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robot-mediated intervention: a
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Caterina Impallomeni, Emanuela Tripodi, Angelo Quartarone
and Francesca Cucinotta

IRCCS Centro Neurolesi Bonino Pulejo, Messina, Italy

Introduction: Over the years, the conceptual approach to pediatric rehabilitation
has reevaluated the parent’s role in the therapeutic process, considering parental
involvement as a necessary condition for the effectiveness of the intervention.
In the field of pediatric intervention, the therapeutic use of robots represents
a growing clinical interest, but the feasibility and applicability of these robotic
interventions, including those involving parents, remain unclear. This systematic
review aims to investigate parental involvement in robot-mediated interventions
(RMI) for children and adolescents in the current literature. Our main goal is to
analyze and summarize all existing studies to discuss and draw future research
directions and implications for clinical practice.

Method: After collecting results from 1,106 studies, the studies selected
were analyzed using thematic analysis. The literature review was conducted
in accordance with the PRISMA guidelines by searching databases such as
PubMed and Web of Science until 07 February 2023. Studies that met the
following inclusion criteria were included: (1) the use of a robot as a therapeutic-
rehabilitation tool and (2) the presence/involvement of parents/caregivers in
child-robot therapeutic sessions.

Results: A total of 10 articles were included. The extracted data included study
design, participant characteristics, type of robot used, outcome measures, aim,
and type of intervention. The results reveal that parental involvementin RMI could
be feasible and useful in improving intervention efficacy, particularly in improving
the child’s social-communicative abilities and the caregiver’s educational skills.

Discussion: RMI intervention with parental participation could be a useful
therapeutic strategy in pediatrics. However, to date, few studies have investigated
this specific topic, and the reported results may enhance future research to
understand its effectiveness in specific areas of use.

Systematic review registration: identifier: CRD42024553214.
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robotics, parenting, caregivers, children, pediatric rehabilitation

1 Introduction

The recent debate and a broad body of scientific literature support the idea that
parenting has a very important role in a child’s mental health. From the first few months
of life, a large body of evidence suggests that early, secure attachments with parents lay
the foundation for secure attachments in adulthood (Murray, 1990; Stein et al., 1991).
Positive, proactive parenting is associated with high academic competence and good
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self-esteem and can be protective against later challenging behavior
(Gardner et al., 2007) and substance misuse (Baumrind, 1985;
Hawkins et al., 1997). Moreover, the caregiver environment during
infancy and parenting interaction variables have been shown to
explain up to 30%—40% of externalizing disorders and antisocial
behavior in a child at school entry (Patterson et al., 1989; Shaw
et al, 2001). In addition to the prevention of mental disorders
across the lifespan (Fonagy, 1998), accumulating evidence
would seem to suggest that parental involvement in pediatric
treatment programs may influence the outcome, increasing
parenting self-efficacy and reducing the perceived stress levels
of caregivers (Gatta et al,, 2016). It is thus possible to increase
learning opportunities in all contexts, training the parent with valid
educational strategies (Wainer et al., 2017). For all these reasons,
more and more investments are being made in parent-mediated
intervention programs to allow the opportunity to extend the
child’s learning to daily life contexts, increasing the consistency
of management strategies. Besides, studies examining parent-
mediated interventions vary by program, population, location, and
mode of delivery. To date, numerous studies have investigated the
effectiveness of specific interventions that involve, in various ways,
the presence of the parent. Furthermore, the principal evidence-
based treatment in this field is the parent training program,
which consists of structured behavioral interventions to improve
children’s behavioral and emotional management (Benedetto,
2005). However, the term “parent training” can be used to refer to
a heterogeneous set of therapeutic interventions, such as, group
programs for the management of challenging behaviors (Postorino
et al, 2017), video-modeling sessions for communication
skills enhancement (English et al., 2017), and psychoeducation
(Steiner et al, 2012), in the absence of an unambiguous and
shared definition.

The more diffuse programs in clinical practice, known as parent
training (PT), focus on improving the parent-child relationship,
using the parent as an agent of change for the child’s behavioral
problems, and effectively reducing disruptive behavior (Forehand
et al, 2013). PT therapists aim to increase positive parent—
child interactions by teaching specific skills, such as emotional
communication and coherent discipline strategies (Kaminski et al.,
2008). This kind of intervention is founded on the theoretical
assumption that negative behaviors are learned and sustained by the
positive and negative reinforcements children receive from their
parents and their surrounding environment (Serketich and Dumas,
1996). Studies have shown that this intervention has successfully
modified children’s behaviors, decreasing verbal aggression and
self-destructive and oppositional behaviors (Rose, 1974; Wade
et al, 2008) and bolstering emotion regulation (Sukhodolsky
et al,, 2016), with greater generalizability and longer retention of
treatment benefits (Blizzard et al., 2018). PT has proven effective
in different neurodevelopmental disorders, including attention-
deficit/hyperactivity disorder (Chronis et al, 2004; Webster-
Stratton et al., 2011; Zwi et al,, 2011), intellectual disability (Coren
et al., 2018), autism spectrum disorder (Wetherby et al., 2014;
Bearss et al., 2015; Roberts et al., 2016), and language impairment
(Roberts et al., 2019).

In recent years, developments in robotic technology have
attracted the attention of the educational and rehabilitative sectors.
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Robot intervention has proven effective in helping children with
developmental disabilities, in particular children with autism
spectrum disorder (ASD), where the robot may be able to
elicit more active communication and engagement compared
to an unfamiliar human speaker (Wood et al, 2013). In fact,
this emerging research field highlights the social aspects of
human-robot interaction and is being increasingly used as a
complementary therapy to improve social communication skills in
children with ASD (Thill et al., 2012). Most exploratory studies
have focused on the participants’ responses toward the robot
during interaction (Pennisi et al, 2016), on their potential to
improve learning (Akalin and Loutfl, 2021), or to teach or make
the child perform a specific skill (Dichl et al., 2014; Castillo et al.,
2018).

