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Abstract

Mental health and psychological distress are rising in adults, showing the importance of wellbeing promotion, support, and
technique practice that is effective and accessible. Interactive social robots have been tested to deliver health programs but
have not been explored to deliver wellbeing technique training in detail. A pilot randomised controlled trial was conducted
to explore the feasibility of an autonomous humanoid social robot to deliver a brief mindful breathing technique to promote
information around wellbeing. It contained two conditions: brief technique training (‘Technique’) and control designed to
represent a simple wait-list activity to represent a relationship-building discussion (‘Simple Rapport’). This trial also explored
willingness to discuss health-related topics with a robot. Recruitment uptake rate through convenience sampling was high
(53%). A total of 230 participants took part (mean age = 29 years) with 71% being higher education students. There were
moderate ratings of technique enjoyment, perceived usefulness, and likelihood to repeat the technique again. Interaction effects
were found across measures with scores varying across gender and distress levels. Males with high distress and females with
low distress who received the simple rapport activity reported greater comfort to discuss non-health topics than males with low
distress and females with high distress. This trial marks a notable step towards the design and deployment of an autonomous
wellbeing intervention to investigate the impact of a brief robot-delivered mindfulness training program for a sub-clinical
population.
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1 Introduction
1.1 Global Mental Health in the Adult Population

One in four people in the world will experience a men-
tal health condition, making mental disorders the leading
cause of ill-health and disability worldwide [1, 2]. Men-
tal disorder rates have risen across all age spans, including
disability-adjusted life years [1]. For instance, 1 in 5 US
adults experience mental illness [3]. However, two-thirds
of people with a mental illness will not receive treatment
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[2], which contributes to significant long-term psychosocial
problems, such as social isolation, job instability, and asso-
ciated physical illness [1, 4-6]. There is an urgent need to
scale up treatment for mental health services to deliver men-
tal care to the global population that needs it. Current services
do not meet treatment demands with a world median of 1.20
psychiatrists and 0.60 psychologists per 100,000 people [7,
8].
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1.2 University Students and Higher Education
Settings for Mental Health Rates

There has also been an increase in concern for mental health
and wellbeing of students enrolled in college and university-
level courses [9, 10]. The typical age period to start higher
education (i.e. young adulthood) is also characterized by
higher rates of serious psychological distress (71%) and
major depressive episodes (13.2%) [11, 12]. In comparison
to the general population, higher education students have
higher average scores related to depression, anxiety and stress
[13-16]. In addition, students who experience elevated men-
tal distress and later screen positive for a mental disorder are
at higher risk of suicidal behavior [17]. Students in higher
education often do not seek or access mental health support
services that are available to them. For example, less than one
quarter of students reported they would seek treatment if they
experienced psychological distress [18]. Counselling atten-
dance can be considerably low (e.g. 10%), and three quarters
of students who did report clinically significant distress levels
did not receive counselling in the last six months [19]. Iden-
tified barriers for help-seeking for mental health included
perceived stigma in relation to their level of emotional dis-
tress [20], disclosure about their mental state [21, 22], belief
that stress is a ‘normal’ part of higher education, desire to
deal with issues on their own, time to receive treatment [23]
and the lack of knowledge around available services [21].

There is a need to both increase mental service offering
and reduce identified barriers for accessing services. Higher
education settings represent an important opportunity to sup-
port students with mental health and wellbeing challenges
and provide an avenue for early intervention [24]. The pro-
vision of accessible support services in higher education is
vital to assist students to manage the transition to univer-
sity life, build resilience and develop coping strategies to
manage stressors related to the pursuit of higher education,
consequently reducing their future risk of a mental health
disorder.

1.3 Digital Interventions

Digital mental health is an intervention modality designed to
assist in reaching at-risk populations and to overcome bar-
riers in accessing traditional support services e.g. [25-27].
Mental health programs delivered through digital modali-
ties have the potential to reach large populations [28] and
to help create a gateway to encourage further help-seeking
behaviours [29]. Digital interventions in mental healthcare
have shown clinical benefits for anxiety and depression for
young adults and adolescents [25, 28], as well as for specialist
domains such as within the workplace [30].
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The use of social robots to deliver healthcare tasks such as
information, assessment, and intervention is gaining momen-
tum as a novel method to engage people in treatmente.g. [31].
Robots have interpersonal strengths compared to other types
of digital-based methodologies, such as the ability to create
a dialogue between the human and robot to create a health-
care plan [32, 33], increased perceived empathy between a
robot and a person [34], lower perceived stigma and sense of
judgement from a robot [35], and perceived responsiveness
to personal disclosure increases willingness to use it during
stressful events [36]. Robots emulate similar strengths com-
pared to other digital-based interventions, such as reduced
ongoing cost, adherence to treatment protocol, and ease of
access (if the service is readily available) [37-39]. Initial
work has been conducted to explore feasibility for robot use
in components that would benefit components of psychother-
apy, such as exploring the prevalence of self-disclosure to
humanoid robots [40—42] and helping to reduce anticipatory
anxiety and tension for interacting with a robot instead of
a human [43]. There was also an increasing trend towards
sharing more information and disclosures across a longer-
term interaction period of 5 weeks [44].

Robots have been investigated in mental health support
and treatment with positive evaluations when they are used
as a tool in psychotherapy in adult and children samples
[45—47]. Trials have been conducted to explore the efficacy
of the intervention in health-related outcomes. A mixed-
methods design was used to explore the impact of a socially
assistive robot for low-income, socially isolated older adults
and reported improved health-related quality of life and
reduced depressive symptoms [48]. A pilot randomized con-
trolled trial for a robotic assistant for children with cancer
found reductions in stress, depression and anger scores [49].
Robots have been deployed to help mitigate stress, pain
and anxiety for pediatric patients [50], and a robot-led dis-
traction program reduced pain and distress in children who
underwent a vaccination [51], including reduced distress for
a subcutaneous port needle insertion [52]. Research trials
have used animal-like robots to mimic the effects of animal
assisted therapy to also contribute to creating health-related
outcomes [53]. Such trials have yielded increased mood
scores for patients with dementia after a 15-min interac-
tion [54], and improvement on apathy and irritability scores
over 3 months for nursing home patients [55]. This included
observed increases in positive affect and behavioral indica-
tors alongside decreases in negative affect and behavioral
indicators for veteran residents in a geropsychiatric long-
term care facility [56].

1.4 Mindfulness-based Interventions

An intervention that has shown to be both translatable to
digital delivery and beneficial for clinical and non-clinical
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samples is mindfulness-based treatment [57, 58]. Mindful-
ness has been found to improve a range of psychological
issues for those who practice it, such as emotional reac-
tivity, behavioral regulation, and subjective well-being [59].
Correlational research has found that mindfulness levels are
positively associated with psychological health indicators,
such as positive affect, life satisfaction and emotion regula-
tion [59]. Positive effects for the reduction of symptoms for
stress and anxiety can also be found from the use of a single
mindfulness-related technique, such as the body scan [60].
Interventions that deliver mindfulness-based treatment con-
tent in single sessions under 30 min could create changes on
a health-related outcome such as craving reduction, relax-
ation levels and reduced negative affect [61]. In a higher
education student sample, mindfulness-based stress reduc-
tion has been associated with lower levels of mental distress
and improved subjective wellbeing compared to a control
group for those who scored high on neuroticism [62]. Digital
delivery of mindfulness meditation for college students has
been found to be effective at improving ratings on depres-
sive symptoms, resilience, and college adjustment across a
10-day period [63].

Social robots have not often been explored as a method
for mindfulness-based techniques, but there is evidence sup-
porting mindfulness delivery using computer-based agents.
Computer-based agents that have no physical embodi-
ment (i.e. conversational agents) have been deployed in
mental healthcare to support people to make wellbeing
improvements. Text-based conversational agents have shown
promising suitability and effectiveness for mental health
applications, such as reduced psychological distress scores
post-intervention [64]. This includes improvements on well-
being and perceived stress scores for those who adhered to
the intervention compared to a control group [65]. Embodied
agents such as virtual coaches have also delivered common
wellbeing techniques such as mindfulness meditation, and
were found to be more effective in eliciting routine practice
of the technique when compared to audio or written mate-
rials [66]. An automated program to teach mindfulness for
wellbeing showed an impact on practice from pre- to post-
intervention which was sustained at 3-months compared to
control conditions [67]. Computer-based agents were also
effective at teaching a broad range of lifestyle strategies
(mindfulness, stress management, healthy eating, and phys-
ical activity) over a 1-month follow-up compared to patient
information sheets [68]. These trials demonstrate that digi-
tal mindfulness-based interventions can create improvements
across wellbeing dimensions, even when delivered in brief
interventions, although this delivery method must also be
paired with a modality that can reduce help-seeking barriers.
There has also been some initial work for the use of a tele-
operated robot to conduct mindfulness training, including to

explore people’s perception of a robot coach [69]. A robot-
guided mindfulness practice assessed through EEG changes
during a practice session also found that a robot coach could
help people to achieve a mindful state [70, 71].

