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Abstract
Job interviews are significant barriers for individuals with autism spectrum disorder because these individuals lack
good nonverbal communication skills. We developed a job interview training program using an android robot. The
job interview training program using an android robot consists the following three stages: (1) tele-operating an
android robot and conversing with others through the android robot, (2) a face-to-face mock job interview with the
android robot, and (3) feedback based on the mock job interview and nonverbal communication exercises using the
android robot. The participants were randomly assigned to the following two groups: one group received a combined
intervention with “interview guidance by teachers and job interview training program using an android robot” (n = 13),
and the other group received an intervention with interview guidance by teachers alone (n = 16). Before and after the
intervention, the participants in both groups underwent a mock job interview with a human interviewer, who provided
outcome measurements of nonverbal communication, self-confidence, and salivary cortisol. After the training sessions,
the participants who received the combined interview guidance by teachers and the job interview training program
using an android robot intervention displayed improved nonverbal communication skills and self-confidence and had
significantly lower levels of salivary cortisol than the participants who only received interview guidance by teachers. The
job interview training program using an android robot improved various measures of job interview skills in individuals
with autism spectrum disorder.
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Introduction
Approximately 500,000 individuals with autism spectrum
disorder (ASD) will enter adulthood over the next 10 years
(Shattuck et al., 2012). The low employment rate of individuals with ASD (56%) has become a major social issue
worldwide (Taylor & Seltzer, 2011). Job interviews are typically required for obtaining competitive employment, but
these interviews may be significant barriers for individuals
with ASD (Higgins, Koch, Boughfman, & Vierstra, 2008;
Strickland, Coles, & Southern, 2013). Social competence
during a job interview is a specific skill that is critical for a
positive occupational outcome (Strickland et al., 2013).
Individuals with ASD use less nonverbal communication (e.g., eye contact, facial expressions, gestures, and

