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Sociopsychological and physiological
effects of a robot-assisted therapy for
children with autism
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Abstract
This article reports our findings from a robot-assisted therapeutic study conducted over 49 days to investigate the
sociopsychological and physiological effects in children with autism spectrum disorder using a parrot-inspired robot,
KiliRo, that we developed to help in therapeutic settings. We investigated the frequency of participants’ interactions
among each other and assessed any changes in interaction using social network analysis. Interactions were assessed
through manual observation before and after exposure to the robot. Urinary and salivary tests were performed to obtain
protein and �-amylase levels, respectively, to report the physiological changes in participating children with autism
spectrum disorder before and after interacting with the robot. This is a pioneering human–robot interaction study to
investigate changes in stress levels using salivary samples. Systolic and diastolic blood pressure, heart rate, and arterial
oxygen saturation level in blood were also monitored to investigate the physiological changes in participating children
before, during, and after interacting with our parrot-inspired robot, KiliRo. The results show that the robot can help
increase social interaction among children with autism spectrum disorder and assist in learning tasks. Furthermore, the
clinical biochemistry test report using urinary and salivary samples indicates that the stress levels of children with autism
reduced notably after interacting with the robot. Nevertheless, blood pressure, heart rate, and oxygen levels in blood did
not show positive change in all participants.
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Introduction

Centres for Disease Control and Prevention in the United

States estimated that in 2014 about 1% of the world popu-

lation has some form of autism spectrum disorder (ASD).1

That is, approximately, 74 million people around the world

may potentially be diagnosable with ASD. The lifetime

cost of an individual with ASD in the United States

averages from 1.4 million to 2.4 million USD.2 A few

important characteristics of ASD include behavioral and

psychological challenges such as lack of social interaction

and communication as well as persistence with sensory
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activities. Researchers in the recent decades have explored

numerous ways to help improve the lifestyle of children

with autism. Like various other therapy methods, robot-

assisted therapy is explored in various settings to help

children with autism in learning, social interaction, physio-

logical, and psychological needs.3–8

Robot-assisted therapy to improve psychological and

physiological functioning, learning, and social interaction

abilities of children with autism has been finding new

directions in recent years. Specifically, bioinspired robots

were used in numerous studies and reported success in

improving the learning and social interaction abilities of

children with autism. Furthermore, these robots were also

able to help reduce psychological stress and improve

physical activities in these children. Nao is a human-like

intelligent robot initially used extensively in soccer play-

ing robot competitions.9 In recent years, researchers have

also used Nao robot in autism therapy giving various ben-

efits such as improving learning, social interaction, and

joint attention.8,10–12 In improving joint attention, the

robot served as an object to mediate joint attention

between the children and an adult. In another study AIBO,

a dog-like robot proved to be successful in improving

social interaction in children with autism.13 In this study,

the authors introduced a dog-like robot to 11 children

identified with symptoms of autism and reported that the

participants were much more interactive with the robot

than with a noninteractive dog-like toy. Paro, a seal-like

robot, has also been used to report success in improving

social interaction abilities through various studies.14–16

ERIC is a dog-like robot developed to help elderly in

providing therapeutic benefits.17 Probo is an imaginary

animal-like robot used in autism therapy to improve social

interaction.18 Bovolenta et al. investigated the effects of

using robot-assisted therapy for upper limbs in patients

after stroke.19 The authors also evaluated the acceptance

by patients for using robot-assisted therapy. This study

involved 14 patients and reported positive for using robots

in therapeutic settings with stroke patients. The authors

argued that the therapists involved in this study were pos-

itive toward using robots from an organizational point of

view and with regard to the responses received from

patients in clinical-rehabilitative responses. Hamada

et al. proposed a recreation program by designing games

for the elderly with dementia using AIBO, a dog-like

robot.20 This study claimed that robot-assisted therapy can

help improve and prevent dementia in elderly.

Animal-like robots have been developed by highlighting

the benefits of their living counterparts in animal-assisted

therapies (AATs). The need for developing bioinspired

robots has been centered around the risk and challenges

of using real animals. For instance, dogs were used exten-

sively in AAT with numerous reported benefits.21–23 Nev-

ertheless, hospitals and doctors show limited interest due to

the fear of biting, allergy, safety, and ethical issues of using

animals.24–26 From the perspective of animals being used in

therapeutic settings, there is clearly no consideration given

to the willingness of these animals to be engaged in such

activities. Bioinspired robotics provides a solution to these

problems by retaining the benefits of their natural counter-

parts while overcoming the shortfalls.

