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Abstract— Socially Assistive Robots (SARs) show promise in
helping children during therapeutic and clinical interventions.
However, using SARs for the evaluation of mental wellbeing of
children has not yet been explored. Thus, this paper presents an
empirical study with 28 children 8-13 years old interacting with
a Nao robot in a 45-minute session where the robot administered
(robotised) the Short Mood and Feelings Questionnaire (SMFQ)
and the Revised Child Anxiety and Depression Scale (RCADS).
Prior to the experimental session, we also evaluated children’s
wellbeing using established standardised approaches via online
RCADS questionnaires filled by the children (self-report) and
their parents (parent-report). We clustered the participants into
three groups (lower, medium, and higher tertile) based on their
SMFQ scores. Further, we analysed the questionnaire responses
across the three clusters and across the different modes of
administration (self-report, parent-report, and robotised). Our
results show that the robotised evaluation seems to be the most
suitable mode in identifying wellbeing related anomalies in
children across the three clusters of participants as compared
with the self-report and the parent-report modes. Further,
children with decreasing levels of wellbeing (lower, medium
and higher tertiles) exhibit different response patterns: children
of higher tertile are more negative in their responses to the
robot while the ones of lower tertile are more positive in their
responses to the robot. Findings from this work show that SARs
can be a promising tool to potentially evaluate mental wellbeing
related concerns in children.
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I. INTRODUCTION

The current COVID-19 pandemic has led to societal
changes that have severely impacted the mental wellbeing
especially of the vulnerable population groups like children
- due to social isolation, study-from-home arrangements,
limited finances, academic pressures and social distancing
from peers and friends [1]. Even before the pandemic era,
anxiety and depression had increased among children in
the UK, resulting in a growing rate of suicide numbers
[1]. This increase in the number of children with wellbeing
related concerns has turned into a real call for action by the
healthcare and psychological support fields due to the lim-
ited resources and struggle in understanding and addressing
children’s needs. Besides the current barriers to resources
and accessibility, children are also very reluctant to disclose
sensitive information to other adults and it often takes months
of dedicated trust building for therapists to get the children
to open up [2], [3].

Socially Assistive Robots (SARs) [4] are a promising
avenue for overcoming those barriers and meeting the chil-
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dren’s needs. Past works have already demonstrated the
potential of SARs in supporting vulnerable populations (e.g.,
children with autism [5], elderly people [6]). For example,
Ramirez et al. [7] presented a comprehensive robot-assisted
intervention for children with autism showing the conditions
in which a robot-based session can be useful to assess autism
risk factors for diagnosing autism. Also, Spitale et al. [8]
explored the use of physical conversational agent (i.e., a
puppet robot) to support linguistic assessment and training
among children with language impairment. However, to the
best of our knowledge, no study has yet explored whether
robots can be used to aid in the evaluation of children’s
mental wellbeing.

To this end, in this work we have undertaken an empirical
study involving 28 children between the ages of 8-13 years
old who interacted with a Nao robot during a 45 mins-
long session. During the interaction, the robot performed
four different tasks in the following order: i) open-ended
questions about happy and sad memories over the last week,
ii) administering the Short Mood and Feelings Questionnaire
(SMFQ) [9], iii) administering the picture task inspired by
the Children’s Apperception Test (CAT) [10], where children
are asked to answer questions related to pictures shown,
and iv) administering the Revised Children’s Anxiety and
Depression Scale (RCADS) [11] for generalised anxiety,
panic disorder and low mood (robotised). Prior to the exper-
iment session, we have also evaluated children’s wellbeing
using the established standardised approaches via online
questionnaires filled by children (self-report) and parents
(parent-report) of the RCADS. We first clustered the partic-
ipants into three groups (lower, medium, and higher tertile)
based on their SMFQ scores (administered by the robot
during the experiment session) and then investigated which
mode would be most effective in identifying children’s cases
with wellbeing related concerns. We have also investigated
whether the clusters have different response patterns across
the three modes of test administration (self-report, parent-
report and robotised).

