N
N

N

HAL

open science

Pilot study protocol evaluating the impact of telerobotics
interactions with autistic children during a Denver
intervention on communication skills using single-case

experimental design

Carole Fournier, Cécile Michelon, Véronique Granit, Paul Audoyer, Arielle

Bernardot, Marie-Christine C Picot, Abderrahmane Kheddar, Amaria Baghdadli

» To cite this version:

Carole Fournier, Cécile Michelon, Véronique Granit, Paul Audoyer, Arielle Bernardot, et al.. Pilot study
protocol evaluating the impact of telerobotics interactions with autistic children during a Denver interven-
tion on communication skills using single-case experimental design. BMJ Open, 2024, 14 (11), pp.e084110.
<10.1136/bmjopen-2024-084110). ¢hal-04826141)

HAL Id: hal-04826141
https://hal.science/hal-04826141v1

Submitted on 9 Dec 2024

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documents may come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaire HAL, est des-
tinée au dépot et a la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
francais ou étrangers, des laboratoires publics ou
privés.

Distributed under a Creative Commons CC BY-NC 4.0 - Attribution - Non-commercial use - International
License


https://hal.science/hal-04826141v1
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Open access Protocol

Pilot study protocol evaluating the
impact of telerobotics interactions with
autistic children during a Denver
intervention on communication skills
using single-case experimental design

BM)J Open

To cite: Fournier C, Michelon C,
Granit V, et al. Pilot study
protocol evaluating the impact
of telerobotics interactions with
autistic children during a Denver
intervention on communication
skills using single-case
experimental design. BMJ Open
2024;14:¢084110. doi:10.1136/
bmjopen-2024-084110

» Prepublication history for
this paper is available online.
To view these files, please visit
the journal online (https://doi.
org/10.1136/bmjopen-2024-
084110).

Received 09 January 2024
Accepted 11 October 2024

| '.) Check for updates

© Author(s) (or their
employer(s)) 2024. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

For numbered affiliations see
end of article.

Correspondence to
Professor Amaria Baghdadli;
rech-clinique-autisme@chu-
montpellier.fr

Carole Fournier," Cécile Michelon,? Véronique Granit,? Paul Audoyer,?

Arielle Bernardot,2 Marie-Christine Picot,
Amaria Baghdadli © 24®

ABSTRACT

Introduction For several years, studies have been
conducted on the contribution of social robots as an
intervention tool for children with autism spectrum
disorder (ASD). One of the early intervention models
recommended by the French National Authority for Health
is the Early Start Denver Model, an individualised, intensive
programme based on play activities chosen by the child.
While studies published in recent years suggest that
robots provide benefits for autistic children in learning
social interactions within a clinical setting, there is no
scientific consensus on the widespread contribution and
maintenance of their effects over time. On the other hand,
a robotic solution controlled directly by a practitioner (ie,
on-site telepresence system) enables greater adaptability
to children’s responses and choices during interventions.
We believe that such a solution would enable better
assessment of progress in the fundamental skills of
expressive communication and imitation as well as greater
engagement during interventions.

Methods and analysis This is a prospective,
monocentric, descriptive and evaluative pilot study based
on single-case experimental design (SCED) methodology.
The study will recruit eight children diagnosed with ASD
aged between 2 and 5 years. The intervention will take
place 15min after the usual weekly care. The SCED
methodology is constructed in three stages: (A) 4 weekly
sessions at baseline without the robot, (B) 9 weekly
sessions with intervention modification using a social robot
as cotherapist and (C) 4 weekly sessions without the robot
for follow-up.

Ethics and dissemination Ethical approval was obtained
from the South East IV Ethics Committee (CPP Sud-Est IV)
(number: 2023-A00895-40) in France. Explicit consent

is required from all legal representatives (parents) of
children participating in this study. We aim to disseminate
the results of this study through national and international
conferences, international peer-reviewed journals and
social media.

Trial registration number NCT05991791.

34 Abderrahmane Kheddar,"®

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study is one of the first to use a teleoperated/
telepresence robot as a therapeutic assistance tool
to offer the Early Start Denver Model programme to
autistic children in a care setting.

= On-site teleoperation by therapists is a means of
adapting the social robot to the heterogeneity of
functioning in autism spectrum disorder.

= This study provides a basis for rigorous analysis of
the effect and relevance of a robot proposed as a
therapeutic tool for use by therapists in a hospital
setting.

= The robot used in this study has limited dexterity
which limits the usual interactions and activities that
a therapist could perform.

= The use of single-case experimental design meth-
odology is suitable for studying a small group of par-
ticipants with a heterogeneous clinical profile and
without a control group.

INTRODUCTION

According to recent studies,’ around 1 in
100 people has an autism spectrum disorder
(ASD). Children with this diagnosis show
early and lasting disturbances in social
communication, particularly with under-
standing facial emotions. While the positive
impact of early non-pharmacological inter-
ventions for social communication in ASD
is well docunlented,?_6 the literature is more
limited when it comes to the impact of using
robots.

