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Abstract. Social robots hold the potential to be an effective and ap-
propriate technology in reducing stress and improving the mental health
of adolescents. In order to understand the effect of adolescent-to-robot
disclosure on momentary stress, we conducted an exploratory, mixed-
methods study with sixty-nine US adolescents (ages 14-21) in school
settings. We compared a generic, minimalist robot interaction among
three different robot embodiments: physical, digital computer screen,
and immersive, virtual reality. We found participants’ momentary stress
levels significantly decreased across multiple interactions over time. The
physical and virtual-reality embodiments were most effective for stress
reduction. In addition, our qualitative findings provide unique insights
into the types of stressors adolescents shared with the social robots as
well as their experiences with the different interaction embodiments.

Keywords: social robots · adolescents · perceived stress· self-disclosure·
virtual reality.

1 Introduction

School is a common source of stress for many US adolescents [2]. Chronic stress
has been correlated with increased rates of depression [29] and decreased learning
[37]. With many schools lacking the resources to implement sufficient mental
health programs [16], there is an urgent need for an appropriate and innovative
solution to mitigate adolescent stress in school.

US adolescents’ lives are typically mediated through a variety of digital tech-
nologies [14]. Therefore, the use of a digital device to reduce adolescent stress may
be an accessible, desirable, and contextually appropriate tool in the school set-
ting. To address the challenge of school stress in adolescents, our overall project
aims to develop a school-based, social robot designed to engage adolescents in an
anonymous, stress-reducing interactions. Disclosing stress through human-robot
interactions has shown promising therapeutic benefits and likability for adults
[4] [28] and undergraduates [27]. In today’s COVID-19 climate, social robots also
offer the benefit of a social agent unable to contract or express viruses [40]. Ado-
lescents have shown a desire to share emotions and stressors anonymously with
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a social robot [8], however, the effect of a disclosure interaction on momentary
stress for adolescents has not been well explored.

Therefore, our current mixed-methods study explored the following research
questions: (1) Do repeated disclosure interactions with a social robot reduce mo-
mentary, perceived stress in adolescents? (2) How does social robot embodiment
affect momentary stress?

2 Background

2.1 Stress and Adolescents

Eighty-three percent of teens report that school is a significant source of stress
[2]. Chronic, daily stress has negative physiological [31] and psychological [9]
outcomes for adolescents, including depression [30]. Chronic stress negatively
impacts cognitive function and learning [37] and yet many schools lack the re-
sources maintain accessible school-based mental health programs [16]. Finally,
school stress as a result of COVID-19 is likely to worsen adolescent mental health
[17] as was found in Chinese adolescents [11].

2.2 Robots to Reduce Stress and Anxiety

A recent review of social robots illustrated five robotic devices (mostly animoids)
that effectively reduced anxiety or increased social interactions in mostly elderly
adults [34]. A few animoid robots have been designed explicitly for these pur-
poses. For example, the social robot Therabot [15] an animated dog was designed
to support those who have survived trauma by reducing feelings of overwhelm.
Another example, Paro [38] a plush seal, has shown reduction of anxiety and in-
creased social interactions in seniors in assisted living [22] and has been shown to
reduce physiologic stress in adults [1]. Long-term robot interactions have shown
stress reduction in the elderly [38], promoted physical and emotional verbal ex-
pressions in children [20], reduced workplace [41] and mental stress in adults [24],
as well as reduced physiological stress in infants [39]. However, little is known
about the effect of social robot interactions on stress in adolescents.

2.3 Robot Embodiment

A body of research has investigated how different robot platforms affect the
quality of social interaction between a human and a robot. In summary, when
compared to robots on a computer screen, adult participants were more likely
to follow directions given by a physically present robot [3], gain more cognitive
learning offered by a physical robot tutor [26], and empathize more with a phys-
ical robot’s vulnerability [35]. Children in a hospital setting showed stronger
verbal and physical engagement with a physical robot compared to digital ver-
sions [21]. However, how well these studies of embodiment transfer to adolescent
participants remains unknown.
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2.4 Human-to-Robot Disclosure

Self-disclosure, the act of disclosing intimate and emotional information about
oneself, is an intervention that has been successful in reducing stress in both
in-person and online human-human interactions [19][42]. In terms of human-to-
robot disclosure, Birnbaum, et al. [5] found that adults find a responsive robot
comforting during stress-related disclosures. Ling and Björling [27] conducted a
small experimental study (n=36) to explore the impact of robot disclosure on
human disclosure. They found that college students interpreted a robot’s techni-
cal disclosure as emotional. Martelaro, et al. [28] found that high school students
disclosed more vulnerability when interacting with a social robot that expresses
high vulnerability. Although disclosure has been studied in HRI, the relationship
effect of disclosure with a robot on perceived stress has not been explored. As we
hope to improve adolescent mental health, it is critical to understand whether
interacting with a social robot can help reduce adolescent stress as well as which
robot embodiments may be most effective.

