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ABSTRACT
Robots that lend social and emotional support to their users have
the potential to extend the quality of care that humans can provide.
However, developing robotic aids to address symptoms of loneliness,
anxiety and social isolation can be especially challenging due to
factors that are complex and multi-faceted. Using a user-centered
approach, a prototype therapeutic robot, TACO, was developed.
The design of this robot was closely informed by a comprehensive
needfinding process which included a detailed literature review,
ethical analysis, interviews with pediatric domain experts, and a
site visit to a pediatric hospital. The prototype robot was evaluated
over the course of several structured play sessions, using short
interviews with children as well as a modified version of the SOFIT
testing procedure. Results from early-stage testing suggest that
TACO was well-liked; children found playing with it engaging and
frequently exhibited affective behaviors like cuddling and stroking.
These findings motivate follow-on work to further advance its
design and to test its effectiveness as a therapeutic tool.

CCS CONCEPTS
• Computer systems organization → Robotics Social and
professional topics → Codes of ethics; • Human-centered
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1 INTRODUCTION
According to a recent report from the World Health Organisation
(WHO), there is currently a global shortage of 7.2 million healthcare
workers, and this number is expected to grow to 12.9 million by
2035 [48]. Addressing this problem will require new healthcare
models and the development of innovative technologies that can
assist with the provision of care functions.

This research was motivated by the idea that a robot might be
used to assist and extend, rather than replace, human care givers in a
pediatric setting. In these instances, it is proposed that robots could
provide functionality that cannot be easily performed by humans,
or perform during periods where humans may not be available to
tend to the child. More specifically, it was envisioned that the robot
may provide reassurance during prolonged hospital visits where
young children (under the age of 10) frequently become socially
isolated, and death and pain can be recurring daily thoughts [18],
potentially affecting their mental health and development [15, 21].
It was hypothesised that when employed in the correct manner,
robots might enable children to express their thoughts and emotions
thereby giving them a release and helping them regain a sense of
control over their life [24].

Such types of robot deliver value to their users from the ex-
perience of interacting with them, making their value harder to
quantify than conventional robots developed to automate easily
quantifiable practical tasks (i.e. medicine delivery, floor cleaning).
Rather, the value of social care robots is based on subjective and
contextual factors, depending on individual users as well as the
broader use context. The ethical implications of care robots can also
be significant [16, 41] and difficult to monitor in practise. This type
of challenge is known as a ‘wicked’ problem [32], due to the many
interdependent factors making them appear impossible to solve.
Overcoming these kinds of problems requires designers to consider
more than just the engineering requirements of the technology, but
also the needs of the key stakeholders, the broader use context and
the ethical issues that may arise from its use. Through adoption of
a structured user-centered design approach, this research makes
three key research contributions. First, we present findings from
detailed needfinding activities into the potential suitability and
applicability of a care robot in a pediatric setting. Second, using
the Ethical Canvas as a tool, we identify steps to mitigate some of
the most significant ethical issues that we encountered. Finally, we
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present the design and initial validation of a prototype robot for
use in a pediatric setting.

2 PRIORWORK
Existing research has shown that therapeutic robots (sometimes
referred to by the broader term of Socially Assistive Robots (SARs))
can provide wellness benefits to a wide range of users. Due to the
prevalence of dementia and other cognitive impairments among
the senior population, much of the research in this area has focused
on applications with older adults [2], many focusing on the use of
the Paro robot [35–37, 43, 44].

Therapeutic robots have also been widely explored in the treat-
ment of people with Autism Spectrum Disorder (ASD), where they
have been shown to boost engagement and help elicit novel social
behaviors [39], especially among younger people with the disorder.
Kaspar is a minimally expressive social robot that was designed as
a mediator for robot-assisted play and therapy for children with
autism [7]. Studies with Kasper have demonstrated significant thera-
peutic benefits, such as facilitating collaborative games [45], encour-
aging interactions between children (with autism) and co-present
adults [34], and high flexibility for use across many domains of
ASD therapy [10]. Keepon is another interactive robot designed
for children with autism. Long-term studies with Keepon revealed
that its simplistic appearance encouraged spontaneous interactions
with children with autism, even in unstructured environments [19].
Keepon has also been tested as a companion for children of different
age groups, including infants. These studies revealed that the inter-
actions with the robot evolved over time for different users, which
if captured, might provide unique insights into the development of
individual children [20].