The enthusiasm for robot-mediated intervention (RMI) is
probably because they can act as particularly motivating mediators
and assistants in developmental rehabilitation (Wainer et al,
2010; Lee and Obinata, 2013). All these findings supported the
use of social robots in pediatric interventions, and the several
ways of interacting with robots made it possible to employ
them for multiple purposes. However, this has overlooked the
possibility of analyzing the usefulness of this tool in improving
and sustaining parental support or parental implementation
interventions, underestimating its rehabilitative role. In this
framework, parents are not only key informants for therapists
and researchers but also an important resource in the therapeutic
setting, capable of producing overall effects on the childs
development (Green et al, 2010). Indeed, it seems essential
to remember how parents may influence a wide range of
interventions on children’s social communication (Laski et al.,
1988), sleeping habits (Reed et al., 2009), joint attention (Kasari
et al, 2010), and adaptive behaviors (Kroeger and Sorensen,
2010).

Therefore, based on the assertion that parent-focused
interventions promote greater generalizability of learned skills and
longer maintenance of treatment benefits (Steiner et al., 2012), this
systematic review aims to analyze parental involvement in RMI for
children and adolescents in the current literature. Our main goal is
to analyze and summarize all existing studies to discuss and draw
future research directions and implications for clinical practice.

2 Materials and methods

2.1 Data source and search strategy

Literature reviews were conducted in accordance with PRISMA
guidelines (Tricco et al, 2018) by searching PubMed and the
Web of Science until 07 February 2023 (see Figure 1). To expand
results, we combined two main categories of keywords (ROBOT
and PARENTS) with the use of various synonyms in the search
query or the respective MeSH terms. We also manually searched the
references to the included articles or related reviews and extracted
any additional relevant titles. The extracted data were blindly
analyzed by two authors (AP and MDC) independently. Whenever
ratings were discordant, a third investigator (FC) analyzed the
result and then reached a consensus.
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FIGURE 1

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for study selection.

2.2 Study selection

The literature search yielded a total of 1,106 results. After
removing 211 duplicates, we had 895 results for screening. Studies
were included if they met the following inclusion criteria: (1) robot
as a rehabilitation-therapeutic tool; (2) presence/involvement of
the parents/caregiver within child-robot therapeutic sessions. All
titles and abstracts were initially screened to exclude studies that
did not meet even one inclusion criterion. Articles in all languages
were accepted and later excluded if a translated article could not
be achieved.

After the screening, the full-text review exclusion criteria for
the abstract and title review were reapplied, and the following
exclusion criteria were taken into account: (1) sample age >18 years
old and (2) commentaries, case reports, and reviews. All articles
were evaluated by title, abstract, full text, and specificity of the
topic. Two articles were excluded from the 895 articles included
for screening because reports were not retrieved. There were 893
reports evaluated for eligibility. Of these, 784 articles were excluded
for incorrect background, 60 for incorrect population sample, 31
for incorrect publication type, 5 for wrong study design, and three
for wrong outcome. The full-text review yielded a total of 10
included articles. Extracted data included study design, participant’s
characteristics, type of robots used, focus and type of intervention,
and psychological outcomes.

Frontiersin Psychology

3 Results

A total of 10 studies presented parental involvement in RMI.
See Table 1 for more details. These studies used several parent-
mediated interventions, and an active parental role was not always
planned. These studies were published between 2020 and 2023.
Four studies were conducted in Europe (id #1-#2-#8-#10), three
in Asia (id #3-#4-#7), two in the United States (id #5 #9), and
one in Australia (id #6). The location of the sessions varied
among the studies: six studies provided specific training and
took place mainly in rehabilitation centers; two studies were
conducted in tertiary pediatric facilities, and two were conducted
in home settings. Sample characteristics and range of age differ
significantly among these studies; they included between 5 and 25
children, ranging in age from 3 to 16 years. Only three studies
were randomized controlled trials (RCTs), while the remaining
were within-subject or qualitative. The sample from the included
studies included the following disorders: autism spectrum disorder
(n.5), visual impairment (n.1), and other medical conditions in
pediatric patients (n.2). Furthermore, two studies focused on
children with typical development. We have summarized all sample
characteristics and study design in Table 2, and the aims, outcome
measures, and main results in Table 3. To better assess and
summarize all the results, we analyzed all the studies according to
population diagnostic features.
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TABLE 1 The articles selected and numbered.

10.3389/fpsyg.2024.1355901

ID Author Year Title Journal

#01 Van den Berk-Smeekens et al. 2020 Adherence and acceptability of a robot-assisted Scientific reports
Pivotal Response Treatment protocol for children
with autism spectrum disorder

#02 Rocha et al. 2021 Accembly at Home: Accessible Spatial Idc 21: proceedings of
Programming for Children with Visual interaction design and children
Impairments and their Families 2021

#03 Amirova et al. 2023 Effects of Parental Involvement in Robot-Assisted Child | humans
Autism Therapy

#04 Rakhymbayeva et al. 2021 A Long-Term Engagement with a Social Robot for Frontiers in robotics
Autism Therapy and Al

#05 Scasellati et al. 2018 Improving social skills in children with ASD using Science robotics
a long-term, in-home social robot

#06 Butchart 2021 Child and parent perceptions of acceptability and Disability and rehabilitation
therapeutic value of a socially assistive robot used
during pediatric rehabilitation

#07 Gvirsman et al. 2020 Patricc: A Platform for Triadic Interaction with Social robots | children
Changeable Characters

#08 Tolksdorf et al. 2021 Comparing the Effects of a Different Social Partner | Frontiers in education
(Social Robot vs. Human) on Children’s Social
Referencing in Interaction

#09 Okita et al. 2013 Self-Other’s Perspective Taking: The Use of Cyberpsychology behavior and
Therapeutic Robot Companions as Social Agents social networking
for Reducing Pain and Anxiety in
Pediatric Patients

#10 Otterdijk et al. 2020 The effects of long-term child-robot interaction Robotics
on the attention and the engagement of children
with autism.