To summarize, significant levels of stress, anxiety and
depression are present within the general population and
within higher education settings. It is known that young peo-
ple who experience emerging symptoms of stress, anxiety
and depression are unlikely to seek traditional forms of sup-
port, suggesting a need for innovative methods to reach this
vulnerable group. Digital health programs have demonstrated
efficacy in supporting adults with their mental health and
wellbeing in the absence of intervention from human clin-
icians. Other innovative technologies such as social robots
are following a similar pathway and offer additional bene-
fits over standard digital and computerized programs. Robots
have been trialed as a digital tool to support mental wellbe-
ing in some domains, and their use has been characterized
as helpful when teaching people to use health-related tech-
niques. Social robots in health services are frequently rated
as entertaining, engaging and personable, and therefore can
conceivably be programmed and deployed to provide a level
of support within higher education settings. A robot read-
ily available on a university campus presents an opportunity
to teach students a brief wellbeing technique that they can
use in their own time to manage stress or mild anxiety. The
availability of the robot and sense of reduced stigma could
overcome some of the barriers to engagement with tradi-
tional support services. A pilot randomized controlled trial
was designed as a starting step to explore engagement with,
as well as acceptability and perceived usefulness of a robot
to support mental wellbeing for those in a higher-education
setting, prior to deployment of a larger trial.

1.5 Trial Design

This was a pilot randomized controlled trial to investigate the
utility and acceptability of an autonomous humanoid social
robot to deliver a brief mindful breathing meditation. The
purpose of this trial was to explore the feasibility of the
future development of a longer-term robot-delivered well-
being program, and to develop into a larger longitudinal
trial. This included exploring feasibility steps as listed by
exploring dimensions such as acceptability, demand, imple-
mentation, practicality, integration, and limited efficacy [72].
The trial had two experimental conditions: brief mindfulness
technique training (‘Technique’) and conversational con-
trol designed to represent a simple wait-list activity which
involved the robot asking closed-ended questions to repre-
sent building up a communicative relationship between the
robot and the person (‘Simple Rapport’). The trial was imple-
mented to provide insight into three key research questions:

@ Springer



940

International Journal of Social Robotics (2024) 16:937-951

e Primary: Explore intervention effects on mood, incentives
to use a robot, intention to continue to use a social robot in
a healthcare context, and comfort and likelihood to discuss
topics with a social robot including health-related informa-
tion,

e Secondary: Examine effects of gender and distress on
response to being trained in a wellbeing technique deliv-
ered by a social robot and,

e Secondary: Assess the receptiveness to a robot-delivered
program on a university campus and viability of recruit-
ment

It was predicted that both conditions would produce high
ratings on the robot evaluation scales, indicating acceptabil-
ity to receive wellbeing technique training from a social robot
compared to a simple conversational wait-list activity. It was
predicted that acceptable recruitment rates would establish
feasibility to run a larger trial in future. Human research eth-
ical approval was obtained, and trial recruitment occurred
over 6 months.

2 Methods
2.1 Target Participant Group

Prospective participants were recruited at a higher education
campus and included university staff and students as well as
members of the general public who were visiting the campus.
Prospective participants needed to be aged 18 years or older
and consent to attending a 10 min session in a private room.
No affiliation with the university was required for participa-
tion. Recruitment methods included convenience sampling,
noticeboard flyers, word-of-mouth, and social media posts.

2.2 Participant Sample

A total of 241 participants provided consent and started the
session. Two (1%) withdrew, leaving 239 participants to com-
plete the session (1 found the interaction difficult; 1 declined
to continue in the second half of the session). Nine outliers
were removed based on z-scores above 3 on robot evaluation
scores, leaving a total of 230 participants with complete data.
Condition was randomized somewhat evenly between ‘Tech-
nique’ (n = 106,46%) and ‘Control’ (n = 124, 54%). A minor
tablet-related error occurred with the interface, but given its
minimal impact on trial outcome and the individual’s interest
to finish the session, the data point was not deemed neces-
sary to remove. A total of 221 participants (92%) from the
full sample obtained some form of compensation for their
time: 186 (78%) took part in a prize draw and 35 (15%)
received course credit. From a subsample of 347 prospective
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participants informed about the trial, 179 declined and 4 were
underage, yielding on average a 53% uptake rate.

2.3 Descriptives

There was arelatively even split of female (n = 108,47%) and
male (n = 122, 53%) participants with a mean age of 29 years
(SD = 11.77, Range = 18-67). They were mostly single (n
= 107, 46%) or in a relationship (n = 60, 26%). A large
percentage were university students (n = 164, 71%). Many
had completed higher education (n = 128, 56%), such as a
certificate (n = 26, 11%), trade (n = 3, 1%), undergraduate
(n =58, 25%) or post-graduate degrees (n = 57,25%). Most
were currently employed (n = 167, 73%) either in full-time
(n = 53, 32%), part-time (n = 47, 28%) or casual work (n
= 67, 40%). There was a low reported level of experience
with programming (M = 3.23, Mode = 0, SD = 2.94, Range
= 0-10) and robotics (M = 2.00, Mode = 0, SD = 2.44,
Range = 0-10). The K-10 mean score was 21.58 (SD = 6.25)
with 36 (16%) in the low category, 90 (39%) in moderate,
75 (33%) in high and 29 (13%) in very high. Participants
completed sessions in 10 min on average (“Technique’ M =
10.70, SD = 2.30, ‘Control’ M = 10.72, SD = 1.75). There
were no significant differences between conditions on any
demographic variables.

2.4 Robot System Architecture

A Pepper Humanoid Robot by SoftBank Robotics delivered
the trial [73]. Pepper is 1.21 m tall and weighs 28 kg. It has
two 5-megapixel cameras, two speakers, and five tactile sen-
sors. Pepper has an LG tablet (24 cm x 17 cm x 14.5 mm)
connected to its chest and an overall battery life that can last
several hours without charge, allowing for continuous test-
ing sessions. Pepper was programmed via the NAOqi 2.5.5
Operating System using a custom-built HTML/JavaScript
service [74]. The robot was equipped with several packages
from the NAOqi 2.5.5 library: ALAnimatedSpeech, ALText-
ToSpeech, ALFaceTracker, and ALAutonomousLife without
modifications built into the libraries. The robot implemented
a rule-based system to deliver the interaction and to collect
trial data without the need for human involvement (i.e. no
Wizard of Oz operation). The interaction involved scripted
segments which included both short verbal monologues
paired with gestural animations. The robot used co-verbal
gesturing, and each gesture was chosen to best reflect the
intended message and instruction that was being presented at
the time [75]. The robot spoke each question out loud before
displaying the associated text to help mimic a more natural
conversation style and direct attention away from proactively
fixating on its screen. Participants responded to the ques-
tionnaire sets through the tablet using input elements such
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as radio buttons, check boxes and text box entries. Partici-
pants controlled the interaction using navigation buttons to
transition to the next segment once they had finished their
response. Speech recognition and language processing was
not used for data collection because it can increase the like-
lihood of inaccurate data capture, and data entry through a
tablet interface represents a more robust method for long-
term deployment in a wellbeing intervention. Participants
were asked to complete the short session without robot train-
ing, and they were not expected to have any prior experience
with voice commands.

2.5 Technique Condition

The robot provided a brief monologue about the importance
of wellbeing and asked for permission from the person to
talk further about it. If agreed, the robot provided informa-
tion about the use of brief wellbeing techniques and how
a short mindfulness technique can have some benefits if it
is practiced regularly over a period of time. The robot asked
permission to teach the participant a brief mindfulness-based
exercise, and if agreed, participants took part in a 1 min
guided practice focused on mindful breathing, followed by
1 min to practice on their own while the robot displayed
a timer wheel to assist in the count down. The description
of mindfulness and the brief guided practice could both be
skipped if the individual declined when the robot sought per-
mission.

2.6 Control Condition

This condition was designed to create a time-matched con-
trol against the wellbeing content and measures. The robot
provided information about itself, including details about its
name, height, weight, features, and role in the research cen-
tre. The robot provided information about its prospective use
in healthcare, including collecting patient data, teaching brief
wellbeing techniques, and the provision of health-related
advice. After this, the robot asked individuals three questions
about themselves (How did you get here today, which ani-
mal would you like to have as a pet, and what season do you
like the best). The robot gave a closed answer set for them to
choose their response (i.e. car, bike, bus, walk, train, ferry).
To conclude, the robot provided a basic reworded summary of
their responses back to the person out loud at the end of their
questionnaire set, and participants were asked to confirm if
the robot correctly summarized their answers [ Yes/No]. This
interaction was designed to both be a waitlist control activity
against the technique training condition, but also to repre-
sent a simple relationship-building session to become more
familiar with the robot and its ability to interact with a person.

2.7 Experiment Reliability and Validity

Simple randomization for condition allocation was blinded
from the research assistant through the use of a hidden
electronic function at the start of each session. Simple ran-
domization was considered to be an acceptable method given
the intended sample size was above 200 people [76, 77]. Ran-
domization simulations were run prior to deployment which
found the function would approximate ~ 50/50 condition
allocation. Completed responses were uploaded as a stream
of JSON data to a service running on the robot which removed
possible identifiers from the collected data (i.e. removal of
time stamps). All responses were saved to a secure password
protected file. Trial data was retrieved from the robot via a
secure shell session, moved to a secure storage location, and
then deleted from the robot after each data extraction session.
Electronic access to the experimental program was protected
and restricted to the research team only. Physical access to
the robot was controlled to ensure the integrity of the trial,
including storing the robot in a locked storage room when
not in use. Prior to deployment, the interaction was tested by
the research team, roboticists, and volunteers not associated
with the project across a minimum of 15 test runs. Trial data
during these test sessions were reported manually on non-
digital methods and compared to digital counterparts stored
in the JSON file. This included testing different options and
possible response combinations across each trial run. This
method showed that there were no translation errors from
initial data input through to the final digital data file, and all
trials were recorded and stored correctly during the testing
process. Once deployed, no hardware or software modifi-
cations were made, and all participants received the same
application script.