body language), which is directly connected to poor performance during job interviews (Strickland et al., 2013).
Nonverbal communication is as important as, or even
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more important than, verbal communication in the job
interview setting. According to a previous study, 55% of
first impressions are based on nonverbal communication,
and only 7% of first impressions are based on the actual
verbal content (Albert, 1971). Certain nonverbal mistakes
“(e.g., individuals with ASD not looking the interviewer in
the eye and not making adequate facial expressions)” can
ruin the chances of receiving a job offer, even if the
answers to the interview questions are impressive.
There are few evidence-based interventions for individuals with ASD, so many tutors find it difficult to teach the
nonverbal communication skills that are essential for successful job interviews (Kandalaft, Didehbani, Krawczyk,
Allen, & Chapman, 2012). Thus, a more effective intervention with a greater substantial impact on job interview competence in individuals with ASD is urgently needed. Given
the recent rapid technological advances, interventions
using advanced technology could be effectively harnessed
to provide innovative clinical treatment for individuals
with ASD.
Recently, an advanced project using Internet-accessed
training and virtual reality has demonstrated that these
tools have preliminary efficacy in improving job interview
skills in individuals with ASD (Smith et al., 2015; Smith
et al., 2014; Strickland et al., 2013). However, in these projects, the individuals could not provide subtle nonverbal
cues through their avatars. The physical presence of a
robot allows for a more engaging and enjoyable interaction
than an avatar on a monitor (Lee, Jung, Kim, & Kim, 2006;
Wainer, Feil-seifer, Shell, & Mataric, 2006). The most
obvious and unique attribute of a robot is its physical
embodiment, and during human-robot interactions, the
individual’s impression of the helpfulness and trustworthiness of the robot as well as its enjoyability is significantly
affected by the physical embodiment of the robot (Wainer
et al., 2006; Wainer, Feil-Seifer, Shell, & Mataric, 2007).
The appearance and movements of an android robot
resemble those of an actual human (Kumazaki, Warren,
Corbett, et al., 2017; Kumazaki, Warren, Muramatsu,
et al., 2017; Yoshikawa, Matsumoto, Sumitani, & Ishiguro,
2011). Android robots exhibit facial expressions (e.g.,
smiling, nodding, and brow movements) during speech
and can provide subtle nonverbal cues. One benefit of
android robots is that they are similar to humans. Therefore,
there is a possibility that generalization may be more easily achieved. Creating intelligent three-dimensional (3D)
learning environments using android robots may represent
another, potentially more powerful, avenue for enhancing
skills with generalization to real-world settings (Warren
et al., 2015).
Individuals with ASD are impaired in their ability to
attribute mental states to themselves and to others, that is,
they lack what has been labeled the Theory of Mind (ToM)
(Baron-Cohen, Leslie, & Frith, 1985). Therefore, they do
not understand the effect of their behavior on others
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(Strickland et al., 2013), which is associated with their low
motivation to acquire nonverbal communication skills
(Chevallier, Kohls, Troiani, Brodkin, & Schultze, 2012).
Moreover, a previous study has shown that explicit instruction in emotion recognition can improve an individual’s
performance on tasks that require them to attribute mental
states to self and others (Golan & Baron-Cohen, 2006). In
designing an intervention to help individuals with ASD to
learn nonverbal communication, it is important to be concerned not only with teaching the appropriate nonverbal
skills required for such an interaction (e.g., making eye
contact and using appropriate language) but also with
improving understanding of the importance of nonverbal
communication.
A previous study reported a case report that tele-operating an android robot could promote an understanding of
nonverbal communication (Kumazaki, Muramatsu, et al.,
2017). Exposure to a tele-operated android robot before a
mock job interview can help participants understand the
reason for nonverbal behaviors, rendering the intervention
more effective.
Imitating human body motion is also difficult for individuals with ASD. Individuals with ASD have been shown
to improve their performance in imitation tasks in experiments using a robot (Cook, Swapp, Pan, Bianchi-Berthouze,
& Blakemore, 2013; Pierno, Mari, Lusher, & Castiello,
2008). During a nonverbal communication exercise, presenting nonverbal expression using an android robot may
facilitate the acquisition of nonverbal expression.
To facilitate job interview skill training in young adults
with ASD, we developed a job interview training program
using an android robot (JUA). The JUA consists of the following three stages: (1) tele-operating an android robot
and conversing with other individuals through the android
robot, (2) a face-to-face mock job interview with an
android robot, and (3) feedback based on the mock job
interview and nonverbal communication exercise using
the android robot.
A previous study shows that the mere exposure to the
android robot-mediated interview procedures contributed
to a trend of self-reported increases in confidence and,
importantly, corresponding reductions in the biological
indicators of stress/anxiety during the mock job interview
(Kumazaki, Warren, Corbett et al., 2017). JUA differs
from the method of a previous study because JUA aims to
improve nonverbal communication (i.e., the JUA method
adds the tele-operating of the android robot to converse
with others and feedback regarding the mock job interview and nonverbal communication exercise using the
android robot). In this study, we examined the acquisition
of nonverbal communication, self-confidence, and metrics of stress using JUA. We assessed the changes in selfconfidence and the metrics of stress after experiencing
JUA by measuring self-reports of self-confidence and the
salivary cortisol levels. A higher self-confidence in one’s
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ability to perform a job interview is associated with
greater performance during the job interview (Hall,
Jackson, Gradt, Goetz, & Musu-Gillette, 2011; Kumazaki,
Warren, Corbett et al., 2017; Tay, Ang, & Van Dyne,
2006). Salivary cortisol provides a reliable, non-invasive
metric of stress (Corbett, Schupp, & Lanni, 2012) that has
been used previously to measure the response to social
situations (Corbett et al., 2017; Corbett et al., 2012;
Corbett et al., 2014). Cortisol is also associated with selfconfidence (van Eck, Berkhof, Nicolson, & Sulon, 1996).
In addition, the importance of measuring both the physiological arousal level and self-reported assessment of
psychiatric state (e.g., self-confidence, irritability, and
anxiety) (Kumazaki, Warren, Corbett et al., 2017; Mikita
et al., 2015; Simon & Corbett, 2013) in individuals with
ASD has been recently emphasized. Therefore, we
assessed both self-reports and the physiological measures
of arousal in saliva to obtain a more objective view of
self-confidence in individuals with ASD.