There is a body of literature concerning robots and children in
non-clinical settings. Theses studies have tended to present findings
that suggest robots can be effective tools for providing emotional
[22] and learning support [9, 33, 46] for children.

Although the first use of robots to help children cope with illness,
invasive surgeries and hospitalisation was more than two decades
ago [3], the growth in the use of therapeutic robots in a pediatric
care setting has been slow. In a study by Manesh et al. which used
the Nao robot, it was found that by using distraction methods such
as asking questions and instructing them on breathing techniques
[29], the robot was able to decrease the pain associated with vac-
cination injections by as much as 50% [1]. The Huggable robot,
first developed in 2006, is a socially and emotionally interactive
robot teddy bear that has been designed and developed to mitigate
stress, anxiety and pain in pediatric patients. Experiments done
using the Huggable have shown that embodied robots are perceived
more positively and are more effective at persuasion than a vir-
tual interface, and can also interact with children for longer [12].
Children were shown to interact with the Huggable by tickling,
hugging, high-fiving and petting it [14]. A recent paper from the
group, which involved a clinical pilot of the robot in a US pedi-
atric hospital, indicated that social robots can be more effective
at boosting mood than traditional soft toys or equivalent digital
technologies [25]. In this, possibly the first long-term pilot of its
type, the authors also emphasize significant practical as well as

ethical challenges they encountered surrounding the use of the
robot in these settings.

3 USER-CENTERED DESIGN APPROACH
This study was carried out using a structured user-centered design
approach closely based on the ME310/SUGAR design processes;
these methods were originally conceived at Stanford University
[6], and have since developed into the design curriculum practised
within the global ‘SUGAR’ 1 network. Detailed needfinding was
first performed to gain understanding of the user and their needs;
this was followed by a range of design activities that seek to foster
idea generation and design space exploration. Ideas generated in
the earlier stages were then refined and developed into a tangible
prototype which was then subjected to user testing and preliminary
evaluation.

The project began with the formulation of a problem statement,
which was then used to help structure the needfinding process. The
initial problem statement was expressed as:
“How might robot technology improve the care given to children in

hospital?"

4 INSIGHTS FROM NEEDFINDING
4.1 Needfinding Approach
Guided by the problem statement, a detailed needfinding process
was undertaken. This process was exploratory in nature and in-
volved investigating many of the challenges faced by children with
illnesses, with a particular focus on those who are hospitalised.
First a detailed literature review was undertaken. Searches were
performed on ACM, IEEE, Google Scholar, Springer, Elsevier, and
PubMed with a combination of the following terms: “therapeutic",
“robot", “social(ly)", “assistive", “SAR", “therapy". This review in-
formed the selection of the target primary user, children patients
aged 4-8. This age group was deemed appropriate for this HRI study,
as children in this age range are developmentally similar from a
socio-emotional standpoint. This age stratification is also similar to
those in hospital programs for children. Secondary users were staff
in pediatric hospitals, while families of children in hospital, hospital
management, etc. were considered tertiary users. Next, a site-visit
to a national children’s hospital in Ireland was conducted. During
this visit, it was observed that primary and secondary users in live
settings which included pediatric wards, hospital classrooms and
specialized rooms for physical therapy and play therapy. Formal
ethnographic methods were not used, since the objective of the
exercise was to ground insights from the literature review and to
familiarize ourselves with the kind of real-world environment that
a pediatric therapeutic robot would be used. A semi-structured
interview was conducted with a pediatric doctor and senior child
life specialist. Both interviews followed a similar structure and com-
prised a mix of both open (i.e. “what kind of challenges do you face
when bringing in new toys or play instruments?") and closed (“what
is the average length of time that children stay in hospital?") ques-
tions, and were aimed primarily at deepening our understanding

1SUGAR (https://sugar-network.org) is a global network that brings together students,
universities and companies to engage in human-centered innovation projects.
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of the needs/requirements of the target user. Responses to ques-
tions were noted, although the interviews were not recorded; the
decision to not record these interviews was made to encourage the
interviewee to speak openly without fear of reprisal. Other more
informal conversations were held with children who had recently
spent time in hospital and parents of children who had spent time
in hospital; the subjects of these interviews were friends and family
of the researchers that had used the pediatric services at some point
in the past, and served to broaden our understanding of the child
patient experience.