3.1 Parent involvement in RMI in autism
spectrum disorder

Five publications reported on parent presence in robot-
mediated interventions for ASD (ID #1, #3, #4, #5, #10). All
the studies’ samples included a range of ages between 3 and 12
years; within this range, the most represented age average was 6
years. The population was male dominated. Among those, only
one article was a randomized controlled trial; the other reports
are single-subject design, within-subject, or qualitative studies.
The majority of studies used the Nao robot as a rehabilitation
tool for only an average number of ~10 sessions, except for
study #10, which includes a follow-up visit. NAO is a humanoid
robot equipped with ultrasonic and pressure sensors placed under
its feet. It has a multimodal system with four microphones,
two speakers, and two video cameras. This system allows vocal
synthesis, facial recognition, and spatial localization, allowing
the robot to navigate and interact within various environments
effectively. Nao robots also speak and ensure a certain degree
of non-verbal communication, capturing information about the
environment using cameras and microphones. Only one study used
the Jipo table robot, equipped with a 360-degree head and body
rotation system and software with an overhead camera. This tool
can exhibit expressive behaviors through a pair of animated eyes
and changing emitted lights. The robot can make eye contact with
the participants and follow their points of attention. In addition,
another camera recorded the entire intervention session.

Frontiersin Psychology

The principal aim of all reports was to verify the feasibility
and efficacy of RMI as support tools for specific interventions.
Specifically, the studies of van den Berk-Smeekens et al. (2020)
and van Otterdijk et al. (2020) planned 20 Nao sessions weekly,
integrated with Pivotal Response Treatment (PRT); in both studies,
the Nao robot was used to reinforce social interaction, self-
initiations, and training parents. The first one aimed to verify the
feasibility and likability of the robot; the second one, an RCT study,
aimed to verify longitudinal attention and engagement in robot-
assisted therapy. In addition to those goals, Rakhymbayeva et al.
(2021) evaluated the involvement of children with ASD in robotic
sessions when comfortable or unseen activities were included in
RMI, with the opportunity to share with parents. The children
attended 15 sessions, for a maximum of n.10 RMI, which provided a
gradual shift toward the most preferred activities in the last session.

Conversely, despite the use of the same robot, only the
study of Amirova et al. (2023) evaluated whether and how
parental involvement in RMI promoted children’s socio-behavioral
engagement. They provide 15-min sessions for a maximum of 10
Nao sessions, with and without parents’ presence; the activities
proposed were predominantly based on applied behavioral analysis,
targeted at socioemotional behaviors, with no restricted role for
parents. Finally, Scasellati et al. (2018), with the Jipo table robot,
aimed to investigate how this social tool could improve a behavioral
intervention in a home context and if it could improve social-
communicative skills in everyday life. The RMI consisted of
interactive games to practice social skills in a home context,
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TABLE 2 Sample characteristics and the study design of selected studies.

Diagnostic

Sample size:
n. children; n.
parents

features

10.3389/fpsyg.2024.1355901

Children
years range
(M; SD)

Study design

#1 ASD 25 children; 4:1 3-8(6.24 +1.3) No control group, NAO Robot
NS parents quantitative/qualitative
analysis
#2 Visual impairments Seven children; 4:3 7-14(9.14 £2.3) No control group, ACCembly
NS parents quantitative/qualitative and Dash robot
analysis
#3 ASD 16 children; 7:1 5-12(6.75 & 2.1) Within-subject and NAO Robot
NS parents quantitative/qualitative
analysis
#4 ASD 11 children; 11:1 4-11 (6.1 £2.7) No control group, NAO Robot
NS parents quantitative/qualitative
analysis
#5 ASD 12 children; 1:0.857 6-12(9.02 +1.4) Pilot study Jibo robot
12 parents
#6 Other medical Five children; 3:2 6-12 (NS) No control group, NAO Robot
condition Five parents quantitative/qualitative
analysis
#7 D 18 children; 1:1 8:1 1-4 (NS) No control group, Patricc platform
18 parents quantitative/qualitative
analysis
#8 TD 20 children; 7:3 4-5(540.6) RCT NAO Robot
NS parents
#9 Other medical 18 children; 0:10:1 6-15 RCT Paro Robot
condition 18 parents
#10 ASD Six children; 3:1 3-8(5.17 £ 1.5) RCT NAO Robot
NS parents

ASD, autism spectrum disorders; TD, Typical Development; NS, not specified; M, Male; F, Female; RCT, randomized controlled trial.

organized in 30-min sessions every day for a month with the
constant presence of a parent. During the session, Jipo attempts to
redirect the children’s gaze to the caregiver to improve the triadic
interaction and share the gaming experience with the parent.

Video coding of target behaviors, defined according to the
outcomes of each study, was the main measure used. Most studies
that used video coding have considered the amount of time a
child spent looking at the robot and the frequencies of the child’s
gaze toward the robot (studies #3-#4-#10). Moreover, all three
studies attempt to measure the engagement of the child through
compliance and affective reactions, including facial expressions
and gestures. Other metrics included a visual analog scale (VAS),
filled out by the child and parent, and semi-structured interviews.
In particular, van den Berk-Smeekens (#1) at the beginning and
end of each robot-assisted session used a 5-point VAS, measuring
the child’s affection for and liking of the robot; the parents
completed two VAS lines between 0 and 100 to assess whether
the communication of the robot toward the child was clear (robot
communication) and whether the robot represented an additional
value to the current therapy.

