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Abstract
Our study aims to compare the social engagement behaviors of the children with autism spectrum disorder (ASD) in 
interaction with a kid-size humanoid robot and a human partner in a motor imitation task on two children with ASD 
with high functioning. The evaluation measures (e.g., eye gaze direction, gaze shifting, completeness/correctness of 
the movements, initiation with/without prompt, verbal instruction, and time differences between starting/finishing the 
robot’s movement and the child’s movement) are extracted from the recorded videos of the trial sessions and analyzed 
to assess the engagement of the children in interaction with the robot or a human partner. The results indicate that 
the eye gaze duration to the robot, the frequency of the initiation without prompt, and the frequency of the complete 
and correct movements for Child 1 in the robot condition are higher compared to the human condition, while these 
criteria for Child 2 in the robot condition are slightly less compared to the human condition. Also, the frequency of the 
gaze shifting for Child 1 in the robot condition is lower compared to the human condition, while for Child 2, it is slightly 
higher compared to the human condition. Moreover, both children show desirable results in the case of the frequency 
of the required verbal instructions, and finished the movements before the robot and started after the robot most time. 
Finally, the study can suggest child–robot interaction to improve the social engagement of some children with ASD.
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1  Introduction

Autism spectrum disorder (ASD) is a developmental dis-
order that is characterized by impairments in social inter-
actions, verbal and nonverbal communication, and a ten-
dency to engage in restricted, repetitive, or stereotyped 
behaviors. The disorder affects normal brain development 
in the context of social interactions and communication 
skills due to gene mutation [1]. Although most parents 
report the symptoms of the disorder within the first 
2 years of the life of their children, the early symptoms are 
revealed gradually from 6 months of age in children with 
ASD and continue during the adulthood. Nevertheless, 

these children have impairments in some aspects; some 
have abilities at a normal level or even better than typically 
developing children [2–4].

Although there is no definite reason for raising the 
prevalence rate of ASD, the reported statistics have dem-
onstrated increases in prevalence rate [5–9]. Over the dec-
ades, psychologists and therapists have undertaken most 
behavioral therapy for children with ASD. However, in the 
last decade, many studies focused on the positive effects 
of the social robots to assist in improving the developmen-
tal impairments due to the reluctance of children with ASD 
to communicate with humans [10–13]. There are many 
studies reported that individuals with ASD have better 
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performance in a predictable environment, like interact-
ing with a social robot [14] and respond faster movements 
when primed by a robotic movement than human move-
ment [15]. There are some reasons, which explain the bet-
ter performance of the children with ASD when cued by 
the robotic movement than human movement. Children 
with ASD are more sensitive than typically developing 
children to the variances of performing the actions and 
therefore respond better to repetitive, predictable actions 
like the robot’s actions [15], which can be explained by a 
mechanism named “mirror systems” [16].

Imitation, as an early emerging skill in life, plays a criti-
cal role in the development of cognitive, language, social, 
and communication skills [17]. Children with ASD exhibit 
significant deficits in imitation, which can lead to broader 
impairments in other aspects, for example, language, 
social, and communication skills [18, 19]. The interactions 
between robot and child in the forms of imitation games 
can teach the child imitation behaviors better than the 
human [10–12, 15, 20–37].

In this paper, we investigate how children with ASD 
demonstrate social engagement behaviors (e.g., gaze 
direction, imitation, initiation with/without prompt) in 
interaction with a humanoid robot called ARC [38] or a 
human partner when imitating the robot’s movements 
or the human’s movements. For this purpose, we conduct 
several trial sessions in two different conditions (human 
condition and robot condition) on some children with 
ASD. During the sessions, the children are asked to imi-
tate the human’s movement (in the human condition) or 
the robot’s movements (in the robot condition). The ses-
sions are recorded to extract some measures to assess 
the social engagement behaviors of the children during 
the imitation tasks. We consider the same movements for 
both conditions. According to the considered evaluation 
metrics to assess the social engagement behaviors of the 
children, we expect that the children demonstrate more 
engagement in interaction with the robot than with the 
human partner including (1) longer duration of the gaze 
direction to the robot; (2) smaller frequency of the gaze 
shifting between the human and the robot; (3) higher 
frequency of complete and correct movements; (4) more 
initiation without prompt; (5) less required verbal instruc-
tions. The children had not been informed about the next 
movement of the robot. Therefore, we expect that the chil-
dren often started after the robot and the time difference 
between starting the robot’s movement and the child’s 
movement to be high. Moreover, whereas the children’s 
speed is higher than the robot’s speed, we expect that at 
the most time, the children finish before the robot.

The remainder of this paper is as follows. We review 
the related works in Sect. 2. In Sect. 3, the trial procedures 
and the characteristic of the participants are described. 

Section 4 discusses the experimental results. Finally, Sect. 5 
concludes the obtained results and describes future work.