4.2 Insights from Needfinding
The needfinding phase provided an opportunity to get a better
understanding of primary and secondary users. Some of the key
insights that emerged during this period, which are of broad interest
to the HRI community, include:

Anxiety is very common in a pediatric setting
It emerged from our interviews that anxiety was very common
among children who spend time in hospital. These feelings can
be especially difficult for children to verbalise, and are normally
manifested through telling behaviours that staff learn to recognise.
One of the leading causes of this anxiety is a perceived loss of
control [24]. To help address this imbalance, where possible, staff
interviewed in this study expressed that they make an effort to
give control back to children where possible. As a simple example,
different colour band-aids are always offered to the children to give
them a sense of choice.

Environment makes a difference
The unfamiliar surroundings and clinical feel of hospitals can have
a tangible adverse effect on the mood and anxiety experienced by
child patients. Conscious efforts are often made by hospitals to
make the space feel less clinical; for example, during the site visit it
was observed that the walls painted with bright colors, the presence
of toys in many rooms and a multi-sensory room that was designed
to help children relax and escape the stress of everyday life in the
hospital.

Play is important, but hard in hospitals
Throughout the needfinding process, it became clear that play
is an extremely important part of everyday life for children in
hospital. Play is important not only for their development, but in
helping them relax and it can provide a release from the stresses
of hospital life. From the site visit, it emerged that there were
a range of opportunities for children to engage in play ranging
from playing with their own toys in their beds, to playing with
communal toys in open spaces in the hospital and also in a special
multi-sensory room that contained a number of different relaxation
tools such as various lighting displays (LEDs, UV light Fiber Optics),
aromatherapy, interactive panels and a range of tactile objects.

Many hospitals employ child-life specialists (also referred to as
play specialists), who help facilitate therapeutic play and work with
children to develop coping techniques, psychological preparation,
procedural support and clinical education regarding health care
experiences. A meeting with the child-life specialist indicated that
although all children benefited from play, the majority of bookings
for the multi-sensory room were children in the 4-8 age category.

Despite the importance of play, there are many challenges that
can limit the amount of time children can engage in it. Given space
constraints and safety concerns, it can also be challenging for chil-
dren to engage in physical or dynamic play, which has been shown
to have important health benefits for children, even those with ill-
ness [31]. Dedicated play spaces like the multi-sensory room seem
to offer a solution to this problem, however (in our experience)
they required pre-booking and the duration children could spend
there was limited to under an hour at a time. The room was in high
demand and not all children that wanted to use the room could get
access to it; most of the children booked into the room were ones
who were extremely nervous about upcoming procedures. Also, for
hygiene reasons, the type of toys that could be used in communal
parts of the hospital were closely controlled; only toys that could
be easily wiped were permitted.

Resources are limited
From our interviews, it was clear that staff felt under-resourced to
meet the needs of all the patients. As mentioned previously, impor-
tant facilities like the multi-sensory room have limited availability,
which can severely limit the number of opportunities for children
to get respite from their hospital beds. Additionally, chronic un-
derstaffing can often lead to children spending much of the day by
themselves, without the company and social support of another
person. Furthermore, when the facility is understaffed, it can be
difficult for staff to pick up on behavioural changes or non-verbal
triggers that might indicate that a child needs extra attention and
support.

Robotic interventions still in early stages
As detailed in section 2, therapeutic robots have shown potential to
reduce stress and anxiety in children, especially in the case where
they are integrated with existing therapeutic activities. However,
there are still numerous limitations that must be overcome before
the full value of these robots can be realised.

Until very recently, therapeutic robots deployed in field studies
have been significantly constrained by their weight, size and lack
of mobility [13, 38, 40]. Only in recent months has the Huggable,
arguably the best known pediatric robot, become portable; previous
versions were immobile and tethered to a host computer ensuring
that it could not be picked up and carried by child users. Despite the
portability of the newer model, to the best of the authors knowledge,
Huggable has not been involved in any trials that involve long-term
sustained physical interactions with users.

It is also common in the literature for therapeutic robots to lack
autonomy [4, 8, 11, 17, 25, 34] and for tests to be conducted in
highly controlled settings that are not likely to provoke the kinds
of interactions that would be observed in the real world [13, 40].

Another problem observed in the literature is the lack of standard-
ised age appropriate procedures and metrics for testing robots with
children. This is especially important considering that young, sick
children represent a highly heterogeneous participant population
and necessitates detailed consideration of the testing procedures
used.