Moreover, Amirova et al. (2023) analyzed the parents
perceptions using semi-structured interviews recorded in audio
format. A thematic analysis was used to process the interview data,
which allowed for both deductive and inductive themes. Otherwise,
in Scasellati (#5), joint attention was tracked during the session
using an attention-tracking subsystem. Within the sessions, an

Frontiersin Psychology

RGB camera recorded face and head movement, and software
tracked approximated attentional targets according to the poses
and orientations of the head. Moreover, to evaluate the child’s
joint attention, the naturalistic model of Bean and Eigsti (2012)
was used. This model, applied four times throughout the study
(To-30days before the intervention, Tj-on the first day of the
intervention, T,-on the last day of the intervention, and T3-30
days after the end of the intervention), includes a play session with
the researcher to collect data on gaze following, response to name,
greeting opportunity, and recognition of other people’s interests. To
verify the generalization of behavior, the parents filled out a survey
immediately after each intervention session. The survey consisted
of an evaluation of responses with a 5-point Likert scale on how
the child interacted with the caregiver in the last 24 h and how the
child interacted with other people. Finally, they measured the total
interactive game score achieved by each patient.

Regarding the results of those studies, despite all studies
providing parental participation in RMI, only one study explores
the influence of parental involvement. van Otterdijk et al. (2020)
(#10) measured the average change of attention and engagement in
the activities, both with the robot and the game, and toward other
people involved, both parents and therapists, at different stages of
treatment (beginning, middle, and end). In this last analysis, they
described an increase in attention and engagement toward other
humans involved in the sessions, particularly with the parents. In
contrast, there was no change over time in the attention given
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TABLE 3 Aims, outcome measures, and main results of the selected studies.

10.3389/fpsyg.2024.1355901

ID Study protocol and task type  Aims Outcomes measures Results

#1 A robot-assisted pivotal response treatment | a) CHILD affect and likability a) Children raters: Child 5-point a) Child affect and likability
(PRT) protocol is composed of 20 sessions of the robot and Visual Analog Scale (VAS); of the robot were positive;
weekly: 14 parent-child sessions, four b) Parent ratings of b) Parents raters: Session Rating the high-severity ASD group
parent sessions, and two child’s teacher robot-assisted sessions Scale (SRS) (Duncan et al.,, 2003); showed lower affect scores;
sessions. The sessions with the robot lasted and 100-point VAS on ability robot the preschool-aged group had
15-20 minutes. communication; and robot as an lower mean robot likability

additional value. scores compared with the
school-aged group.
b) The parent ratings of the
robot’s acceptability were
mainly positive.

#2 The researcher delivered the coding kit to a) Children’s computational Video-coding analysis and a) CHILDREN leveraged
families. Children and parents interacted thinking learning, parent interviews. fundamental computational
with the session, starting by following the b) Engagement, and thinking concepts to solve
guidebook and freely exploring the setup. ¢) Parent-child interactions spatial programming

and mutual engagement to challenges.

support qualitative play. b) Most children engage with
assembly in a structured and
goal-driven way by following
the activities in the guidebook.
¢) Parents took on different
roles as mediators, some
actively teaching and
scaffolding, others learning
together with their child.

#3 7-10 of 15-min sessions with the NAO Socio-behavioral engagement a) 11 measures were analyzed a) There were no significant
robot plus, as usual, treatment that includes in parental involvement for through coded videos (Kim et al., differences found between
traditional methods of autism therapy (art, RMI 2012; Rudovic et al,, 2017); some of sessions with or without
music therapy, and others) for a 21-day these involved the use of a Likert parents
period. Parents were invited to attend the scale, while others collected data b) most parents observed
sessions, but it was not mandatory for them on the frequency and duration of a positive changes in their
to be present. target behavior: engagement, children’s verbal and

valence, engagement time, eye gaze non-verbal behaviors; the
time, affection, curiosity, most reported was
aggression, chest button, maintaining eye contact with
stereotyped behaviors, smiles, the robot.

and words.

b) parents’

semi-structured interviews.

#4 The intervention consisted of 30-minute a) Increasing engagement and a, b) 8 measures analyzed through a) No significant differences
sessions per day for a month, during which valence scores with the robot coded videos (Kim et al., 2012; were found between each
the triadic interaction between the child, over multiple sessions. Rudovic et al,, 2017): engagement, session. The parents seemed
the parent, and the robot was evaluated. b) Using activities that are valence, engagement time, eye gaze satisfied with the therapy
The robot modeled the interaction through familiar to each child will lead time, and their respective mean itself. ~ Their  suggestions
feedback in six interactive games played on to increased overall value. Parents had include equipping NAOs with
a display. engagement from session semi-structured interviews. more active and personalized

to session. behaviors.
b) Mean eye gaze duration,
mean engagement, and
engagement duration resulted
significantly higher in familiar
sessions.

#5 Up to three sessions with the robot with an a) Investigate how a social The child’s joint attention was a) An improvement in joint
average session length of 33 min. robot could provide measured using the naturalistic attention was found in the

behavioral intervention for model of Bean and Figsti (2012) test phase but not in the
children with ASD outside of and included, in 4-time points, an comparison between pre-test
clinical contexts. evaluation of the interaction during | and post-test.
b) Evaluate whether this the game outside the robotic b) Parental interviews
intervention could provide session. Within the sessions with reported an increase in the
improvements in the the robot, attention was measured child’s social skills on the last
social-communicative skills of | using an attention-tracking day of the intervention
children with ASD. subsystem. The software recorded compared to the first day,

the poses and orientations of the both in interaction with the

head using an RGB camera and parent and with other people.

face-tracking algorithms. The

parental assessments were

conducted through interviews with

responses on a 5-point Likert scale

and were proposed at the end of

each intervention session.
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TABLE 3 (Continued)

ID

#6

Study protocol and task type

Three 8-minute learning sessions: in two of
the sessions, the toddler and parent
interacted with Patricc (ROBOT]1,
ROBOT?2), and in one session, they
interacted with a tablet displaying an
interactive video of the same robot.

Aims

Capture the experiences of
parents and children
according to 5 thematics:

a) affective influence,

b) independence,

c) preference for human
interaction,

d) accessibility of therapy
(only for parents), and

e) familiarity with technology.