3 Measures

3.1 Demographics and Technique Condition
Questionnaire

Demographic data included age, gender, relationship status,
highest completed level of education, if they were currently
studying and their study area, employment status, and area
of employment. Participants were asked to report their level
of experience with programming and robotics on an 11-point
scale (0 = No experience at all, 10 = Highly experienced).
Participants were asked to complete a brief set of questions
about their state of mood (relaxed, content, focused) before
and after condition content (0 = Not at all, 10 = Extremely),
which represented a simple and brief version of an affect
change scale. Participants were asked to rate the brief guided
mindfulness meditation for: level of enjoyment; usefulness;
and likelihood to use it again (0 = Notat all, 10 = Extremely).
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Participants were asked if they had previous experience with
mindfulness and if they responded yes, they were asked how
often did they practice: daily, weekly, fortnightly, monthly,
every few months or only once or twice.

3.2 Kessler Psychological Distress Scale

The Kessler Psychological Distress Scale (K-10) [78] is a
brief self-report measure to identify the likelihood of a psy-
chiatric disorder and the need to seek support from a mental
health service [78]. The scale has 10 items measuring dis-
tress in the past 4 weeks across four dimensions: anxiety,
tiredness, agitation and depression. Each item is rated on a
5-point scale (1 = None of the time, 5 = All of the time) and
added together to provide a total score (10 to 50 points). The
scale was scored using the Andrews and Slade [79]’s scoring
format: 10-15 as low, 16-21 as moderate, 22-29 as high, and
30-50 as very high. The K-10 demonstrates good to excel-
lent internal consistency in diverse populations (Cronbach’s
alpha > 0.88) e.g. [80]. For current study K-10 scores were
split into low (< 21) vs high (> 22).

3.3 Robot Evaluation Scales

The Robot Incentives Scale (RIS) [81] measures perceived
incentives to engage with a social robot. It includes three
subscales: ‘Emotion’ with 5 items for its likability, ‘Social’
with 3 items for social/relational aspects, and ‘Utility’ with 4
items for perceived utility. Each item is rated on an 11-point
scale (0 = Not at all, 10 = Definitely). Cronbach’s alphas
for each subscale in the current study were good to excellent
(Emotion = 0.93; Social = 0.88; Utility = 0.92).

The Robot Usage Intention (RUI) is a 5-item question
set (0 = Not at all, 10 = Definitely) assessing how willing
people would be to interact with the robot. The scales have
been tested on different age range samples (adolescents to
older adults), and shown to be sensitive to change across
multiple timepoints The scale can assist in the prediction
for willingness to engage social robots both in the short and
long-term [81]. Cronbach’s alpha in the current study was
excellent (@ = 0.95).

The Robot Disclosure Questionnaire was a custom-built
set of 10 items designed to measure how likely (Likely,
5-items) and comfortable (Comfort, 5-items) an individual
would feel to talk to a social robot about different topics
including: (1) casual conversation topic, (2) solving a prob-
lem or help with a task, (3) getting advice/support on a
sensitive topic, (4) medical symptoms or conditions, and (5)
mental health symptoms or conditions. All items were mea-
sured on an 11-point scale (0 = Not at all, 10 = Definitely). It
has previously been tested in a prior human-robot interaction
trial [8§1-83]. In the current study, the items for both Likely
and Comfort were summed into two subscales representing
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likelihood or comfort to discuss health (medical symptoms
or conditions and mental health symptoms or conditions) and
non-health (casual conversation topics, solving a problem or
help with a task, and getting advice/support on a sensitive
topic) topics. Cronbach’s alpha for the 3-item non-health
scales were acceptable (Likely Non-Health = 0.80; Com-
fort Non-Health = 0.74). The two-item health scales yielded
high Spearman Brown coefficients (Likely Health = 0.84;
Comfort Health—0.86).

3.4 Procedure

Prospective participants were recruited by a research assis-
tant who gave a detailed information sheet and brief outline
of the proposed trial. Participants provided digital consent
on the robot tablet interface, and randomization occurred
before the start of each session. Participants completed the
interaction with the robot alone to minimize the potential
of researcher effects or biased responding. The researcher
waited outside the room in the event of technical difficulties
or participants wishing to seek clarification. Tablet question-
naires were presented to collect trial measures and limited to
minimize burden, keeping the total participation time under
10 min. After completing the experiment, participants were
given the option to provide an email to enter a prize draw or
an identification code to receive course credit at the end of
each session. If individuals chose to receive course credit or
entry to a prize draw, this data was stored in separate files
to protect response identification. Entry into the draw or
receipt of course credit was voluntary and optional, so par-
ticipants could complete the session without providing an
email address or identification code. Once participants left
the testing room, they were thanked for their time and asked if
they had any questions about their participation. Any events
disclosed to the research assistant were recorded, such as
reported technical faults. A photograph of the experimental
set-up can be seen in Fig. 1.

4 Results
4.1 Intervention Effects—Overall Descriptives

Inthe ‘Technique’ condition, 103 individuals (97%) agreed to
hear information about mindfulness and of those, 102 (99%)
accepted to complete a brief exercise. There were moderate
to high ratings of enjoyment of the technique (M = 7.20/10,
SD = 1.61), of its perceived usefulness (M = 7.35/10, SD =
1.85), and likelihood to repeat using the mindfulness tech-
nique again (M = 7.62/10, SD = 2.00). In this condition, 72
participants (71%) had tried mindfulness before. Of these,
there was a relatively even split across frequency of use: daily
(14%), weekly (18%) fortnightly (11%), monthly (15%),
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Fig. 1 Experimental setup

every few months (19.4%) and only once or twice (22%).
The 30 participants who had never done a brief mindfulness
exercise before reported moderate enjoyment ratings (M =
6.97, SD = 1.38), perceived usefulness (M = 6.90, SD =
1.65) and likelihood to repeat the exercise again (M = 6.70,
SD = 1.78). In the ‘Control’ condition, 100% of participants
(n=124) confirmed that the robot correctly summarized their
answers for their chosen mode of transport, favorite animal
and season.

4.2 Intervention Effects—Conditions Only

There were no significant time x condition effects in ratings
from pre to post interaction for feeling more relaxed, con-
tent, or focused. There were significant time effects across
all variables with participants reporting a significant increase
in ratings from pre to post interaction (content: F(1228) =
55.30, p < 0.001; relaxed: F(1228) = 107.14, p < 0.001;
focused: F(1228) = 18.97, p < 0.001).

4.3 Pre to Post Interaction Scores for Condition
Evaluation with Effects from Condition
and Gender

There were significant time effects across all mood variables,
with participants reporting a significant increase in ratings
from pre to post interaction (content: F(1228) = 58.34, p
< 0.001; relaxed: F(1228) = 101.68, p < 0.001; focused:
F(1228) = 19.62, p < 0.001). For contentment, there was
also a significant time x condition x K-10 effect (F(1228) =
4.29, p = 0.039), with participants who had low K-10 scores
and received the mindfulness intervention increasing their
contentment ratings more than people who had low K-10
and received rapport. A significant effect of K-10 score for
contentment ratings, was also found (F(1228) = 9.80, p =

0.002) with participants with low K-10 scores rating higher
levels of contentment across both time points.

For ratings of relaxed mood, there were significant main
effects for gender (F(1228) = 4.02, p = 0.046) and K-10
(F(1228) = 11.51, p < 0.001). Males reported higher relax-
ation ratings at both pre and post as did participants with
low K-10 scores. A significant interaction between gender
and K-10 score was also found (F(1228) = 4.78, p = 0.030)
with females with high K-10 scores reporting lower relax-
ation scores relative to males and to females with low K-10
scores. No significant effects were observed for focus ratings
beyond the time effect reported above.

4.4 Mood ratings (K10 Scores) with Effects
from Condition and Gender

Repeated measures ANOVAs were used to examine the
effects of condition, gender and K-10 score on mood ratings
pre and post interaction. Mean ratings by group are presented
in Table 1.

4.5 Robot Evaluation Scales with Effects
from Condition and Gender

Two-way MANOVAs were used to examine effects of con-
dition, gender and K-10 scores on the Robot Emotion, Social
and Utility subscales. There were significant main effects of
both condition and K-10 on Robot Utility scores (F'(1228) =
7.29,p=0.007 and F(1228) =5.92, p = 0.016 respectively).
Participants in the control condition reported higher utility
scores as did participants with high K-10 scores. There was a
significant gender x K-10 interaction for the Robot Emotion
subscale (F(1288 = 5.34, p = 0.022) with men with high
K-10 scores rating Robot Emotion higher than men with low
K-10 scores, while the opposite was observed for women.
No significant effects were observed for the Robot Social
subscale. Means for each subscale are presented in Table 2.

Three-way ANOVAs were used to explore effects of con-
dition, gender, K-10 score and their interactions on the
remaining robot scales. The means and standard deviations
for these scales are presented in Table 3.