2 � Related works

Imitation is a primary social-cognitive skill that emerges 
early in development and plays a critical role in the devel-
opment of cognitive, social, and communication skills. 
Children with autism exhibit significant impairments in 
imitation skills. These deficits have been reported on a 
variety of tasks, including body movements, vocalizations, 
facial expressions, and join attention [17–19]. The associa-
tion between imitation impairments and social and com-
munication skills deficits in children with ASD has led to a 
lot of studies focusing on designing the imitation interven-
tions to teach the children with this deficit. Specifically, in 
recent years, the child–robot interactions in the forms of 
imitation tasks have reported promising results in teach-
ing the children with ASD imitation behaviors [10–12, 15, 
20–37].

In a study associated with the AURORA project, the 
humanoid robotic Robota was employed for engaging 
children with ASD in imitative interaction games [10–12]. 
Robins et al. [11, 12] conducted a longitudinal study by 
exposing four children with ASD to Robota throughout 
several months to encourage imitation and social interac-
tion skills. The results were evaluated based on the social 
skills criteria such as eye gaze, touch, and imitation and 
were revealed that long-term studies could promote the 
social interaction skills of the children with ASD. In a study, 
Pierno et al. [15] revealed that interacting with robots can 
facilitate imitation behavior in children with ASD. For this 
purpose, they asked two groups of children with ASD 
and children with typical development to observe either 
a robotic arm model or a human performing a reach-to-
grasp action toward an object and then perform the same 
action. Children with ASD demonstrated faster movement 
duration and peak velocity when primed by a robotic 
model rather than a human.

Michaud et al. [20] and Duquette et al. [21] compared 
the effects of interacting with a mobile robot as a media-
tor than a human on shared attention (visual contact/eye 
gaze/physical proximity), shared convention (facial expres-
sion, gesture, and actions toward the mediator) and the 
repetitive and stereotyped play patterns with favorite toys 
or objects on four children with ASD. They reported that 
the robot as a mediator increased shared attention and 
imitated facial expression more than a human mediator. 
However, the forms of shared conventions (imitation of 
body movements) were higher with the children paired 
with a human than the children paired with a robot. 
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Moreover, the children paired with a robot demonstrated 
reduced repetitive play patterns with the toys.

Tapus et al. [22] conducted several trials on four chil-
dren with ASD to investigate whether children with ASD 
show more initiations and social engagement behaviors 
when interacting with a Nao robot compared to a human 
partner in a motor imitation task. They analyzed the video 
data of the experiments considering some behavioral vari-
ables, including eye gaze, gaze shifting, free initiations/
prompted initiations of arm movements, and smile/laugh-
ter. The results revealed high variability in reactions to Nao 
robot, such that two children indicated more eye gaze and 
smile/laugher in the interaction with robot compared to 
the human partner, while two other children show no 
effect of the robot in the target variables.

A graded cueing feedback model was applied for an 
imitation game played between a Nao robot and a child 
with ASD and evaluated on 12 children with ASD [24]. The 
study demonstrated that the graded cueing feedback 
model did not decline imitative accuracy in comparison 
with a non-adaptive condition. Zheng et al. [25, 26] devel-
oped a dynamic, adaptive, and autonomous robot-medi-
ated learning system on a Nao robot for imitation skills 
with real-time imitated gestures evaluation and provid-
ing feedback. They compared the efficacy of the system 
with that of a human therapist on both group’s children 
with ASD and typically developing children. The results 
revealed that the children with ASD were engaged in the 
robotic system more compared to a human therapist and 
also had better performance in robot imitation tasks com-
pared to the human sessions.

The authors in [27] conducted some trials using a Nao 
robot focused on imitation skills on three children with 
ASD and intellectual disabilities. They suggested the social 
assistive robots as an effective tool to promote the imi-
tation skills of the children with ASD. The effects of the 
sensory profiles of children with ASD on the imitation in 
interaction with a Nao robot are assessed on 12 children 
with ASD [28]. The experimental results showed that there 
was a strong correlation between an overreliance on pro-
prioceptive information (an ability to determine the body 
segment positions), hyporeactivity to visual motions (eye 
contact, following the gaze to others, joint attention), and 
difficulties in imitation tasks and then more engagement 
in interactions with a robot.

Taheri et al. [29] reported some promotion in social and 
communication skills, joint attention, stereotyped behav-
iors through robot-assisted imitation games for a twin with 
ASD, whom one was high functioning, and the other low 
functioning. Silva et al. [30] developed a robotic system 
to promote the imitation skills of children with ASD by 
encouraging them to engage in physical exercise and imi-
tate the robot’s motions. They proposed a camera-based 

image processing imitation algorithm to imitate the child’s 
motions. The results indicated that the imitation algorithm 
accurately performs imitating the human motions. After 
that, he and his colleagues [31, 32] extended their sys-
tem by proposing a real-time algorithm for evaluating 
the child’s motion. Overall, in their proposed system, the 
robot teaches a task to the child, then the child imitates 
task, the robot mimics the child’s motion and then evalu-
ates it, if the child’s motion is correct, the robot congrats 
to the child, otherwise, it explains her/his mistakes and 
teaches the task again. The experimental results on four 
children with ASD indicated that interaction with robots 
could promote their imitation skills. An anthropomorphic 
robot named CHARLIE (CHild-centered Adaptive Robot for 
Learning in an Interactive Environment) is presented [33] 
for engaging the children with ASD in imitation games 
using hand and face tracking.