Outcomes measures

Semi-structured, in-depth child
and parent interviews

10.3389/fpsyg.2024.1355901

Results

a) Participants viewed
the affective
(involvement and motivation)
during the rehabilitation
activity with a socially assisted
robot.

b) Parents identified that the
robot could increase the child’s
independence in exercises.

c) Both child and parent
participants  identified the
importance of the therapeutic
relationship, which the
socially assistive robot was not
able to replicate.

d) Parents identified barriers
to accessing therapy,
including time and distance
from services, but also
competing priorities, such as
their childs education.

e) Parents and children were
familiar with technology and
did not express difficulty with
its use.

influence

#7

Four sessions of 20-35 min, within a
2-week period. The children, accompanied
by a parent, were randomly assigned to a
parallel learning situation with either (1)
the social robot or (2) the human
interlocutor.

a) Triadic interaction between
the toddler, parent, and robot
and

b) Qualitative assessments of

their experience.

a) Video-coding analysis of the
triadic interaction using six gaze
measures: the toddler gazed toward
the robot, the tablet, or the parent;
the parent gazed toward the
toddler, the robot, or the tablet

b) Parents

semi-structured interviews.

a) Patricc gaze data vs tablet
were significantly different:
increased parents gaze at the
toddler in Patricc’s condition;
increased mutual gaze at
the tablet in the TABLET
condition. No difference was
found among the changeable
characters.

b) the robot as a better means
of teaching language than the
tablet for parents; 50% of
parents saw the game with the
robot as a parent-toddler
activity; most parents affirmed
that changing the robot’s
characters contributed to the
activity.

#8

One 30-minute session. The children were
randomly assigned to one of two
conditions: in the “alone” condition, the
patient was engaged with Paro for 30
minutes. In the “together with parent”
condition, the patient and parent took
turns interacting with Paro for 30 minutes.

a) Children’s social
referencing in interaction
with a social robot and

b) Children’s social references
in a long-term interaction.

All sessions were video recorded,
and the infants’ gaze behaviors
were coded in the direction of their
caregivers (Vaish and Striano,
2004).

a) In the human condition, the
number of social referrals was
significantly lower than when
their peers were interacting
with the robotic partner.

b) Children’s social
referencing did not decrease
in the long term in either
condition.

#9

20 sessions of 15-20 minutes, once a week,
for a period of 6 months. Participants were
randomly assigned to the robot-assisted
PRT or treatment as usual. Parents were
also involved in the sessions.

a) Pain perceived and
b) Emotional anxiety in
patients and their parents.

a) Wong-baker FACES Pain Rating
Scale (Wong and Baker, 2012)

b) Anxiety questionnaire: the
State—Trait Anxiety Inventory for
Children (STAIC) 21 and
State-Trait Anxiety Inventory
(STALI), Spielberger (1973)

Patients who engaged with
their parents with Paro
showed greater reductions in
(a) pain and (b) negative
emotional anxiety than
patients who interacted with
Paro alone.

#10

7-10 of 15-min sessions with the NAO
robot plus, as usual, treatment that includes
traditional methods of autism therapy (art,
music therapy, and others) for a 21-day
period. Parents were invited to attend the
sessions, but it was not mandatory for them
to be present.

a) Investigate how a social
robot could provide
behavioral intervention for
children with ASD outside of
clinical contexts and

b) Evaluate whether this
intervention could provide
improvements in the
social-communicative skills of
children with ASD.

All sessions were video recorded
and coded by analyzing the
direction and valence of the
behavior through gaze behaviors
and arm/hand behaviors.

Attention and engagement
did not decrease over time.
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to the therapist alone. The other three studies (#1, #3, and #4)
analyzed only the parental observations on the usefulness of RMI
for children with ASD. Specifically, van den Berk-Smeckens et al.
(2020) (#01) confirmed a highly positive parental evaluation of the
NAO robot, with 94.3% indicating that the robot represented an
addition to the PRT therapy session.

In the study by Amirova et al. (2023) (#03), the interviews
recorded revealed that most parents observed positive and tangible
changes in their children’s verbal and non-verbal behaviors after
the intervention, with the most recurring observation being
an increased ability to maintain eye contact with the robot.
Specifically, it was observed that children with severe autism
touched the button on the robot’s chest more often during sessions
when their parents were present. This behavior suggests that the
presence of parents may provide these children with a greater
sense of security, encouraging them to explore the robot more
actively. On the contrary, for children with ASD who have verbal
communication abilities, the involvement of the parents may not
represent an added value, as they may be able to deal with the social
situation independently. Finally, the general parent perception
considers social robots to be useful tools with therapeutic value.

Rakhymbayeva et al. (2021) (#04) reported no changes in
the levels of engagement or valence with the social robot.
Additionally, feedback was gathered from five caregivers, who
provided therapeutic recommendations based on their experiences.
While parents expressed positive attitudes toward RMIs, they also
recommended enhancing the interactive quality of the sessions.
Specifically, they suggested the use of robots that exhibit more
dynamic and active behaviors to foster livelier interactions.

Finally, study #5 (Scasellati et al, 2018) reported an
improvement in social skills using an in-home social robot.
Specifically, the joint attention performance showed improvement
during the experimental intervention. Parental evaluations
confirmed significant differences between the first day of
intervention and the last one. Parents reported an increase in social
skills between children and themselves, including eye contact,
more attempts to initiate communication, and more frequent
responses to communication bids. The same amelioration in all
three behaviors was reported between the child and other people.
Regarding engagement, no significant worsening was detected
over time. A global ameliorant in all level games was recorded,
with a specific gain in the perspective-taking game “House,” where
all the children reached the most difficult level by the end of the
scheduled sessions.

3.2 Parent involvement in RMI in visually
impaired pediatric patients

Only one study explored an RMI for visually impaired pediatric
patients. The study of Rocha et al. (2021; id #2) is a within-
subject, qualitative study where n.7 families were enrolled. The
child sample was characterized by a range of ages between 7 and
14 years; within this range, the most represented age was 10 years,
and the population is male dominated. The parent age range was
34-48 years.