The main findings of this study are as follows: (1) robot-
administered tests (robotised) seem to be more successful in
identifying cases in children with wellbeing related anoma-
lies as compared with other established standardised modes
of test administration (self-report and parent-report); and (2)
for children belonging to the higher tertile, the robot has
elicited more negative response ratings as compared with
the standardised modes (self-report and parent-report); on the
other hand, for children belonging to the lower tertile, the
robotised mode of administration has elicited more positive



response ratings as compared with the standardized modes
(self-report and parent-report).

II. RELATED WORKS

A. Children’s wellbeing assessment

Evaluation of children’s wellbeing is an integral part of
understanding children’s welfare and building initiatives that
promote overall mental health in children [12]. In the UK
alone, the annual expenditure on children and young people’s
mental health has been estimated at 79 million pounds1.
Several surveys like, the Mental Health of Children and
Young People Surveys (MYHCP, conducted in the UK in
1999, 2004, 2017) [13], the Oxwell survey for school mental
health (conducted in the UK in 2019, 2020, 2021) [14], the
Australian Child and Adolescent Surveys of Mental Health
and Wellbeing (conducted in Australia between 1998 and
2000) [15], the Young Minds Matter (conducted in Australia
between 2013 and 2014) [16] and many more, employing the
traditional paper-pen response or online self-reporting of an-
swers to psychometric questionnaires, in order to understand
mental wellbeing of children. While these surveys have been
effective in understanding the prevalence of mental health
related concerns in children, they are heavily based on the
assumption that the self-report answers are ‘true’ or ‘correct’
[17]. However, some children might be reluctant to disclose
personal and sensitive information about themselves [3],
which could result in incorrect responses to the administered
questionnaires. Further, in the case of human-administered
psychological assessments, children might be intimidated by
the presence of another adult whom they might consider
as ‘being in-charge’, thus, ending up providing expected
answers rather than reporting about their true experiences
and feelings [17]–[19].

B. CHRI in healthcare and wellbeing

Child robot interaction (CHRI) has been very effective
in “gaining trust” of the children and has been used as
an effective tool for providing support in health [20] and
education settings [21], as well as providing companionship,
for instance, to make the hospital visits less intimidating
for children [22]. Several health related initiatives - the
Adaptive Strategies for sustainable long-term interaction
(ALIZ-E) project for developing robot companions for better
management of diabetes in children (7-11 years old) [20], the
Development of Robot-Enhanced therapy for children with
Autism spectrum disorders (DREAM) project for developing
autonomous social robot therapy to cater to the behavioural
traits for children with ASD [23] - have successfully used
robots for providing guidance and companionship to better
understand the conditions of these children. Robots have also
been used in schools for tutoring and providing academic
and non-academic help [21]. Moreover, the acceptance of
robot teaching aids have been observed across all age groups
(primary school [24], 3-5 years [25] and above 12 years
[26]).

1https://www.gov.uk/government/news/79-million-to-boost-mental-
health-support-for-children-and-young-people

Robots have been proven to be very useful in making
children divulge confidential and private information. For
example, robots have been successfully used to identify
occurrences of bullying, violence and abuse in children [19],
[27]. Robots have also been used to assess risk factors for
autism in children [7] and also for linguistic evaluation
and training in children with language impairments [8].
In many cases, robots have not only been able to extract
sensitive knowledge from children [28] but also influenced
their opinions on previously occurring transgressions [29].
However, robots have not yet been explored as tools for
the pro-active evaluation of mental wellbeing in children.
Moreover, how the response patterns of children with varying
wellbeing related concerns change when interacting with
a robot as compared to other established approaches of
wellbeing measures (self-report or parent-report) has also not
been investigated. Thus, we address the above points through
this empirical study of 8-13 years old children.
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Fig. 1. Figures depicting the experimental setup that includes: the Nao
robot, fNIRS cap, Empathica wrist band, Jabra mic, the Nao robot, the
external camera, and the screen. The left figure depicts the lateral view
of the setup where the participant is seated in front of the Nao robot, the
right figure shows the perspective of the same setup from the back. Actual
pictures from the CHRI sessions have not been used in order to protect the
privacy of the child.

III. RESEARCH QUESTIONS

In this study, our main goal was to understand to what ex-
tent a humanoid robot can aid in the evaluation of children’s
wellbeing, and whether and how this would differ from the
self-report and the parent-report responses. Thus, we have
investigated which modes of test administration (self-report,
parent-report, and robotised) would be more beneficial in
identifying mental wellbeing related anomalies (RQ1).