There are many species that are known to have proven

therapeutic benefits to human beings. They include dogs, cats,

canines, pink dolphins, guinea pigs, rabbits, reptile, and par-

rots.27–32 After dogs, cats, and fish, parrots are thought to be

the most common household pet.32 Parrots have been used in

therapeutic settings and have provided remarkable benefits to

human society. Parrots are good at mimicking the human

voice and other sounds. These birds are naturally able to speak

and engage in two-way conversations with humans.33 Pepper-

berg, an animal psychologist from Harvard University, has

reported the intelligence of parrots through many studies.33–36

Particularly, her reports on Alex, the African grey parrot,

indicated that parrots are not only able to speak but can also

engage in two-way conversation. Pepperberg reported that

Alex could identify 50 different objects and understand the

concept of smaller, bigger, same, and different.37

Parrots have also been used in therapeutic setting to help

people with mental or physical disorders. An African grey

parrot named Sadie was able to help his owner who had

bipolar disorder with psychotic tendencies. Sadie helped his

owner by repeatedly saying “calm down” when needed.38 In

another setting, the parrot was used in therapy to assist

patients with post-traumatic stress disorder among war vet-

erans in the United States.39 It is also reported that the par-

rots are helpful in therapeutic settings with psychiatric

patients.32 The distinct feature of talking ability in parrots

is very relevant and helpful in improving learning and social

interaction abilities of children with autism. Parrots have

been used in elderly care and autism therapy earlier. For

instance, an elderly care center in Japan implemented

parrot-assisted therapy and reported improvement in various

senses, such as sight, sound, and smell, in elderly.40 In the

United Kingdom, a study involving a child with autism

reported calming behavior after interacting with a Caique

parrot that was used as an emotional support animal.41

Nonetheless, using parrots among children with autism is

still a risky choice due to natural behaviors and potential aller-

gic reactions caused by these birds. One common behavior

issue reported by parrot owners is biting.42 Having large beaks,

parrots can cause severe harm to humans. Diseases spread

through birds are also a threat to parrot owners. Particularly,

parrot fever, spread by birds through the bacteria called Chla-

mydia psittaci can cause fever, nausea, diarrhea, and cough.43

To overcome these challenges in parrot-assisted thera-

pies, we have developed an artificial parrot robot, KiliRo,

that mimics its natural counterpart in therapeutic settings

retaining the merits while overcoming the shortfalls. In this

article, we present the preliminary evidence that the parrot-

inspired robot that we developed can help improve learning

and social interaction abilities and provide psychological

benefits to children with ASD through stress reduction.
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Method

System architecture of KiliRo

The parrot-inspired robot, KiliRo, is shown in Figure 1. The

body frame of our KiliRo robot was fabricated using poly-

lactic acid and thermoplastic polyurethane materials. We

used a 3-D desktop printer for printing the parts of KiliRo.

The robot consists of three parts: upper, middle, and lower

body. The upper part consists of one head with two eyes

and a beak; the middle part consists of a body with two

wings and one tail; and the lower part consists of two legs.

The head has one degree of freedom enabling it to turn left

and right. The beak and each wing has one degree of free-

dom to move up and down. The legs of the robot have two

degrees of freedom allowing movement forward or back-

ward and turning left or right. Two wireless cameras and

one USB camera achieve almost 270� field of vision. In

addition, to achieve real-time video transmission, the robot

platform is capable of recognizing alphabets and numbers

through the use of quick response (QR) codes.

QR code is a 2-D machine-readable barcode containing

pre-stored information. The robot is capable of recognizing

English letters of the alphabet from “A” through “Z” and

Arabic numerals from “0” through “9” using the QR code

scanning algorithm. Seven touch sensors can recognize the

tactile interaction preferences of children with KiliRo

robot. Sensors are attached to the robot’s wings, forehead,

and body to obtain sensory information. These sensors are

connected in serial to ensure touch of any sensor would

enable the LED light on the robot to glow encouraging the

children for more physical interaction with KiliRo.

When a number or a letter is shown to the robot, it

recognizes the QR code pasted in the model and associates

the corresponding text, which is then converted into speech

using a text-to-speech module. Two Arduino family of

microcontrollers and one Raspberry Pi 3 board were used

to synthesize a range of autonomous behaviors on KiliRo

including speech recognition, object recognition, real-time

video transmission, text-to-speech, speaker, microphone,

and locomotion gaits. Speech recognition module enabled

the robot to recognize “yes” and “no” from the participants

and act accordingly. This feature encouraged the participat-

ing children to have verbal communication with our robot.

The speech recognition feature was used to initiate and

terminate the robot’s speaking module. For instance, when

“Start” was recognized, the robot started introducing itself,

and when “Stop” was recognized, the robot stopped talking.

A bipedal mechanism was used for synthesizing the robot

locomotion. The robot’s walking motion was achieved

through a pair of DC motors powered using a 2000-mAh

lithium polymer battery.

For the experiments presented in this study, KiliRo’s

locomotion was achieved using an android application

installed on a smart phone. KiliRo’s system architecture

consisting of control, actuator, sensor, module, and appli-

cation is illustrated in Figure 2.