3 Methods

3.1 Study Design

The current research study utilized a mixed-methods, within-subjects design to
understand the effect of three different robot embodiments (physical, computer
screen, and virtual reality) on momentary stress during a simple, stress-disclosure
activity. See Figure 1. Given academic stress is prolific in both high school [2]
and college samples [23], we recruited a diverse group of adolescents (ages 14-21)
through convenience sampling. The study was implemented and conducted in
common areas at three local high schools and one university to maintain contex-
tual validity. Participants interacted with each of the three platforms through
an assigned order to ensure counterbalance.

A B C

Fig. 1. Examples of each robot embodiment. A: Physical, B: Digital, C: Virtual Reality



4 E. Björling et al.

3.2 Technology Design

For this particular study, we designed a generic robot interaction in order to
maintain focus on the interaction effect on momentary stress. EMAR is a social
robot previously designed through co-design and interaction studies with ado-
lescents [7]. The physical robot prototype (EMAR V4) consisted of two stacked,
felt-covered boxes, each with a slot for an Android-powered, Nexus 7 tablets to
create a digital face and belly. One tablet renders the robot’s face which has
blinking eyes and a small immobile mouth. The other tablet is located at the
robot’s belly and was disabled for this study. EMAR V4 along with a replica-
tion of a local high school classroom environment was modeled at exact scale
in a Unity game engine [36]. The Unity engine was displayed using an HTC
Vive headset for the virtual reality embodiment and on a flat screen monitor
for the digital embodiment. In all interactions, participants were seated with
EMAR on a table facing them at eye level and wearing headphones to ensure
communication.

Teleoperation Design To maintain consistency across all three embodiments,
we designed an interface to ensure consistent teleoperation across the research
team. The robot’s face was animated with natural-like blinking and a static
mouth. The robot’s speech was controlled through a customized “Wizard of Oz”
interface including a series of questions designed to elicit stress stories from the
participants. See Table 1. Operators followed a clear path the interaction us-
ing a small number of impromptu buttons for pre-specified utterances (e.g. “I
see,” “I’m sorry I didn’t hear that”). Additionally, there were a set of empa-
thetic responses such as “Thanks for sharing that with me,” and “That sounds
stressful,” to ensure that the participant felt heard. In a reliability test, no sig-
nificant differences were found in participant stress or interaction length across
operators.

Table 1. Social robot prompts that elicit momentary stress and mood as well as stress
stories.

Momentary 1. Can you tell me how stressed do you feel right now?

2. I would also like to know, what is your mood right now?

Stress Story 1. I also really like to hear stories.

2. Would you like to share a stress story with me?

3. Do you want to tell me more about that?

4. How did that make you feel?

3.3 Study Procedure

Intake Survey and Stress Stories In order to acknowledge individual dif-
ferences affecting the participants’ responses and preferences, we measured the
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participants’ overall perceived stress scores and their overall attitudes toward
robots. The Perceived Stress Scale (PSS-10) [12] is a 10-item questionnaire that
measures the degree to which situations in one’s life are appraised as stressful.
The Negative Attitude Towards Robots Scale (NARS) is a 14-item attitude sur-
vey [32]. After completing their intake forms, participants were asked to notate
three different, personal stress stories, one to share with each robot embodiment.

Platform Interactions and Measuring Momentary Stress Participant
robot interactions were ordered to ensure counterbalance. For all three condi-
tions, the participants were aware that a researcher was known to be operating
the robot. We developed a simple computer-based visual analogue scale (VAS)
(0 = no stress at all, 100 = most stress experienced) to measure momentary
stress before and after each robot interaction. VASs are commonly used to re-
liably measure momentary, perceived stress even over very brief time intervals
[25, 10].