Previous works have also shown that children with depres-
sion and anxiety have lowered response initiation, decreased
assertiveness and increased competitiveness [30], [31], lead-
ing to varying response patterns in electronic games [31],
internet use, other cyber behaviour [32] and even basic tasks
like drawing [33] and reading [34]. However, it has not been
investigated whether those children have different response
patterns to robotised tests as compared with the established
standards (self-report and parent-report). Therefore, in this



study we have also explored how children with varying levels
of mental wellbeing (lower, medium and higher tertiles)
respond to the different modes of test administration (self-
report, parent-report, and robotised) (RQ2).

IV. THE STUDY

To find answers to these two research questions, we
conducted an experimental study involving 28 children aged
between 8-13 years old. Before the experiment, each child
and their parent completed the Revised Child Anxiety and
Depression Scale based on the children’s wellbeing (RCADS
self-report and RCADS parent-report). The time between the
online form filling and the experiment session ranged from
less than a few hours to more than a few weeks. After that,
we invited the participants into our lab to interact with a Nao
robot in a 45 mins session, in which the robot undertook four
tasks with the children that aimed to aid in the evaluation
of the child’s wellbeing. Figure 1 depicts the experimental
setup of the study where a participant (in this picture, an
experimenter who acted as one of the participants to protect
the privacy of the participants) interacts with the Nao robot.

A. Tasks

The robot asked children to perform the following four
tasks that are established and recognised as a standard in
child cognitive psychology and HRI literature [19], [35]–
[38]. The children were asked to respond by verbalising their
answers.

Task 1. The robot asked open-ended questions to the child
about a recent happy memory and about a recent negative
memory. This task aims to identify any surface psychological
distress that the child may be experiencing [37], [39].

Task 2. The robot administered the Short Mood and Feel-
ings Questionnaire (SMFQ) [9]. The robot made statements
from the SMFQ (e.g., “You didn’t enjoy anything at all”)
while the child answered by verbalising his/her responses
(i.e., the child could pick one option among “True”, “Some-
times”, “Not true”, and say it to the robot). The experiment
room contained an external screen that acted as a visual aid
for the children by displaying the response options, so they
did not have to memorize them (as shown in Figure 1).

Task 3. The robot performed a picture task inspired by the
Children’s Apperception Test (CAT) [10], which consists of
showing a series of images (we showed picture 7, picture 9
and picture 10 from CAT since they are more relevant with
our research theme) on a screen to the children and asking
them questions like “What do they see in the picture?”,
“What do they think happened before the picture?” and
“What do they think happened after the picture?”. This task
aimed to assess the personality and wellbeing related traits
of the children, and variations of this task have also been
previously used in HRI studies [35]).

Task 4. The robot administered the Revised child Anxiety
and Depression (RCADS) questionnaires [11] (described in
Section V-A). For our experiment session, we have only
included the subscales corresponding to Genaralised Anxiety
(6 items), Panic Disorder (9 items), and Low Mood (10

items) as they were the most relevant for our work. The
items of the questionnaires are in statement format (e.g.,
“You worry about things”, “When you have a problem, your
heart beats really fast”), and the children have been asked to
respond by verbalising their response by choosing one among
the ones displayed on the screen (“Never”, “Sometimes”,
“Often”, “Always”) (as shown in Figure 1). Since in this
work, we aim to compare the modes of psychological test
administration with respect to the evaluation of children’s
wellbeing, we have only considered quantitative measures
(Task 2 SMFQ and Task 4 RCADS) for further analysis in
this work.

B. Robotic platform

The experiment was conducted using the Nao humanoid
robotic platform that is equipped with state-of-the-art in-
teractive features like vision sensors for object detection,
human-like movement and speech production. We defined
the robot’s level of autonomy based on the framework in [40]
as follows: sense (not autonomous), plan (semi-autonomous,
using pre-scripted decisions based on children’s behavior),
and act (fully autonomous). Nao followed a pre-written script
while administering the experiment and the robot movements
have been also pre-programmed. The robot also engaged with
the participant through head and arm movements, and by
“looking” at the participant during the interaction.