The main challenges in designing a parrot-inspired robot

include the design of a parrot-like morphology, integration

of sensory systems, and the nontrivial process of imple-

menting theoretical designs generated analytically into

physical mechanisms.

Study setting and participants

The study presented in this article was conducted at a single

venue. More specifically, it was run at a special school for

children with ASD in India.

A number of individuals assisted the research team to

conduct the study. Twenty volunteers were recruited to

Figure 1. KiliRo—parrot-inspired robot.

Figure 2. KiliRo—system architecture.
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assist with various tasks including monitoring social inter-

actions, assessing learning, and recording physiological

measures. One pediatrician and one child psychologist both

with a minimum experience of 5 years were involved in the

study as advisors. Two consultation sessions were orga-

nized with the pediatrician and the child psychologist for

the parents of participating children on the first and last day

of the study.

Study participants were recruited through invitation

letters to potential participants in five pre-identified

schools 3 weeks before the scheduled period for the study.

Parents were given 2 weeks to respond to the invitation. A

total of 52 invitations were sent to which 37 parents

responded that they would be willing for their children

to be involved in this experiment. A meeting was con-

ducted with interested parents at the proposed study venue

7 days prior to the experiments, and a request was made to

complete the Childhood Asperger Syndrome Test (CAST)

questionnaire to identify autism behaviors in participating

children. CAST involves a set of 39 “yes” or “no” ques-

tions captured in a questionnaire to evaluate autism beha-

vior in children.44 Children scoring 15 and above were

classified to have symptoms of autism. Out of 37 children,

9 were excluded from the study due to low scores in the

CAST questionnaire, and another 2 were excluded due to

severe autism behavior as judged by the pediatrician and

the child psychologist.

One parent informed that he was not willing to partici-

pate in the study due to logistical reasons. In addition, one

parent withdrew from the experiment stating that she was

traveling to her native place with her child and may not be

available for the next 2 months. Finally, our experiments

were conducted with 24 participants over a period of

49 days. Participating children were between 6 years and

16 years of age and had no prior exposure to robots. The

mean age of participating children was 9.71 with a standard

deviation (SD) of 3.24. Attendance was taken each day at

the end of the study. The mean attendance rate of partici-

pants was 75.01%. Consent from parents was obtained

before involving their children in the study. Parents were

informed that they may withdraw from participation at any

time without any compensation, and safety precautions

taken were explained in detail. This study had approval

by the authors’ institutions ethics committee.

Procedure

Children were exposed to the robot for a minimum dura-

tion of 60 min each day over 49 days. Participants were

allowed to interact and carry the robot freely. This study

was performed with no compulsory attendance require-

ments for the participants. Nevertheless, the researcher

and volunteers were present every day throughout the

study adhering to the maximum working hours as

instructed by employment rights in New Zealand and

India. Four sessions were conducted each day with a

minimum of 15 min per session. During the first session,

the robot was placed on a table with the dimension of

3 � 3 ft2. The participants were allowed to have an open

interaction with the KiliRo robot. The second and third

sessions involved activities around learning abilities of

the robot. Letters of the alphabet and numbers were shown

to the robot, and its ability to recognize them was demon-

strated in front of participating children.

Our KiliRo robot uses the QR codes on each of the cards

shown to identify letters of the alphabet and numbers. We

expected the participating children to believe that the robot

is answering the questions on the alphabet and the numbers

autonomously as in the case of trained real parrots. During

the fourth session, the robot was operated to move forward

and backward while talking to the participants about its

capabilities. The participating group was randomly divided

into two. Group I consisted of 10 participants with a mean

age of 10.50 (SD ¼ 3.66) and was considered for investi-

gating improvements in social interaction, learning, and

psychological changes. Group II consisted of 14 partici-

pants with a mean age of 9.71 (SD ¼ 3.24) and were con-

sidered for investigating the physiological changes in

participating children before, during, and after interacting

with our KiliRo robot.

Social interaction and learning

Manual observation method was utilized to evaluate the

improvements in social interaction and learning of partici-

pating children. For this purpose, five volunteers were allo-

cated to monitor the improvements in social interaction and

learning of participating children during the sessions with

our KiliRo robot. Each volunteer was allocated to two par-

ticipants to ensure the accuracy in monitoring and reporting

their observations regarding participants’ social interac-

tion. They also commented on the participants’ motivation

toward learning at the end of the study by monitoring their

interaction in the session, while the robot’s ability to recog-

nize alphabets and numbers was exhibited. The volunteers

were advised to maintain a structured record to manually

enter the data on participants’ social interaction on a daily

basis such as number of attempts to speak with the robot

and peers. Figure 3 shows examples of the participants’

interactions with our KiliRo robot during the study.