Srinivasan et  al. [34] examined the effects of the 
robot–adult–child interactions using a humanoid robot 
Isobot on the social attention of 15 typically developing 
(TD) children and two children with ASD over 8-sessions 
imitation protocol. For both TD children and children with 
ASD “percent duration of attention” to the robot, to the 
trainer, to the tester, and elsewhere and “percent duration 
of verbalization,” to the trainer/tester, including spontane-
ous and responsive verbalization were evaluated through-
out the training and testing sessions. The results indicated 
that both groups directed most of their attention toward 
the robot compared to the trainer/tester, and elsewhere 
during the testing and training sessions. Moreover, the 
child–robot interaction can facilitate spontaneous ver-
balization between the child and the trainer/tester for 
both groups, also both groups engaged in spontaneous 
verbalization more than responsive verbalization.

Srinivasan et al., in another work [35], evaluated praxis 
errors at pretest and posttest using a task-specific robot 
imitation test and a generalized test of praxis on 15 
typically developing children and one child with ASD. 
The experimental results revealed that all children had 
improved in imitation tasks and generalized praxis. How-
ever, the child with ASD had more errors during imitation 
of the robot and human actions during the pretest com-
pared to the TD children; he had improved his imitation of 
robot actions and human actions in the generalized test 
of praxis during posttest. The authors in their next study 
[23] extended their previous work to a larger sample of 
children with ASD and compared the effects of rhythm 
and robotic interventions using a Nao robot to a stand-
ard-of-care comparison intervention on the imitation/
praxis, interpersonal synchrony skills, and overall motor 
performance of 36 children with ASD. The results indicated 
that all three groups illustrated improvements in imita-
tion/praxis, both rhythm and robot groups demonstrated 
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improvements in interpersonal synchrony performance, 
whereas the comparison group improved on the fine 
motor performance.

Bucenna et al. [37] investigated the influence of the 
type of partner (i.e., adults, TD children, and children with 
ASD) on robot learning during the imitation tasks. During 
the imitation tasks, at first, the robot produced a random 
posture, and the partner imitated the robot. After this 
phase, the roles were reversed, and the robot imitated 
the posture of the partner via a sensory-motor architec-
ture based on a neural network. The experimental results 
showed that the robot learned the postures of the adults 
more easily than the other groups (TD children and chil-
dren with ASD). Also, the number of required neurons for 
learning the postures of the children with ASD was more 
compared to the other groups. Furthermore, learning with 
children with ASD enabled generalization to be easier.

The attitude of the children with ASD toward robot 
was assessed in terms of eye gaze duration, imitation, and 
the frequency of the stereotyped behaviors through an 
interaction with a robot and another interaction with a 
human [36]. The results revealed more positive attitudes 
of the children with ASD toward the robot and more 
preference to interact/play with a robot compared to the 
human. Moreover, the percentage of the eye gaze duration 
toward the robot was longer compared to the human, the 
frequency of the stereotyped behavior in robot condition 
was less than in human condition, and the children imi-
tated more the robot compared to the human.

3 � Experimental setting

The trial sessions were conducted in Pooyesh Primary 
School in Tabriz, Iran, a school with approximately 30 
pupils with ASD. The school has six classrooms, on average, 
five pupils in each class. The pupils are divided into these 
classes according to their course level. Although the edu-
cation books of these pupils are different from the ones of 
the typically developing pupils, the children are educated 
based on the books related to their course level. In addi-
tion to the educational classes, the pupils participate in 
various sessions, including behavioral and play therapy 
interventions.

The trials were undertaken in two different conditions: 
the human condition and robot condition. The children 
are asked to imitate the movements of the human part-
ner in the human condition and a humanoid robot in the 
robot condition. We conducted 24 sessions for both condi-
tions (12 sessions for each condition). This took 3 months 
(4 weeks for human condition) and (7 weeks for robot 
condition) such that 2 months intervened between two 
conditions.

3.1 � The experimental setup

We conducted the trials in one of the rooms at the school. 
The room had one door and two windows overlooking the 
school’s backyard. The sessions were recorded with two 
video cameras. In the human condition, one stationary 
camera is placed in front of the child with a distance from 
him to capture the movements of the child, and another 
is placed in the corner of the room to capture the move-
ments of the child from a different angle. In robot con-
dition, a video camera is embedded in the head of the 
robot to capture the movements of the child in front of the 
robot, and, similarly, here, a stationary camera is placed in 
the corner of the room to capture the child’s movements in 
a different angle. Although we used two cameras in all of 
the sessions, there were periods the children moved out-
side the range of the cameras, due to the given freedom 
to the children to move around in the room.

There were two humans in the room during all of the 
sessions. One of them who was doing simple movements 
and gave the children verbal instructions for doing the 
movements called “human partner” and the other one 
who was sitting on the chair in the corner of the room 
to observe the sessions called “human observer.” Also, the 
children were not familiar with the human partner and 
human observer before starting the sessions. A picture of 
the experimental setup of the robot condition is reported 
in Fig. 1.