C. Participants

Participation in the study was on a voluntary basis. We
followed two strategies for subject recruitment: online ad-
vertisement circulated within the local schools and snowball
sampling among contacts within the study team. We recruited
28 children from the age groups of 8-13 years old (21
females and 7 males, mean age= 9.5 years old, SD = 1.5
years old) within Cambridgeshire in the United Kingdom.
The recruitment criteria included exclusion on the basis of
any current neurological and psychological disorders. For
this purpose, only the parents that declared that their children
do not have any psychological and neurological issues were
considered for this study. Interested volunteers could respond
to the expression-of-interest online form, following which
they were contacted to complete the online questionnaires
(RCADS self-report and RCADS parent-report) prior to
their experimental session. Upon completion of the online
questionnaires, their participation was confirmed and they
were notified about the date and the time of the experiment
session based on their availability.

D. Protocol

The experiment took place in a dedicated room where each
child interacted with the Nao robot in a dyadic interaction
setting as depicted in Figure 1. The room was equipped
with a mirror glass that allowed the experimenters and the
parents to monitor the whole session without being seen by
the children. Each child was requested to sit on a chair
that was placed 1.5m away from the robot positioned on
a table in front of the child. We also placed an external



screen behind the robot - to visually display response ratings
or pictures used in the study. We audio and video recorded
the participants’ session using Jabra microphone, robot and
external cameras. Moreover, physiological data (heart rate
and wrist movements using Empatica band) and brain activity
(functional Near-Infrared Spectroscopy (fNIRS) using Lumo
device) were also collected during the experiment session
(Figure 1). Once the child was seated in the designated
position and the equipment was placed, the experimenters
left the room to monitor the interaction from the control
room. The interaction started with the Nao robot introducing
itself, giving salutations, offering to fist bump or wiping
his forehead actions for the child. The robot also asked
introductory questions like “how was your day?” for ice-
breaking and making the child more comfortable in the
experimental session [19], [38]. This enabled the child to get
familiar with the robot and its functionality. After the warm-
up session, the child performed sequentially the four tasks
described in Section IV-A. For open-ended tasks (Task 1:
memory recall and Task 3: picture task), the child was asked
to answer the robot’s question verbally, and then press the toe
button of the Nao robot when they were done speaking. For
other tasks like the SMFQ and the RCADS, the robot would
continue with the subsequent statement in case of incomplete
or no response after a pre-determined time (5s) for that task
has lapsed [37]. Besides Task 1, all the other tasks prompted
the child with some text or image displayed on the screen
placed behind the robot. For example, in Task 4, the screen
displayed the answers (i.e., “Never”, “Sometimes”, “Often”,
“Always”) of the RCADS questionnaire in order to help the
child with the response ratings. Regular breaks were provided
after the end of each task, and if the child wanted to take
a break, the experimenters entered the room and let them
have a break. The children were also given an option to
speak with their accompanying guardians and/or drink water.
The children were also instructed that they may stop the
interaction at any time or skip certain parts of the interaction
depending on how they felt. The experiment protocol was
approved by the relevant ethics committees of the University
of Cambridge (PRE.2021.036).

V. DATA ANALYSIS

A. Measures

Children have been asked to complete four tasks that have
been inspired by standardized tests [35], [36]. Since in this
work we aim to compare the children’s responses between
the three modes of test administration (self-report vs. parent-
report vs. robotised), tasks that contained standardised tests
in psychology literature (Task 2: SMFQ and Task 4: RCADS)
were considered for analysis in this work. For both Task 2
and Task 4, we computed the children’s aggregated scores
following the scoring methodology for the questionnaires
(SFMQ [9] (0 - “Not True”, 1 - “Sometimes”, 2 - “True”)
and RCADS [11] (0-“Never”, 1-“Sometimes”, 2-“Often”, 3-
“Always”). We computed the following variables:

1. Total score from SFMQ, as the sum of the item answers
of the questionnaires using the pre-established scoring (0 -

“Not True”, 1 - “Sometimes”, 2 - “True”).
2. Generalised anxiety subscale from the RCADS as

the sum of the first 6 items of the questionnaires using
the questionnaires scoring (0-“Never”, 1-“Sometimes”, 2-
“Often”, 3-“Always”).

3. Panic disorder subscale from the RCADS as the sum
of the next 9 items of the questionnaires using the question-
naires scoring.