4.6 There Were no Significant Main or Interaction
Effects for Condition, Gender or K-10 Scores
for the Robot Usage Intention Scale. Comfort
and Likelihood to Discuss Health Topics
with a Robot with Effects from Condition
and Gender

Across participants, mean scores for comfort to discuss
health topics (M = 13.98, SD = 4.75) were significantly
lower than scores to discuss non-health topics (M = 21.83,
SD =5.68;1(229) =28.55,p<0.001). Similarly, mean scores
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Table 1 Pre and post interaction mood ratings by gender and K-10 score between conditions

Control Mindfulness
Low K-10 High K-10 Low K-10 High K-10
N M SD N M SD N M SD N M SD
Content M pre 39 7.72 1.52 20 6.40 2.89 35 7.37 1.77 28 7.21 1.81
M post 39 7.97 1.86 20 7.50 2.48 35 8.11 1.23 28 7.75 1.38
F pre 30 7.83 1.98 35 7.17 1.52 22 7.32 2.08 21 6.52 1.54
F post 30 8.47 1.53 35 7.86 1.56 22 8.27 1.42 21 7.10 1.79
Relaxed M pre 39 7.56 1.57 20 7.15 2.18 35 7.46 1.84 28 7.14 1.35
M post 39 8.03 1.71 20 7.90 1.83 35 8.49 1.22 28 8.29 1.21
F pre 30 7.67 2.09 35 6.43 2.13 22 7.32 2.15 21 5.90 1.48
F post 30 8.43 1.63 35 7.49 1.81 22 8.27 1.72 21 7.00 1.70
Focused M pre 39 7.56 1.55 20 7.15 1.57 35 7.26 1.95 28 7.29 1.92
M post 39 7.51 1.75 20 7.55 1.36 35 7.71 1.45 28 7.82 1.31
F pre 30 7.37 2.37 35 7.06 2.21 22 7.50 1.44 21 6.24 2.30
F post 30 8.13 1.72 35 7.54 2.11 22 8.00 141 21 6.90 2.66

Table 2 Descriptive statistics by condition, gender and distress levels for subscales of Robot Incentives Scale

Control Mindfulness
Low K-10 High K-10 Low K-10 High K-10
N M SD N M SD N M SD N M SD
Emotion Male 39 37.23 10.63 20 39.35 7.25 35 36.94 10.62 28 40.75 7.31
Female 30 43.80 6.19 35 38.46 9.80 22 37.59 11.78 21 36.95 10.35
Social Male 39 16.95 8.64 20 20.65 5.76 35 18.26 6.46 28 18.46 8.50
Female 30 20.20 7.54 35 17.89 6.48 22 17.50 7.20 21 18.86 6.41
Utility Male 39 25.18 10.10 20 28.85 6.57 35 22.11 8.01 28 27.14 6.89
Female 30 27.87 9.13 35 25.86 8.34 22 20.73 9.49 21 25.29 7.93

Table 3 Descriptive statistics by condition, gender and distress level for Robot Usage Intention and comfort and likelihood to discuss health and
non-health topics

Control Mindfulness
Low K-10 High K-10 Low K-10 High K-10
N M SD N M SD N M SD N M SD

Robot usage intention ~ Male 39 30.21 1278 20 3420 7.51 35 2791 9.94 28 34.29 8.50
Female 30 3527 1079 35 3166 12.04 22 2818 1218 21 3152 11.21
Comfort health Male 39 13.00 544 20 1505 485 35 14.66 447 28 15.18 3.37
Female 30  14.30 474 35 1371 461 22 12.86 554 21 13.24 4.59
Comfort non-health Male 39 20.18 635 20 2415 444 35 21.94 446 28 23.50 4.48
Female 30  23.47 543 35 2051 642 22 19.82 6.79 21 21.19 5.33

Likely health Male 39 12.82 5.18 20 14.65 4.60 35 13.83 4.33 28 15.00 3.46
Female 30 13.77 5.35 35 13.31 510 22 12.64 578 21 12.86 4.82
Likely non-health Male 39 2041 6.61 20 233 3.95 35 21.00 5.03 28 22.61 5.04

Female 30 2240 6.63 35  20.11 7.01 22 19.18 733 21 20.33 5.64
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Comfort to discuss non-health topics with a robot by
gender and K-10 score
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Fig.2 Comfort to discuss health or non-health topics with a robot by
gender and K-10 score

for likelihood to discuss health topics (M = 13.58, SD = 4.86)
were significantly lower than scores to discuss non-health
topics (M = 21.11, SD = 6.12; #(229) = 26.83, p < 0.001).
In the 3-way ANOVA for comfort to discuss non-health top-
ics, the three main effects were not significant however two
of the interactions were. There was an interaction between
gender and K-10 (F(1,229) = 4.69, p = 0.031) with men
with high K-10 scores reporting greater comfort discussing
non-health topics with a robot than women with high K-10
scores (see Fig. 2).

There was also a significant 3-way interaction between
condition, gender and K-10 (F(1,229) = 4.18, p = 0.042)
with associations between gender and K-10 differing across
conditions (See Fig. 3). Men who received the rapport condi-
tion and had low K-10 scores rated comfort lower than men
with high K-10 scores who received rapport. Women demon-
strated the opposite effect with women in the rapport group
with low K-10 scores rating comfort higher than women in
the rapport group with high K-10 scores. Men and women

Fig.3 Comfort to discuss Rapport
non-health topics with a robot by
condition, gender and K-10 score 26
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who received the mindfulness intervention showed similar
patterns across K-10 scores.

Comfort to discuss non-health topics with a robot by con-
dition, gender and K-10 score. There were no significant main
or interaction effects for comfort to discuss health topics nor
for likelihood to discuss health nor non-health topics.

5 Discussion

This trial explored the use of an autonomous humanoid robot
to deliver a 10 min interaction to facilitate wellbeing tech-
nique rehearsal in the form of a mindful breathing exercise,
compared to a short interactive session designed to act as a
relationship-building activity. Recruitment uptake and ses-
sion completion rates were high, showing support for the
uptake, acceptability and receptiveness around the use of a
robot-delivered program on a university campus. Those who
were willing and interested to complete a short mindfulness
exercise lead by the robot rated the technique moderate to
high in terms of enjoyment, perceived usefulness and likeli-
hood to repeat the technique again, including for those who
had never tried a mindfulness-based technique before. High
reception, evaluation and proposed uptake of technique prac-
tice demonstrates that a social robot can be an effective way
to teach people a brief wellbeing technique that people can
practice in their own time. This includes helping to give
higher education students access to an interactive modality to
receive mental health information and learn new techniques
that can help to improve wellbeing with practice.

Both conditions saw an increase in scores across time-
points for self-reported ratings of contentment, relaxation and
focus during the session. There was a significant time x con-
dition x K-10 interaction for contentment, with participants
who reported low distress levels and who received the well-
being technique reporting greater contentment post-exposure
than participants with low distress who were allocated Con-
trol. This suggests a brief wellbeing technique may be more
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appropriate for people with low pre-existing levels of dis-
tress, while a longer intervention may be required for people
experiencing elevated psychological distress. There was also
an interaction effect between gender and distress levels on
relaxation, with females with high distress reporting lower
relaxation scores than other groups. Combined with the
knowledge that depression is more prevalent in women than
in men [84], this finding suggests that women may be a par-
ticularly important group to target with novel and innovative
methods to prevent and reduce high distress levels.

There were no significant effects on the perception of robot
sociability but there were for likability and utility. There was
a significant interaction between gender and K-10 scores
for the Emotion subscale with men with high K-10 scores
reporting greater likability than men with low K-10 scores
while the opposite was true for women. It is well documented
that men access mental health treatment at rates much lower
than women and hold negative views about help seeking [85,
86]. The fact that distressed men reported the highest robot
likability ratings suggests that men may hold more positive
attitudes to engaging with an embodied agent for support
and assistance rather than human health professionals. Social
robots may therefore offer a significant advantage in over-
coming some of the barriers to male mental health support.

There were significant differences between conditions on
robot utility ratings with participants who received Con-
trol rating utility higher than participants who received
Technique. This suggests that answering questions about
themselves and hearing a summary of their answers could
have created a greater sense of perceived utility through see-
ing more of the robot’s functionality. The control condition
had an additional element of tablet interactivity by selecting
answers compared to the technique session where individu-
als were asked to passively follow along with a static set of
instructions. This additional layer may have provided greater
insight to individuals about the robot’s capability to cus-
tomize based on the user’s feedback, subsequently increasing
scores related to perceived utility of the robot when later
applied to a healthcare context, particularly if participants
feel they are more involved in their healthcare plan. Partic-
ipants with high K-10 scores also rated Utility higher than
participants with low K-10 scores, regardless of condition.
This may reflect a perception of potential for practical and/or
emotional support.

Across all participants, ratings for comfort and likelihood
to discuss health topics was significantly lower than those to
discuss non-health topics. Despite high apparent acceptabil-
ity and engagement, some people may remain reluctant to
utilize semi-autonomous embodied agents for health-related
concerns compared to more general conversational topics,
especially after a relatively short interaction [87, 88].

In comfort to discuss non-health related topics, there was
an interaction between condition, gender and K-10 scores,

@ Springer

with comfort differing based on gender and distress levels
only for people who received the Control condition. Men with
high distress who received Control reported greater comfort
to discuss non-health topics with the robot than men with
low distress who received Control. The opposite was true for
women, with low distress and receiving Control being associ-
ated with greater comfort than for women with high distress
who received control. This seems to support earlier asser-
tions about gender differences in help seeking attitudes and
behaviours and suggests that while women may be an impor-
tant focus for innovative interventions given their greater
prevalence of depressive disorders, men may be more open
and comfortable to work with alternative support modalities
such as humanoid robots.

5.1 Design of a Robot-Delivered Wellbeing Session

Neither condition clearly outperformed the other, but equiv-
alent scores showed that the potential use cases of a robot
for wellbeing promotion or building a brief engagement ses-
sion prior to a healthcare use case. Comparative condition
results showed that individuals were as likely to rate the robot
favorably in terms of perceived enjoyment, sociability, and
likelihood to engage, irrespective of allocated condition. In
other words, a brief wellbeing exercise was largely just as
favorable as completing a brief conversation, and neither con-
tent had a significant differential impact on outcomes. This
signifies that the evaluation of the robot itself may have had
more importance on willingness to talk about health and non-
health topics than the content itself, that personal factors may
have played a more important role, or that it was their first
robot exposure and therefore the content itself played a less
salient role in evaluation. Initial impressions of robots might
also have been made relatively quickly and within the first
period of engagement. This outcome does demonstrate that
the use of a social robot for wellbeing technique promotion
and rehearsal is not any less acceptable than the general con-
trol condition. Given the importance of involving more higher
education students and young adults in wellbeing promotion
and mental health-related activities, a robot may present itself
to be an advantageous method to achieve this.

