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Abstract
Socially assistive robots (SARs) present a promising intervention for addressing the increasing prevalence of childhood
stress. This innovative technology has become increasingly common in practical implementation. However, empirical
support has not kept pace with the robots’ growing popularity. The present study set out to provide an empirical test of the
stress-buffering capability of this technology. We examined the effects of the presence of an SAR on self-reported measures
of stress in a community sample of 70 children (40 girls, 30 boys) between the ages of 7 and 10 years old. Child participants
were randomly assigned to either a robot-present or a robot-absent condition during the Trier Social Stress Test for Children.
Contrary to our predictions, we did not detect a stress-buffering effect of the presence of the robot. Instead, the primary
analysis showed that the robot’s presence led to a larger decrease in positive affect following the task. However, further
analyses found no significant difference in positive affect when accounting for baseline group differences. Exploratory
analyses of the nature of children’s interactions with the SAR during the stressful task found that higher levels of parent-
reported social anxiety were associated with greater prosocial behaviors towards the SAR, thus signifying a potential target
for future interventions. Further work on SARs is needed to determine the optimal timing and robotic specifications that
would maximize the potential of this developing technology to improve children’s mental health care.
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Highlights
● We examined the ability of a socially assistive robot (SAR) to buffer against stress experienced by children.
● We did not detect expected benefits of the SAR for alleviating children’s stress.
● We propose future research to examine the optimal use of SARs for children’s stress.

It is commonly accepted that technological advances have
shifted family dynamics over the past few decades (Bavelier
et al., 2010; Padilla-Walker et al., 2019). Researchers,
politicians, and commentators alike have warned against the
potential deleterious impacts of this increasing reliance on
technology. The pervasive integration of technology into
society has brought with it the risk of parents distracted by

their phones, children indoctrinated by the television, and
family members growing distant from one another (Long-
man et al., 2019).

While the risks of technology have captured public
attention for years, a growing literature has begun to explore
the potential benefits of technology for children’s mental
health. With regards to everyday use of screen-based tech-
nologies, such as mobile devices and televisions, recent
findings have led to the development of the Goldilocks
Hypothesis, which posits that there is an optimal level of
technology use for children (Przybylski & Weinstein, 2017).
By this theory, moderate use of technology (roughly 1 to 2 h
per day of screen time) provides advantages for children’s
mental health by connecting youth with their peers and
providing opportunities for developmentally appropriate
learning (Przybylski et al., 2021; UNICEF, 2017).
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Beyond these potential advantages of everyday use,
additional benefits may arise from targeted, therapeutic
applications of technology. A wide range of traditional
technologies, such as videoconferencing and mobile phone
applications, have already been successfully integrated into
children’s mental health care to improve the scalability of
services aimed at prevention, diagnosis, and treatment of
mental illness (for a review, see Boydell et al., 2014). In
addition to incorporating traditional technologies into the
delivery of care, some researchers have developed new
technologies altogether with the intent of improving chil-
dren’s mental health care. One particularly promising
solution involves the rapidly growing field of socially
assistive robotics (Kazdin, 2019; Rabbitt et al., 2015). As
the name implies, socially assistive robots (SARs) are
designed to provide aid or comfort to humans through social
interactions (Feil-Seifer & Mataric, 2005). At the most basic
level, these robots identify human social cues and respond
with behaviors that are appropriate to the situation (Matarić
& Scassellati, 2016; Fong et al., 2003). They are also able to
portray simulated emotions to enhance social interactions.
Some examples of SARs include Paro, a companion robot
based on a baby harp seal; Nao, a child-sized anthro-
pomorphic robot; and Pekee, a vehicular-shaped robot
(Cabibihan et al., 2013).

Designed to fulfill a similar function to companion ani-
mals, SARs derive much of their theoretical grounding from
research on the benefits of therapy animals for addressing
childhood stress. Several studies have found that children’s
interactions with both pet dogs and unfamiliar dogs can
buffer against the onset of self-reported and physiological
metrics of stress in response to a stressful task (Beetz et al.,
2011; Kerns et al., 2018; Kertes et al., 2017). In each of
these studies, the stress-buffering effects of the presence of
the dog were strongest when the children showed greater
prosocial behaviors towards the dog, thus suggesting that
these effects are driven by both the quality and quantity of
the interactions.

Addressing children’s stress is of the utmost importance
considering its high prevalence and far-reaching con-
sequences (American Psychological Association, 2017;
Costello et al., 2003). Chronic exposure to stress—even
normative stress—at a young age can have severe psy-
chiatric and physical complications in both the short- and
long-term when not properly addressed (Lau, 2002).
Excessive childhood stress is considered a risk factor for a
range of psychiatric illnesses, including alcoholism, post-
traumatic stress disorder, anxiety, depression, and suicid-
ality (Fryers & Brugha, 2013; Middlebrooks & Audage,
2008). High levels of early life stress are also associated
with behavioral concerns, including poor academic perfor-
mance and increased risk-taking behaviors (Shonkoff et al.,
2012). Left untreated, high levels of childhood stress are

associated with a host of somatic illnesses, including
chronic obstructive pulmonary disease, ischemic heart dis-
ease, liver disease, and metabolic disorders (Danese et al.,
2009; Middlebrooks & Audage, 2008).

Although companion animals have been found to help
children manage their stress, the reach of this particular
model of stress-buffering can be limited by several key
factors. For example, dogs introduce concerns relating to
contamination, allergies, and children’s fears (Crossman,
2016). Due to these and other concerns, live companion
animals cannot always be easily introduced into some
environments, such as schools and intensive care units in
hospitals. SARs have thus been designed to provide the
support and comfort associated with therapy animals while
circumventing many of these barriers to care. Socially
assistive robots could be used in locations where therapy
animals are not permitted, as well as with a wide range of
individuals, regardless of their allergies or fears of animals
(Broadbent et al., 2018; Logan et al., 2019). These features,
in addition to their transportable design, allow them to be
easily disseminated and used in a vast array of settings
(Rabbitt et al., 2015).