3.2 � Robot

We used a kid-size humanoid robot named ARC, which has 
been built in our Humanoid Robots and Cognitive Technol-
ogy research laboratory (HRCT) at the University of Tabriz, 
Iran [38]. The robot is 54.0 cm high, weighs 2.9 kg, and 
exploits 2 DOF for its head, 3 DOF for its arms, and 6 DOF 
for its legs. The main processor of the robot is a Mini PC 
Intel Core i5 6260U, which cooperates with one 32-bit ARM 
Cortex-M3 processor and an open-source CM9.04 board. 

Fig. 1   The experimental setup of the robot condition
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ARC robot is a lightweight, cheap, and user-friendly, and 
it is equipped with a video camera with 90° fields of view. 
The specifications of the robot are described in detail in 
[38].

3.3 � Participants

Five children (four boys and one girl) diagnosed with ASD 
based on DSM criteria [2, 3] aged between 9–11 and IQ ≥ 
70 from a primary school for the children with autism were 
originally recruited to participate in the trials. However, 
three children (two boys and one girl) did not complete 
the study because of unwillingness and refusing to do the 
movements. Therefore, only two children completed the 
study. The characteristics of the participants are reported 
in Table 1. The description of the children’s behaviors is:

•	 Child 1—Age (9 years and 3 months), high functioning. 
Although he can speak in a relatively fluent way, he is 
not interested in communicating with other children 
of the same age. He would like to communicate with 
older persons or younger kids. Also, he was showing 
stereotyped behaviors in several sessions.

•	 Child 2—Age (9 years and 1 month), high functioning. 
Although he understands everything, he uses only 
some words to express some needs. He does not like 
to play with other children. He likes to walk around the 
room and talk to himself by expressing some repetitive 
words or sounds. Therefore, attracting him to concen-
trate on doing tasks is too hard and needs to be trig-
gered by another person to initiate.

3.4 � Trial session procedures

Although we conducted 12 sessions for each condition 
and each participant (3 sessions in a week for the human 
condition and 2 sessions in a week for the robot condi-
tion), some sessions were missed because of the absence 
or unwillingness of the children. The details of the number 
of sessions for each participant and the average duration 
with the standard deviation of the sessions’ duration for 
each condition are listed in Table 2.

Before starting the trials, the parents of the pupils were 
requested to sign the consent forms for the participation 
of their child. We conducted the trials for the human con-
dition before the robot condition. The movements were 

Table 1   The characteristic of the participants

Participant Child 1 Child 2

Age 9 years and 3 months 9 years and 1 month
IQ 87 76
ADI-R
Social interaction 13 14
Communication and language 10 15
Restricted and repetitive behaviors 3 5
Total scores 26 34

GARS-2 Test [39] Raw score Standard score Raw score Standard Score

Stereotyped behaviors 14 6.67 16 7.61
Communication 15 7.14 19 9.04
Social interaction 16 7.61 18 8.57
Sum of standard scores 21.42 25.22
Autism index 85 90

Table 2   The characteristics of 
the trial sessions

Human condition Robot condition

Number of 
trials

Duration of trials 
(Average [Min: Sec],
Standard Deviation 
[Min:Sec])

Number of 
trials

Duration of the trials 
(Average [Min: Sec],
Standard Deviation [Min:Sec])

Child 1 12 M = 3:51 SD=0:45 11 M = 10:48 SD=0:40
Child 2 9 M = 4:14 SD=0:57 11 M = 10:04 SD=1:15
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designed to start progressively from very simple move-
ments to more difficult ones, which were repeated several 
times by the human, or the robot. The movements are the 
same for both conditions, mainly involved the upper body, 
and were limited to arm movements. Each movement is 
a combination of the left and right arms (L and R, respec-
tively) taking one of the following four positions: D: down; 
U: up; T: in T; and P: in ψ form. Figure 2 shows the main 
positions of the arm’s movements. The movements, which 
are the sequences of the positions, are listed in Table 3. 
Each movement is repeated ten times (for M1, M2, M4, 
M5, M7, M9, and M11) or eight times (for M3, M6, M8, M10, 
and M12).

The robot was connected to a laptop and placed on a 
table in front of the child. Before each trial, the video cam-
eras and the robot (for robot condition) can be activated 
by pressing a button from the laptop. During the sessions, 
the children were asked to imitate either the robot or 
human movements. Since the speed of the robot is slower 
compared to the human, the duration of the sessions for 
the robot condition is approximately twice longer than the 
human condition. The first session of each condition was 
designed to familiarize the children with the process of 
the trials. During each session, the human partner gave 
the necessary verbal instructions to the child to imitate 
her or the robot.

3.5 � Evaluation measures

Evaluating the quality of the human–robot interaction can 
be a critical issue, involving several aspects of the interac-
tion such as drawing the attention and interest toward the 
robot, joint attention, imitation behaviors, and social tasks 
to obtain the useful information for improving the engage-
ment of the children with ASD in interaction with a robot 
[22, 40, 41]. According to our procedure, we defined the 
evaluation measures as follows to assess the engagement 
of the children in interaction with the robot. 

1.	 Eye gaze direction refers to the duration of the child 
gazes at the human partner/human observer/robot/
others (the room or the objects of the room) [22].

2.	 Eye gaze shifting refers to the eye gaze shifting among 
human partner/human observer/robot/others [22]

3.	 Completeness and correctness of the child’s movements 
refer to the movements which are “complete_correct,” 
“complete_incorrect,” or “incomplete_incorrect.” The 
presentation of this coding is described in Table 4.