Irrespective of condition content, time with the robot
appeared to help increase states such as contentment, relax-
ation and focus over time. In this instance, this result may be
more indicative of initial hesitation or indecisiveness on how
to interact and interpret a social robot interaction decreasing
over time, especially given the low group rating of robot expe-
rience in the sample. It is possible that the brief wellbeing
technique was not powerful enough to create higher relax-
ation sensations given the short timeframe to practice if some
hesitation on technology use was present. Increased scores
may have been through a different route, such as improved
familiarity with the technology over the brief timeframe.
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Therefore, adaptability and familiarity time might best be
used as a method to allow time to adjust prior to delivery of
more intensive content.

People were not more inclined to discuss health related
topics in either condition, suggesting that spending time on
a brief casual conversation with people prior to disclosure of
health-related topics might not be essential. This is something
to be explored further in future trials to substantiate this claim
and to investigate methods that may increase willingness to
discuss health topics, given the lower scores observed here
for discussing health versus non-health topics. Alternatively,
it is possible that additional variables caused noise in this
evaluation. Those with higher social anxiety or hesitancy to
disclose health-related symptoms may have preferred a robot
that built some element of rapport first, whereas those who
were time-poor or who wanted a method to encourage them
to practice and feel accountable to finish the session may have
preferred the initial techniques practice to complete. Explo-
ration into the additional value of short interactivity with the
robot prior to the interaction is warranted, and whether these
lead to increased subjective or objective disclosure rates dur-
ing the program.

5.2 Implications for Mental Health and Wellbeing
Support

The automated training session for promotion of wellbe-
ing advice has noteworthy implications for the creation and
deployment of social robots to assist in wellbeing informa-
tion and technique rehearsal. Mental health and wellbeing
in young adults is an important target, given the high preva-
lence of psychosocial stress and incidence rates of psychiatric
disorders [89], and problematic mental wellbeing for stu-
dents within higher education [9, 13-16]. Participation in
brief wellbeing practice led by a robot may help to reduce
the initial entry barrier for those who are seeking some sup-
port, or who wish to later attend other support services. For
instance, fear of disclosure about their mental health status
or that they do not have time to complete treatment are com-
monly reported [21, 23], but uptake and completion rates
in the robot-delivered intervention did not experience simi-
lar patterns. This could include referral to a longer session
with a higher education counsellor, translation to a digital
method to later continue practice, or addition of a digital
method or a longer-term wellbeing program provided by a
clinician. Howeyver, it should be noted that similar difficulties
might be seen if the robot intervention were positioned as a
treatment for mental health disorders or the robot program
interfaced with other programs at a healthcare clinic. Given
that there are some issues around adherence and comple-
tion rates for internet-based interventions for students [90],
a robot-delivered intervention may encounter similar long-
term issues, but initial uptake rates were strong, representing

at least a lower entry barrier to commence the conversation
around health and wellbeing as an initial entry point.

Distressed men returning high ratings for robot likabil-
ity and comfort to discuss non-health topics is an interesting
finding and suggests that a robot delivering information or
advice may be more engaging and acceptable for men than
other traditional approaches to engaging men in conversa-
tions about mental health. It is known that men are more
likely to engage in behaviors that increase health risk, dis-
ease and injury even when many of those are preventable.
There is a lower rate of health service attendance, meaning
that there are fewer opportunities for health education, assess-
ment or intervention from a health professional, placing men
in a higher risk category for developing health-related prob-
lems [91]. Men are less likely to attend general practitioner
appointments or regular health check-up visits, and more
likely to delay health service visits during their condition
[92-95]. In response, there has been a call to create ser-
vices that increase the uptake of health information using a
friendlier and more convenient format for men e.g. [93-96].
The use of a social robot to deliver some of those services
may be a viable delivery option given its more transactional
nature if it meets their preferential need in terms of chosen
modality for health-related support services.

5.3 Strengths and Limitations of the Trial

A strength for this trial was a large convenience sample to
capture first-impression evaluations from a group of individ-
uals who had often not engaged with a social robot before.
This led to a broad snapshot of public opinions around a
social robot in a health-related role, particularly for those
who were frequently accessing a higher education setting.
This sample included an even split of genders, a diversity of
study degrees, and a broad age range for individuals who were
sampled around campus to better understand different robot
opinions. A limitation was that most individuals randomized
to the wellbeing condition had already undertaken some form
of mindfulness practice before, which is a plausible scenario
given the rising deployment of mindfulness in high-school
based programs e.g. [97]. Therefore, they may not have felt
the need to continue interacting with a robot for this pur-
pose after the session. Future iterations of the program could
provide more sophisticated or advanced technique rehearsal
for those who are already familiar with the concept, although
simple rehearsal and technique refreshers for those who have
not practiced in some time might still provide some benefit in
itself. In addition, they may not have seen additional benefit
or value in completing a guided mindfulness session with the
robot if they were already aware of how to use the technique.
For those individuals, the process of re-learning the mind-
fulness technique delivered by the robot may not have been
enough or sufficient to improve those scores. For instance,
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fewer individuals seeing the need to practice mindfulness
again using the robot as a guide as reported by their scores.
This trial did not involve any follow-up measures beyond the
single session and the initial intention of the trial involved
an evaluation of receptiveness to participate in a brief robot-
delivered session. Requesting individuals to provide personal
details for a follow-up may have deterred their initial sign-
up, but might instead be presented as an optional addition
to the future trial given high participation rates. It should
be noted as a limitation that the novelty of the robot alone
may have been conducive to high scores, irrespective of the
session content. To overcome this challenge, two conditions
were implemented. Given that the information or technique
rehearsal conditions were similar, it is possible that they were
rated because of the robot itself. It is also possible that par-
ticipants were not aware of other technical use cases that the
robot could provide for them, such as the level of interac-
tivity in the control condition. Receptivity to participate in a
brief wellbeing technique did appear to be closely tied to their
evaluation of the robot that is delivering the session. This sig-
nifies that high importance should be placed on robot design,
engagement and user experience when delivering an inter-
action around wellbeing to people, and that the robot is not
simply interpreted as a non-influential apparatus to deliver
content.

6 Conclusions and Future Work

This pilot randomized controlled trial explored the use of a
humanoid social robot to deliver a brief wellbeing technique
to a large sample based on a higher education campus. Over-
all, findings demonstrated initial feasibility and prospective
use for a social robot in a healthcare service for wellbeing pro-
motion, which was met with enjoyment, interest and uptake
rates. Neither condition outperformed the other. This shows
that an initial meeting with a social robot can involve either
technique training that is commenced straight away or start
with an initial discussion to then later book someone in. This
trial marks a stepping stone towards the design and deploy-
ment of a high-powered brief robot-delivered mindfulness
training program (e.g. treatment-focused randomized con-
trolled trial design). This includes an investigation into the
longitudinal effect on individual wellbeing and its related
cost-effectiveness to run on a higher education campus. This
trial framework also creates the opportunity to build in addi-
tional modules that can later be adapted to address higher
intensity and multifaceted topics often experienced by uni-
versity students, such as stress, loneliness, anxious thoughts,
or persistent low mood [9, 10].

@ Springer

Acknowledgements This project was supported by a Research Grant
from the State of Queensland acting through the Department of Science,
Information Technology and Innovation.

Funding Open Access funding enabled and organized by CAUL and
its Member Institutions. Australian Research Council (CE140100016).

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indi-
cate if changes were made. The images or other third party material
in this article are included in the article’s Creative Commons licence,
unless indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copy-
right holder. To view a copy of this licence, visit http://creativecomm
ons.org/licenses/by/4.0/.

References

1. World Health Organization (2017) Depression and other common
mental disorders: global health estimates. World Health Organiza-
tion, Geneva

2. World Health Organization (2001) The world health report 2001:
mental healt: new Understanding, new hope. World Health Orga-
nization, Geneva

3. (2019) Key substance use and mental health indicators in the United
States: results from the 2018 national survey on drug use and health

4. FirthJ et al (2019) The lancet psychiatry commission: a blueprint
for protecting physical health in people with mental illness. Lancet
Psychiatry 6(8):675-712

5. Leigh-Hunt N et al (2017) An overview of systematic reviews on
the public health consequences of social isolation and loneliness.
Public Health 152:157-171. https://doi.org/10.1016/j.puhe.2017.
07.035

6. Stansfeld S, Candy B (2006) Psychosocial work environment and
mental health—a meta-analytic review. Scand J Work Environ
Health 32(6):443-462

7. World Health Organisation (2008) Integrating mental health into
primary care: a global perspective. [Online] Available: http://
whglibdoc.who.int/publications/2008/9789241563680_eng.pdf

8. (2014) Mental health atlas. [Online] Available: http://apps.who.int/
iris/bitstream/10665/178879/1/9789241565011_eng.pdf

9. Brown JSL (2018) Student mental health: some answers and more
questions. ] Ment Health (Abingdon, England) 27(3):193. https://
doi.org/10.1080/09638237.2018.1470319

10. Sharp J, Theiler S (2018) A review of psychological distress
among university students: pervasiveness, implications and poten-
tial points of intervention. Int J Adv Couns 40(3):193-212. https://
doi.org/10.1007/s10447-018-9321-7

