or person with its arm and 
simultaneously direct its gaze to the same location.  A therapist 
will be able to command the robot to point and gaze at a number 
of pre-programmed objects or locations in the room; the therapist 
will then attempt to engage the child in joint attention activities 
centered on the robot’s pointing behaviors.  

With these capabilities in mind, we are developing a small 
upper-body anthropomorphic robot with 4 degrees of freedom 
(DOFs) in each arm to enable general motions (including 
pointing), a 2-DOF neck to enable general gaze directions, and a 
simple cartoon-like mechanical face to represent basic emotions.  
We acknowledge that the capabilities of such a robot do not 
differ significantly from systems developed by other researchers.  
However, when combined with the pose estimation and imitation 
capabilities described previously, the system we are developing 
will provide unique capabilities as a research tool.  Moreover, 
the system’s ability to coordinate eye gaze and arm pointing will 
enable us to explore interesting questions related to joint 
attention and nonverbal social cues as they relate to children 
with autism. 

Another facet of our research is to investigate if any 
advantage may be gained by replacing a typical mechanical 

robot face with a computer-generated avatar face displayed on a 
small monitor mounted to the robot neck.   This approach has 
been demonstrated by researchers at Carnegie Mellon University 
with general-purpose robots such as GRACE [23], although we 
are not aware of this approach having been taken with robots for 
interacting with children with autism.  We have chosen to 
include this feature in the robot under development because a 
computer-generated face will allow us to explore more 
thoroughly the relationship between appearance and clinical 
benefit, while still maintaining the physical embodiment that 
seems to be one source of the appeal of robots to children with 
autism.  We acknowledge that moving away from a 3D face to a 
2D screen may present challenges when interacting with children 
with autism; studies using this robot/face combination will allow 
us to ascertain the nature of those challenges.  Furthermore, for 
children with SLI, interacting with a robot with a 2D face may 
not create the same type of challenges as it would for children 
with autism. 

5 MOVING FORWARD 
The use of robots as therapy tools for the treatment of children 
with autism and SLI represents an exciting and promising 
direction in the field of HRI.  The research described in this 
paper is designed to move this work forward by developing new 
tools for therapists, in the form of novel interfaces, robot 
platforms, and algorithms for imitation therapy.  The aim of 
these robot tools is to improve the effectiveness of treatment for 
children with autism and SLI by bringing to the forefront the 
relationship between child and therapist.  Working with 
colleagues at Honda Research Institute and in the fields of 
psychology, communication disorders, computer science, and 
mechanical engineering, we will continue to develop these tools 
through clinical trials with children with autism and SLI at the 
Communication Disorders Clinic at Brigham Young University.  
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