Method
Participants
Participants were recruited from our institute well known in
Japan for specializing in developmental disorders and
related conditions. All procedures involving human participants were conducted in accordance with the ethical standards of the institutional and/or national research committee
and the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. After receiving a
complete explanation of the study, all participants and their
guardians agreed to participate in the study. All participants
provided written informed consent. The inclusion criteria
for the participants were as follows: (1) age of 18–27 years
of age, (2) IQ ⩾ 70, and (3) unemployed workers who were
actively seeking employment and have undergone consecutive mock job interviews before but could not improve their
nonverbal communication skills. To exclude other psychiatric diagnoses, the Mini-International Neuropsychiatric
Interview (M.I.N.I.) (Sheehan et al., 1998) was administered. The participants were diagnosed by psychiatrist with
more than 10 years of experience in ASD using the criteria
in the Diagnostic and Statistical Manual of Mental
Disorders (5th ed., text rev.; DSM-V; American Psychiatric
Association, 2013) and standardized criteria taken from the
Diagnostic Interview for Social and Communication
Disorders (DISCO) (Leekam, Libby, Wing, Gould, &
Taylor, 2002) at the time of enrolment in the study. The
DISCO is reported to have good psychometric properties. It
also contains items on early development, and a section on
activities of daily life, thereby giving the interviewer an
idea of the individual’s level of functioning in several different areas, not only social functioning and communication (Wing, Leekam, Libby, Gould, & Larcombe, 2002).
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All participants who were diagnosed with childhood
autism, atypical autism, or Asperger’s syndrome with
DISCO were included in this study.
All participants completed the Autism Spectrum
Quotient—Japanese version (AQ-J; Wakabayashi, Tojo,
Baron-Cohen, & Wheelwright, 2004), which was used to
evaluate the ASD-specific behaviors and symptoms. The
AQ-J is a short questionnaire with five subscales (i.e.,
social skills, attention switching, attention to detail, imagination, and communication). Previous studies using the
AQ-J have been replicated across cultures (Wakabayashi
et al., 2007). The AQ is also sensitive to the broader autism
phenotype (Wheelwright, Auyeung, Allison, & BaronCohen, 2010). IQ was measured using the Wechsler (2008)
Adult Intelligence Scale—Fourth Edition.
The severity of the social anxiety symptoms was measured using the Liebowitz Social Anxiety Scale (LSAS)
(Liebowitz, 1987). This clinician-administered scale consists of 24 items, including 13 items that describe performance situations and 11 items that describe social
interaction situations. Each item is separately rated for
“fear” and “avoidance” using a 4-point categorical scale.
According to receiver operating curve analyses, an LSAS
score of 30 is predictive of minimal symptoms and is the
best cut-off value for distinguishing individuals with from
those without social anxiety disorder (Mennin et al., 2002).

Procedures
Initially, participants were given a document containing
recruitment information from which they could select jobs
including data entry clerk, shelf stacker in a supermarket,
custodian, kitchen assistant in a restaurant, nursing assistant,
and paper delivery person. We interviewed many staff members working in an employment support facility for individuals with ASD and chose six jobs that are popular among
such individuals. Participants were asked questions related
to the job they selected during an interview. Questions asked
during the interview were about the participants, their reasons for applying for the job, their expertise, their disabilities, their weaknesses, and details about their duties after
joining the company. These questions were selected from a
textbook which was made with reference to past job interview tests of individuals with ASD and used in schools for
them. Then, the individuals were randomly assigned to the
two groups (Figure 1). The subsequent trial procedures were
conducted from day 1 to day 7. On days 1 and 7, the participants in both groups participated in an approximately
20-min mock job interview with a human interviewer at the
same time of day. During this mock job interview, the
human interviewer followed a specific interview script and
protocol across all interviews. From day 2 to day 6, the participants in the combination group received JUA after the
interview guidance by teachers (IGT). The participants in
the control group received only IGT.
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Figure 1. Participant flowchart.

Initially, the participants completed a mock job application in which they chose to apply to a job from six potential jobs; questions related to this
job were asked in the mock job interview sessions. Then, the participants were randomly assigned to the following two groups: one group received
“interview guidance by teachers (IGT) and JUA” (n = 13), and the other group received intervention by IGT alone (n = 16) after the application. The
subsequent trial procedures were conducted from day 1 to day 7. On days 1 and 7, the participants in both groups participated in an approximately
20-min mock job interview with a human interviewer. On days 2 to 6, the participants in the combination group received JUA and IGT. The
participants in the IGT alone group received only IGT. In the IGT and JUA combination group, all participants completed the trial procedures. In
contrast, in the IGT alone group, three participants dropped out of the experiment.