4.	 Initiation of the child’ movement with/without prompt 
refers to the movements which the child starts with/
without triggering by a verbal prompt (e.g., calling the 
child’s name or give him simple instructions, for exam-
ple, “look at me” or “look at the robot”) [22].

Fig. 2   Examples of the arm positions for the robot: a LDRD; b LURU; c LTRT; and d LPRP

Table 3   The list of the movements

MOVEMENTS

M1 LDRT-LDRD-LTRD-LDRD
M2 LTRT-LTRD (for right arm)

and
LTRT-LDRT (for left arm)

M3 LDRD-LTRT​
M4 LDRU-LDRD-LURD-LDRD
M5 LTRU-LTRD (for right arm)

and
LURT-LDRT (for left arm)

M6 LDRD-LURU​
M7 LDRP-LDRT (for right arm)

and
LPRD-LTRD (for left arm)

M8 LPRP-LTRT​
M9 LTRT-LTRU (for right arm)

and
LTRT-LURT (for left arm)

M10 LTRT-LURU​
M11 LDRT-LDRU-LDRD-LTRD-LURD-LDRD
M12 LTRT-LURU-LDRD
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5.	 Verbal instructions to the child refer to the verbal 
instructions given by the human partner to the child 
(e.g., “up your arm,” “down your arm,” or “put your arm 
like this position”).

6.	 Time differences between the beginning/finishing the 
robot’s arm movement and the beginning/finishing the 
child’s arm movement is measured as duration [40].

4 � Experimental results

All of the recorded videos were annotated manually by the 
video annotation software ANVIL [42] which segmented 
each video into 1

10
 second intervals. The intervals without 

any movement were ignored and had not been coded. The 
coded data extracted from the videos of each trial were 
combined to calculate the below-listed measures for each 
child:

1.	 The percentage of the total duration of the eye gaze 
direction of the child to the human partner/human 
observer/robot/others

2.	 The percentage of the total number of eye gaze shift-
ing

3.	 The percentage of completeness and correctness of 
the child’s movements

4.	 The percentage of the total number of initiation of the 
child’ movement with/without prompt

5.	 The percentage of the total number of the verbal 
instructions given to the child

6.	 The percentage of time differences between the 
beginning/finishing the robot’s arm movement and 
the beginning/finishing the child’s arm movement

As all of the videos varied in duration, the total duration 
of the eye gaze direction to the human partner/human 
observer/robot/others was transformed to proportional 
representation of the corresponding value relative to the 
total duration of eye gaze direction for that video. Simi-
larly, the total numbers of the completeness, correctness, 
and initiation of the child’s movements with/without 
prompt were transformed to proportional representations 

of the corresponding values relative to the total number 
of repeated movements for each video. Furthermore, the 
total number of eye gaze shifting and the total number of 
the verbal instructions were transformed to the propor-
tional representation of the corresponding values rela-
tive to the total duration of the movements for that video. 
Finally, the total time differences between the starting/
finishing the robot’s arm movement and the starting/fin-
ishing the child’s arm movement were transformed to the 
proportional representation of the corresponding value 
relative to the total duration of time differences for that 
video.

4.1 � Eye gaze direction

As mentioned, we performed several sessions for each 
condition. The trends of the eye gaze toward the human 
partner/human observer/others/robot per session and the 
also the presentation of the variances of the percentages 
of the gaze duration for Child 1 and Child 2 are reported 
in Figs. 3, 4, 5 and 6, respectively. As you can see in Fig. 3, 
the levels of the gaze direction to the human partner 
and others are significantly lower in the robot condition 
compared to the human condition, and the most part of 
the gaze direction is dedicated to the robot in the robot 
condition, that is approximately 80% of the total imitation 
time. The visual analysis of the eye gaze in Fig. 3a indicates 
more high fluctuations in the trend of the gaze toward the 
human partner and others in the human condition, com-
pared to relatively stable low levels in the robot condition 
in Fig. 3b. Moreover, the levels of the gaze direction to the 
human observer in the first sessions of the human condi-
tion are relatively high and then significantly decrease in 
the next sessions, while we observed relatively stable low 
levels in the robot condition. Figure 4 shows the variability 
of the obtained percentages of the gaze duration in terms 
of each actor during the sessions of both conditions for 
Child 1, which confirms the results of Fig. 3. It can be seen 
that the variances of the target variables in the human 
condition considerably are higher compared to the robot 
condition, which indicates the more high behavior vari-
ability of Child 1 during the human condition compared to 

Table 4   The description of the coding related to the Completeness/Correctness of the movements

Category Description

Complete_correct Child imitates the movement completely and correctly, similar to the human partner’s movement or robot’s move-
ment

Complete_incorrect Although the child completes imitating the movement, it is not correct and just a little bit similar to the original one 
(e.g., suppose that the child imitates the movement M1 such that he raises his arm similar to another form, for 
example, U form or just bends his arm, then downs it in the D form)

Incomplete_incorrect Child does nothing, does not finish imitating the movement, or puts his arms in the forms, which are not even a little 
bit similar to the corresponding movement
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the robot condition, as confirmed by Fig. 3. Although the 

variances of the obtained results for the robot condition 
are low, Fig. 4 illustrates two outlier points related to the 
gaze toward the others and gaze toward the robot.   