Past research has found that children and their parents
typically view social robots as an acceptable intervention
for children (Dawe et al., 2019; de Jong et al., 2019; Rabbitt
et al., 2015). Moreover, the perception of SARs as non-
judgmental makes them particularly well-suited as a tool in
children’s mental health care (Cabibihan et al., 2013). This
nonjudgmental characterization could especially benefit
children with increased sensitivity to negative evaluation,
such as those with higher levels of social anxiety (Rapee &
Heimberg, 1997). Such individuals might receive increased
comfort from interacting with a nonjudgmental robot, as
this would diminish the evaluative aspect of the interaction
(Clark & Wells, 1995).

Socially assistive robots have already been introduced in
several areas of mental health care, most commonly with
geriatric patients with dementia or children with autism
spectrum disorder (Rabbitt et al., 2015). A series of pilot
studies and several key randomized controlled trials have
indicated modest but promising benefits of SARs for
improving patient outcomes in both populations (Marino
et al., 2019; Moyle et al., 2017; Pennisi et al., 2016;
Robinson et al., 2013). In addition, a small yet growing
body of research supports the stress-buffering capacity of
SARs in high-stress populations, such as hospitalized chil-
dren (Logan et al., 2019).

Several preliminary studies have begun to explore this
stress-buffering role in community samples. In line with
research on therapy animals, most of this research has
focused on the effects of SARs on children’s mood and
anxiety symptoms. Qualitative research in school settings
found that teenagers were highly engaged in interactions
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with SARs and retrospectively expressed that their inter-
actions with the robot reduced their stress levels (Björling
et al., 2019). Following these results, the same research
team is currently running an interdisciplinary effort to
design an SAR with the express purpose of reducing teens’
stress (Rose et al., 2019). In younger children, one quali-
tative study found that the majority of children in several
rural schools reported experiencing numerous positive
emotions, such as “calm” and “happy,” after interacting
with an SAR (Broadbent et al., 2018). Furthermore, our
research group recently evaluated the ability of an SAR to
address mood and anxiety symptoms in a community
sample of young children (Crossman et al., 2018). The
study found that brief, unstructured interactions with an
SAR after a stressful task increased children’s positive
affect more than interacting with the robot turned off or than
waiting without an interaction partner for an equivalent
period of time. However, negative affect, self-reported state
anxiety, and salivary cortisol levels were not altered by
interacting with a robot.

While these preliminary findings are encouraging, the
empirical support for the use of SARs in children’s mental
health care has not kept pace with the rate of production and
implementation of these robots (Dawe et al., 2019). Fur-
thermore, some researchers have warned that these robots
may be more harmful than beneficial if children use SARs
as a crutch or attribute sentience to the robots (Pearson &
Borenstein, 2014; Tolksdorf et al., 2021; Westlund et al.,
2015). Additional research is necessary to better understand
the nature of the effects of SARs and negate the potential
for harm.

The purpose of the current study was to investigate
whether the presence of an SAR during a stressful situation
could buffer against stress experienced by children. SARs
have been found to alleviate children’s stress-related
symptoms after a stressful task. Previous work on the
stress-buffering capacities of dogs suggest that the robots
might be effective during such a task, as well. We predicted
that children would show diminished negative responses to
a stressful task if the Paro robot was present during the
procedure. Specifically, we hypothesized that, as compared
to participants who completed the task alone, participants
who completed the task in the presence of the robot would
show (1) smaller declines in positive affect, (2) smaller
increases in negative affect, and (3) smaller increases in
negative emotional response following the stressful task.
Particularly for children with higher levels of social anxiety,
this non-human, nonjudgmental model may be ideally sui-
ted to buffer against stress; thus, we included baseline social
anxiety as a possible adjustment variable. Finally, we
explored how the degree of interaction between the parti-
cipant and the robot related to the other measures examined
in the study.

Method

Participants

Seventy-eight child participants between the ages of 7 and
10 were recruited from the local community. Of the 78
participants who began the procedure, 8 participants were
excluded from the analyses. Participants were excluded
from the final analyses if they omitted a significant pro-
portion of the procedure by choice or if the experimenters
substantially altered the procedure in order to prevent
excessive stress. Participants were informed that they may
stop the procedure at any time or skip a component of the
procedure. Furthermore, experimenters demonstrated an
abundance of caution at all stages of the protocol and
modified and/or stopped the experiment in cases of any
concern for the participant’s wellbeing. In this study, it was
only necessary to alter the protocol during aspects of the
stress induction procedure (see description below). For the
purposes of the analyses, participants were excluded if they
completed less than 75% of the stress induction procedure.
We included participants who had completed the majority
of the stress-induction procedure but did not finish the full
task in order to retain the maximum number of participants
possible and to avoid excluding the children who may have
experienced the greatest degree of normative stress during
the protocol. Specifically, four participants requested not to
participate in a component of the stressful task and thus
were excluded from analyses. In three cases, experimenters
decided to abbreviate the stressful task in response to
observable signs of a participant’s rising stress level. The
final excluded participant needed to leave in the middle of
the stressful task due to a family emergency.

We recruited our sample from the local community to
address the pressing need for interventions that combat
increasing rates of chronic childhood stress. In addition,
because the present study is one of the first to examine the
benefits of SARs for children’s mental health, we hoped to
investigate the impact of SARs on children’s stress-related
symptoms in general before narrowing in on a specific
disorder. Thus, we did not impose any preliminary exclu-
sionary criteria, and we did not select for any clinical cri-
teria. Although we did not screen for task-independent
levels of stress or anxiety in selecting our sample, these
baseline features are linked with reactivity to stress induc-
tion procedures, such as the one included in our protocol
(Krämer et al., 2012). We therefore accounted for these
characteristics by collecting baseline levels of all measures
of interest (see Table 1 for descriptive characteristics).

We chose the age range of 7 to 10 years old since
transdiagnostic cognitive vulnerabilities have been shown to
emerge in this age range and high stress at this age can have
long-term impacts on a person’s physical and mental health
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(Hayden et al., 2013; Hong et al., 2017; Middlebrooks &
Audage, 2008). Moreover, reliable and well-validated
measures are available for assessing emotional responses
in this age group. Thus, this age range presents an important
target for interventions, and these new interventions can be
examined in a systematic manner. Our sample was drawn
from the region surrounding a university in the Northeastern
United States. This county has a total population of
approximately 850,000, and its residents are primarily
White, Non-Hispanic (U.S. Census Bureau, 2019). The
median household income in the region is approximately
$67,000 as of 2018, with a poverty rate of 11.6%.