Frontiersin Psychology

10.3389/fpsyg.2024.1355901

ACCembly was used for intervention: a physical block-based
environment that allows children with visual impairments to
physically assemble blocks to program spatial actions made visible
by a robotic device with multimodal output. The tangible blocks,
inspired by those employed by Pires et al. (2020), are equipped with
magnets and saliences to favor coupling and are characterized by
different colors and pictograms to distinguish the block’s actions.
Tactile feedback enabled the children to recognize both individual
blocks and their sequences. In addition to the tangible blocks,
ACCembly comprises a Dash robot, soft tiles to build a map,
and an Android application on a mobile device that uses its
camera to detect the blocks, interpret their sequence, and send
the instructions to the robot. Children and parents interacted
with ACCembly, following the guide and freely exploring the
configuration. The purpose of this study was to evaluate the
learning of computational thinking and parent-child interaction
during play. The outcome measures included video-coding analyses
of children’s and parents’ behaviors and interviews with parents.
Specifically, they investigated parents’ behaviors with a 10-defined
role framework proposed by Yu et al. (2020), based on parent
interactions throughout the activities.

Globally, all the families evaluated ACCembly as a useful
tool to teach spatial skills to visually impaired children. In all
seven families, parents often transition between roles depending on
their children’s needs, favoring their autonomy in activities. When
parents had the role of collaborators, children were more likely
to reason aloud and work with the parent to find a solution to
the task. The authors reported that parents played an important
facilitating role both in spatial conceptualization, through spatial
talk, and in perspective-taking, helping their children to correctly
adopt the robot’s frame of reference instead of their own. Finally,
they underlined how parents also played a crucial role in facilitating
learning and engagement by providing positive reinforcement to
empower their children and keep them engrossed in the activity.

3.3 Parent involvement in RMI for pediatric
patients with other medical conditions

Two studies investigated the engagement of parents in an RMI
for pediatric patients with different medical conditions: only one of
those was a controlled pilot study (#9), while the other one was an
interpretive qualitative study (#6). The study’s sample considers a
range of ages comprised between 4 and 16 years; within this range,
the most represented age average was 10 years. The population is
female dominated.

The study by Okita et al. (#9) used Paro as a robotic tool
designed to simulate animal-assisted intervention in hospital
environments. It is equipped with five sensors: tactile, visual,
auditory, temperature, and postural. Paro is thus able to recognize
speech and caresses through its tactile and audio sensors, and it is
able to detect reactive behaviors to reinforce mutual interaction.
The other study by Butchart (#6) used the robot Nao, which we
have already discussed in the previous paragraphs.

In the framework of therapeutic approaches for a reduction
in perceived pain in the pediatric population, Butchart et al.
(#6) aimed this study to analyze the experiences of parents and
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children during an RMI according to five themes: (a) affective
influence, (b) independence, (c) preference for human interaction,
(d) accessibility of therapy (only for parents), and (e) familiarity
with technology. Parent—child pairs participated in up to three
sessions with the NAO robot, lasting an average of 33 min each.
Besides, Okita’s study (#9) investigated whether this tool could
reduce anxiety and pain in children and their parents and if
the presence of a caregiver during intervention ameliorates the
outcome. The 18 daughter-mother duos were randomly assigned
to one of two conditions: with or without the presence of
parents during the RMI session. They completed n. 1 session
that lasted 30 min, during which they were invited to interact
with Paro.

In both studies, the parent’s perceptions and emotional
aspects were assessed. Butchart et al. (#6) measured outcomes
with semi-structured interviews; to examine the outcome, they
used a process of inductive thematic review by coding the
data and developing a concept map. Themes were generated
from the initial coding by blinding different raters. For
children, the
with the captioned picture method. Different questionnaires
were used by Okita et al. (#9): the Wong-Baker FACES Pain
Rating Scale was used for both parent and child to evaluate

semi-structured interview was implemented

perceived pain. To determine both parent and child anxiety,
the authors selected six items that overlap in two different
questionnaires: the State-Trait Anxiety Inventory for Children
(STAIC, Spielberger, 1973) and the adult version of the inventory
and the State-Trait Anxiety Inventory (STAIL Spielberger et al,
1983).

In the study by Butchart et al. (2021), the results were
characterized by a qualitative analysis of parent and child responses
through interpretations of the data by different authors. No
statistical data were described. Globally, the results showed that
both parents and children affirmed the potential therapeutic value
of the robot in supporting therapy programs, even if access to
the treatment may be limited by distance from services and
therapists’ availability. Whereas, children perceived enjoyment and
positive affective influence as the most important features of the
NAO robot, the parent’s affective experience resulted from their
child’s enhanced engagement and motivation, emphasizing the
usefulness of the co-presence of parent and child during the
rehabilitation sessions. Parents and children also considered the
robot a useful tool that could improve the child’s independence
with the exercises through motivation, demonstration, coupled
execution, and pacing while simultaneously alleviating parent-
child tensions.

According to Okitas (2013) findings, the Paro robot would
improve parental perspective through a shared experience:
the direct interaction with Paro parents acknowledges their
children’s pain accurately. Moreover, this study highlights
the importance of caregiver involvement: the ’with-parent
condition showed a significant decrease in patient-perceived
observed in the ’alone
Likewise, the

significant decrease in

pain, while no difference was

condition from pre- to post-intervention.

‘with-parent’ condition revealed a
the patients negative emotions by comparing the anxiety

questionnaire scores.
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3.4 Parent involvement in RMI for
neurotypical children

Two publications reported parent presence in RMI with
neurotypical children (ID #7, #8).