Figure 2. Example of a typical interaction between the
participants and Actroid-F (android robot) during the mock job
interview.
Left: Actroid-F; Right: participant.

The android robot used in this study was Actroid-F
(Figure 2) (Kokoro Co Ltd Hamura, Tokyo, Japan), which
is a female humanoid robot with an appearance similar to
that of a real person (Kumazaki, Warren, Corbett et al.,

2017; Kumazaki, Warren, Muramatsu, et al., 2017;
Yoshikawa et al., 2011). Its artificial body has the same
proportions, facial features, hair color, and hairstyle as a
human. The voice of the android robot is similar to that of
an actual person. To elicit the belief that the robots behaved
and responded autonomously, we adopted a remote-control system similar to that conventionally used in robotics
studies (Nishio, Taura, Sumioka, & Ishiguro, 2013). The
Actroid-F incorporated changes in facial expression (i.e.,
smiling, nodding, and brow movements) during speech.
As described in the introduction, JUA consists the following three stages: (1) tele-operating an android robot
and conversing with others (Figure 3), (2) a face-to-face
mock job interview conducted by an android robot, and
(3) feedback regarding the mock job interview and nonverbal communication exercise using the android robot.
The participants tele-operated the android robot for
approximately 5 min before the mock job interview that
was conducted by the android robot, which required
approximately 15 min. All scripts were prepared before
the mock job interview. When a button is pushed by a
teacher who is familiar with this system, the android robot
begins to speak according to previously prepared scripts.
After the mock job interview was conducted by the android

1590

Autism 23(6)

Figure 4. Timeline of events on days 1 and 7.

The participants relaxed for 30 min before and 40 min after the mock
job interview. The salivary cortisol measures were collected at baseline
(S1), immediately after the mock job interview (S2), 20 min after the
mock job interview (S3), and 40 min after the mock job interview (S4).

Figure 3. Example of participants operating the android robot.
The picture on the front shows a participant operating the Actroid-F
(android robot) using a computer. The participant can watch the
interlocutor through the camera image.

robot, the participants received feedback regarding the
mock job interview and a nonverbal communication exercise, which was provided by the android robot and which
required approximately 10 min.
In the IGT, the participants received instruction about
nonverbal communication in job interviews from teachers.
During these sessions, materials regarding the most commonly asked questions in real job interviews were provided. Participants were given access to feedback about
their nonverbal communication. The approximate duration
of each IGT was approximately 30 min per day.
After the human interviewer sessions (on days 1 and 7),
all participants completed questionnaires scored using
Likert-type rating scales regarding their self-confidence in
their performance. The ratings ranged from 0 (not at all
comfortable) to 6 (very comfortable). In addition, after the
intervention (on day 6) all participants answered yes/no
question, namely “Do you want to receive the intervention
again?”
We rated the job interview performance of the participants in the mock job interviews with a human interviewer
on days 1 and 7. The interviews were scored using a
7-point Likert-type scale related to the interview performance, and the higher scores reflected a greater performance in nonverbal communication (i.e., posture, gaze,
voice volume, nodding, and facial expressions). The ratings ranged from 0 (very poor) to 6 (very excellent). Two
trainers independently rated the scores via real-time observation. Both raters received training (approximately 2 h)
on scoring by watching videos of the interview scenes. The
primary rater was blinded to the participants’ group assignments. The other rater participated throughout the experiment and was aware of the participants’ group assignments.