Participants were recruited through a variety of methods.
These included in-person recruiting at community events,
online postings about the project, flyers posted around the
community, and referrals from previous participants. After
participating, child participants received a certificate of
participation, a small prize, and a $10 gift card to Amazon.
This study was reviewed and approved by the Institutional
Review Board of Yale University.

Measures

Positive and negative affect

We predicted that having the SAR present during a stressful
task would buffer against reductions in positive affect and
increases in negative affect in response to the stressor. To
measure positive and negative affect, we used the Positive
and Negative Affect Schedule for Children, Short Form
(PANAS-C-S; Ebesutani et al., 2012). The PANAS-C-S is a
10-item self-report measure that asks children to rate their
experience of 10 different feeling states “right now” on a
five-point Likert scale ranging from “very slightly or not at
all” to “extremely.” These 10 feeling states are equally
divided between positive and negative affect into two
separate subscales of five items each. Cronbach’s alpha was
0.82 for the positive affect scale and 0.73 for the negative
affect scale at baseline in the present study, demonstrating
that these constructs were reliably assessed. Negative affect
scores on the PANAS-C-S differentiate children with any
anxiety and/or mood disorders from those without any
anxiety or mood disorder. Furthermore, positive affect
scores differentiate children with mood disorders from those
with no mood disorder and from those with externalizing
disorders (Ebesutani et al., 2012).

In addition to these self-report ratings of current positive
and negative affect, we included the Positive and Negative
Affect Schedule for Children-Parent Version (PANAS-C-P)
in order to assess parent-reported positive and negative
affect in the weeks leading up to the experiment as potential
adjustment variables (Ebesutani et al., 2012). The 10 feeling
states included in the PANAS-C-P and the associated Likert
scale mirror those found in the PANAS-C-S, but parents
were asked to rate the child’s experience of each feeling
state “during the past few weeks.” Cronbach’s alpha was
0.80 for parent-reported positive affect and 0.71 for parent-
reported negative affect in the present study, indicating
acceptable internal consistency. Past research has also
established the construct validity of the PANAS-C-P
(Ebesutani et al., 2012).

Emotional response

We hypothesized that the presence of the SAR during a
stressful situation would buffer against increases in self-
reported negative emotional responses. To assess children’s
emotional responses to the stressor, participants completed
the Self-Assessment Manikin (SAM) at three time points
(Bradley & Lang, 1994). The SAM is a nonverbal (i.e.,
graphic) self-assessment measure. Children reported their
emotional response by selecting the image that best
described their current feelings on a five-point pictorial
Likert scale depicting non-gendered figures. The SAM

Table 1 Descriptive characteristics by study condition

Experimental
condition (n= 36)

Non-robotic
control (n= 34)

Female [N (%)] 20 (55.56) 20 (58.82)

Male [N (%)] 16 (44.44) 14 (41.18)

Age [years, M (SD)] 8.66 (1.19) 8.86 (1.28)

Race [N (%)]

Asian 6 (16.67) 2 (5.88)

Black/African American 0 (0.00) 1 (2.94)

Hispanic/Latino 1 (2.78) 2 (5.88)

White, Non-Hispanic 25 (69.44) 25 (73.53)

Other 1 (2.78) 2 (5.88)

Multiple Races 2 (5.56) 2 (5.88)

Unknown 1 (2.78) 0 (0.00)

Ethnicity [N (%)]

Hispanic or Latino 3 (8.33) 4 (11.76)

Not Hispanic or Latino 30 (83.33) 30 (88.24)

Unknown 3 (8.33) 0 (0.00)

PANAS-C-P positive
affect [M (SD)]

19.64 (2.53) 20.15 (2.60)

PANAS-C-P negative
affect [M (SD)]

8.22 (2.63) 8.33 (2.71)

SCAS-P total [M (SD)] 16.8 (8.16) 16.09 (7.53)

SCAS-P Social Phobia
subscale [M (SD)]

4.17 (2.24) 4.33 (2.64)

PANAS-C-P (Positive and Negative Affect Schedule for Children,
Parent Version) scores range from 5 to 25 for each subscale. SCAS-P
(Spence Children’s Anxiety Scale, Parent Version) total scores range
from 0 to 114. Scores on the SCAS-P Social Phobia subscale range
from 0 to 18. For all scales, higher scores reflect greater endorsement
of the construct
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measures three principal dimensions of emotion: Pleasure/
Valence, Arousal, and Dominance/Control (for a review,
see Bynion & Feldner, 2017). This dimensional approach is
commonly used as a model for assessing emotional states
(Lonsdorf et al., 2017). The construct validity of the SAM
has been well established across populations of various ages
and cultures; it captures the expected arousal and valence of
individuals’ responses to images from the International
Affective Picture System and correlates with verbal mea-
sures of affective response (Bynion & Feldner, 2017).
Importantly, the SAM assesses emotional responses in a
non-verbal manner. This aspect of the SAM is particularly
useful in working with children since this group has a wide
range of verbal abilities (Bynion & Feldner, 2017). Drawing
on this particular benefit, the SAM has previously been used
in the context of measuring children’s emotional responses
to stress induction tasks (Beetz et al., 2011; Gunnar et al.,
2009; Kertes et al., 2017). The three components of the
SAM (Pleasure, Arousal, and Dominance) were considered
as separate variables in the present study.

Trait anxiety

We included participants’ trait anxiety levels as a possible
covariate. To obtain a comprehensive view of participants’
baseline anxiety levels, we used the Spence Children’s
Anxiety Scale, Parent Version (SCAS-P; Nauta et al.,
2004). The SCAS-P is a parent-report measure that assesses
anxiety levels in children and adolescents ages 6 to 18. It
includes six subscales: Panic Attack and Agoraphobia,
Separation Anxiety, Physical Injury Fears, Social Phobia,
Obsessive-Compulsive Disorder, and Generalized Anxiety
Disorder. These subscales are combined to provide an
overall anxiety score. Cronbach’s alpha was 0.83 for parent-
reported trait anxiety, indicating this construct was mea-
sured reliably. The SCAS-P has demonstrated acceptable
internal consistency and satisfactory test-retest reliability for
children within our age range (DeSousa et al., 2014; Nauta
et al., 2004; Wang et al., 2016). Scores on the SCAS-P are
highly correlated with scores on the Revised Children’s
Manifest Anxiety Scale and are less highly, but still sig-
nificantly, correlated with scores on the Children’s
Depression Index, thus demonstrating its convergent and
divergent validity (Nauta et al., 2004).