All the studies’ samples consider a range of ages comprised
between 1 and 9 years; within this range, the most represented age
average was 4 years. The population was male dominated. Among
those, only one study was a randomized controlled trial (#8), while
the other one was an evaluation study (#7). The studies used a
different robot to favor triadic interaction: the Nao robot (Tolksdorf
et al,, 2021) and Patricc (Gvirsman et al., 2020), a robotic platform
designed for toddlers to entertain long-term interaction. This robot
is characterized by a soft, puppet-like exterior that can be touched
and felt to be more accessible for toddlers. The puppets can be
“dressed,” and they can produce human-like gestures. The platform
also includes a console for physical props toward which the robot
can point and look to instigate joint attention with the toddler;
finally, it provides an easy platform for the integration of content
for non-programmers. In this study, Gvirsman et al. (ID #7) aimed
to examine toddlers’ and parents’ interaction in an RMI with Patricc
composed of educational activities. The authors evaluated the
interactions of 18 parent-toddlers in three learning sessions lasting
8 min. “English as a Second Language” educational content was
presented: in two sessions, the participants interacted with Patricc,
and in one session, they interacted with a tablet and displayed a
similar activity in a video with the same robot. Nine pairs interacted
first with the tablet and subsequently with the robot, and vice versa
for the remaining nine pairs; the pairs were assigned an order in
a pseudo-randomized fashion. Similarly, Tolksdorf et al. (2021)
intended to analyze caregiver involvement by children during
a long-term interaction and whether this interaction changed
during RMI. Following a between-subjects experimental design, the
children were randomly assigned to a parallel learning situation
with either the social robot or a human partner. All the participants
and their caregivers attend four sessions, each lasting ~25-30 min,
within 2 weeks. The learning situation was designed following
the theoretical models of language pragmatics and multimodal
communication and interaction (Rohlfing et al., 2016). A story
containing novel target words embedded in the plot was told by
either the robot or a human interlocutor (other than the parent).
Then, the robot or the human asked the children to interact
and play with targeted words. Both studies used video coding to
measure interested behaviors. Specifically, in the study of Gvirsman
et al. (2020), there are three gaze measures for each kind of
participant: (a) children’s gaze, directed to parents, the tablet,
and the robot; and (b) parents’ gaze toward the child, the tablet,
and the robot. Conversely, Tolksdorf et al. (2021) measured non-
verbal social referencing behavior using Vaish and Striano’s (2004)
paradigm: behaviors were coded during a predetermined time in
which the robot and human interlocutors shared the story with new
targeted words to learn. Moreover, to assess parental perceptions
and provide qualitative assessments of their experience, Gvirsman
et al. (2020) evaluated recorded and transcribed semi-structured
interviews. The responses were coded and grouped into nine major
and 10 minor themes. Following a within-subject design, Gvirsman
etal. (2020) highlighted a significant increase in the parent’s gaze at
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the toddler in the Patricc condition and significantly more mutual
gazes at the tablet compared to the robot condition. The authors
thus concluded that Patricc promoted significantly more triadic
interaction between the toddler, parent, and robot than the tablet,
which instead captivated most of the attention at the expense of the
parent-toddler dyadic interaction. The qualitative analysis echoed
these quantitative results, showing that 50% of parents perceived
Patricc as a genuinely engaging and triadic parent-child activity.
Tolksdorf et al. (2021) demonstrated that children socially refer
to their caregiver in a novel educational setting with a social
robot significantly more frequently than during an interaction with
an unfamiliar human interlocutor, either for seeking reassurance
or emotional support from their parent or to share their joy in
having completed the task; finally, the authors stated that these
implemented behaviors also persist across multiple sessions.

4 Discussion

The current literature considers parent-mediated intervention
crucial for infant development, especially in preschool (Rayce
et al, 2017). Thus, caregivers play an essential role in the
child’s development to ensure a healthy environment (Zeanah and
Zeanah, 2009), and family involvement in a therapeutic setting
provides continuity with the living environment and implies in
the family itself an attitude of observation and modification
(Toll et al, 2011). Over recent decades, many researchers have
started to explore how new technology may implement innovative
rehabilitation treatments. In the field of digital health, robot-
assisted therapy has been used as a complementary therapy
for children with various disabilities, in particular children with
cerebral palsy (Ammann-Reiffer et al., 2017) and with ASD (Salhi
etal., 2022). Numerous studies have already confirmed that the use
of the robot is effective in pediatric rehabilitation (Gonzalez et al.,
2021), particularly regarding improvement in social interaction,
motivation, and aspects of social cognition such as emotion
recognition and empathy (Dichl et al, 2012). A distinctive feature
is the two-way interaction between the robot and the child, which
improves attention skills while providing learning opportunities
to children with special needs (Daniela, 2019). Moreover, the
robot seems to increase motivation by providing engaging activities
and supporting therapies that promote more complex social
interactions to better mimic reality (Alabdulkareem et al., 2022).

Given the importance of parent-mediated interventions, we
set out to perform a rigorous systematic review of parental
involvement in RMI to verify the feasibility and usability of this
powerful technology opportunity. To the best of our knowledge,
this is the first literature review in this field. At the current state of
the art, the articles reviewed seem to indicate the potential benefits
of caregiver involvement in RMI. Besides, because of the small
number of subjects in each experiment and the paucity of literature
retrieved, this review cannot be considered a demonstration of the
assumptions that have been exposed in our results.

The majority of the studies included focused on RMI
in children with ASD, primarily examining the acceptability
of RMI by parents and gathering parents’ observations to
measure intervention efficacy. Overall, the parents reported
this intervention as helpful (ID #1, #4) and noted behavioral
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improvements not only in therapeutic settings but also in other
environments (ID #3, #5). Specifically, these two studies reported
an increase in social interactions, with positive changes in both
verbal and non-verbal behaviors; this finding seems to support
evidence from the literature that children with ASD demonstrate
more social behaviors toward adults when an interaction partner
is a robot rather than another adult (Chaminade et al., 2012;
Damm et al., 2013; Kim et al.,, 2013). While social robots have
been used as attractors or mediators in ASD, helping therapists
establish easier connections with autistic individuals involving
parental participation remains limited (Pennisi et al., 2016), the
evidence supporting the efficacy of social robots for parental-
involvement intervention in ASD is currently insufficient. More
research is needed to substantiate the effectiveness of these
interventions before they can be recommended for widespread
clinical implementation.