Exit Interview After completing all three interactions, participants were in-
vited into a quieter area (usually a school hallway) along with 1-2 other partic-
ipants who had completed the interactions. Participants were interviewed and
asked questions such as, “How did it feel interacting with each of these robots?”
and “In which environment did you feel most comfortable?”

3.4 Analyses

One-way ANOVAs were used to explore group differences for age, gender, and
school site for the NARS and PSS. To explore the effect of embodiment on mo-
mentary stress level, we conducted Wilcoxon signed-rank tests on stress levels be-
fore and after each type of platform interaction. This method is non-parametric,
does not assume normality, and is used for repeated measurements on a single
sample to assess whether their population mean ranks differ. Post-hoc compar-
isons were conducted to detect differences in stress level changes across embod-
iments. In order to examine the effect of time on momentary stress, a within-
subject ANOVA was conducted on participant’s baseline stress level, and three
other time-points where participants had their stress level measured after each
robot interaction. Finally, following procedures for an explanatory sequential
mixed-methods design [13] we contextualized the quantitative findings by explor-
ing the interaction and exit interview data for context related to the quantitative
findings using applied thematic analysis [18].

4 Findings

4.1 Demographics

Overall, 69 adolescents (39 females, 30 male) ranging in age from 14 to 21 years
(M = 17.4, SD = 1.59) participated in the study. See detailed grade and age
demographic information is in Table 2.
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Table 2. Descriptive demographics by school site.

School n Female Age (m) Grade (m)

High School 1 8 100% 16.3 10.5

High School 2 28 32% 16.25 10.39

High School 3 10 70% 18.2 12

University 23 65% 18.78 13.26

Total 69 67% 17.39% 11.59

The participants self-reported their ethnicity in an open-ended item on the
intake survey. From these data, ten broad ethnic categories emerged across all
participants. Forty-four percent of our participants identified as white or Cau-
casian. Fifty-six percent of our participants identified themselves as a non-white
ethnicities including Chinese (14.5%), Asian (13%), East Indian (5.8%), Ko-
rean (4.3%), Hispanic/Filipino (4.3%), Middle Eastern (2.9%), African American
(1.7%), Ghanian (1.4%) and Mixed Race (7.2%).

4.2 Perceived Stress and Attitudes Toward Robots

When comparing PSS and NARS scores by gender, age, grade or school/study
site, no significant differences were found. Our participants had an average PSS
score of 19.78 (SD = 6.69) which is higher than published norms for the PSS,
but similar to other studies we have published for these age groups [6]. When ex-
ploring the NARS scores by age, no significant differences were found. However,
the lowest average scores (M = 26.5, SD = 7.77) were observed in the youngest
participants (age 14). Female participants, however, scored significantly higher
(M = 39.90, SD = 8.32) in negative attitudes towards robots than male partici-
pants (M = 35.83, SD = 7.69) (t(68) = 2.078, p = 0.042). See Figure 2 for more
detail for the PSS and NARS by age.

4.3 Adolescent-Robot Interactions

Upon introduction, many participants were polite when interacting with the
robot and even asked how the robot was doing or said, “It’s nice to meet you.”
When the robot asked about their current stress level, participants responses
ranged widely from statements such as, “I only feel slightly stressed,” [Female,
16, School 1] to “I feel like I have a lot of stress in my life right now” [Female,
16, School 2]. Many adolescents seemed comfortable disclosing their stressors
to a social robot. A few adolescents shared stressors outside of their school
experience, such as difficulties with a job or being away from family, but most
stories were school-related , which was appropriate as their interactions with the
robot occured at school. For example,

I just like got really stressed out from studying and taking all those AP
tests. So yeah, it’s cause AP tests are really stressful and sometimes they
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PSS Norm (14.2)

Fig. 2. Average NARS and Average PSS scores by age

are really hard right? And it was my junior year, I wanted to keep my
grades good. [Male, 18, School 3]

In their exit interviews, a few participants recalled feeling anticipatory anxiety
prior to interacting with a robot for the first time. For example, one participant
stated, “At first I did’t know how it will work and it felt weird, but after [the]
first try it got more comfortable” [Female, 18, School 3].

4.4 Changes in Momentary Stress

Momentary stress was decreased for 69% of participants after the first robot
interaction regardless of robot embodiment. When comparing average momen-
tary stress before each robot interaction (M = 45.26, SD = 23.66), participants
reported a significantly lower momentary stress after the 3rd robot interaction
regardless of embodiment (M = 33.98, SD = 21.99), z(57) = −4.55, p = 0.001.
See Figure 3 for more details.