Social anxiety was of particular interest due to the spe-
cific implications of the perception of SARs as nonjudg-
mental for children who typically struggle with
interpersonal social interactions. The Social Phobia subscale
of the SCAS-P was thus considered in isolation. Cronbach’s
alpha for parent-reported social anxiety was 0.72 in the
present study. We also included the complementary child
self-report version of this subscale, the six-item Social
Phobia subscale of the Spence Children’s Anxiety Scale,

Child Version (SCAS-C; Spence, 1998). The Social Phobia
subscale of the SCAS-C has demonstrated high internal
consistency and satisfactory 12-week test-retest reliability
(Spence et al., 2003). Each individual subscale of the
SCAS-C discriminates between a clinical and community
sample, thus demonstrating its discriminant validity (Arendt
et al., 2014). However, Cronbach’s alpha was 0.57 for self-
reported trait social anxiety in the present study, thus indi-
cating that self-reported social anxiety was not assessed
reliably in this study. We examined the intra-item correla-
tions to determine whether the internal consistency of the
scale could be improved; however, there were no individual
items with low correlations to the rest of the scale that could
be removed to improve the internal consistency (the cor-
relations of individual items on the scale ranged from −0.08
to 0.49). Consequently, self-reported social anxiety was
excluded from further analysis.

Nature of the Interaction with the SAR

We hypothesized that the effects of the robot’s presence on
the above signs of stress would be more pronounced in
participants who demonstrated increased social behaviors
towards the SAR during the stressful task. Children’s level
of interaction with the SAR was quantified with an obser-
vational coding scheme that was developed for this study
based on previous studies of the benefits of therapy animals
during stressful situations (Beetz et al., 2011; Kertes et al.,
2017). A research assistant coded the duration of time that
each participant in the experimental condition spent
touching or gazing at the SAR from video recordings of the
testing component of the stressful task. All behavioral
coding in this project was completed using the coding
program Behavioral Observation Research Interactive
Software (BORIS; Friard & Gamba, 2016). Twenty-five
percent of recordings (9 cases) were viewed by more than
one coder. Inter-rater reliability was assessed using a two-
way mixed, consistency, single measures intra-class corre-
lation coefficient (ICC) for each variable of interest (both
touch of and gaze at the SAR during each component of the
stressful task) for a total of six variables (Hallgren, 2012).
The reliability for all observational variables of interest was
excellent, with an average ICC of 0.97 and range of 0.89 to
1.00 across these coded variables (Cicchetti, 1994).

Stress Induction

In order to test our hypothesis that the SAR would minimize
symptoms of stress experienced during a stressful situation,
we used the Trier Social Stress Test for Children (TSST-C) to
induce moderate psychosocial stress (Buske-Kirschbaum
et al., 1997). The TSST-C draws on the three principal factors
of psychosocial stress: social evaluation, uncontrollability,
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and unpredictability (Dickerson & Kemeny, 2004). This task
produces reliable increases in psychological and physiological
indicators of stress in children ages 7 to 10 (Gunnar et al.,
2009).

In this task, child participants are read the beginning of a
story and then asked to develop an ending to that story as
part of a competition against other children. Although the
task is not truly competitive, the TSST-C is structured to
enhance the stressful circumstances. Child participants are
also told that they will be presenting in front of judges and
that their story will be videotaped. They are then given three
minutes alone to plan their ending to the story, with the
experimenter reminding them of the remaining time after
each minute. This constitutes the anticipatory phase of the
task. After planning their story in anticipation of the com-
petition, participants are then brought to a new room for the
testing component of the task. A video camera and two
judges wearing lab coats are waiting in the testing room
when the participant arrives. Participants are asked to tell
their ending to the story for five minutes, and then they are
asked to complete a difficult mental arithmetic problem
adapted for participant age. In order to prevent excessive
stress, the judges smile and provide encouraging feedback
throughout the task. The judges were trained to monitor
child participants for signs of excessive stress (e.g., failure
to respond for an extended period or signs of tearfulness).
Whenever a participant showed signs of excessive stress or
expressed a desire to stop, the procedure or component of
the procedure was terminated immediately. We imple-
mented these safeguards to ensure that no participant
experienced an excessive level of stress. Additionally, the
TSST-C is a well-established paradigm that has repeatedly
been shown to typically induce only moderate levels of
stress (Gunnar et al., 2009).

Conditions

Experimental condition

Participants in the experimental condition were accompanied
by the robot during all aspects of the TSST-C. The SAR was
presented to the participant immediately after the completion
of baseline questionnaires. Participants were told that the SAR
would be their “buddy” throughout their time at the lab, and
they were informed of its robotic features, including its ability
to respond to tactile and auditory stimulation and to recognize
its name. Participants were then given three minutes to interact
with the SAR in an unstructured manner. The SAR was pre-
sent during the introduction to the TSST-C and the anticipa-
tion phase, and it was moved to the judges’ room for the
testing component of the TSST-C. The SAR was handed back
to participants immediately after they entered the judges’
room. Participants were permitted to place it on a small nearby

table if desired due to the robot’s weight; however, they were
told to play with it as much as they wanted throughout the
task. In the present study, the particular SAR used was the
Paro robot. Based on a baby harp seal, the Paro robot is a soft
companion robot weighing 2.7 kg (Intelligent Systems Co.,
Ltd., Nanto, Japan; www.parorobots.com). The Paro robot
responds to tactile and auditory stimulation with movements
and automatized seal noises, and it adjusts its behavior based
on its interactions in accordance with three simulated, easily
recognizable moods (Japan’s National Institute of Advanced
Industrial Science and Technology [AIST], 2004).

No-robot control

In order to test our hypotheses about the potential stress-
buffering capacities of the Paro robot, we included a no-
robot control group to establish how children would
respond to the procedure in the absence of the robot. Since
this was the first test of the stress-buffering abilities of an
SAR for this age range, we elected to include only a no-
robot control group. This design allowed us to investigate
the question of whether the SAR had any effect in this role,
although the lack of a more targeted control group pre-
cluded us from examining whether this effect was specific
to the robotic features of the SAR.