As you can see in Fig. 5, the levels of the gaze direc-
tion to the human partner are significantly lower in the 
robot condition compared to the human condition. Also, 
the levels of the gaze direction to the robot in the robot 
condition are significantly higher compared to the gaze 
direction to the human partner, observer, and others, as 
shown in Fig. 5b. The visual analysis in Fig. 5, reveals stable 
low levels of the gaze direction to the observer and oth-
ers with no significant difference between two conditions. 
The higher fluctuant trend of the gaze toward the robot 
and relatively stable low-level trend of the gaze toward the 
observer shown in Fig. 5b compared to the other trends 
in both conditions, confirm their high variance and low 

variance of the results, as shown in Fig. 6. However, the 

Fig. 3   Presentation of the percentage of the eye gaze duration per session for Child 1: a for the human condition, b for the robot condition

Fig. 4   Box plot comparing the percentages of the eye gaze dura-
tion for Child 1. Lower and upper box boundaries denote 25th and 
75th percentiles, respectively, line inside box median, the cross 
marks the mean point, lower and upper error lines 10th and 90th 
percentiles, respectively, and the filled circle data points falling out-
side the plot the outlier points

Fig. 5   Presentation of the percentage of the eye gaze duration per session for Child 2: a for the human condition, b for the robot condition
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variances of the gaze to the human observer and gaze to 
the others in the robot condition are low; we can observe 
two outlier points among their corresponding results.

4.2 � Eye gaze shifting

As mentioned before, the percentage of the eye gaze 
shifting is a proportional representation of the number 
of the eye gaze shifting per 1

10
 second intervals. Figures 7 

and 8 illustrate the trends of the gaze shifting per session 
for Child 1 and Child 2, respectively, and the comparison 
of the variances of the percentages of the target variable 
for both children is demonstrated in Fig. 9. As shown in 
Fig. 7, there is a relatively high fluctuation pattern in the 
trend of the variable for two conditions with low levels of 
the gaze shifting in the robot condition compared to the 
human condition. We can see relatively stable low levels 
of the gaze shifting for Child 2 and slightly higher levels in 
the robot condition, as demonstrated in Fig. 8a, b. Figure 9 
shows that the variance of the eye gaze shifting values 
of Child 1 during the human condition sessions is more 
compared to the robot condition, while Child 2 shows the 
reverse behaviors. Also, the values of the eye gaze shifting 

Fig. 6   Box plot (see caption of Fig.  4 for the explanation of box-
plot) comparing the percentages of the eye gaze duration for Child 
2

Fig. 7   Presentation of the percentage of the gaze shifting per session for Child 1: a for the human condition, b for the robot: condition

Fig. 8   Presentation of the percentage of the gaze shifting per session for Child 2: a for the human condition, b for the robot: condition
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for Child 1 are higher compared to Child 2 in both condi-
tions, which indicate Child 1 shifts his eye gaze frequently 
and cannot easily concentrate on a specific object.

4.3 � Completeness/correctness of the movements

We divided the completeness and the correctness of the 
movements into three categories, including complete_
correct, complete_incorrect, and incomplete_incorrect. 
Table 4 describes this coding in detail. The trends of the 
completeness/correctness of the movements per session 
and the variance of the percentages of the target vari-
able for participants are demonstrated in Figs. 10, 11, 12 
and 13. The visual analysis in Fig. 10a, b reveals a slightly 
descendant trend for the levels of the complete_correct 
movements in the human condition and a slightly ascend-
ant trend in the robot condition with a significantly better 
performance in the robot condition. Figure 10 illustrates a 

high fluctuation trend for the complete_incorrect move-
ments in both conditions and relatively stable low levels of 
incomplete_incorrect movements in both conditions. As 
you can see in Fig. 11, the variances of the complete_cor-
rect and complete_incorrect movements for the robot 
condition are lower compared to the human condition. 
Moreover, although the percentage of the incomplete_
incorrect movements in the robot condition is slightly 
higher compared to the human condition, the percent-
age of the complete_correct and the complete_incorrect 
movements in robot condition are slightly higher and 
lower compared to the human condition, respectively, 
which indicates a positive effect of the robot condition 
on promoting performance.

Fig. 9   Box plot (see caption of Fig.  4 for the explanation of box 
plot) comparing the percentages of the eye gaze shifting per 1/10 s 
for both children

Fig. 10   Presentation of the percentage of the completeness/correctness of the movements per session for Child 1: a for the human condi-
tion, b for the robot condition

Fig. 11   Box plot (see caption of Fig.  4 for the explanation of box 
plot) comparing the percentages of the completeness/correctness 
of the movements during each session for Child 1
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For Child 2, the visual analysis in Fig. 12 reveals high 
fluctuation trends in both conditions for all variables. 
Figure 13 shows that although the levels of the correct 
movements in robot condition are lower compared to the 
human condition, the levels of the incomplete_incorrect 
movements in the robot condition are slightly lower com-
pared to the human condition.