Social network density

It is reported that identifying the network density can

help determine the improvements in interaction among

participants.15 In our study, social network density (SND)

analysis was chosen as a method to illustrate social inter-

action among participants, as it is able to provide detailed

information on social interaction such as which participant

interacted with whom. In this study, interaction is defined

as looking, smiling or laughing, holding hands, touching,

initiating verbal or nonverbal communication, hugging,
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petting, stroking at other participants or robot, and offering

the robot to other participants.

On the first day of the study, all 10 participants from

group I were gathered in a single room with the area of

approximately 18.5 m2. The participants were monitored

for 60 min, and their number of attempts to interact with

others were recorded before interaction with the robot. An

interaction was recorded if a participant exhibited more

than six successful attempts to interact with another par-

ticipant through any of the above defined means of

interaction.

The same data were collected during the last week of the

study, but with the robot. That is, this time the robot was

also placed in the room at a table with other participants,

and interaction of children with other participants and with

the robot was monitored.

In our social network diagram, nodes S1 through S10

represent participants and node KiliRo represents the robot.

The connection between the participants or robot denotes

an interaction. SND before interaction with the robot is

illustrated in Figure 4.

Participants S1, S2, S3, and S4 were from the same

school and knew each other prior to this study. Similarly,

participants S6, S7, S8, S9, and S10 were from the same

school and knew each other. Participant S5 was from a

different school and did not know any of the participants

before the study was performed. Figure 5 illustrates the

social network diagram of participants during the last week

of our study after interacting with the robot.

Network density is calculated as

SND ¼ Actual connections

Potential connections
(1)

where potential connection (PC) is the maximum number

of connections that could potentially exist between all

nodes in the network, whereas actual connections (ACs)

are the ones that were actually observed between the nodes.

PC is calculated as

PC ¼ n � ðn� 1Þ
2

(2)

where n is the total number of nodes in the network.

SND before interacting with the robot was compared

with the SND after having been introduced to KiliRo

as below.

Figure 3. Participants interacting with KiliRo.

Figure 4. SND before interacting with the robot. As can be seen
here, S5 did not interact with any other participant, and there
were two groups of participants who interacted with each other.
SND: social network density.

Figure 5. SND after interacting with the robot. As can be seen
here, participants interacted both with KiliRo and with each
other. There was no participant who did not interact with anyone.
SND: social network density.

Bharatharaj et al. 5



SND before interacting with the robot is

PC ¼ 10 � ð10� 1Þ
2

¼ 45 (3)

AC ¼ 16 (4)

Using equation (1)

SND ¼ 16

45
¼ 0:36 (5)

SND before interacting with the robot

PC ¼ 11 � ð11� 1Þ
2

¼ 55 (6)

AC ¼ 33 (7)

Using equation (1)

SND ¼ 33

55
¼ 0:60 (8)

Learning

Inclusion and exclusion criteria were applied for consid-

ering the participants in our study that involved evaluating

their learning while interacting with KiliRo. A simple task

of identifying letters of the alphabet (“A” to “G”) and

Arabic numerals from “1” to “7” was used as inclusion

and exclusion criteria. Participants who were able to iden-

tify at least 6 of 14 items were excluded from our experi-

mental study. Participants, S1, S4, S5, S6, S8, and S10,

were thus excluded from this session of the study. Results

of improvements in learning in terms of identifying the

total number of alphabets and numbers after interaction

with KiliRo were investigated. Before performing the

study, participants, S2, S3, S7, and S9, were able to iden-

tify in total two, one, zero, and three items from the con-

sidered set of characters and numbers, respectively.

During this study, our KiliRo robot exhibited its ability

in recognizing the alphabets and number in front of the

participating children. The study was performed for the

duration of at least 30 min in two sessions.

Physiological analysis

Literature points to noninvasive methods for assessing

human psychological and social behavioral processes as a

highly convenient and effective approach in many clinical

settings. Particularly, these methods are found to be very

useful in research studies involving special-needs children.