Instead of interacting with the robot, children in the no-
robot condition waited for an equivalent amount of time
before the stress induction task, as familiarization with the lab
could influence the child’s stress. The protocol scripts for the
two conditions were identical, beside the omission of any
mention of the robot for the control condition. Separate from
the data collection procedure, participants in this condition
were given five minutes to interact with the robot after all
outcome measures had been collected in order to ensure that
all participants had a chance to interact with the SAR.

Procedures

Upon a participant’s arrival, the experimenter randomly
assigned the participant to either the experimental or no-
robot control condition using an online random number
generator (Research Randomizer; www.randomizer.org).
Randomization was divided based on the participant’s
reported sex in order to ensure that each condition con-
tained equivalent numbers of male and female partici-
pants. Parental consent and participant assent were
obtained for all participants, and child participants were
informed that they could end the procedure at any point if
they wished. The parent of each child participant was
given a background questionnaire to complete while the
child began the procedure. This questionnaire included
basic demographic information about the participant, the
PANAS-C-P, and the SCAS-P.
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A total of three experimenters ran the child participants
through the procedure, and a total of eight served as judges
during the TSST-C, with one experimenter and two judges
present for each participant. All experimenters were White,
female, and students in either undergraduate or graduate
programs. The ages of experimenters ranged from 19 to 24.

Participants began by completing the Social Phobia
subscale of the SCAS-C before completing the baseline
administration of the SAM and the PANAS-C-S. The par-
ticipant was then either introduced to the SAR (experi-
mental condition) or told that the rest of the procedure
would continue shortly (control condition), and the
experimenter left the room. After three minutes, the
experimenter returned and introduced the story component
of the TSST-C. The experimenter then left the room for
another three minutes while the participant planned their
story with the SAR either present or absent. The experi-
menter returned every minute to inform the participant of
the remaining time. At the end of this anticipation period,
the participant completed the mid-test administration of the
SAM. The efficient nature of the SAM allowed for mid-task
assessment without disrupting the timeline of the TSST-C.
For the experimental condition, the SAR was removed
while the participant completed the SAM, and the partici-
pant was informed that the SAR would be waiting in the
judges’ room. The participant was then led to a different
room, where they completed the TSST-C.

After the TSST-C, the participant completed the posttest
SAM and PANAS-C-S. Participants in the control condition
were then given an opportunity to interact with the SAR
after completing these final outcome measures. At the
conclusion of the procedure, each participant was debriefed
and told they did a wonderful job. Each participant received
a small toy, a certificate of completion, and a gift certificate.

Data analysis

We computed total scores for all multi-item self-report and
parent-report measures. The mean of the completed items was

used to prorate missing data when individual items were
missing from a particular scale. When a given measure was
missing one quarter of the total items or greater, the measure
was excluded for that participant. In order to test our pre-
diction that participants completing the stressful task in the
presence of the robot would show diminished negative
responses to the task, we elected to use several Condition x
Time mixed analysis of variance (ANOVAs) to investigate
the changes in self-reported outcome measure throughout the
procedure (Table 2). We examined changes in positive and
negative affect across two time points (pretest to posttest), and
we investigated changes in the three domains of emotional
responsivity across three time points (pretest, posttest, and a
mid-test score after the anticipatory phase of the TSST-C).
We repeated the analysis with parent-reported positive affect
as an adjustment variable to account for the fact that parent-
reported positive affect correlated with change in affect across
the experiment. Additionally, we performed a one-way ana-
lysis of covariance (ANCOVA) to account for baseline dif-
ferences in self-reported positive affect. Furthermore, we
conducted an unplanned Condition x Time mixed ANOVA
assessing changes in positive affect using only participants
who completed the full stress induction procedure in order to
account for possible differences relating to whether the par-
ticipant completed the full stress induction procedure. Finally,
we were interested in exploring how participants’ prosocial
behaviors towards the robot might relate to changes in out-
come measures or to trait anxiety levels. To address this aim,
we conducted a series of supplementary correlations within
participants in the experimental condition.

Results

Preliminary Analyses

Seventy child participants from the local community between
the ages of 7 and 10 (M= 8.76, SD= 1.23) completed the
procedure (Table 1). Forty (57.1%) were female and 30

Table 2 Pre-, mid- and posttest scores for self-report outcome measures by study condition

Experimental condition (n= 36) Non-robotic control (n= 34)

Pretest M (SD) Mid-test M (SD) Posttest M (SD) Pretest M (SD) Mid-test M (SD) Posttest M (SD)

PANAS-C-S positive affect 19.44 (4.78) – 16.17 (6.23) 16.36 (5.65) – 16.21 (5.88)

PANAS-C-S negative affect 7.03 (3.22) – 7.58 (3.34) 6.71 (2.25) – 7.14 (3.08)

SAM Pleasure 4.31 (0.82) 4.47 (0.81) 4.08 (1.11) 4.41 (0.70) 4.15 (0.99) 3.91 (1.08)

SAM Arousal 3.31 (1.47) 3.19 (1.37) 2.56 (1.34) 3.03 (1.47) 3.15 (1.42) 2.94 (1.54)

SAM Dominance 3.36 (1.22) 3.22 (1.35) 3.17 (1.42) 3.38 (1.13) 3.21 (1.31) 3.32 (1.30)

PANAS-C-S (Positive and Negative Affect Schedule for Children, Short Form) scores range from 5 to 25 for each subscale. SAM (Self-
Assessment Manikin) scores range from 1 to 5 for each subscale. For all scales, higher scores reflect greater endorsement of the construct. Pretest
scores were obtained before participants began the protocol, mid-test scores were obtained after the anticipatory period immediately prior to the
testing component of the stressful task, and posttest scores were obtained immediately after completion of the stressful task
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(42.9%) were male. According to parental report, 50 (71.4%)
were White, Non-Hispanic; 8 (11.4%) were Asian; 3 (4.3%)
were Hispanic/Latino; 1 (1.4%) was Black/African American;
3 (4.3%) selected “Other;” 4 (5.7%) selected multiple cate-
gories; and 1 (1.4%) chose not to report race. The discrepancy
in the total percentage is due to standard rounding. In terms of
ethnicity, 7 (10%) were identified as Hispanic or Latino, 60
(85.7%) were identified as Not Hispanic or Latino, and 3
declined to provide a response (4.3%).