11. Twenge JM, Cooper AB, Joiner TE, Duffy ME, Binau SG (2019)
Age, period, and cohort trends in mood disorder indicators and
suicide-related outcomes in a nationally representative dataset,
2005-2017.J Abnorm Psychol 128(3):185-199. https://doi.org/10.
1037/abn0000410

12. (2019) Selected higher education statistics—2018 Student
data. [Online] Available: https://www.education.gov.au/selected-
higher-education-statistics-2018-student-data

13. Adlaf EM, Gliksman L, Demers A, Newton-Taylor B (2001)
The prevalence of elevated psychological distress among Cana-
dian undergraduates: findings from the 1998 Canadian campus


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.puhe.2017.07.035
http://whqlibdoc.who.int/publications/2008/9789241563680_eng.pdf
http://apps.who.int/iris/bitstream/10665/178879/1/9789241565011_eng.pdf
https://doi.org/10.1080/09638237.2018.1470319
https://doi.org/10.1007/s10447-018-9321-7
https://doi.org/10.1037/abn0000410
https://www.education.gov.au/selected-higher-education-statistics-2018-student-data

International Journal of Social Robotics (2024) 16:937-951

949

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

survey. J Am Coll Health 50(2):67-72. https://doi.org/10.1080/
07448480109596009

. Larcombe W et al (2016) Prevalence and socio-demographic cor-

relates of psychological distress among students at an Australian
university. Stud High Educ 41(6):1074-1091. https://doi.org/10.
1080/03075079.2014.966072

. Cvetkovski S, Reavley NJ, Jorm AF (2012) The prevalence and

correlates of psychological distress in Australian tertiary stu-
dents compared to their community peers. Aust N Z J Psychiatry
46(5):457-467. https://doi.org/10.1177/0004867411435290

. Bewick B, Koutsopoulou G, Miles J, Slaa E, Barkham M (2010)

Changes in undergraduate students’ psychological well-being as
they progress through university. Stud High Educ 35(6):633-645.
https://doi.org/10.1080/03075070903216643

. Keyes CLM, Eisenberg D, Perry GS, Dube SR, Kroenke K,

Dhingra SS (2012) The relationship of level of positive mental
health with current mental disorders in predicting suicidal behav-
ior and academic impairment in college students. ] Am Coll Health
60(2):126—133. https://doi.org/10.1080/07448481.2011.608393
Thomas SJ, Caputi P, Wilson CJ (2014) Specific attitudes which
predict psychology students’ intentions to seek help for psycho-
logical distress. J Clin Psychol 70(3):273-282. https://doi.org/10.
1002/jclp.22022

Rosenthal B, Wilson WC (2008) Mental health services: use
and disparity among diverse college students. ] Am Coll Health
57(1):61-68. https://doi.org/10.3200/JACH.57.1.61-68

Storrie K, Ahern K, Tuckett A (2010) A systematic review: students
with mental health problems—a growing problem. Int J Nurs Pract
16(1):1-6. https://doi.org/10.1111/j.1440-172X.2009.01813.x
Collins ME, Mowbray CT (2005) Higher education and psychi-
atric disabilities: national survey of campus disability services. Am
J Orthopsychiatry 75(2):304-315. https://doi.org/10.1037/0002-
9432.75.2.304

Cage E, Stock M, Sharpington A, Pitman E, Batchelor R (2020)
Barriers to accessing support for mental health issues at univer-
sity. Stud High Educ 45(8):1637-1649. https://doi.org/10.1080/
03075079.2018.1544237

Eisenberg D, Speer N, Hunt J (2012) Attitudes and beliefs about
treatment among college students with untreated mental health
problems. Psychiatr Serv 63(7):711-713. https://doi.org/10.1176/
appi.ps.201100250

Wynaden D, Wichmann H, Murray S (2013) A synopsis of the
mental health concerns of university students: results of a text-
based online survey from one Australian university. High Educ
Res Dev 32(5):846-860. https://doi.org/10.1080/07294360.2013.
777032

Hollis C et al (2017) Annual research review: digital health
interventions for children and young people with mental health
problems—a systematic and meta-review. J Child Psychol Psychi-
atry 58(4):474-503. https://doi.org/10.1111/jcpp.12663

Rathbone AL, Prescott J (2017) The use of mobile apps and SMS
messaging as physical and mental health interventions: system-
atic review. ] Med Internet Res 19(8):e295. https://doi.org/10.2196/
jmir.7740

Rasouli S, Ghafurian M, Dautenhahn K (2022) Students views
on intelligent agents as assistive tools for dealing with stress
and anxiety in social situations. In: Presented at the proceedings
of the 10th international conference on human-agent interaction,
Christchurch, New Zealand. [Online] Available: https://doi.org/10.
1145/3527188.3561932

Clarke AM, Kuosmanen T, Barry MM (2015) A systematic review
of online youth mental health promotion and prevention inter-
ventions. J Youth Adolesc 44(1):90-113. https://doi.org/10.1007/
$10964-014-0165-0

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Pretorius C, Chambers D, Coyle D (2019) Young people’s online
help-seeking and mental health difficulties: systematic narrative
review. ] Med Internet Res 21(11):e13873

Howarth A, Quesada J, Silva J, Judycki S, Mills PR (2018) The
impact of digital health interventions on health-related outcomes
in the workplace: a systematic review. Digit Health. https://doi.org/
10.1177/2055207618770861

Robinson NL, Cottier T, Kavanagh D (2019) Psychosocial health
interventions by social robots: systematic review of randomized
controlled trials. J Med Internet Res 21(5):e13203-e13203. https://
doi.org/10.2196/13203

Robinson NL, Connolly J, Hides L, Kavanagh DJ (2020) Social
robots as treatment agents: pilot randomized controlled trial to
deliver a behavior change intervention. Internet Interv 21:100320.
https://doi.org/10.1016/j.invent.2020.100320

Robinson NL, Connolly J, Hides L, Kavanagh DJ (2020) A social
robot to deliver an 8-week intervention for diabetes management:
initial test of feasibility in a hospital clinic. In: Wagner R et al (eds)
Social robotics. Springer, Cham, pp 628-639

Seo S, Geiskkovitch D, Nakane M, King C, Young J (2015) Poor
thing! Would you feel sorry for a simulated robot? A comparison of
empathy toward a physical and a simulated robot. In: ACM/IEEE
international conference on human-robot interaction, pp 125-132.
https://doi.org/10.1145/2696454.2696471

Da Silva JGG, Kavanagh DJ, Belpaeme T, Taylor L, Beeson K,
Andrade J (2018) Experiences of a motivational interview delivered
by arobot: qualitative study. ] Med Internet Res 20(5):116. https://
doi.org/10.2196/jmir.7737

Birnbaum GE, Mizrahi M, Hoffman G, Reis HT, Finkel EJ, Sass
O (2016) What robots can teach us about intimacy: the reassuring
effects of robot responsiveness to human disclosure. Comput Hum
Behav 63(C):416-423. https://doi.org/10.1016/j.chb.2016.05.064
Lal S, Adair CE (2014) E-mental health: a rapid review of the lit-
erature. Psychiatr Serv 65(1):24-32. https://doi.org/10.1176/appi.
ps.201300009

Drigas A, Koukianakis L, Papagerasimou Y (2011) Towards
an ICT-based psychology: E-psychology. Comput Hum Behav
27(4):1416-1423. https://doi.org/10.1016/j.chb.2010.07.045
Barak A, Grohol JM (2011) Current and future trends in internet-
supported mental health interventions. J Technol Hum Serv
29(3):155-196. https://doi.org/10.1080/15228835.2011.616939
Laban G, George J-N, Morrison V, Cross ES (2021) Tell me more!
Assessing interactions with social robots from speech. Paladyn
J Behav Robot 12(1):136-159. https://doi.org/10.1515/pjbr-2021-
0011

Neerincx A, Edens C, Broz F, Li Y, Neerincx M (2022) Self-
Disclosure To A Robot in-the-wild: category, human personality
and robot identity. In: 2022 31st IEEE international conference
on robot and human interactive communication (RO-MAN), pp
584-591. https://doi.org/10.1109/RO-MANS53752.2022.9900566
Penner A, Eyssel F (2022) Germ-free robotic friends: loneliness
during the COVID-19 pandemic enhanced the willingness to self-
disclose towards robots. Robotics 11(6):121

Nomura T, Kanda T, Suzuki T, Yamada S (2020) Do people with
social anxiety feel anxious about interacting with a robot? Al Soc
35(2):381-390. https://doi.org/10.1007/s00146-019-00889-9
Laban G, Morrison V, Kappas A, Cross ES (2022) Informal care-
givers disclose increasingly more to a social robot over time. In:
Presented at the extended abstracts of the 2022 CHI conference
on human factors in computing systems, New Orleans, LA, USA.
[Online]. Available: https://doi.org/10.1145/3491101.3519666
Costescu CA, David DO (2014) Attitudes toward using social
robots in psychotherapy. Erdelyi Pszichol Szle Transylv J Psychol
15(1):3-20

Rasouli S, Gupta G, Nilsen E, Dautenhahn K (2022) Potential
applications of social robots in robot-assisted interventions for