For instance, Wada and Shibata investigated the 17-KS-S

and 17-OHCS hormone levels in elderly using urinary sam-

ples to evaluate the stress level in elderly while interacting

with a seal-like robot.15 However, there are other hormones

in the human body whose proportional relationships to

psychological changes are better quantified. It is identified

that higher protein levels in urinary sample may indicate

higher stress levels in subjects.45 Previous studies have

reported that a person’s �-amylase level generally

increases during stressful situations.46 Sympathoadrenal

medullary activity is examined in �-amylase test and

increased �-amylase levels serve as an indicator of

increased stress levels.47 For our studies presented in this

article, we used urinary and salivary tests to evaluate the

biological changes in children with autism before and after

interacting with our parrot-inspired robot, KiliRo. This is a

pioneering human robot interaction study that uses salivary

test for validating the effects of robotic engagement with

autistic children. Urinary sample was used to measure

protein levels in participating children, and salivary sam-

ple was used to measure the �-amylase levels. Urinary and

salivary samples of participating children were collected

by their parents and were handed over to the laboratory

technician on the first day of the study, before introducing

our KiliRo robot. The first samples were collected on the

first day of the study before the participants have interacted

with the robot, while the second samples were collected

during the last week of the study to evaluate the changes

in stress levels after interacting with KiliRo robot for over

7 weeks. Both the urinary and salivary samples were taken at

the study venue between 9 a.m. and 11 a.m. We involved

seven participants from group I with the mean age of 10.0

and SD of 3.51 for conducting urinary and salivary tests due

to various reasons including possibility in collecting urinary

and salivary samples and parents’ consent. To protect the

identity of participating children, the samples were labeled

as subject 1 through subject 7.

Investigating the diastolic (DIA) and systolic (SYS)

blood pressure, heart rate (HR), and oxygen saturation level

in blood (SPO2) aids in monitoring the changes in vital

signs in a human body.48 The human body produces a surge

of hormones during stressful situations, thus increasing the

blood pressure through an increase in HR. By investigating

these physiological measures, we propose to assess the

physiological effects of using our KiliRo robot in children

with autism. We also investigated the participants’ oxygen

saturation levels carried by hemoglobin to monitor the

effects of robot-assisted activity. In this study, we investi-

gated the changes in vital signs among participating chil-

dren before, during, and after interaction with the KiliRo

robot. For this investigation, we involved 14 participants

from group II (mean age of 9.71 and SD of 3.24). The tests

were performed seven times during the entire study, and the

mean value was calculated to report changes in children’s

vital signs. Fourteen volunteers were allocated for taking

DIA and SYS blood pressure, HR, and SPO2 measurements

before, during, and after interacting with KiliRo. The

volunteers were given training by experts for performing

and recording the values of these tests. The study was over-

looked by a pediatrician and a child psychologist. The read-

ings were taken using commercially available measuring

devices such as OMRON (Omron Healthcare) blood pres-

sure monitor.
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Results

Improvements in social interaction

According to the SND, participants’ social interactions

before and after exposure to KiliRo increased from 0.36

to 0.60. This may indicate that the interaction with KiliRo

robot motivated participants to engage in interactions. As

an illustration, participants S1, S2, S3, and S4 did not

interact with any other participants before introducing the

robot. But after introducing KiliRo, it is noted that most of

them established interaction with other participants. It was

also noted that participants identified seemingly like-

minded people in the group and initiated interactions. For

instance, participant S2 and S7 exhibited interest to hold

the robot. When the researcher gave the robot to one par-

ticipant, the other came nearby and was smiling at the

other participant.

From observations and reporting from volunteers

involved, it was found that all participants except S4 and

S5 created a strong bond with our parrot-inspired robot by

talking, playing, and hugging among other participants. It

was noted that particularly participant S10 developed a

very strong bond with our robot by talking to it very often.

He also hugged the robot many times and asked the robot

to talk. He was highly interested in the first session of our

study in which the participants were allowed to freely

interact with the robot as opposed to other sessions that

involved learning. Most of the time, he was the first per-

son to go near the robot and start talking. Moreover, he

also carried the robot to other participants engaging in

interactions with them that revolved around KiliRo.

Reports from volunteers also indicated that participant

S5 was not very keen to interact with KiliRo during the

first 3 weeks of our study. Nevertheless, it was found

that his interest toward the robot increased during the last

4 weeks of our study. Similarly, participants S3 and S8

showed minimal interest to interact with the robot ini-

tially, which improved during the last 3 and 2 weeks of

the study, respectively.

Social interaction among participating children was

evaluated using the first session of our study that lasted for

15 min each day over a period of 49 days. The time spent on

interacting with our KiliRo robot by participants varied

from one participant to another. The average time spent

during each week, total time spent throughout the study,

and average interaction time of each participant during the

study are illustrated in Table 1.

Learning of letters and numbers

Our study reported notable learning improvements in

children with autism using KiliRo robot. All four parti-

cipants included in this study showed positive results in

learning. Specifically, the participant S7 showed notable

improvement in letter and number recognition from 0 to

4. She was not able to identify any alphabet or number

before the study. But, at the end of the study, she iden-

tified three alphabets and one number correctly. Inter-

estingly, she showed the alphabet “A” to the robot on

the 17th day of the experiment and started saying

“Aaaaaaaaaa” as an attempt in teaching the character

to KiliRo. At the end of our trials with KiliRo, the

participants, S2, S3, and S9, identified five, three, and

five items, respectively, thus showing some evidence of

substantial learning. Figure 6 illustrates the participants’

letter and number recognition scores before and after

interaction with the robot.