4.3 Understanding Ethical Landscape
The Ethics Canvas (EC) is a collaborative brainstorming tool with
the overall aim to foster ethically informed technology design by
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(1) Individuals A�ected

(2) Groups A�ected

(4) Rela�ons (7) Product/Service Failure(5) World Views

(6) Group Con�icts

1.1 Sick child spending extended

periods (1+ days) in hospital.

1.2 Sick child spending short

periods (<1 day) in hospital.

1.5 Specialist play therapist.

1.3 Parents/guardians/siblings of

children with illness.

1.4 Supervising paediatric

doctors and nursing/care sta�.

2.1 Cleaning sta�.

2.2 Families of sick/ill child.

2.6 Private insurance company.

2.3 Shi� nursing sta�.

2.4 Hospital management.

2.5 Teacher and classmates of

sick child.

4.1 Housekeeping|Hospital

mgt [- problem with addi�onal

cleaning responsibili�es

4.3 Child|Nurses

[- nurses pay less a�en�on to

children with robots]

4.2 Parents:Hospital mgt

[- may feel robot poses a safety

risk]

4.4 Insurance

company|hospital [-elevated

premium]

3.1 Sick children can engage in

relaxa�on therapies from their

(hospital) bed.

3.3 Children become less

anxious/stressed/bored when

in hospital.

3.2 Nurses can be be�er

informed on when to check on

sick children.

3.4 Parents become less

stressed/worried when leaving

child alone.

(3) Behaviour

4.5 child|nurses /doctors

[+ be�er coopera�on]

5.1 Social robots can alleviate

stress in children.

5.3 Social robots can inform

nursing care.

5.2 Social robots can improve

quality of life of children in

hospital.

5.4 Robots do not necessarily pose

a risk to young children

6.1 Nursing/housekeeping sta�

feel robot creates addi�onal

responsibili�es.

6.3 Families feel that robot places

child in risk of physical harm.

6.2 Families feel that robots being

used to reduce human care child

receiving.

7.1 Child is physically harmed

(directly or indirectly) through

the robots ac�ons.

7.3 Child develops allergic

reac�on from contac�ng with

the robot.

7.2 Child develops an

unhealthy a�achment to the

robot which causes upset

when separated.

7.4 Nurses/care sta� get alerts

to a�end to a child when it is

not necessary.

7.5 Child gets sick from

catching bacteria/virus from

previous user of robot.

7.6 Robot suddenly stops

working (no ba�eries,

physical/so�ware failure, etc.)

(8) Problema�c Use of Resources (9) What can we do

8.1 Use of robot results in less social contact with nurses/doctors.

8.2 Robot is used for more than informing care (i.e. as a diagnosis tool).

8.3 Robot collects and mismanages personal data.

8.4 Convenience of robot results in fewer opportuni�es for children to engage in other

play therapies

8.5 Hospital sta� spend a dispropor�onate �me fixing robot, rather than performing

core tasks.

9.1 Robot therapy undertaken on a opt -in basis.

9.2 Robot be easily cleaned using exis�ng procedures in paediatric hospitals.

9.3 Robot is designed in considera�on of safety standards and data protec�on regs.

9.5 Ac�ve monitoring of �me spent with robot and frequency of human social contact.

9.4 Robot should be accessible to children and families of the post -stay in hospital.

9.6 Staff incen�vised for engagement assist with robo�cs therapy program.

Figure 1: Completed Ethics Canvas for pediatric robot use-case.

improving the engagement of research and innovation practitioners
with the ethical impacts of their activities [30]. The development of
the EC was inspired by a widely used business-modelling method
known as the Business Model Canvas (BMC) [28], a visual-linguistic
tool that captures key elements of a business model into nine the-
matic building blocks on a one page document. To the best of our
knowledge, it has yet to be applied in a robotics context.

The EC has nine ‘building blocks’ and is orientated to help an-
swer three basic questions: (1) Who might be affected by the tech-
nology? [blocks 1,2], (2) What are the potential ethical impacts for
these people and groups [blocks 3-8], and (3) how can we address
these ethical impacts? [block 9] [23].

The EC for this use-case was compiled and refined over a pe-
riod of several months. In most instances, data compiled in the
EC is grounded in insights gained from speaking with physicians
and people who shared experiences from use of pediatric services.
Updates to the EC were made over the course of the project and
emerged from on-going reflection and gaining new insights and
improved overall understanding of the use context. In this section,
key ethical recommendations (block 9), which address potential
impacts (blocks 3-8), are identified and briefly discussed. A copy of
the most recent Ethics Canvas prepared for this study is given in
figure 1.