@ Springer


https://doi.org/10.1080/07448480109596009
https://doi.org/10.1080/03075079.2014.966072
https://doi.org/10.1177/0004867411435290
https://doi.org/10.1080/03075070903216643
https://doi.org/10.1080/07448481.2011.608393
https://doi.org/10.1002/jclp.22022
https://doi.org/10.3200/JACH.57.1.61-68
https://doi.org/10.1111/j.1440-172X.2009.01813.x
https://doi.org/10.1037/0002-9432.75.2.304
https://doi.org/10.1080/03075079.2018.1544237
https://doi.org/10.1176/appi.ps.201100250
https://doi.org/10.1080/07294360.2013.777032
https://doi.org/10.1111/jcpp.12663
https://doi.org/10.2196/jmir.7740
https://doi.org/10.1145/3527188.3561932
https://doi.org/10.1007/s10964-014-0165-0
https://doi.org/10.1177/2055207618770861
https://doi.org/10.2196/13203
https://doi.org/10.1016/j.invent.2020.100320
https://doi.org/10.1145/2696454.2696471
https://doi.org/10.2196/jmir.7737
https://doi.org/10.1016/j.chb.2016.05.064
https://doi.org/10.1176/appi.ps.201300009
https://doi.org/10.1016/j.chb.2010.07.045
https://doi.org/10.1080/15228835.2011.616939
https://doi.org/10.1515/pjbr-2021-0011
https://doi.org/10.1109/RO-MAN53752.2022.9900566
https://doi.org/10.1007/s00146-019-00889-9
https://doi.org/10.1145/3491101.3519666

950

International Journal of Social Robotics (2024) 16:937-951

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

social anxiety. Int J Soc Robot 14(5):1-32. https://doi.org/10.1007/
$12369-021-00851-0

Laban G, Ben-Zion Z, Cross ES (2022) Social robots for supporting
post-traumatic stress disorder diagnosis and treatment. Front Psy-
chiatry Perspect 12:752874. https://doi.org/10.3389/fpsyt.2021.
752874

Lee OEK, Nam I, Chon Y, Park A, Choi N (2023) Socially assistive
humanoid robots: effects on depression and health-related quality
of life among low-income, socially isolated older adults in South
Korea. J Appl Gerontol 42(3):367-375. https://doi.org/10.1177/
07334648221138283

Alemi M, Ghanbarzadeh A, Meghdari A, Moghadam LJ (2016)
Clinical application of a humanoid robot in pediatric cancer inter-
ventions. Int J Soc Robot 8(5):743-759. https://doi.org/10.1007/
$12369-015-0294-y

Jeong S et al. (2015) A social robot to mitigate stress, anxiety,
and pain in hospital pediatric care. In: Presented at the pro-
ceedings of the tenth annual ACM/IEEE international conference
on human-robot interaction extended abstracts, Portland, Ore-
gon, USA. [Online] Available: https://doi.org/10.1145/2701973.
2702028

Beran TN, Ramirez-Serrano A, Vanderkooi OG, Kuhn S (2013)
Reducing children’s pain and distress towards flu vaccinations:
a novel and effective application of humanoid robotics. Vaccine
31(25):2772-2777. https://doi.org/10.1016/j.vaccine.2013.03.056
Jibb LA et al (2018) Using the MEDiPORT humanoid robot to
reduce procedural pain and distress in children with cancer: a pilot
randomized controlled trial. Pediatr Blood Cancer 65(9):e27242.
https://doi.org/10.1002/pbc.27242

Shibata T, Wada K (2011) Robot therapy: a new approach for
mental healthcare of the elderly — a mini-review. Gerontology
57(4):378-386. https://doi.org/10.1159/000319015

Bemelmans R, Gelderblom GJ, Jonker P, de Witte L (2015)
Effectiveness of robot paro in intramural psychogeriatric care:
a multicenter quasi-experimental study. ] Am Med Dir Assoc
16(11):946-950. https://doi.org/10.1016/j.jamda.2015.05.007
Valenti Soler M et al (2015) Social robots in advanced demen-
tia. Front Aging Neurosci Orig Res 7:133. https://doi.org/10.3389/
fnagi.2015.00133

Lane GW et al (2016) Effectiveness of a social robot, “Paro”, in a
VA long-term care setting. Psychol Serv 13(3):292-299

Creswell JD (2017) Mindfulness interventions. Ann Rev
Psychol 68(1):491-516. https://doi.org/10.1146/annurev-psych-
042716-051139

Spijkerman MPJ, Pots WTM, Bohlmeijer ET (2016) Effectiveness
of online mindfulness-based interventions in improving mental
health: a review and meta-analysis of randomised controlled trials.
Clin Psychol Rev 45:102—114. https://doi.org/10.1016/j.cpr.2016.
03.009

Keng S-L, Smoski MJ, Robins CJ (2011) Effects of mindfulness on
psychological health: a review of empirical studies. Clin Psychol
Rev 31(6):1041-1056. https://doi.org/10.1016/j.cpr.2011.04.006
Call D, Miron L, Orcutt H (2014) Effectiveness of brief mindfulness
techniques in reducing symptoms of anxiety and stress. Mindful-
ness 5(6):658-668. https://doi.org/10.1007/s12671-013-0218-6
Howarth A, Smith JG, Perkins-Porras L, Ussher M (2019)
Effects of brief mindfulness-based interventions on health-related
outcomes: a systematic review. Mindfulness 10(10):1957-1968.
https://doi.org/10.1007/s12671-019-01163-1

de Vibe M et al (2015) Does personality moderate the effects of
mindfulness training for medical and psychology students? Mind-
fulness 6(2):281-289. https://doi.org/10.1007/s12671-013-0258-y
Flett J, Hayne H, Riordan B, Thompson L, Conner T (2019) Mobile
mindfulness meditation: a randomised controlled trial of the effect
of two popular apps on mental health. Mindfulness 10(5):863-876.
https://doi.org/10.1007/s12671-018-1050-9

@ Springer

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

Gaftney H, Mansell W, Tai S (2019) Conversational agents in the
treatment of mental health problems: mixed-method systematic
review. JMIR Ment Health 6(10):e14166. https://doi.org/10.2196/
14166

Ly KH, Ly A-M, Andersson G (2017) A fully automated conver-
sational agent for promoting mental well-being: a pilot RCT using
mixed methods. Internet Interv 10:39-46. https://doi.org/10.1016/
j.invent.2017.10.002

Hudlicka E (2013) Virtual training and coaching of health behavior:
example from mindfulness meditation training. Patient Educ Couns
92(2):160-166. https://doi.org/10.1016/j.pec.2013.05.007

Mak WWS, Chan ATY, Cheung EYL, Lin CLY, Ngai KCS (2015)
Enhancing Web-based mindfulness training for mental health
promotion with the health action process approach: randomized
controlled trial. J Med Internet Res 17(1):e8. https://doi.org/10.
2196/jmir.3746

Gardiner PM et al (2017) Engaging women with an embodied con-
versational agent to deliver mindfulness and lifestyle recommen-
dations: a feasibility randomized control trial. Patient Educ Couns
100(9):1720-1729. https://doi.org/10.1016/j.pec.2017.04.015
Bodala IP, Churamani N, Gunes H, (2021) Teleoperated robot
coaching for mindfulness training: a longitudinal study. In: 2021
30th IEEE international conference on robot & human interactive
communication (RO-MAN), pp 939-944. https://doi.org/10.1109/
RO-MANS50785.2021.9515371

Alimardani M, Kemmeren L, Okumura K, Hiraki K (2020)
Robot-assisted mindfulness practice: analysis of neurophysiolog-
ical responses and affective state change. In: 2020 29th IEEE
international conference on robot and human interactive com-
munication (RO-MAN), pp 683-689. https://doi.org/10.1109/RO-
MAN47096.2020.9223428

Yoon S, Alimardani M, Hiraki K (2021) The effect of robot-
guided meditation on intra-brain EEG phase synchronization. In
Companion of the 2021 ACM/IEEE international conference on
human-robot interaction, pp 318-322

Bowen DJ et al (2009) How we design feasibility studies. Am J
Prev Med 36(5):452-457

SoftBank Robotics, Pepper. https://www.softbankrobotics.com/
emea/en/pepper. Accessed

Suddrey G, Robinson NL (2020) A software system for human-
robot interaction to collect research data: a HTML/Javascript
service on the Pepper robot. In: HRI’20 companion: companion
of the 2020 ACM/IEEE international conference on human-robot
interaction, 2020: association for computing machinery (ACM), pp
459-461

Salem M, Eyssel F, Rohlfing K, Kopp S, Joublin F (2013) To err is
human(-like): effects of robot gesture on perceived anthropomor-
phism and likability. Int J Soc Robot 5(3):313-323. https://doi.org/
10.1007/s12369-013-0196-9

Beller EM, Gebski V, Keech AC (2002) Randomisation in clinical
trials. Med J Aust 177(10):565-567

Kang M, Ragan BG, Park J-H (2008) Issues in outcomes research:
an overview of randomization techniques for clinical trials. J Athl
Train 43(2):215-221. https://doi.org/10.4085/1062-6050-43.2.215
Kessler RC et al (2002) Short screening scales to monitor
population prevalences and trends in non-specific psychologi-
cal distress. Psychol Med 32(6):959-976. https://doi.org/10.1017/
S0033291702006074

Andrews G, Slade T (2001) Interpreting scores on the
kessler psychological distress scale (K10). Aust N Z J Public
Health 25(6):494-497. https://doi.org/10.1111/j.1467-842X.2001.
tb00310.x