To examine whether participants in the two conditions
differed on demographic or background variables, we
conducted preliminary analyses with chi-squares and inde-
pendent samples t-tests. The number of participants who
were excluded from analysis did not significantly differ
between the two conditions, p= ns. Participants in the two
conditions did not differ in terms of age, race, ethnicity, or
sex, ps= ns. Participants in the two conditions also did not
differ in baseline negative affect or parent-reported positive
or negative affect over “the past few weeks” leading up to
the experiment, ps= ns. However, participant reports of
baseline positive affect were significantly higher for parti-
cipants in the experimental condition (M= 19.44, SD=
4.78) than those in the control condition (M= 16.36, SD=
5.65), t (67)= 2.45, p= 0.017. There was a small, sig-
nificant correlation between these self-reported baseline
positive affect scores and parent-reported positive affect
over the weeks before the experiment, r (68)= 0.28, p=
0.020. In order to account for these baseline differences in
the calculation of the results, we performed a one-way
analysis of covariance (ANCOVA) adjusting for baseline
self-reported positive affect along with the planned analysis
to further probe the effects of the robot on changes in
positive affect.

We used Pearson Product Moment Correlations to check
for redundancy among the baseline self-report measures.
We used a threshold of 00.71, which denotes a shared
variance of 50%. As negative and positive affect are theo-
retically distinct constructs, we hypothesized that the two
would not be significantly correlated (Watson & Tellegen,
1985; Zevon & Tellegen, 1982). As predicted, positive and
negative affect were not significantly correlated, r(69)=
−0.18, p= 0.138. Positive affect was significantly corre-
lated but not redundant with all dimensions of emotional
response, as measured by the SAM: Pleasure, r(69)= 0.27,
p= 0.024; Arousal, r(69)= 0.35, p= 0.003; and Dom-
inance, r(69)= 0.35, p= 0.003. Negative affect was sig-
nificantly negatively correlated but not redundant with
Pleasure, r(69)= -0.46, p < 0.001. Negative affect was not
significantly correlated with Arousal, r(69)= 0.07, p=
0.527, or with Dominance, r(69)=−0.04, p= 0.751.
Finally, the Arousal and Dominance domains of children’s
emotional response were significantly correlated but not
redundant with one another, r(69)= 0.45, p < 0.001.

As three different experimenters led participants through
the procedure, we examined whether children’s baseline
scores or change in self-reported measures of stress differed
across experimenters. A one-way ANOVA revealed that
there was no significant difference in baseline or change in
self-reported positive affect, negative affect, or emotional
response (Pleasure, Arousal, or Dominance) across the
experimenters, ps= ns. Moreover, since it was not possible
to keep experimenters masked to condition, the overall
friendliness of the judges in the TSST-C was rated in a set
of approximately 45% of the total participants (35 cases). A
research assistant coded the judges’ friendliness in video
clips that had been cropped to exclude any evidence of
condition. A reliability coder rated 29% of this subset of
videos (10 cases). Inter-rater reliability was assessed with a
two-way mixed, consistency, single measures ICC. The
reliability was good, with an ICC of 0.73 (Cicchetti, 1994).
These results indicate that both coders rated the judges’
friendliness similarly. When these ratings of judge friend-
liness were compared across conditions, there was no sig-
nificant difference in judge friendliness between the
experimental (M= 3.26, SD= 0.56) and control groups (M
= 3.22, SD= 0.31), t(33)= 0.28, p= 0.782.

Finally, we predicted that children’s baseline levels of
social anxiety would impact the degree to which their self-
reported positive affect, negative affect, and emotional
response changed during the procedure. As previously
mentioned, we excluded self-reported social anxiety due to
low internal consistency. Contrary to our predictions, a
Pearson Product Moment Correlation revealed that neither
parent-reported overall anxiety nor parent-reported social
anxiety was significantly correlated with change in any of
the self-reported measures, ps= ns. As a result, we did not
include social anxiety in the main analyses.

Effects of Interaction with the Robot

We predicted that participants who completed the stressful
task in the presence of the Paro robot would show less of a
decrease in positive affect than those who completed the
task without the robot present. The 2 (condition) x 2 (time)
mixed ANOVA revealed a medium, significant effect of
condition on positive affect scores, F(1, 67)= 4.45, p=
0.039, ηp2 = 0.062 (Cohen, 1988; Richardson, 2011). Con-
trary to our prediction, participants in the experimental
condition (M=−3.28, SD= 6.70) showed a significantly
greater decrease in positive affect scores after the stressful
situation than those in the control condition (M=−0.06,
SD= 5.51). Since parent-reported positive affect was sig-
nificantly correlated with change in positive affect, we also
performed a 2 (condition) x 2 (time) mixed ANOVA with
parent-reported positive affect as an adjustment variable.
The pattern of results remained constant even after adjusting
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for differences in parent-reported positive affect in the
weeks before the experiment, F (1, 65)= 6.23, p= 0.015,
ηp2 = 0.087. Finally, in light of the pretest differences in self-
reported positive affect, we conducted a one-way
ANCOVA adjusting for baseline positive affect in order
to account for the possibility that these baseline differences
could influence the relative change in the measure over
time. This ANCOVA revealed that, accounting for baseline
differences in positive affect, there was not a significant
effect of condition on positive affect scores, F (1, 66)=
1.12, p= 0.294, ηp2 = 0.017 (see Supplementary Material
for a table with these outcomes).

We also predicted that having the SAR present would
lead to smaller increases in negative affect in response to the
stressful task. In this case, the 2 (condition) x 2 (time) mixed
ANOVA did not reveal a significant effect of condition on
change in negative affect, F (1, 68)= 0.02, p= 0.196, ηp2 =
0.025. Participants in the two conditions did not differ in
terms of change in negative affect in response to the
stressful task.