The following recommendations are made to support ethical
long-term deployment of the technology:

• Access to the robot should be provided on an opt-in basis,
with consent provided from guardians and an initial trial
period to monitor the child’s acceptance of the technology.
[Main Issues addressed: 3.4, 4.2, 6.2, 6.3]

• The robot should be cleanable using the existing hygiene
practices in pediatric hospitals. [Main Issues addressed: 4.4,
6.1, 7.3, 7.5, 8.5]

• The robot should be developed in consideration of appropri-
ate data protection and medical device and/or product safety
standards. [Main Issues addressed: 4.2, 4.4, 5.4, 6.3, 7.1, 7.3,
7.6, 8.3, 8.5]

• Versions of the robot should be made accessible to children
and families after leaving the hospital (if required). [Main
Issues addressed: 3.1, 3.4, 7.2]

• Monitoring procedures should be put in place to ensure that
children that use the robot do not receive reduced levels
of human contact or develop unhealthy bonds with robot.
[Main Issues addressed: 3.3, 3.4, 4.2, 4.3, 4.4, 6.2, 6.3, 7.2, 8.1]

• Incentives (professional/financial) are provided to staff to
engage with the robotics program. [Main Issues addressed:
4.1, 4.3, 4.5, 6.1, 7.4, 8.1]
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5 PROTOTYPE DESIGN
5.1 Ideation and Design Space Exploration
Over a period of several months, an overall design concept was
formulated. The robot was named TACO, which is an acronym
for Therapeutic Active COmpanion. This concept evolved through
many cycles of idea generation, facilitated by activities such as
brainstorming, sketching and low resolution prototyping. Some
examples of early design concepts included:

• A robot ball that could be kick around to vent frustration,
but then soft enough to cuddle.

• A soft robotic toy with naturally compliant actuation.
• A modular toy robot that children could cuddle, but could
also be reconfigured to engage the user in physical activity
by moving around on the floor.

A table summarising themost important user-needs that emerged
from our needfinding analysis, the existing state of the art that best
addresses them, and how the features were subsequently imple-
mented on the design of TACO is given in table 1. It is observed
that only TACO meets each of the identified requirements.

5.2 Critical Function and Critical Experience
Prototyping

Exploring these concepts led to the development of two distinct
types of prototype; the critical function prototype (CFP) and critical
experience prototype (CEP). The purpose of a CFP is to explore key
functional requirements of the overall system, while the CEP allows
for investigation of the most important experiential element. In this
project, the CFP initially investigated approaches for making a ther-
apeutic robot ‘soft’ and compliant, which was deemed important
for tactile interactions. A pneumatic solution was first explored,
whereby an air pump, housed inside the robot, inflated bellows
which acted as a cushion. A low resolution prototype was created
to test this idea, and although this approach was ultimately dropped
due to several practical limitations (i.e. need for additional hard-
ware, low efficiency of pump), it generated a valuable insight; the
cyclic expansion and contraction of the system, produced by manip-
ulating the inlet and outlet valves, had an engaging and surprisingly
reassuring effect on most users that held it. This provided some
early evidence that incorporating a cyclic movement, which resem-
bled a breathing action, might have positive effect on human-robot
interaction. This prediction is supported by prior research that the
experience of sensing someone breathing can have a calming and
comforting effect [42, 49]. Additionally, a portable ‘breathing’ robot
is physically well suited for a hospital environment, and it poses
relatively less risk than other actuated morphologies that might
roll or move around. Consequently, the CFP was pivoted to inves-
tigate the best way to incorporate a cyclic ‘breathing-like’ action.
It was subsequently found that a slider-crank mechanism proved
to be both simple to make and possessed the required mechanical
properties.

The objective of the CEP was to explore what features the robot
should possess to provide a feeling of calm and comfort to the
users when they interact with it. This CEP was inspired by research
which indicates physical warmth and touch can have comforting
effects on people [5, 20, 40, 47]. The CEP investigated if a robot

could provide a reassuring sensation through physical contact with
a user. To explore this on a robot, a low resolution prototype was
developed which involved integrating electrically controlled heat
pads inside a foam pillow. Observation and verbal feedback given
during informal testing of the prototype suggested that people
generally enjoyed the sensation produced; commonly observed
behaviours were hugging and placing their hands over the area that
was heated. This testing was mostly done with university students
or researchers in the department that the project was conducted,
so while the tests did not provide scientifically rigorous validation,
it provided a fast route to better understand the hedonic aspects of
the design feature.