Results of the physiological analyses

Table 2 shows the protein and �-amylase levels of partici-

pants before and after interacting with the robot.

In our trials, we observed that the mean protein level of

participating children dropped from 40.31 to 17.40 after

interacting with our KiliRo robot. These changes were

statistically significant according to a nonparametric-

related-samples Wilcoxon signed-rank test (z ¼ �2.37,

p < 0.05). The obtained results clearly demonstrate the

Table 1. Participants’ interaction time (minutes) with the robot.

Subject

Week

Interaction time in total (out of 105 min) Average interaction time(out of 15 min)W1 W2 W3 W4 W5 W6 W7

S1 5 4 6 4 9 8 9 45 6.43
S2 4 6 5 6 8 9 8 46 6.57
S3 3 4 2 4 7 6 9 35 5.00
S4 9 8 5 3 7 9 7 48 6.86
S5 8 8 6 9 5 10 7 53 7.57
S6 5 6 3 8 10 6 12 50 7.14
S7 7 9 9 8 6 10 8 57 8.14
S8 3 7 6 7 5 9 10 47 6.71
S9 6 8 7 9 8 11 11 60 8.57
S10 7 11 12 10 14 13 14 81 11.57
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potential of our developed KiliRo robot in lowering the

stress level of children with autism through close human

robot interactions.

It is also noted that the �-amylase levels have reduced in

the second sample test report, from a mean of 305.71 to

151.29. Despite the fact that the level for participant

5 increased at the second time point, the overall reduction

in the �-amylase levels of the group was statistically sig-

nificant (related-samples Wilcoxon signed-rank test, z ¼
�2.20, p < 0.05).

Physiological analysis

The average results of SYS, DIA, HR, and SPO2 data

entered by the volunteers are shown in Table 3. The aver-

age results of the complete study were considered for eval-

uating the physiological effects of using KiliRo, and no

readings were excluded.

Results from the notes taken by the volunteers show

that there was no notable change in DIA and SYS

blood pressure, HR, and SPO2 of participants before,

during, and after interaction with the robot, except for

a few cases. For instance, in SYS blood pressure read-

ings, one participant recorded more than 120 before

interaction, four participants during interaction, and

two after interaction. For all measures (SYS, DIA,

HR, and SPO2), mean values before, during, and after

interactions were virtually unchanged (Table 3).

Hence, we conclude that the interaction with KiliRo

robot did not have notable change in blood pressure,

HR and SPO2.

Figure 6. Letter and number recognition scores before and after
interacting with the robot.

Table 2. Urinary and salivary test results.

Participant number

Protein (mg/dL) �-Amylase (U/L)

Normal value 0–20 Normal value 59–401

Before After Before After

1 69.7 19.8 564 98
2 22.5 8.4 179 76
3 29.5 18.8 348 132
4 32.9 25.0 218 121
5 19.9 10.4 113 131
6 22.5 13.4 177 81
7 85.2 26.0 541 420

Table 3. Blood pressure, heart rate and oxygen level in blood.

Systolic blood pressure (mmHg) Diastolic blood pressure (mmHg) HR (pbm) SPO2 (%)

Normal range < 120 mmHg Normal range < 80 mmHg Normal range 60–100 bpm Normal range 94–99%

Number Before During After Before During After Before During After Before During After

11 99 131 130 57 61 58 99 75 77 99 90 99
12 101 153 118 67 78 70 92 96 87 98 99 97
13 112 107 130 61 61 56 75 77 80 94 97 99
4 99 93 80 61 57 55 80 78 77 95 96 95
15 109 121 113 94 81 87 107 109 103 96 97 97
16 115 133 101 66 63 64 92 71 95 99 97 96
17 109 103 101 72 71 64 101 87 95 99 96 98
18 103 101 95 64 75 70 83 90 89 85 87 95
19 125 105 104 87 72 79 83 85 65 97 96 99
20 102 115 98 69 68 69 92 91 100 94 95 98
21 98 99 98 64 51 58 103 98 102 97 99 99
22 98 84 88 69 68 62 109 89 87 94 96 99
23 95 96 91 60 66 57 83 87 82 99 97 96
24 109 107 102 70 66 64 78 74 73 99 99 97

HR: heart rate; SPO2: oxygen saturation level in blood.
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Conclusions

We have developed a parrot-inspired robot, KiliRo, and

validated the merits of our robot in improving learning

and social interaction abilities, reducing stress levels, and

improving physiological conditions with a group of 24

children identified with autism over a period of 49 days.

This study demonstrated that the interaction with our

KiliRo robot can help improve learning and social interac-

tion abilities of children with autism. We investigated the

changes in stress levels of participating children after inter-

acting with the robot through urinary and salivary tests.

This is the first time in human–robot interaction study to

use salivary samples investigating changes in stress levels.