4. Low mood subscale from the RCADS as the sum of the
next 10 items of the questionnaires using the questionnaires
scoring.

B. Data Analysis
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Fig. 2. Tertile categorisation of the SMFQ scores to create participant
clusters: lower tertile (score <=2), medium tertile (2<score<=5) and
higher tertile (score >5).

1) Questionnaires ratings: For the robotised measure, the
audio files collected during the experiment session were di-
vided into four tasks using the Audacity software [41]. Then,
the files were transcribed using the DeepSpeech library2

while the errors in transcription were tweaked manually by
the experimenters. For the self-report and parent-report tests,
Qualtrics3 online links were sent to the parents prior to the
experiment and the responses were recorded as CSV files.

2) Statistical analysis: To analyze the data collected, we
divided participants into three clusters (tertiles) based on the
total scores computed from the SMFQ (during the exper-
iment session with the robot) corresponding to the lower
tertile, medium tertile and higher tertile (see Figure 2) similar
to the categorisation followed by [42]. Tertile edges for the
total scores of participants resulted in 10 participants in the
lower tertile category (SMFQ scores <=2), 11 participants
in the medium tertile category (2< SMFQ scores <= 5)
and 7 participants in the higher tertile category (SMFQ
scores > 5). Since SMFQ provides a clinical cut-point of
depression in children, the lower tertile is highly unlikely to
have a diagnosis of depression, as are the medium tertile,
while some in the highest tertile possibly or probably have
a diagnosis of depression. The SMFQ data was found to not
follow a normal distribution (using the Kolmogorov–Smirnov

2https://github.com/mozilla/DeepSpeech
3https://www.qualtrics.com/
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Fig. 3. Mean values of the RCADS subscale scores and the total scores for (a) self-report, (b) parent-report, and (c) robotised modes of questionnaire
administration. *p< 0.05 uncorrected, **p< 0.05 corrected.

test) and thus we used non-parametric statistical tests. We
conducted two-sided Wilcoxon Rank Sum test to investigate
the difference in response ratings between the various modes
of test administration (self-report, parent-report and robo-
tised) across the varying levels of wellbeing (lower tertile,
medium tertile and higher tertile) to address RQ1. Then,
we used two-sided Wilcoxon Rank Sum tests to compare
the difference in response ratings for children with varying
levels of wellbeing (lower tertile, medium tertile and higher
tertile) across the parent-report and robotised modes of test
administration to answer RQ2. We also conducted two-sided
Wilcoxon Signed Rank tests to compare between the varying
levels of wellbeing (lower tertile, medium tertile and higher
tertile) between the self-report and the robotised modes of
test administration to also answer RQ2. False discovery rate
was used to correct for all the computed p values from Type
1 error.

VI. RESULTS

A. Difference in the participant clusters across different
modes

We ran Wilcoxon rank-sum tests to compare the RCADS
subscales (generalized anxiety, panic disorder, low mood, and
total scores) of each mode (self-report, parent-report, and
robotised) between the population groups (lower, medium,
and high tertiles).

For the self-report version of the test (see Figure 3(a)),
we found that the panic disorder subscale was significantly
(W = 79.5, p = 0.043 corrected) higher in the higher
tertile (Median (Mdn) = 7) than in the medium tertile
(Mdn = 2) of the population. Our results also showed
that the panic disorder subscale was statistically significantly
(W = 66, p = 0.041 corrected) higher in the higher tertile
(Mdn = 7) as compared with the lower tertile (Mdn = 2.5).
While considering the total scores, our results showed that
the higher tertile (Mdn = 22 was statistically significantly
(W = 66.5, p = 0.041 corrected) higher than the lower
tertile (Mdn = 10). For the parent-report version of the
RCADS, we did not find any comparison to be statitstically
significant as depicted in Figure 3(b).