Studies concerning the use of social robots
in autistic children” indicate that they can
promote the learning of basic social commu-
nication skills. One study also suggests that
the effect of this learning is sustainable over
time.!” Nevertheless, the number of studies
demonstrating these effects remains small'' '*
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and does not take into account the heterogeneity of ASD
by relying on adaptable, autonomous and customisable
solutions.

The recommendations of the French National
Authority for Health emphasise the value of early, person-
alised Naturalistic Developmental Behavioural Interven-
tions (NDBIs)'* in ASD. One such model is the Early Start
Denver Model (ESDM), ' usually administered for at least
20 hours per week per child in some Western countries
such as the USA. In France, however, the amount of time
spent on this mode of intervention is often less than
5hours per week due to the lack of sufficient numbers
of trained professionals which limits children’s progress.
Furthermore, one of the aims of the ESDM is to increase
positive engagement between a child and a therapist,
based on the pleasure of play. However, it can be diffi-
cult for a therapist to accurately collect and analyse all of
the child’s socially adapted or expected behaviours while
being fully engaged in the interaction required by the
NDBI intervention.

To address this problem, we have developed a research
project using a social robot as a therapist’s assistant using
the DENVER method. This pilot project comprises two
phases. The first part (underway since January 2023)
aims to train therapists in the use of the social robot
Pepper as a tool for observation and therapeutic media-
tion in routine outpatient care in a child and adolescent
psychiatric day care. During the first phase, this remote-
controlled robotic system is programmed for easy use by
practitioners during interventions on autistic children.
The objective of this initial phase is to evaluate the inter-
ests and limitations of using robotics in a population of
experienced therapists.'® The second phase of the project
(due to start in October 2023 and detailed in this article)
includes a clinical trial (the I-ROBI study) which intends
to assess the effectiveness of a humanoid robotic tool
used routinely in a group of autistic children of varying
severity.

The hypothesis proposed by the I-ROBI study is that a
teleoperated interactive robot is a relevant therapeutic
tool for developing social motivation through play in
autistic children.

Study objectives

The primary objective is to evaluate the effectiveness of a

humanoid robotic tool in autistic children as a mediator

of learning within the context of ESDM interventions,
basic expressive communication and imitation skills using
the statistical methodology of single-case experimental
design (SCED).

The secondary aims of this study are as follows:

1. To examine whether the levels of engagement and at-
tention of autistic children increase during ESDM in-
tervention on three tasks in the presence of a robot
and a therapist compared with two therapists alone.

2. To evaluate the evolution of the child’s social commu-
nication and imitation skills during the learning pro-
cess with the robot as measured at each session with an

Table 1 Example of an ESDM grid for task 1.
Session
Begin End Learning step

Looks at Pepper/therapist with total
physical guidance and performs
gestures with total physical guidance.
Looks at Pepper/therapist with partial
physical guidance and performs
gestures with partial physical guidance.
Looks at Pepper/therapist
autonomously and performs gestures
with partial physical guidance.

Looks at Pepper/therapist and
performs the gestures independently.
Look at Pepper/therapist and performs
the movements independently for at
least three consecutive sessions.
Looks at Pepper/therapist and makes
the gestures independently and
systematically with three different
people and in three different contexts.

‘When Pepper/therapist says Hello and Goodbye to the child, the
child responds with a look and gestures’. There are six learning
steps. At the beginning and at the end of the intervention, the
patient is evaluated on this task. A cross or a ‘+’ is put on the grid
to indicate that the learning stage has been completed at the end
or at the beginning.

ESDM, Early Start Denver Model.

adapted ESDM grid (see table 1). Communication and
imitation skills are evaluated by three tasks (1) task 1
(social skills, level 1, item 8) consists of replying to a
greeting request (saying ‘Hello’ and ‘Goodbye’), (2)
task 2 (imitation, level 1, item 2) corresponds to the
imitation of actions and (3) task 3 (receptive commu-
nication, level 1, item 13) is the response to an instruc-
tion (giving an object after hearing the instruction
‘give’) (see table 1).

3. To evaluate the therapists’ satisfaction with the robot’s
assistance in the care.

4. To evaluate parental satisfaction with the care incorpo-
rating the robot.

METHODS AND ANALYSIS

Study design

This is a prospective, single-centre, descriptive and eval-
uative pilot study using the SCED methodology which is
based on repeated measurements, with each child acting
as his or her own control, and allows greater power with
a small sample size.

Study population

Eight children are included in the protocol and at least
three therapists to work with them. Each session involves
one child and two therapists: the first therapist leads the
session, either face to face with the child during phases A
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and C or via the teleoperated robot during phase B; the
second therapist is always present with the child, regard-
less of the phase and offers physical guidance.