5.3 Design of TACO
The final design concept involved a non-anthropomorphic robot
that was small (47x 26x16cm) and light enough for a child to carry
(<3kg). This size was determined to be large enough that it pro-
vided a sense of presence, but small enough to be portable and
non-intimidating. To avoid a design that may deceive the child, or
encourage an unhealthy attachment to form between the child and
the robot, a conscious decision was made to make the robot in such
a way that there would be no obvious visual association between
it and a human or animal. To provide the robot with a ‘soft’ feel,
the structure was encased in a layer of cushioned memory foam.
Finally, the robot was covered in a removable soft textile that was
custom tailored to fit the contours of the robot. To mitigate biasing
effects, a neutral white-gray-black color scheme was chosen for the
outer layer of the robot. The robot was designed to exhibit a range
of reassuring behaviours which could be triggered autonomously
when the robot was being held, as determined by changes in the
reading of an on-board IMU. These behaviours included a heating
effect and breathing mechanism (informed by findings described
in section 5.2), as well as a RGB lighting. The latter feature was
included to enhance the perception of animacy of the robot, and it
was also hypothesised that lighting might have a positive influence
[26, 29] on mood. Figures 2(a) - 2(c) illustrate how the breathing,
lighting and heating effects were implemented.

6 EVALUATION
6.1 Experimental Design
An exploratory study was undertaken with TACO. As this was
the first time the robot was tested with children resembling the
target demographic, the decision was made not to test the robot
in a hospital or around potentially vulnerable users. Instead, tests
were performed in a classroom at a children’s elementary school.
This setting avoided some of the significant risks and challenges
of testing at a hospital, while providing a familiar public space
normally populated by children. As a result, the goal of this ini-
tial study was not to validate the effectiveness of the robot as a
therapeutic aid, but to explore the first impressions that children
formed of the robot, and to better understand the suitability of the
robot’s ergonomics. This latter question was especially interesting
given the gap of literature on physical human-robot interaction
with children. Ethical approval to conduct these tests was attained
by the university research ethics committee, and written informed
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Table 1: Identification of key user requirements and how they are met by TACO’s design.

User Need Motivation Prior Art Implementation on TACO
Portable

Provide Reassur-
ance and Comfort

Easily Cleaned

Lightweight

Easy-to-Use

Sensory Stimula-
tion

Long-term use

Autonomy

Customizable

Large body of research indicates practical and thera-
peutic benefits of robots being easily carried.
Stress, anxiety and feelings of isolation in children
may be reduced if the robot provides a comforting
presence.
Must be capable of being disinfected on a regular
basis.
Must be suitable for children between the ages of 4
and 8 years old to pick up and carry around.
Designed for 4-8-year old children so must be easy
for them operate.
Tactile and visual stimulation can be comforting to
children and provide therapeutic value.

Must be able to provide comfort for hours at a time,
filling gaps in the day where children are alone.
The robot must be able to interact without the need
of teleoperation, since it is to be used when there are
no adults there to comfort the child.
Children in hospital tend to lack a sense of control.
The children should be able to control the robots ap-
pearance and how they choose to interact with the
robot.

Keepon, Paro,
Nao, Huggable
Haptic Creature,
Huggable, Probo,
Paro
Huggable, Probo,
Paro
Paro, Keepon,
Haptic Creature
Keepon, Paro

Huggable, Haptic
Creature, Probo

Keepon, Paro,
Nao
Keepon, Paro

Paro, Pebbles

Designed to be carried by children and easily
placed on lap (dimensions 47x26x16cm).
Soft, cushioned feel. Produces warm sensation
through heat pads. Produces a cyclic movement,
similar to breathing.
The case of TACO is easily replaced, and can be
machine washable.
Total weight of 2.6kg

Simple repetitive behavior, initiated once the ro-
bot is picked up.
Designed to provide tactile experiences through
holding the robot and visual experiences through
its color scheme and LED illumination sequences.
Robust design. Battery life is nominally 4 hours
but can upgraded to last longer if needed.
Fully autonomous operation, implemented
within a simple reactive control system.