For the robotised tests, the results showed that the gener-
alised anxiety subscale was statistically significantly (W =
63, p = 0.031 corrected) lower in the lower tertile (Mdn =
1) than in the higher tertile (Mdn = 10) groups as shown
in Figure 3(c). Statistically significant changes were also
found in the panic disorder subscale. The panic disorder
was significantly (W = 58.5, p = 0.016 corrected) higher
in the higher tertile (Mdn = 10) than in the lower tertile
(Mdn = 2) group. Moreover, the panic disorder subscale
was significantly (W = 72.5 , p = 0.016 corrected) higher
in the higher tertile (Mdn = 10) than in the medium
tertile (Mdn = 2) group. For the low mood subscale,
the results showed that the response ratings in the higher
tertile (Mdn = 8) are statistically significantly (W = 66.5,
p = 0.041 corrected) higher as compared to the response
ratings in the lower tertile (Mdn = 3). Finally, as shown
Figure 3(c), the total scores of the three reported subscales
of RCADS was significantly (W = 60, p = 0.016 corrected)
higher in the higher tertile (Mdn = 30) than in the lower
tertile (Mdn = 5). Out of three modes of test administration,
the robotised mode seems to highlight more the differences
in cases of wellbeing related anomalies, followed by the self-
report mode, and then the parent-report mode.

B. Difference in modes of administration across the clusters

We conducted Wilcoxon rank-sum tests to compare the
RCADS subscales (generalized anxiety, panic disorder, low
mood, and total scores) of each population group (lower,
medium, and higher tertiles) between parent-report and robo-
tised modes of test administration. We have also conducted
the Wilcoxen signed-rank tests to compare the RCADS
subscales (generalized anxiety, panic disorder, low mood, and
total score) of each population group (lower, medium, and
higher tertiles) between self-report and robotised modes of
test administration.

For the lower tertile group (see Figure 4 (a)), a Wilcoxon
rank-sum test indicated that the generalised anxiety sub-
scale was statistically significantly (W = 136, p = 0.041
corrected) higher in the parent-report mode of the test
administration(Mdn = 5) than in the robotised test (Mdn =
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1), as shown in the Figure 4(a). We have also found that
the generalised anxiety subscale was statistically significantly
(W = 0, p = 0.041) higher for the self-report (Mdn = 4)
mode of test administration as compared with the robotised
test (Mdn = 1) as seen in the Figure 4(a).

For the medium tertile population group, a Wilcoxon sign
rank test indicated that generalised anxiety subscale was
significantly (W = 0, p = 0.026 corrected) higher in the self-
report (Mdn = 6) versions of the test than in the robotised
(Mdn = 4) version, as shown in Figure 4(b).

For the higher tertile population groups, the Wilcoxon
rank sum test indicated that the panic disorder subscale was
significantly (W = 35, p = 0.041 corrected) higher in the
robotised test (Mdn = 10) than in the parent-report (Mdn =
2) test as depicted in Figure 4(c). We have also observed that
for the low mood subscale, the robotised response ratings
were statistically significantly higher (W = 28, p = 0.041)
in the robotised test (Mdn = 8) as compared with the self-
report (Mdn = 7) mode of test administration (see Figure
4(c)).

To sum up, our results showed that, in the robotised
administered mode, the generalized anxiety, panic disorder,
low mood subscales and total score were significantly higher
for the higher tertile group than for the lower tertile group.
We also found that the self-report administered test showed
the panic disorder to be significantly higher in the higher
tertile than in the medium and lower tertile groups. Also, we
observed that children of the higher tertile group seemed to
respond more negatively in the robotised mode in comparison
with the other two modes (self-report and parent-report) of
test administration.

VII. DISCUSSION

A. What modes of administration would be more beneficial
in identifying cases of mental wellbeing anomalies? (RQ1)

Our results showed that out of the three administration
modes, robotised tests appeared to amplify the differences
between children with varying levels of mental wellbeing
concerns (lower tertile, medium tertile and higher tertile) as
shown in Figure 3. The subscales and the total scores of

RCADS for the robotised mode are significantly higher in
children belonging to the higher tertile than those belonging
to the lower tertile (see Figure 3(c)). These findings are
in line with prior research, where robotic procedures for
psychometric assessment have shown great potential in the
detection of mild cognitive impairment in the elderly [43]
and healthy adults [37]. Our study extends these findings to
children and suggests that robots may be successfully used to
distinguish between children experiencing mental wellbeing
related problems as compared to children that are not.