The primary rater and the other rater attained a high degree
of reliability (intra-class coefficient (ICC) = 0.91). The
score used in this study was the score derived by the primary rater.
In addition, to evaluate the physiological responses, the
participants provided salivary cortisol samples on days 1
and 7. Notably, there is an approximately 20-min time lag
between the occurrence of an event and the detection of
event-related changes in cortisol in saliva (Kirschbaum &
Hellhammer, 1989). During the peer interaction, four salivary cortisol samples were obtained from each subject in
intervals of 20 min as follows: S1 (baseline), S2 (immediately after the mock job interview), S3 (20 min after the
mock job interview), and S4 (40 min after the mock job
interview). The S2 measurements, which were collected
immediately after the mock job interview, represent the
circulating cortisol levels at the start of the paradigm,
while the S3 measurements represent the cortisol levels at
the end of the peer interaction, and the S4 measurements
represent the cortisol levels after the peer interaction
(Figure 4). The samples were obtained from each participant at the same time each day to control for potential diurnal variation. The participants were asked to not eat for 1 h
prior to the interview. Immediately before and following
the mock job interview paradigm, the participants were
each assigned to an individual room and sat with a research
assistant for the cortisol sampling. In addition to providing
the cortisol samples, the participants relaxed for 30 min
before and 40 min after the mock job interview. After providing the S4 salivary cortisol samples, the participants
left the room.

Salivary cortisol measurements
The saliva samples (0.5–2.0 mL) were collected directly
into sterile plastic tubes (15 mL) by passive drool and
immediately frozen on dry ice. The samples were stored at
−80°C until use. After thawing at room temperature, the
saliva samples were centrifuged at 1500g for 10 min at 4°C
to remove the large precipitants. Tween 20 was used to
block nonspecific reactions and accurately measure the
volume of the viscous saliva samples. The determination
of the saliva cortisol level was performed using a cortisol
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Table 1. Descriptive characteristics of the participants in the “IGT and JUA combination” and “IGT alone” groups.
Characteristics

Age in years
Sex (male:female)
Full scale IQ
AQ-J
LSAS

IGT and JUA group
(n = 13) (M, SD)

IGT group (n = 13)
(M, SD)

Statistics
t or chi-square (χ2)

df

p

21.9 (2.6)
9:4
86.5 (12.4)
30.8 (7.2)
43.9 (12.5)

21.9 (2.5)
12:1
86.9 (12.1)
30.3 (7.5)
43.8 (9.1)

t = 0.000
χ2 = 2.229

24
1
24
24
24

1.000
0.135
0.949
0.874
0.972

t = 0.064
t = 0.160
t = 0.036

M: mean; SD: standard deviation; AQ-J: Autism Spectrum Quotient-Japanese version; LSAS: Liebowitz Social Anxiety Scale; IGT: interview guidance
by teachers; JUA: job interview training using an android robot.
In the AQ-J, higher scores reflect a greater number of ASD-specific behaviors.
Parentheses indicate standard deviations.

enzyme immunoassay kit (Salimetrics, State College, PA,
USA). The samples (25 μL) were treated according to the
manufacturer’s instructions. The measurements were performed in duplicate. The optical density of the samples and
standards were measured at wavelengths of 450 nm using
a microplate reader (Model 680, Bio-Rad, Richmond, CA,
USA). The sample concentrations were calculated using
MATLAB 7 according to the relevant standard curve (Tsuji
et al., 2015).

Statistical analysis
We performed the statistical analyses using SPSS version
24.0 (IBM, Armonk, NY, USA). The descriptive statistics
of the sample were calculated. The differences in age, IQ,
and AQ-J and LSAS scores between the groups were analyzed using an independent samples t-test. The difference
in the sex ratio was analyzed using the chi-square test. To
investigate the improvement comparing the difference
between the two groups (i.e., combined IGT and JUA vs
IGT alone), a one-way analysis of variance (ANOVA)
was performed to analyze the nonverbal communication
score, self-confidence rating, and rate of change in salivary cortisol with one group factor using baseline data as
covariate. We employed an alpha level of 0.05 for these
analyses.

Results
In this study, no participant was paid to undergo the intervention. The duration of the IGT intervention and the JUA
intervention was 30 min each. The approximate duration of
the “combined IGT and JUA intervention” was about
60 min. In the JUA intervention, participants attended one
mock interview conducted by the android robot every day.
In the “combined IGT and JUA intervention” group, all
participants completed an intervention every day from day
2 to day 6 (i.e., they attended a total of five mock job interviews conducted by the android robot). Interviews were
conducted according to a prepared script. The mock job

interview conducted by the android robot did not increase
in its difficulty. In “the IGT only group,” 13 participants
completed an intervention every day from day 2 to day 6.
In both the “combined IGT and JUA intervention” and
“IGT only” groups, no participant attended other mock
interviews outside the study.