The outer case for TACO can be made in differ-
ent color schemes and patterns, and potentially
designed in a bespoke way for each child that has
one.

(a)

(b) (c)

Figure 2: The design of TACO: (a) Illustration of how the
‘breathing’ effect was achieved, (b) photo of TACO with led
lighting effect, (c) thermal image of TACO indicating heat-
ing effect.

consent was provided by the parents of the participants prior to
each session.

All tests took place in the same room. The experiment was in-
troduced to the participants as research to develop new fun toys.
Participants were informed that there would be a number of activi-
ties for them to do and that they had only a short amount of time

to spend at each activity. They were told that there was no right or
wrong way to do any of them, and there was no good or bad result.
Chairs were placed behind each of the stations so that the children
could sit if they wished to. Participants were not told what to do
at each station, but if they asked, some encouragement was given.
This introduction was given by one of the school teachers in order
to bring as little attention as possible to the observers. Any further
questions from participants were held until the debriefing at the
end of the session.

There were five stations set up, each with a different activity;
colouring pictures, a word search, assembling Lego, playing with a
magnetic construction toy, and interacting with the TACO robot
prototype. Five or fewer children were admitted to each round of
testing. Children spent two minutes at each station and were then
moved onto the next one. After every child in the group had visited
each station, a short focus group took place. It was then explained
to the participants that we were especially interested in their expe-
rience of interacting with TACO, a new robotic companion we were
developing for children in hospital. During the debrief, we asked
each child some open questions, namely what they liked or disliked
about the robot, if there was anything they wished the robot could
do, and offered to answer any questions that the children may have
had. This was done to see what their initial reactions were, and
to gain some insights into the suitability of the robot’s design for
children.

During the main part of the experiment, only the station with
TACO was observed; the other stations were included to distract
focus from the robot, as childrenmay have reacted differently if they
knewwewere only interested in the robot. Amodified version of the
System for Observing Fitness Instruction Time (SOFIT) [27] method
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was used; this is a widely used, validated scale for measuring child
activity. It was not deemed necessary to video record the sessions.

Two researchers (both had recent prior experience performing
the SOFIT procedure) sat at a distance facing all stations, not just
the station with the robot on it. The observation design consisted
of alternately ‘observing’ and ‘recording’ in intervals of 5 seconds;
this resulted in 6 observations per minute. Data recorded during the
observation was: gender, student activity and interactive activity.
The student activity was the level or body position of the target
participant. This was coded into one of five categories (lying, sitting,
standing, walking/moderate physical activity, and vigorous physical
activity).

The interactive activity of a participant was coded into one of
the following six categories:

• Stroking (S): Children repeatedly pet the robot’s body.
• Poking (P): Children poke the robot’s body.
• Cuddling (C): Children hug the robot, place their head on it,
squeeze it.

• Holding (H): Children simply hold the robot in both arms.
• Talking (T): Children speak to the robot directly.
• One Hand (O): Children hold the robot but with one arm
only.

6.2 Results
In total, 16 children (male, female) aged between 6-9 participated
in testing. It is noted that observational notes from one child were
excluded from analysis due to an unscheduled interruption that
took place.

All features were active during the testing so the full effect of the
robot’s presence could be evaluated and helped ensure equal test
conditions were given to each participant. Table 3(b) summarizes
how all 15 participants interacted with TACO. Holding the robot
with two arms was the most common interaction type (53.3%),
followed by holding it with one arm (15.5%), cuddling (12.2%) and
stroking it (11.6%). Talking to the robot was the least recorded
interaction type (1.1%).

During most interactions, children were either sitting (52%) or
standing (47%), and very occasionally walking or engaging in mod-
erate activity (1%). Table 3(b) summarizes the body positions of
children during their interactions with TACO. In figure 3(c), the
percentage of time that each participant was observed to be inter-
acting with the robot is shown. Note that the maximum number of
observations that could be recorded in the two minutes was 12. Of
the 15 participants, 13 of them interacted with the robot 100% of
the time. The lowest participation recorded was that of participant
11 who interacted for only 75% of the time.

6.3 Insights from Focus Groups with Children
Most of the children, when asked, said there was nothing they did
not like about the experience of interacting with TACO. However,
when asked about features they would like on the robot, several
children suggested brighter colors and indicated that they would
have preferred if TACO’s appearance was more anthropomorphic.