The urinary and salivary test reports from our study indi-

cated reduction in stress levels among the participants after

interacting with our KiliRo robot. The physiological

changes were measured using SYS and DIA blood pres-

sure, HR, and oxygen saturation levels and reported no

notable change in readings before, during, and after inter-

acting with the robot.

This study has several limitations. Although the results

show improvements in social interaction, learning, and

stress reduction, the study did not have a control group to

compare the results with. Leaning was evaluated using a

small sample size and may not be generalized. Even though

protein and �-amylase levels indicate reduction in stress

levels of participants after interacting with the robot, sev-

eral other factors that may have influenced these chemical

substances such as medication, body temperature, personal,

or cultural activity, and time that the sample was taken.

Additionally, the sample size was too low to generalize the

findings of the study. Hence, the results of the study should

be viewed carefully, and replication with a larger sample

and control group is needed. However, the results of our

pilot study indicate that the study is worth replicating with a

larger sample and a control group, a larger variety of appro-

priate biomarkers, and tighter control of potential extra-

neous variables. The limited sample size of the study also

did not permit more detailed analyses of the benefits of

robot therapy for specific aspects of ASD49 including gen-

der differences,50 and future studies may explore which

children could benefit most from these types of interven-

tions. Another possibility for future work is to conduct a

study with longer duration over several months. The third

area of our interest is to build on our present work and run

cross-country studies at three different locations, such as

India, Singapore, and New Zealand. Finally, we intend to

extent the autonomous and locomotion capabilities of our

KiliRo robot with increased autonomous functions.

Acknowledgements

The authors thankfully acknowledge the support from Dr Prem

Kumar, Pediatrician, Mehta Hospitals, India, and Mrs Priya

Govarthana, Chief Child psychiatrist, Govt. Women & Children’s

Hospital, India. The authors are also immensely thankful to

children participated in the study, their parents, volunteers from

Bharath University, India, Anna Adharsh College for Women,

India, Volgograd State Medical University, Russia, and

Mrs Thillai Subramaniam, Head of School where the study was

conducted. The funding is gratefully acknowledged.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with

respect to the research, authorship, and/or publication of this

article.

Funding

The author(s) disclosed receipt of the following financial support

for the research, authorship, and/or publication of this article: The

study is supported by the Institute of Biomedical Technologies,

Auckland University of Technology, New Zealand, and SUTD-

MIT International Design Center, Singapore University of Tech-

nology and Design, Singapore.

References

1. Autism Rescue Angels. Autism Facts and Statistics. Autism

Rescue Angels, 2015 http://autismrescueangels.org/

resources/ (accessed 24 October 2016).

2. Lifetime Costs of Autism Average $1.4 Million to $2.4. Aut-

ism Speaks, 2014. https://www.autismspeaks.org/science/sci

ence-news/lifetime-costs-autism-average-millions (accessed

22 September 2016).

3. Ferrari E, Robins B, and Dautenhahn K. Therapeutic and

educational objectives in robot assisted play for children with

autism. In: RO-MAN 2009—The 18th IEEE international

symposium on robot and human interactive communication,

Toyama International Conference Center, Japan, 27 Septem-

ber 2009, pp. 108–114. IEEE.

4. Robins B, Dautenhahn K, Te Boekhorst R, et al. Robotic

assistants in therapy and education of children with autism:

Can a small humanoid robot help encourage social interaction

skills?. Univ Access Inf Soc 2005; 4(2): 105–120.

5. Werry I, Dautenhahn K, Ogden B, et al. Can social interaction

skills be taught by a social agent? The role of a robotic med-

iator in autism therapy. In: Beynon M, Nehaniv CL and Dau-

tenhahn K (eds) Cognitive technology: instruments of mind

2001. Berlin, Heidelberg: Springer, pp. 57–74.

6. Weilun L, Elara MR, and Garcia EMA. Virtual game

approach for rehabilitation in autistic children. In: 2011

eighth international conference on information, communica-

tions and signal processing (ICICS), Singapore, 13–16

December 2011, pp. 1–6. IEEE.

7. Kozima H, Nakagawa C, and Yasuda Y. Children–robot

interaction: a pilot study in autism therapy. Prog Brain Res

2007; 164: 385–400.

8. Shamsuddin S, Yussof H, Ismail L, et al. Initial response of

autistic children in human–robot interaction therapy with

humanoid robot NAO. In: 2012 IEEE eighth international

colloquium on signal processing and its applications (CSPA),

Malacca, Malaysia, 23–25 March 2012, pp. 188–193. IEEE.