4.4 � Initiation With/Without Prompt

The children initiated the movements with or without 
prompt. The trends of the initiation with/without prompt 
per session and the percentage of the target variable for 
the participants are illustrated in Figs. 14, 15, 16 and 17. 
The visual analysis in Fig. 14 reveals relatively stable high 
levels of the initiation without prompt and low levels of 
the initiation with prompt throughout both conditions. 

We can see, the level of the initiation without prompt 
decreases in the third session and again gradually 
increases and remains steady at a high level, while in the 
robot condition, the corresponding values are placed at 
relatively stable high levels. The percentages’ variance of 
the movements which are initiated without prompt in the 
robot condition is slightly lower compared to the human 
condition, as shown in Fig. 15. Also, it can be seen one 
outlier point for each variable during both conditions.

The visual analysis in Fig. 16 demonstrates high fluc-
tuant trends for both variables in both conditions. Also, 
Fig. 16b shows that the trends of target variables for the 
robot condition approach in a single point (session 10). 
Although, the visual analysis in Fig. 17 indicates better 
performance in the human condition compared to the 
robot condition, the percentage of the initiation without 
prompt in the robot is higher compared to the levels of the 
initiation with prompt, which shows robot has no negative 
effect on the initiation of the movements for Child 2.

4.5 � Verbal instructions

As mentioned before; we transformed the total number 
of verbal instructions to the percentage of verbal instruc-
tions per 1

10
 second. The trends of the percentage of verbal 

instructions per session and the comparison of the vari-
ances of the percentages of the target variables for both 
participants are illustrated in Figs. 18, 19 and 20. Follow-
ing our expectations, the levels of the verbal instructions 
during the robot condition diminished for both children. 
There is a high fluctuant trend in the human condition, 
while we can see a relatively ascendant trend in the robot 
condition, as shown in Fig. 18. The obtained results in 

Fig. 12   Presentation of the percentage of the completeness/correctness of the movements per session for Child 2: a for the human condi-
tion, b for the robot condition

Fig. 13   Box plot (see caption of Fig.  4 for the explanation of box 
plot) comparing the percentages of the completeness/correctness 
of the movements for Child 2
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Fig. 20 reveal that the variance and the values of the verbal 
instructions in the robot condition for Child 1 are slightly 
lower compared to the human condition.

For Child 2, Fig. 19 shows a relatively descendant trend 
in the human condition, while it can be observed an 
ascendant trend in the robot condition. Also, the visual 
analysis in Fig. 20 detects that the robot condition had 
a significant positive effect on diminishing the verbal 
instructions which were given to Child 2.

4.6 � Starting/finishing time of the movements

The synchrony of the child–robot movements and the 
responses to the robot’s movements can be considered as 
one of the evaluating measures for the quality of imitation 

Fig. 14   Presentation of the percentage of the initiation with/without prompt per session for Child 1: a for the human condition, b for the 
robot condition

Fig. 15   Box plot (see caption of Fig.  4 for the explanation of box 
plot) comparing the percentages of the initiation with/without 
prompt for Child 1

Fig. 16   Presentation of the percentage of the initiation with/without prompt per session for Child 2: a for the human condition, b for the 
robot condition
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tasks. Therefore, the time difference between the begin-
ning of the robot’s arm movement and the child’s arm 
movement can denote the effectiveness of the abilities 
of the robot in involving in the social engagements of the 
child [40].

Since the starting and finishing time of the child’s 
movements and the robot’s movements are different, the 
time differences between these parameters are computed 
and transformed to the percentage of the time differences 
relative to the total differences. The trends of the percent-
age of the differences between the starting/finishing time 
of the child’s movements and the robot’s movements 
per session and the comparison of the variances of the 
percentages of the target variables are demonstrated in 
Figs. 21, 22 and 23. The visual analysis in Fig. 21 shows the 
high fluctuant trends for all target variables in both con-
ditions. While the visual analysis in Fig. 22 presents high 
fluctuant trends for the graphs of “the child first finished,” 
and “the robot first started” and also relatively stable, and 

Fig. 17   Box plot (see caption of Fig.  4 for the explanation of box 
plot) comparing the percentages of the initiation with/without 
prompt for Child 2

Fig. 18   Presentation of the percentage of the verbal instructions per session for Child 1: a for the human condition, b for the robot condi-
tion

Fig. 19   Presentation of the percentage of the verbal instructions per session for Child 2: a for the human condition, b for the robot condi-
tion
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low-level trends for the graphs of “the child first started,” 
and “the robot first finishes.” The visual analysis in Fig. 23 
indicated that for both children, the highest variance and 
the largest time differences are related to when the child 
finished the movement before the robot. Moreover, the 

lowest variance and the least time differences for Child 1 
happened when the robot finished before the child, and 
for Child 2 corresponded when the child started before 
the robot.