Additionally, we predicted that participants in the
experimental condition would show diminished changes in
three domains of emotional response: Pleasure, Arousal,
and Dominance. Contrary to our predictions, a 2 (condition)
x 3 (time) mixed ANOVA did not reveal a significant effect
of condition on change in Pleasure, F (1, 68)= 0.91, p=
0.343, ηp2 = 0.013. The two groups also did not significantly
differ in terms of change in Arousal, F (1, 68)= 3.37, p=
0.059, ηp2 = 0.051. Finally, there was not a significant effect
of condition on Dominance, F (1, 68)= 0.16, p= 0.693, ηp2
= 0.002. Participants in the two conditions did not differ in
changes in state Pleasure, Arousal, or Dominance across the
three time points examined.

Unplanned analyses

As discussed above, in order to avoid unnecessarily excluding
participants, we included all participants who completed at
least 75% of the testing component of the TSST-C. Since all
three participants who had completed greater than 75% but
less than 100% of the task were in the experimental condition,
including these participants might have contributed to the
group differences we previously detected in change in posi-
tive affect. To explore this possibility, we conducted
unplanned analyses to evaluate our main predictions after
excluding all participants who did not complete the full stress-
induction procedure. In the case of positive affect, the results
of the 2 (condition) x 2 (time) mixed ANOVA did not reveal
a significant effect of condition, F (1, 64)= 2.83, p= 0.098,
ηp2 = 0.042. When only those participants who completed the
full stress-induction procedure were included in the analysis,
there was no difference in change in positive affect across the
two conditions.

Supplementary Analyses

In line with research on therapy animals, we were interested
in characterizing the influence of the degree of interaction
between the participants and the robot during the TSST-C
on participants’ responses to the procedure. We conducted
exploratory analyses to investigate the potential factors
involved in variation across participants in prosocial beha-
viors towards the robot. We explored whether the duration
of participants’ gaze towards or touch of the SAR correlated
with changes in participants’ self-reported positive affect,
negative affect, Pleasure, Arousal, or Dominance. However,
these correlations were not significant, ps= ns.

Since the perception of these robots as nonjudgmental is
believed to be one of their strengths, we also explored
whether participants’ anxiety levels were related to the
participants’ prosocial behaviors towards the robot (see
Supplementary Material for a table with these correlations).
Parent-reported overall anxiety scores were significantly
correlated with the total duration of prosocial behaviors
(gaze towards and physical contact with the robot), r(30)=
0.37, p= 0.043, such that participants with higher total
anxiety scores engaged in more prosocial behaviors towards
the robot. Parent-reported social anxiety was also sig-
nificantly correlated with total duration of prosocial beha-
viors, r(30)= 0.44, p= 0.014.

To better understand this connection, we looked at pos-
sible correlations between parent-reported anxiety and
subcategories of this overall duration of prosocial behavior.
Parent reports of the participants’ overall anxiety level were
significantly correlated with the overall duration of the
participants’ gaze towards the robot, r(30)= 0.54, p=
0.002. We also investigated potential differences during the
three segments of the testing component of the TSST-C.
Parent-reported overall anxiety was significantly correlated
with participant gaze during all three subparts of the TSST-
C: the story, r(30)= 0.52, p= 0.004; the instructions in
between the two parts, r(30)= 0.39, p= 0.035; and the
math, r(30)= 0.54, p= 0.002. Parent-reported social anxi-
ety was also significantly correlated with the overall dura-
tion of participants’ gaze towards the robot, r(30)= 0.43, p
= 0.017. Furthermore, parent-reported social anxiety was
significantly correlated with gaze at the robot during two
components of the TSST-C: the story, r(30)= 0.45, p=
0.013, and the math, r(30)= 0.41, p= 0.026. Parent-
reported social anxiety was not significantly correlated
with participant gaze at the robot during the instructions in
between the two tasks of the TSST-C, r(30)= 0.23, p=
0.223.

Parent-reported anxiety levels were not significantly
correlated with the overall duration of the participant’s
physical contact with the robot, overall anxiety: r(30)=
0.22, p= 0.25, social anxiety: r(30)= 0.36, p= 0.051.
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Parent-reported overall anxiety was also not significantly
correlated with participants’ physical contact with the robot
during the individual subparts of the TSST-C, ps= ns.
However, parent-reported social anxiety was significantly
correlated with the duration of physical contact with the
robot during the instructions in between the story and math
segments of the TSST-C, r(30)= 0.41, p= 0.024. Parent-
reported social anxiety was not significantly correlated with
duration of physical contact during the story, r(30)= 0.31,
p= 0.096, or during the math, r(30)= 0.35, p= 0.059.

Discussion

We did not find evidence that having the Paro robot present
during a stressful task buffered against the onset of stress-
related symptoms in children ages seven to ten. In fact,
before accounting for differences in baseline positive affect,
those who completed the stressful task in the presence of the
Paro robot showed a greater reduction in positive affect after
the task than those who did not have the robot present. This
finding contrasts with the results of our group’s previous
study, which found that interacting with the Paro robot after
a stressful task led to increased positive affect relative to
waiting for the same amount of time or interacting with the
robot while its robotic features were turned off (Crossman
et al., 2018). One possible explanation for this seemingly
deleterious effect on positive affect is that the presence of the
Paro robot during this period of intense concentration and
stress interrupted the participants’ own coping mechanisms.
The TSST-C requires children to focus on the task at hand.
Perhaps the presence of the robot distracted the child and
thus served as a hindrance to their feelings of accomplish-
ment. Furthermore, although participants were explicitly
encouraged to use the SAR as much as they wanted during
the TSST-C, it is possible that children felt a social expec-
tation to avoid playing with the SAR (or stuffed animals in a
general context) in front of authority figures. In fact, perhaps
this social pressure to refrain from interacting with the SAR
served as an additional stressor during the task. It is con-
ceivable that the SAR functions best after the stressor, as
indicated by our group’s prior work, but this study raises
questions about the consistency of the effects of SARs on
children’s stress. On the whole, when examining the two
existing studies on the effects of SARs on children’s stress
as a pair, we do not see consistent effects.

While it is plausible that the robot’s presence might have
negatively impacted participants’ positive affect during the
stressful situation, a methodological explanation could
alternatively account for this unexpected pattern of results.
Baseline levels of positive affect differed between condi-
tions; on average, participants in the experimental condition
began the procedure with higher levels of positive affect

than their counterparts in the control condition. Thus,
apparent reductions in positive affect among participants in
the experimental condition may have resulted from this
failure of randomization rather than from the effects of the
presence of the robot. Support for this possibility comes
from the fact that the effect of condition on positive affect
was no longer significant when we accounted for the dif-
ference in baseline scores.