Another significant aspect is to understand why the robo-
tised mode of test administration seems to be more beneficial
in detecting mental wellbeing related anomalies in children.
Prior research has suggested that children consider robots
as social companions [44] and peers [45], [46]. Moreover,
robots have also been shown to improve communication
between children suffering from anxiety, their parents and
their therapists [47]. Thus, robots could offer a more unique
and comforting way - among other different reasons - to
encourage children to open up that might not be possible
in the traditional modes of psychological test administration.
However, it is important to note that the role of the robots is
to aid in the evaluation procedures and they are not meant
to substitute the diagnosis and treatment provided by the
clinical professionals.

B. How do children with varying levels of wellbeing respond
to the different modes of administration? (RQ2)

We found that children belonging to the higher tertile
group (Figure 4(c)) seemed to consistently respond more
negatively in the robotised mode in comparison with the
other two modes (self-report and parent-report) of the test
administration. For this population, we observed that the
robotised score had been consistently higher in response
ratings followed by the self-report responses and then the
parent-report responses, across all the subscales. Bethel et al.
[28] have previously shown that children are less reluctant
to divulge secret information to a human rather than a robot.
More specifically, as seen from our study, children that
are experiencing wellbeing related concerns (belonging to



the higher tertile) respond in a more negative manner in
front of the robot as compared to any other modes of test
administration. It might be possible that children belonging
to this category have found a friend or a confidante in the
robot, leading them to answer more truthfully (disclosing
sensitive information) about their feelings as prior research
does show that children consider robots as social peers [45],
[46]. While considering the parent-report scores for this
group of children, the response ratings are observed to be
more optimistic as compared with the other two modes (robo-
tised and self-report). This finding is also consistent with
previous psychological studies [48], [49] that showed that
parents are often unable to recognise whether their children
are experiencing mental wellbeing problems, leading them
to seek psychological help for their children when it is very
late.

For the lower tertile category as shown in Figure 4(a),
predominantly an opposing trend has been observed, where
the robotised ratings are the lowest, followed by the self-
report ratings and then the parent-report ratings (except in
case of panic disorder). Since these children might not be
experiencing any mental wellbeing related problems, their
experience with the robot might be proving to be very
exciting and novel, eliciting more positive responses. Lenh
et al. [50] have demonstrated a similar phenomenon of
over-engagement in an edutainment setting, where classroom
learning was not improved by the use of a Tangible User
Interface (TUI) as compared with the traditional paper and
pen method. Past works [21], [51] have shown that children
enjoy performing tasks with the robots, and generally like
their company. Thus, for children that are not experiencing
mental wellbeing related problems (lower tertile), the CHRI
experience might be proving to be too stimulating and
engaging, eliciting more positive responses as compared with
the self-report and parent-report modes of test administration.

For the medium tertile category, the observed trend seems
to be in between the lower tertile and the higher tertile
categories. Their ratings are predominantly highest for the
self-report category followed by the robotised category and
then the parent-report category.

VIII. CONCLUSIONS & FUTURE WORK

In this work, we conducted an empirical study to investi-
gate the use of robots in the evaluation of children’s mental
wellbeing as compared with the established standardised
modes of psychometric test administration. We found that
robots can be used as effective tools for identifying children
that are experiencing mental wellbeing related problems.
Moreover, we have also found that children with varying
levels of wellbeing concerns interact differently with the
robot. For children that might not be experiencing mental
wellbeing related problems, we discovered that robotised
measures elicited more positive response ratings. While for
children that might be experiencing wellbeing related con-
cerns, robots might have enabled them to divulge their true
feelings and experiences, eliciting more negative response
ratings.

Although our work addressed the research questions de-
fined, it has several limitations. Firstly, we have only con-
sidered questionnaire and verbal responses, while a more
comprehensive investigation should be undertaken by con-
sidering also the non-verbal aspects such as physiology,
audio, and face and body gestures. Moreover, this study is a
feasibility study on using robots for wellbeing evaluation in
children, and we have not taken into account the validity of
the mode of administration (i.e., comparison with clinician-
administered tests). Other limitations include an imbalanced
participant group (many more girls than boys), time lapsed
between online questionnaire filling and the experiment
session (since mental health fluctuates), bias due to the mode
of administration (robotised) used for the SMFQ clustering,
and the novelty effect [52] that could confound the responses
of the participants.

In our future studies, we aim to address these limitations to
understand more comprehensively the effectiveness of using
robots for helping in the evaluation of mental wellbeing in
children.
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