Easton SD, Safadi NS, Wang Y, Hasson RG 3rd (2017) The Kessler
psychological distress scale: translation and validation of an Arabic
version. Health Qual Life Outcomes 15(1):215. https://doi.org/10.
1186/s12955-017-0783-9


https://doi.org/10.1007/s12369-021-00851-0
https://doi.org/10.3389/fpsyt.2021.752874
https://doi.org/10.1177/07334648221138283
https://doi.org/10.1007/s12369-015-0294-y
https://doi.org/10.1145/2701973.2702028
https://doi.org/10.1016/j.vaccine.2013.03.056
https://doi.org/10.1002/pbc.27242
https://doi.org/10.1159/000319015
https://doi.org/10.1016/j.jamda.2015.05.007
https://doi.org/10.3389/fnagi.2015.00133
https://doi.org/10.1146/annurev-psych-042716-051139
https://doi.org/10.1016/j.cpr.2016.03.009
https://doi.org/10.1016/j.cpr.2011.04.006
https://doi.org/10.1007/s12671-013-0218-6
https://doi.org/10.1007/s12671-019-01163-1
https://doi.org/10.1007/s12671-013-0258-y
https://doi.org/10.1007/s12671-018-1050-9
https://doi.org/10.2196/14166
https://doi.org/10.1016/j.invent.2017.10.002
https://doi.org/10.1016/j.pec.2013.05.007
https://doi.org/10.2196/jmir.3746
https://doi.org/10.1016/j.pec.2017.04.015
https://doi.org/10.1109/RO-MAN50785.2021.9515371
https://doi.org/10.1109/RO-MAN47096.2020.9223428
https://www.softbankrobotics.com/emea/en/pepper
https://doi.org/10.1007/s12369-013-0196-9
https://doi.org/10.4085/1062-6050-43.2.215
https://doi.org/10.1017/S0033291702006074
https://doi.org/10.1111/j.1467-842X.2001.tb00310.x
https://doi.org/10.1186/s12955-017-0783-9

International Journal of Social Robotics (2024) 16:937-951

951

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Robinson NL, Connolly J, Johnson GM, Kim Y, Hides L, Kavanagh
DJ (2018) Measures of incentives and confidence in using a
social robot. Sci Robot 3(21):eeaat6963. https://doi.org/10.1126/
scirobotics.aat6963

Robinson NL, Connolly J, Turner SGM, Kavanagh DJ (2021)
A humanoid social robot to provide personalized feedback for
health promotion in diet, physical activity, alcohol and cigarette
use: a health clinic trial. In: 2021 30th IEEE international confer-
ence on robot & human interactive communication (RO-MAN), pp
720-726. https://doi.org/10.1109/RO-MANS50785.2021.9515558
Robinson NL, Hicks TN, Suddrey G, Kavanagh DJ (2020) The
robot self-efficacy scale: robot self-efficacy, likability and willing-
ness to interact increases after a robot-delivered tutorial. In: 2020
29th IEEE international conference on robot and human interactive
communication (RO-MAN), pp 272-277. https://doi.org/10.1109/
RO-MAN47096.2020.9223535

Albert PR (2015) Why is depression more prevalent in women? J
Psychiatry Neurosci JPN 40(4):219

Galdas PM, Cheater F, Marshall P (2005) Men and health help-
seeking behaviour: literature review. J] Adv Nurs 49(6):616-623
Nam SK, Chu HJ, Lee MK, Lee JH, Kim N, Lee SM (2010) A
meta-analysis of gender differences in attitudes toward seeking
professional psychological help. ] Am Coll Health 59(2):110-116
Robinson NL, Kavanagh DJ (2021) A social robot to deliver a psy-
chotherapeutic treatment: qualitative responses by participants in
arandomized controlled trial and future design recommendations.
Int J Hum Comput Stud 155:102700

Cresswell K, Cunningham-Burley S, Sheikh A (2018) Health care
robotics: qualitative exploration of key challenges and future direc-
tions. ] Med Internet Res 20(7):e10410-e10410. https://doi.org/10.
2196/10410

Whiteford HA, Ferrari AJ, Degenhardt L, Feigin V, Vos T (2015)
The global burden of mental, neurological and substance use dis-
orders: an analysis from the global burden of disease study 2010.
PloS ONE 10(2):e0116820. https://doi.org/10.1371/journal.pone.
0116820

Becker TD, Torous JB (2019) Recent developments in digital
mental health interventions for college and university students. Cur-
rent Treat Opt Psychiatry 6(3):210-220. https://doi.org/10.1007/
s40501-019-00178-8

Courtenay WH (2000) Behavioral factors associated with disease,
injury, and death among men: evidence and implications for preven-
tion. J Men Stud 9(1):81-142. https://doi.org/10.3149/jms.0901.81
Schlichthorst M, Sanci LA, Pirkis J, Spittal MJ, Hocking JS (2016)
Why do men go to the doctor? Socio-demographic and lifestyle
factors associated with healthcare utilisation among a cohort of
Australian men. BMC Public Health 16(3):1028. https://doi.org/
10.1186/512889-016-3706-5

Jin J, Sklar GE, Min Sen Oh V, Chuen Li S (2008) Factors affecting
therapeutic compliance: a review from the patient’s perspective.
Ther Clin Risk Manag 4(1):269-286. https://doi.org/10.2147/tcrm.
s1458

Culica D, Rohrer J, Ward M, Hilsenrath P, Pomrehn P (2002)
Medical checkups: who does not get them? Am J Public Health
92(1):88-91. https://doi.org/10.2105/AJPH.92.1.88

95. Dryden R, Williams B, McCowan C, Themessl-Huber M (2012)
What do we know about who does and does not attend gen-
eral health checks? Findings from a narrative scoping review.
BMC Public Health 12(1):723. https://doi.org/10.1186/1471-2458-
12-723

96. Banks I (2001) No mans land: men, illness, and the NHS. BMJ
323(7320):1058. https://doi.org/10.1136/bm;j.323.7320.1058

97. Felver JC, Celis-de Hoyos CE, Tezanos K, Singh NN (2016) A
systematic review of mindfulness-based interventions for youth in
school settings. Mindfulness 7(1):34-45. https://doi.org/10.1007/
s12671-015-0389-4

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Dr Nicole Robinson is a Lecturer at Monash University. Nicole’s
research work is to evaluate and improve the quality and success of
human-robot teamwork in theoretical and applied human-robot inter-
action for domestic and field settings.

Dr Jennifer Connolly is a Clinical Psychologist and Senior Research
Fellow at Queensland University of Technology. Jennifer has been
working in psychology research for over 20 years with a focus on
investigating novel treatments for a range of mental health problems
including depression, psychosis and alcohol misuse. Over the last
decade Jennifer’s work has focused on creating and testing psycho-
logical treatments delivered via technology, such as phone, online
programs and apps. Jennifer is a member of the e-Mental Health in
Practice team which is funded by the Australian Government to train
health practitioners in the use of digital mental health tools.

Dr Gavin Suddrey was formerly a Senior Research Engineer
at Queensland University of Technology. Gavin completed a PhD
at Queensland University of Technology and has published several
papers in the topic of robotics and automation.

David J. Kavanagh is an Emeritus Professor at Queensland University
of Technology and an Adjunct Professor at the University of Queens-
land and the National Drug & Alcohol Research Centre, University of
New South Wales. He was awarded a PhD in Psychology from Stan-
ford University in 1983, and has had affiliations with seven universities
over his career. He is a Fellow of the Academy of Social Sciences in
Australia and has received multiple awards for his clinical psychology
research and his contribution to policy and practice in mental health.
His research interests involve the development of motivation using
mental imagery and the testing and dissemination of digital tools for
mental health and wellbeing.

@ Springer


https://doi.org/10.1126/scirobotics.aat6963
https://doi.org/10.1109/RO-MAN50785.2021.9515558
https://doi.org/10.1109/RO-MAN47096.2020.9223535
https://doi.org/10.2196/10410
https://doi.org/10.1371/journal.pone.0116820
https://doi.org/10.1007/s40501-019-00178-8
https://doi.org/10.3149/jms.0901.81
https://doi.org/10.1186/s12889-016-3706-5
https://doi.org/10.2147/tcrm.s1458
https://doi.org/10.2105/AJPH.92.1.88
https://doi.org/10.1186/1471-2458-12-723
https://doi.org/10.1136/bmj.323.7320.1058
https://doi.org/10.1007/s12671-015-0389-4

	A Brief Wellbeing Training Session Delivered by a Humanoid Social Robot: A Pilot Randomized Controlled Trial
	Abstract
	1 Introduction
	1.1 Global Mental Health in the Adult Population
	1.2 University Students and Higher Education Settings for Mental Health Rates
	1.3 Digital Interventions
	1.4 Mindfulness-based Interventions
	1.5 Trial Design

	2 Methods
	2.1 Target Participant Group
	2.2 Participant Sample
	2.3 Descriptives
	2.4 Robot System Architecture
	2.5 Technique Condition
	2.6 Control Condition
	2.7 Experiment Reliability and Validity

	3 Measures
	3.1 Demographics and Technique Condition Questionnaire
	3.2 Kessler Psychological Distress Scale
	3.3 Robot Evaluation Scales
	3.4 Procedure

	4 Results
	4.1 Intervention Effects—Overall Descriptives
	4.2 Intervention Effects—Conditions Only
	4.3 Pre to Post Interaction Scores for Condition Evaluation with Effects from Condition and Gender
	4.4 Mood ratings (K10 Scores) with Effects from Condition and Gender
	4.5 Robot Evaluation Scales with Effects from Condition and Gender
	4.6 There Were no Significant Main or Interaction Effects for Condition, Gender or K-10 Scores for the Robot Usage Intention Scale. Comfort and Likelihood to Discuss Health Topics with a Robot with Effects from Condition and Gender

	5 Discussion
	5.1 Design of a Robot-Delivered Wellbeing Session
	5.2 Implications for Mental Health and Wellbeing Support
	5.3 Strengths and Limitations of the Trial

	6 Conclusions and Future Work
	Acknowledgements
	References