In addition to the possibility that these results were an
artifact of differences in baseline positive affect, our
inclusion criteria might have contributed to this finding. In
order to avoid being too liberal in the exclusion of partici-
pants, we elected to include all who had completed the
majority of the task. We reasoned that all participants who
experienced at least three-quarters of the task had been
exposed to the same key aspects of the task as participants
who completed the full task. However, it could be argued
that the need to stop the procedure reflected the fact that
these participants experienced the task as more stressful
than other participants. One might expect that those who felt
the stressor to the greatest degree would report the greatest
drop in positive affect after the task. Alternatively, because
all participants who fell into this category were in the
experimental condition, it is possible that the presence of
the robot contributed to their ability to complete the
majority, but not all, of the stressful task. When these par-
ticipants were removed from the analyses, the effect of
condition on positive affect was no longer significant. Thus,
on the basis of these methodological considerations, our
results do not provide evidence for a relation between
interacting with the robot during a stressful situation and
changes in positive affect.

We did not detect a significant relation between parent-
reported social anxiety and changes in self-reported stress
measures. These results might reflect the restricted range of
the sample. We chose to use a community sample in order to
address the pressing need to address childhood stress on a
broad scale. Because we did not specifically select a sample
with high levels of social anxiety, the majority of participants
tended to fall into the lower range of social anxiety scores.

Although we did not detect a significant correlation
between social anxiety and measures of distress, we did find
that social anxiety was significantly correlated with chil-
dren’s prosocial behaviors towards the robot during the
testing component of the TSST-C. Children with higher
levels of social anxiety demonstrated increased prosocial
behaviors towards the robot during times of psychosocial
stress; thus, this robot might be a promising target for
providing social support to these children who might
struggle to receive social support from other sources
(Condren et al., 2002). However, the increased duration of
prosocial behaviors towards the robot did not lead to buf-
fering against the onset of stress-related symptoms. In
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addition, it is possible that the robot provided an opportu-
nity for distraction from the task, such as a way to avoid
making eye-contact with the experimenters, rather than a
form of social support. Further research would be necessary
to disentangle whether this result marks an adaptive form of
seeking support or rather a manifestation of symptoms
related to higher levels of social anxiety.

Several specific limitations might have precluded us from
detecting an effect of the presence of the SAR on children’s
stress in the current study. First, this study used only a single
robot. A wide variety of SARs exist, each with its own
unique set of capabilities and functions (Pennisi et al., 2016).
It is entirely possible that a different SAR would have had a
different effect in this situation. Future research might
explore the particular qualities that help a robot optimally
function in this role. For instance, while we used a robot
based on a baby seal, a more familiar animal might prove
more beneficial. As SARs are continuously being developed,
this line of research could ensure that new technologies are
maximally effective in addressing the pressing need for
interventions that reduce children’s stress. The current study
provides a useful paradigm for future research evaluating the
potential benefits of other SARs for this population. Future
research could employ a similar methodology to investigate
the stress-buffering potential of robots with other features in
order to investigate which robotic capacities might be par-
ticularly well-suited to such a role.

Second, considering the discrepancy between our
group’s findings when the SAR was offered to children
during versus after the stressor, future research might also
continue to examine the ideal timing for interventions with
SARs. Although our group measured emotional response in
anticipation of the stressful task, more frequent sampling of
key outcome variables could test the nuances of the effects
of the SAR on children’s stress responses in anticipation of
or during the stressor. Additionally, the timing of inter-
vention before, during, or after a stressor could be
manipulated in a randomized controlled trial to more
directly examine the optimal timing for interventions with
SARs for children’s stress.

Third, it is essential to consider the potentially limited
generalizability of our results in the context of the relatively
homogeneous demographic composition of our sample and
limited breadth of demographic data collected. It is of
particular importance for research addressing childhood
stress to consider the representativeness of the sample given
that variations in children’s exposure to stress in their daily
lives may have implications for how they respond to novel
stressful situations in a lab setting. Previous research has
demonstrated that a range of factors, including socio-
economic status and temperament, have the capacity to
influence stress responses in the laboratory (Evans et al.,
2013). Keeping this in mind, it is possible that we would see

different results with a more diverse sample of participants.
In order to enhance the generalizability of findings, it is
necessary to include historically underrepresented popula-
tions in future research on interventions intended to alle-
viate stress.

Finally, all indicators of participant stress were self-
report measures. Excessive reliance on self-report data rai-
ses the concern of introducing bias through the participants’
knowledge that they are being assessed (Kazdin, 2016). The
validity of exclusive reliance on self-report measures is
particularly debated in child samples due to questions of
whether children are able to accurately report the nuances of
their emotions (e.g., Blair, 2000). Thus, these measures of
stress might not have fully captured the extent of the par-
ticipants’ experiences over the course of the procedure.
However, children have been found to successfully report
on their own internalizing problems as early as 5 years of
age (e.g., Ialongo et al., 2001). Furthermore, to address
potential concerns about the effect of variance in verbal and
cognitive abilities on children’s ability to self-report on
these metrics of distress, we included the SAM in the
analysis. This pictorial measure is designed to circumvent
possible impediments in verbal and cognitive capacities.
Although we accounted for potential complications
involved with child self-report measures, future research
could explore such self-report measures in conjunction with
behavioral or physiological data.

Overall, these findings suggest that the benefits of
incorporating SARs into children’s mental health care might
be more limited than theoretical arguments and existing
applications in practice would suggest. While we found
increases in positive affect when interacting with the robot
after a stressful task in our previous study, we did not see
beneficial effects on positive affect when interacting with
the robot during the task. These robots are being produced
and implemented at a rapid rate; it is of the utmost impor-
tance that future research continues to evaluate the role of
this technology in children’s mental health care in order to
negate the potential risk for harm and ensure that the robots
are truly effective in alleviating stress. We currently do not
have a clear understanding of when or if SAR interventions
effectively reduce children’s stress, but this study provides a
useful starting point for informing future investigation into
the use of these robots with this population by examining
their efficacy in a controlled design. These findings indicate
the importance of using caution when implementing such
interventions until future research addresses these lingering
questions.
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