9. Shamsuddin S, Ismail LI, Yussof H, et al. Humanoid robot

NAO: review of control and motion exploration. In: 2011

Bharatharaj et al. 9

http://autismrescueangels.org/resources/
http://autismrescueangels.org/resources/
https://www.autismspeaks.org/science/science-news/lifetime-costs-autism-average-millions
https://www.autismspeaks.org/science/science-news/lifetime-costs-autism-average-millions


IEEE international conference on control system, computing

and engineering (ICCSCE), Penang, Malaysia, 25–27

November 2011, pp. 511–516. IEEE.

10. Tapus A, Peca A, Aly A, et al. Children with autism social

engagement in interaction with Nao, an imitative robot—a

series of single case experiments. Interact Stud 2012; 13(3):

315–347.

11. Shamsuddin S, Yussof H, Ismail LI, et al. Initial response in

HRI—a case study on evaluation of child with autism spec-

trum disorders interacting with a humanoid robot Nao. Pro-

cedia Eng 2012; 41: 1448–1455.

12. Greczek J, Kaszubski E, Atrash A, et al. Graded cueing feed-

back in robot-mediated imitation practice for children with

autism spectrum disorders. In: The 23rd IEEE international

symposium on robot and human interactive communication,

Edinburgh, Scotland, 25–29 August 2014, pp. 561–566. IEEE.

13. Stanton CM, Kahn PH, Severson RL, et al. Robotic animals

might aid in the social development of children with autism.

In: 2008 third ACM/IEEE international conference on

human–robot interaction (HRI), Amsterdam, Netherlands,

12–15 March 2008, pp. 271–278. IEEE.

14. Kidd CD, Taggart W, and Turkle S. A sociable robot to

encourage social interaction among the elderly. In: Proceed-

ings of the 2006 IEEE international conference on robotics

and automation, 2006. ICRA 2006, Orlando, FL, USA, 15–19

May 2006, pp. 3972–3976. IEEE.

15. Wada K and Shibata T. Living with seal robots—its socio-

psychological and physiological influences on the elderly at a

care house. IEEE Trans Robot 2007; 23(5): 972–980.

16. Wada K, Shibata T, Saito T, et al. Effects of robot-assisted

activity for elderly people and nurses at a day service center.

Proc IEEE. 2004; 92(11): 1780–1788.

17. Sheba JK, Mohan RE, and Garcı́a EAM. Easiness of accep-

tance metric for effective human robot interactions in thera-

peutic pet robots. In: 2012 7th IEEE conference on industrial

electronics and applications (ICIEA), Singapore, 18–20 July

2012, pp. 150–155. IEEE.

18. Vanderborght B, Simut R, Saldien J, et al. Using the social

robot Probo as a social story telling agent for children with

ASD. Interact Stud 2012; 13(3): 348–372.

19. Bovolenta F, Goldoni M, Clerici P, et al. Robot therapy

for functional recovery of the upper limbs: a pilot study

on patients after stroke. J Rehab Med 2009; 41(12):

971–975.

20. Hamada T, Okubo H, Inoue K, et al. Robot therapy as for

recreation for elderly people with dementia—game recreation

using a pet-type robot. In: RO-MAN 2008—The 17th IEEE

international symposium on robot and human interactive

communication, Munich, Germany, 1–3 August 2008, pp.

174–179. IEEE.

21. Richeson NE. Effects of animal-assisted therapy on agitated

behaviors and social interactions of older adults with demen-

tia. Am J Alzheimers Dis Other Demen 2003; 18(6): 353–358.

22. Banks MR and Banks WA. The effects of animal-assisted

therapy on loneliness in an elderly population in long-term

care facilities. J Gerontol Ser A Biol Sci Med Sci 2002; 57(7):

M428–M432.

23. erkins J, Bartlett H, Travers C, et al. Dog-assisted therapy for

older people with dementia: a review. Australas J Ageing

2008; 27(4): 177–182.

24. Iannuzzi D and Rowan AN. Ethical issues in animal-assisted

therapy programs. Anthrozoös 1991; 4(3): 154–163.

25. Bharatharaj J and Kumar SS. Considerations in autism ther-

apy using robotics. In: 2013 Fourth international conference

on computing, communications and networking technologies

(ICCCNT), Tiruchengode, India, 4–6 July 2013, pp. 1–5.

IEEE.

26. Bharatharaj J, Huang L, Mohan RE, et al. Robot-assisted

therapy for learning and social interaction of children with

autism spectrum disorder. Robotics 2017; 6(1): 4.

27. Knisely JS, Barker SB, and Barker RT. Research on benefits

of canine-assisted therapy for adults in nonmilitary settings.

US Army Med Dep J 2012; April 1: 30–37.

28. Fine AH (ed). Handbook on animal-assisted therapy: theore-

tical foundations and guidelines for practice. Massachusetts,

United States: Academic Press, 2010.

29. Levinson BM. Human/companion animal therapy. J Contemp

Psychother 1984; 14(2): 131–144.
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