Demographic data
In total, 29 individuals with ASD participated in the study.
In the “combined IGT and JUA intervention” group, all
participants completed the trial procedures without technological challenges or distress that could lead to session
termination. In response to the question, “Do you want to
receive the intervention again?” all participants indicated
“yes.” In contrast, in the IGT alone group, three participants dropped out of the study because they struggled to
maintain their motivation. In response to the question, “Do
you want to receive the intervention again?” seven participants (53.8 %) indicated “yes.” The IGT and JUA combination group included 13 participants (9 males) with a
mean age of 21.9 ± 2.6 years, an average full IQ score of
86.5 ± 12.4, an AQ-J score of 30.8 ± 7.2, and an LSAS
score of 43.9 ± 12.5. The IGT alone group included 13
participants (12 males) with a mean age of 21.9 ± 2.5 years,
an average full IQ score of 86.9 ± 12.1, an AQ-J score of
30.3 ± 7.5, and an LSAS score of 43.8 ± 9.1. No significant differences were observed between the groups in the
mean age (p = 1.000), sex ratio (p = 0.135), average IQ
score (p = 0.949), total AQ-J score (p = 0.874), or total
LSAS score (p = 0.585). Details regarding the participants
who completed the trial are presented in Table 1.

Nonverbal communication
The one-way ANOVA revealed that there was a significantly greater improvement in posture (F = 18.56; df = 1,
23; p < 0.001; η2 = 0.447), gaze (F = 6.89; df = 1, 23;
p < 0.001; η2 = 0.750), voice volume (F = 13.64; df = 1, 23;
p = 0.001; η2 = 0.372), nodding (F = 70.01; df = 1, 23;

1592

Autism 23(6)

Table 2. Means and standard error of the mean of the “IGT and JUA combination” and “IGT alone” groups in nonverbal
communication at post-intervention (day 7).
Outcome

Posture
Gaze
Voice volume
Nodding
Facial expressions

IGT and JUA (M, SEM)

5.46 (0.46)
5.92 (0.33)
5.23 (0.43)
5.92 (0.24)
5.77 (0.20)

IGT alone (M, SEM)

4.00 (0.47)
4.31 (0.38)
4.15 (0.47)
4.08 (0.42)
4.31 (0.33)

Statistics
F

P

18.56
6.89
13.64
70.01
59.62

<0.001**
<0.001**
0.001**
<0.001**
<0.001**

M: mean; SEM: standard error of the mean; IGT: interview guidance by teachers; JUA: job interview training using an android robot.
** p < 0.01.

Table 3. Means and standard error of the mean of the “IGT and JUA combination” and “IGT alone” groups in the confidence
rating scale at post-intervention (day 7).
Outcome

Confidence rating scale

IGT and JUA (M, SEM)

4.23 (0.34)

IGT alone (M, SEM)

Statistics

3.84 (0.45)

F

p

5.671

0.026*

M: mean; SEM: standard error of the mean; IGT: interview guidance by teachers; JUA: job interview training using an android robot.
*p < 0.05.

Table 4. Means and standard error of the mean of the “IGT and JUA combination” and “IGT alone” groups in the rate of change
in salivary cortisol at post-intervention (day 7).
Salivary cortisol

S2/S1
S3/S1
S4/S1

IGT and JUA (M, SEM)

1.08 (0.06)
0.99 (0.07)
0.90 (0.07)

IGT alone (M, SEM)

1.12 (0.05)
1.16 (0.08)
1.21 (0.08)

Statistics
F

p

0.08
3.79
7.91

0.786
0.064
0.010**

M: mean; SEM: standard error of the mean; IGT: interview guidance by teachers; JUA: job interview training using an android robot.
** p < 0.01.

p < 0.001; η2 = 0.753), and facial expression (F = 59.62;
df = 1, 23; p < 0.001; η2 = 0.722) in the combined IGT and
JUA group than that in the IGT only group. Details regarding the nonverbal communication scores are described in
Table 2.