When asked what they liked most about the robot, feedback in-
dicated that most children liked the heating pad effect (10 children),

breathing movement (9 mentions) and the LED lighting (8 men-
tions). A significant portion of the test group also expressed that
they enjoyed the soft tactile sensation of the robot (5 mentions). De-
spite the fact that the breathing mechanism made an audible noise
(due to interaction of motor and transmission elements), the sounds
the robot made were not referenced by any of the participants in
the sample.

7 DISCUSSION
The results from the user testing experiment indicated high levels
of engagement with TACO. Children were observed to be active
for the entirety of the time, with standing and sitting being the two
most popular activities. Over 85% of the participants were engaged
in interaction for the full two minutes. There was some variance
in the interaction activity over time, however, the most common
activity was holding the robot with two hands, similar to the way
illustrated in Figure 4. Children also commonly held the robot with
one hand, stroked it and cuddled it throughout the interaction,
however very few were observed to talk to or poke the robot. When
asked about the robot, none of the participants had any negative
comments, and the majority complimented the feeling of warmth
provided by the heat pads, the breathing movement, and the LED
lighting effect.

The experiment revealed that TACO created pleasant, engaging
interactions with children, however the tests were not sufficient
to show a therapeutic effect. As such, we cannot yet claim that
that TACO can positively affect the mood or wellbeing of childen.
However, these early findings provide support for the hypothesis
that TACOmay have therapudic value, and they motivate follow-on
work which will involve longer term deployments of the technology.

Another significant limitation of the study was the fact that
the robot was not tested with actual target users (i.e. children in
hospital) or in a target usage setting (i.e. a hospital). As such, while
the results indicate that TACO was well liked and children found it
engaging, it is possible that different results would be observed in
clinical settings where the testing population may be experiencing
the effects of illness as well as significantly higher levels of anxiety.
However, testing robots with young children with illness brings
many challenges, and supported by the recommendations suggested
in the ethical canvas, we do not believe that it would have been
ethically appropriate for the first tests to be conducted in a clinical
setting or around vulnerable users.

During the testing, several technical limitations in TACO’s de-
sign were observed. These must be overcome in order for TACO to
be safely and reliably tested in clinical settings. Firstly, the outer
surface on TACO is made from textile materials which must be ma-
chine washed. This material would not be permitted in a pediatric
hospital, since existing cleaning protocols only allow for items that
can be easily wiped down. Future versions of the robot should use a
wipeable antimicrobial material. Other design revisions to improve
safety include a more secure housing to limit access to internal
components, an externally accessible charging port (or inductive
charging capability) and low-battery warning notification.

Related to ergonomics and usability, the motors and transmis-
sion unit actuating the breathing mechanism were quite noisy; a
redesigned version of the platform should take care to ensure a
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(a) (b) (c)

quieter system. A future version of TACO should try to reduce its
mass to make it easier for children to carry. TACO’s appearance
also needs to be re-assessed. The design was purposefully void of
any visual human or animal features, however, testing suggested
that children may have preferred if TACO’s appearance was more
anthropomorphic.

Figure 3: Results from interactions with TACO (a) recorded interactive activities from SOFIT procedures, (b) recorded student
activities from SOFIT procedures, (c) recorded engagement with the robot of over duration of play slot.

Figure 4: Photo of typical interaction with child and TACO.

8 CONCLUSIONS
Despite many recent advancements in the field of robotics, there are
currently very few robots that can cater specifically to the needs
of hospitalized or chronically ill children. Through needfinding
and benchmarking, the benefits of robot-assisted therapy were
explored and a specific user was identified: 4 to 8-year-old children
in hospital. In particular, it was noted that current therapeutic robots
are lacking in several areas that are key to the user’s requirements,
these areas include: portability, physical interaction, autonomy,
and sensory stimulation. From this exploration, numerous design
concepts were investigated and tested to identify the most effective
ways to meet the user’s needs. The design concept was proposed
thatmet these requirements, and a prototypewas developed. During
user-testing, it was found that children were generally engaged
by the device, which was indicated by the fact that over 80% of
participants remained actively interacting with it for the entirety

of the testing time. Children generally showed affection towards
the robot, engaging in activities such as petting and stroking, and
commending the physical warmth of the device. This provides
support to the idea that mechanically simple, non-anthropomorphic
robots can provide comfort and reassurance to young children.
These findings highlight an exciting area of research and one that
warrants continued investigation.
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