In exit interviews, participants articulated their experience of the robot inter-
actions as stress-reducing over time. As one participant stated, “So, as each level
started going, progressing, I felt less stressed” [Female, 19, School 4]. One par-
ticipant clearly articulated that repeatedly sharing her stressors with the robot
allowed her to become increasingly comfortable talking about her feelings.

As I went on, I think part of the reason why I liked EMAR is because
I was getting used to talking, so I wasn’t as stressed. I was used to it. I
was used to the process of talking about my feelings and stuff. [Female,
Unknown Age, School 4]
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4.5 Physical and Virtual Embodiments Were Most Stress-Reducing

In our analysis of the effects of robot embodiment on momentary stress, 58
participants had a complete set of momentary stress data, and were included
in this analysis. The physical robot, followed by the virtual embodiment had
the most significant stress reduction effects. See Figure 4 for more detail. The
participants’ described the physical robot as a “caring.” They gave the physical
robot descriptions such as “it feels present”, “it’s in the real world”, and “it’s
with me.” One participant stated, “...the physical one feels like a real person,
and that you can confide in” [Female, School 1]. Another participant suggested,
“I also felt, like the reactions also almost felt more authentic given that it was
right there” [Female, School 4].

In the virtual embodiment, participants expressed a range of experiences and
included descriptions such as “safe”, “private”, and “peaceful.” One teen even
mentioned, “I was able to feel in tune with my emotions” when in the virtual
environment [Female, 18, School 3]. Teens described their interactions with the
virtual embodiment as an escape. For example one teen said, “VR is kind of a
place where you can just shut out the real world and go into the robot world where
you can carry your experiences” [Male, 15, School 2]. Another teen suggested the
VR interaction helped her to avoid human stressors. “In the outer environments
[real world] there might be stressors around—for example one of my stressors is
humans.” [Female, 19, School 4]
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One participant had the insight that her stress felt less real in the virtual
interaction.

In the VR, my stress just seemed like less real. I was like, “oh okay, now
I can talk about it and figure it out” —in the real world the physical
(robot), the stress seemed like it was like piling on a bit.” [Female, 19,
School 4]

4.6 Limitations

Certainly one limitation of this study is the novelty effect associated with the
technology design. Teens were engaged and highly interested in talking to the
robot in all three embodiments. In addition, the anticipatory anxiety of talking
to a robot seemed to reduce over time which may confound the momentary
stress effect. Therefore, these interactions needs to be studied in-situ in the wild.
Additionally, the study was set up with full transparency such that participants
were aware that humans were operating the robots. This may have impacted
their responsiveness as well and therefore it’s imperative to study an autonomous
robot interaction in the wild to better understand the true impact of disclosure
to a robot on momentary, perceived stress.

4.7 Discussion

This study design intentionally created a generic and very simple adolescent-to-
robot stress disclosure interaction. Participants shared unique stress stories with
each robot embodiment and found the robot embodiments engaging and the
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activity stress reliving. Adolescent participants showed significant reductions in
momentary stress across all embodiments and over the three robot interactions.
However, how much of this had to do with a reduction in anticipatory stress
remains unknown.

Although all robot interactions were stress reducing, the physical robot re-
duced stress most significantly for the group regardless of interaction order. This
finding is not surprising given the wealth of literature on the powerful effect of a
physically present robot [3]. What was surprising was the significantly stress re-
ducing effect of the virtual embodiment and environment and this deserves more
attention. Potential explanations may be that the virtual environment felt more
intimate and private, allowing for more effective disclosure. Birnbaum, et al. [5]
found their robot’s responsiveness to the human’s stressor created a sense of inti-
macy. Adolescents commonly use ”escape” as a coping mechanism for managing
stress [33]. Therefore, the stress reduction of the virtual environment may have
been complemented by simultaneously providing a form of escape.

This preliminary study shows potential for adolescent-robot disclosure inter-
actions as a stress-reducing interaction. In addition, it illustrates the possibility
of a social robot embodiment as a potential moderator of stress-reducing dis-
closure. However, a more rigorous study in the wild is needed to determine the
true effect of a disclosure interaction on momentary stress as well as what the
most appropriate and effective robot embodiment may be for a robot intended
to support mental health in adolescents.
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