Self-confidence
The one-way ANOVA demonstrated that the self-confidence
of the combined IGT and JUA group improved significantly
than the IGT only group (F = 5.67; df = 1, 23; p = 0.026;
η2 = 0.198). Details regarding the self-confidence scores are
described in Table 3.

Salivary cortisol
According to the one-way ANOVA, the improvement
exhibited by the combined IGT and JUA group in the S4/
S1 (F = 7.91; df = 1, 23; p = 0.010; η2 = 0.256) was more

than that of the IGT only group. In addition, the trend in
improvement in the S3/S1 (F = 3.79; df = 1, 23; p = 0.064;
η2 = 0.141) of the combined IGT and JUA group was more
than that in the IGT only group. However, no improvement
was observed in the rate of change in the salivary cortisol
level in the S2/S1 (F = 0.08; df = 1, 23; p = 0.786;
η2 = 0.003). Details regarding the rate of change in the salivary cortisol levels are described in Table 4.

Discussion
In this study, we assessed the efficacy of JUA that used an
android robot in various measures. The completion rate
suggests that participants who received both IGT and JUA
were able to continue to participate in the program without
losing motivation and had better outcomes than did the
participants in the control group (IGT alone). In this study,
the motivation of all participants was originally high
because they volunteered to participate in this study, and
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using an android robot may have sustained their motivation and achieved greater efficacy.
The JUA intervention contributed to improvement in
various nonverbal communication skills. Previous intervention studies using virtual reality could not show
clear improvement in nonverbal communication skills,
which was mainly because the researchers could not
provide subtle nonverbal cues using the avatar and
prompt feedback for the participants’ response during
the interview (Smith et al., 2014; Strickland et al.,
2013). An android robot is realistic to a certain extent
and can provide subtle nonverbal cues and prompt feedback to the participants using a remote-control system,
which may improve nonverbal communication. In addition, our new method of tele-operating may promote an
understanding of nonverbal communication and contribute to improvement.
Young adults with ASD can self-report psychiatric symptoms, including anxiety (Tsuji et al., 2015). These individuals may be more accurate reporters of their own mood
dysregulation than their caregivers (Hurtig et al., 2009).
Thus, the self-reporting questionnaire assessing self-confidence is highly reliable and showed a trend toward improvement in self-confidence for a job interview.
In this study, we also evaluated a physiological measure,
that is, level of cortisol in saliva, to obtain a more objective
view of self-confidence in individuals with ASD. Group
differences were observed in the rate of change in the salivary cortisol level between the IGT and JUA combination
group and the IGT alone group in S3/S1 and S4/S1, which
was not the case in S2/S1. Because individuals with ASD
display significantly greater physiological arousal in
response to social interactions relative to the general population (Corbett et al., 2010; Corbett et al., 2012; Corbett
et al., 2014; Schupp, Simon, & Corbett, 2013) and an
approximately 20-min time lag exists between the occurrence of an event and the detection of an event-related
change in cortisol in saliva (Kirschbaum & Hellhammer,
1989), the rate of change (S3/S1 and S4/S1) in saliva cortisol reflects that the additional JUA intervention reduced
stress during and after the mock job interview.
Several limitations in our study should be acknowledged. First, the number of participants was relatively
small. Future studies involving larger sample sizes are
needed to provide more meaningful data regarding the
potential use of our system. Second, we did not collect
employment outcome data for the participants in this study.
The next step is to establish evidence supporting the generalizability of the acquired job interview skills to daily
life. The ultimate goal of the program is to enhance communication skills in daily life and to make participants
more competitive when searching for employment or volunteering positions. To implement our system, an employment support facility is required. Knowing that the cost of
providing care for individuals with ASD is very huge

(Buescher, Cidav, Knapp, & Mandell, 2014) supporting
these individuals to be in a competitive position is of great
importance to the economy. In order to examine whether
our program can attain this goal, future studies involving
employment support facilities with long-term longitudinal
designs are needed.
This is the first study to evaluate the effect of an intervention for nonverbal communication skills using an
android robot in a variety manner for exercise in job interviews. Our intervention could improve nonverbal communication in individuals with ASD. Given the promising
results of this study and to draw definitive conclusions
regarding the efficacy of an android robot for job interview
training, further studies involving individuals with ASD in
larger, more diverse samples using a longitudinal design
are warranted.
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