In the field of pediatric medical conditions, the acceptability
of RMI was confirmed in all the included studies. Moreover, two
studies reported the role of parents as direct and indirect mediators
of change (ID #2, #9). Specifically, involving the caregiver seems
to enhance the parents’ ability to empathize directly with their
child and ameliorate parental modeling. This aspect may be
relevant because children often cope with negative feelings by
recalling how adults responded to similar situations (Muris et al.,
1996; Gerull and Rapee, 2002). As the efficacy reported from
only two studies is small overall, it could be an interesting
factor to be taken into consideration in future research decision-
making processes. Parental involvement in RMI could potentially
play a different role in implementing efficacy and generalizing
therapeutic improvement.

Overall, RMI certainly seems to play a facilitator role in
improving caregiver educational skills. In fact, by manipulating
the robot, the therapist can train the parent on specific behavioral
techniques and simultaneously reinforce the child when he/she
shows appropriate social initiations toward the parent (van den
Berk-Smeekens et al., 2020; Butchart et al., 2021). The attention
and engagement during robotic activities do not reduce throughout
sessions in which the parent is present (Scasellati et al., 2018;
van Otterdijk et al., 2020; Tolksdorf et al., 2021); furthermore,
the parents presence seems to increase children’s involvement
during RMI in cases of severe disorders such as severe autism
with intellectual disability (Amirova et al, 2023). These data
support, even more, the highly motivating feature of the tool and
the desire for emotional sharing with the caregiver. Emotional
sharing with the parent in the presence of a robotic tool
increases social references (Tolksdorf et al, 2021), encouraging
a systemic and integrated rehabilitation approach. Furthermore,
sessions with the robot and the parent promote joint attention
more significantly than other digital technologies, such as tablets
(Gvirsman et al, 2020). This last aspect could depend on the
interactive characteristics of the robot, which, unlike the tablet,
do not decrease the frequency of dyadic interactions. Indeed, the
results of our review support an increase in social reactivity toward
the parent and a significant reduction in negative emotions (Okita,
2013). Furthermore, in pediatric diseases, RMI intervention could
play an important role in improving the quality of daily life for
the entire family (van Otterdijk et al., 2020). The feasibility and
accessibility of this type of therapy do not only include outpatient
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settings; its use can also be arranged in home environments
(Scasellatietal., 2018; Rocha et al., 2021), making it easily replicable.
Besides, the studies reviewed had some limitations, such as small
sample sizes and a greater presence of observational studies
compared to RCTs. The main limitation concerns the unstructured
involvement of caregivers within the RMI, limiting the evaluation
of its effectiveness and not providing objective measures of change.
In contrast, most studies have focused on parents’ acceptance
and adherence to RMI, emphasizing their opinion and degree of
approval. Furthermore, generalizability was only evaluated in one
study (Scasellati et al., 2018), where the broader influence of the
robot-assisted intervention outside of intervention sessions was
measured through a survey. These may be different crucial aspects
on which to base future research, as our review highlights various
potentials. However, these do not appear to be explored in depth
with short-term interventions. Regarding parental presence, the use
of a robotic tool serves to implement learning educational strategies
and techniques.

Despite the limited results of this review, social robotic tools
certainly have the potential to encourage a good degree of child
participation. In RMI, parental involvement may help improve the
child’s social-communicative skills and generalize them in everyday
life contexts. These could be several crucial aspects on which to
base future research. Our review highlights several potentials, but
these do not seem to have been explored in depth. Future studies
should plan better-defined intervention programs to prove not
only the feasibility but also the benefits and efficacy of specific
aims with RCT design. Provision should be made for a better
definition of the parental sample, with its temperamental and
psychological features and specific measures inherent in parenting
characteristics, to explore how parenting may change into this kind
of intervention and which factors may be predictive of a good
response. Moreover, another area of interest for future research
could be the generalization and the long-term maintenance of
expected effects, aspects investigated in only one study (Scasellati
etal., 2018). Finally, it may be possible to adhere to robotic therapy
in different settings, including the patient’s own home, with a more
comfortable and familiar environment for patients. Conversely, one
of the intrinsic limitations of RMI may be the relatively higher costs
of the tool and the need for adequate training to use/interact with
the robot. This aspect, no less important, should also be investigated
to create a realistic cost/benefit balance.

5 Limitations

This review has some limitations that must be taken into
consideration when interpreting its results. Some of them are
inherent to our research question: although the initial search
yielded a large number of articles (1,106 results), there were few
studies that investigated the specific involvement of caregivers
in RMI. However, to our knowledge, this is the first and most
comprehensive review in this field. The evidence available is
often very heterogeneous, making it difficult to analyze parental
contributions or involvement in detail. This gap presents an
opportunity for further research on this topic. Regarding the
limitations of the review process, we did not address the cost-
effectiveness of the interventions because of the extreme variety
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of conditions considered in each study and because it was
beyond the scope of the present study. A final significant
limitation is related to the restricted number of databases
used; however, we also hand-searched the references of the
included articles or related reviews to expand the included
literature. Many studies were difficult to classify, and most of
them did not include a control group. Despite these challenges,
the studies included are valuable for the type of innovative
question we are addressing and can guide future research in
this area.

6 Conclusions

This systematic review aimed to explore parent involvement
in RMI to verify the benefits and limitations of this kind
of intervention. The use of robotic systems in pediatric
Notably, their
similarity to playful activities makes them highly motivating

rehabilitation has its specific advantages.
for children and relevant to their technology-rich daily
experiences. Moreover, the intensive and repetitive nature of
robotic training activities stimulates neuronal plasticity, which
is crucial for recovery. The review highlights that involving
parents can significantly enhance the therapeutic process by
addressing various goals and facilitating the generalization
of learned behaviors. Integrating caregivers into robotic
sessions not only supports children’s learning but also creates
an opportunity for shared educational experiences, strengthening
the overall intervention.

Further research into robot-assisted interventions is essential
to better understand their effectiveness, pinpoint specific areas of
application, refine training protocols, and fully leverage the role
of parents as integral resources in the therapeutic strategies that

benefit children.
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