5 � Conclusion and discussion

Our study is aimed at comparing the effects of the inter-
action with a humanoid robot and a human partner on 
the social engagement behaviors of the children with 
ASD during the imitation tasks. However, the children 
showed different behaviors during the imitation tasks, 
based on the observation and the obtained results, we 
can draw some conclusions. Both children were inter-
ested in interacting with the robot and imitating the 
robot’s movements. In the robot condition, both children 
manifested interest toward the robot to imitate it in the 
first minutes of the session and then diminished gradu-
ally toward the end of each session. Also, we observed a 

Fig. 20   Box plot (see caption of Fig.  4 for the explanation of box 
plot) comparing the percentages of the verbal instructions per 
1/10 s for both children

Fig. 21   Presentation of the 
percentage of the differences 
between starting/finishing 
time of the child’s movement 
and the robot’s movements 
per session for Child 1

Fig. 22   Presentation of the 
percentage of the differences 
between starting/finishing 
time of the child’s movement 
and the robot’s movements 
per session for Child 2
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similar relation for the first sessions of the robot condi-
tion toward the final sessions.

Based on the assumption that robots can attract 
children with ASD, we expected the duration of the eye 
gaze to the robot to be higher compared to the human 
partner. The results indicated that the levels of the gaze 
direction to the human partner were significantly lower 
in the robot condition compared to the human condi-
tion, and the levels of the gaze direction to the robot in 
the robot condition were significantly higher compared 
to the gaze direction to the human partner, observer, 
and others for both children. Also, the obtained results 
revealed that Child 1 had longer gaze duration to the 
robot compared to the human partner, while gaze dura-
tion to the robot for Child 2 was slightly less compared 
to the human partner. Child 1 illustrated a higher eye 
gaze toward the others than the human partner in both 
conditions. Additionally, Child 2 had the lowest eye gaze 
to the human observer in both conditions, with no sig-
nificant difference between both conditions.

We expected that the percentage of the gaze shift-
ing per unit time between the human partner/human 
observer/robot/others was lower in the robot condition 
compared to the human condition. This expectation 
was confirmed for Child 1. However, the levels of the 
eye gaze shifting for Child 2 were lower compared to 
the corresponding value for Child 1 in both conditions, 
and the level of the gaze shifting in robot condition was 
higher compared to the human condition for Child 2.

We expected the percentage of the complete and cor-
rect movements to be higher in the robot condition com-
pared to the human condition. The results indicated that 

Child 1 satisfied our prediction and also, the percentage 
of the incorrect movements in robot condition was lower 
compared to the human condition. Although Child 2 mani-
fested slightly better performance in the human condition 
compared to the robot condition, the percentage of the 
incomplete_incorrect movements in the robot condition 
is lower compared to the human condition.

We also expected that the percentage of the initiations 
without prompt to be higher in the robot condition com-
pared to the human condition and the percentage of the 
initiations without prompt to be higher than the initiations 
with prompt in each condition. The results indicated that the 
levels of the initiation without prompt were higher than the 
levels of the initiation with prompt in both conditions for 
both children. Also, the robot was a better facilitator of the 
target variable compared to the human partner for Child 1.

According to our expectation, the verbal instruc-
tions, which are given to the children in the robot condi-
tion, were lower compared to the human condition. The 
obtained results show that the prediction was confirmed 
for both participants.

We expected that the children finished the movement 
before the robot and started after the robot due to the slow 
speed of the robot. Indeed, comparing time differences 
between the starting/finishing time of the robot’s move-
ment and the child’s movement, we can see that for both 
children, the most differences happened when the child 
finished the movement before the robot and the second 
most difference was related to when the children started 
after the robot. Moreover, the least differences for Child 1 
were obtained when the robot finished before the child and 
for Child 2 was for when the robot started after the child.

Fig. 23   Box plot (see caption of Fig. 4 for the explanation of box plot) comparing the percentages of the time differences between the start-
ing/finishing time of the child’s movements and the robot’s movements
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We should note that our obtained results are drawn 
from two subjects’ behaviors, which makes it a little dif-
ficult to generalize our conclusion to a large sample size. 
Besides, the children with ASD exhibit a wide range of 
behaviors, and their reactions can be spread in a wide 
spectrum. Therefore, it can be acceptable that their social 
behaviors during the interactions are different from each 
other such that according to the obtained results, we 
observed that the behaviors of Child 1 for some meas-
ures are different from the behaviors of Child 2. However, 
the obtained results showed that (1) both children gazed 
at the robot more than the human partner/observer/oth-
ers, (2) for one of the children, the percentage of the 
complete_correct movements in the robot condition 
was higher compared to the human condition, and for 
another one, the percentage of the incomplete_incor-
rect movements in the robot condition was lower com-
pared to the human condition, (3) for both children, the 
level of the initiations of the movements without prompt 
in the robot condition was higher compared to the ini-
tiation with prompt, and (4) the robot condition had a 
significant positive effect on reducing the verbal instruc-
tions given to both children.

While there was a high variability of the behaviors in 
interaction with the robot, which can be found in sev-
eral studies [12, 43], according to the above general 
conclusion, both children had an attraction toward the 
robot, and their performance often promoted in inter-
acting with a robot more than with a human. Therefore, 
however, our sample size is too small, the attraction of 
the participants to the robot led to that we can suggest 
human–robot interaction to promote social engagement 
of at least a subgroup of the children with ASD.

In the future, we will work in the direction of decid-
ing what could be the best sequence of movements for 
the robot, through evaluating the engagement of the 
children in interaction with the robot.
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