Inclusion criteria were being aged 2-5, living in Hérault
region, speaking French with at least one of his parents
and his/her usual caregivers, having a diagnosis of ASD
confirmed by a multidisciplinary clinical assessment. The
multidisciplinary clinical assessment includes an Autism
Diagnostic Observation Schedule-2 (ADOS-2) evalua-
tion, the Vineland Adaptive Behavior Scale-II (VABS-II),
a psychometric test and a speech therapy assessment with
Bayley-4 and PLS-5 tests. The language level is collected
in the data collection through the module carried out
at the time of ADOS-2 but is not an exclusion criterion
since none of the tasks requires verbalisation during this
research. Children need to receive routine care according
to the ESDM model in the Child and Adolescent Psychi-
atry Department.

The criteria for non-inclusion of children were the
absence of written informed consent from at least one
legal representative and participation in another research
project. Therapists were required to have no history of
epilepsy.

Exclusion criteria were parental refusal to participate
in the study, withdrawal of consent and loss to follow-up.

Sample size

On the basis of other studies using the SCED method-
ology, we consider that a group containing eight children
of different ages and levels of severity is statistically suffi-
cient with one measurement taken each week. A study
using the SCED methodology must demonstrate its effi-
cacy by reproducing the effects on at least three patients
in a single publication17 ¥ (see the ‘Data statistical anal-
yses’ section).

Patient selection, recruitment and initial assessment
Children eligible for the study are those undergoing
routine care each week at the Child and Adolescent
Psychiatry Department in the University of Montpel-
lier Hospital and referred by their child psychiatrist or
psychologist to follow a care programme provided by an
experienced multidisciplinary team. Sessions will take
place every week from October 2023 to March 2024 for
the first group containing four children and from March
2024 to the end of July 2024 with the four other children
lasting 15min (excluding school vacations) after their
usual treatment.

All participants selected to join the study in September
2023 for the first session and in January 2024 for the
second are invited to a preinclusion visit. During this visit,
information is given to participants and/or parents by
a child psychiatrist specialist in ASD and a therapist in
charge of their care at the Child Psychiatry Department.
During this interview, initial information is given about
the I-ROBI study, with an explanation of the protocol
and handing over of the information note and informed
consent form to be signed. Parents are given sufficient

time to reflect on their decision (2—-4 weeks). If parents
agree to the study, the investigator collects the dated and
signed consent form during the first intervention period
(see the ‘Ethics and dissemination’ section) as part of
routine care which is followed by the research session
(I-ROBI) lasting 10-15min with two research therapists
in the Child and Adolescent Psychiatry Department at
University of Montpellier Hospital.

Participants are able to stop their involvement at any
time and withdraw their consent without justification or
detriment to their ongoing care.

Description of the intervention

The ESDM* " is a programme developed specifically for
intervention in autistic children aged between 12 and 48
months (although it can be used up to a maximum age
of 60 months). It aims to improve the social and commu-
nicative skills of autistic children. The main advantage of
this NDBI intervention is that it is play based.

For such interventions, a skills checklist is set up,
enabling the child’s skills to be assessed and learning
objectives to be drawn up in collaboration with their
referring therapist (therapist providing their routine
care). Each objective is divided into several progressive
learning stages from basic competence (ie, that observed
during the initial assessment) to complete mastery of the
objective as defined in Rogers and Dawson.*

Several studies have demonstrated the effectiveness of
the ESDM model for autistic children, for example, Deves-
covi et al'” highlighted that children aged between 19 and
43 months, who had received an ESDM intervention had
made larger improvement in communication, social skills
and maladaptive behaviours. A 2012 study also showed a
marked improvement in children aged 18-30 months’
in various skills, including language, 1Q and social skills
after 2 years of therapy.

To improve its feasibility, the I-ROBI study uses an
adapted and simplified ESDM programme by only
carrying out 15min interventions, by scoring the child’s
progress at the end of the intervention rather than during
it and by only using one therapist rather than several
during the week as is the case in the USA for example.
Only three tasks were chosen to ensure viability of the
study within the allotted time (see table 1). After their
usual treatment time each week, participants are taken
for 10-15min sessions with two research therapists who
assess the child on the three tasks selected for the project
using the ESDM scoring grid. During a 15 min interven-
tion, the role of the first therapist while being physically
present in front of the child during phases A and C or as
the robot is teleoperated from another room in phase B
(so the child only sees the robot and not therapist 1 who
is controlling the robot remotely) is to lead the ESDM
session, proposing different activities, interacting with the
child and giving instructions. In contrast, the purpose of
the second therapistis to intervene as little as possible and
assist the first therapist by providing physical guidance to
the child as the robot cannot. To ensure the feasibility
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Assessment of satisfaction:
- Parents

- Therapist (research & referent)

l
®

Assessment of satisfaction:
- Parents
- Therapist (research & referent)

l

©

Recruitment : Phase A : Baseline Phase B : Interventions Phase C : Follow-Up
- Patients inclusion Without Robot With Robot Without Robot
- Information note
- Signature of Consent Task 123 Task 1|23 Task 1|23
4 WEEKS 9 WEEKS 4 WEEKS

SCORE
Each week : ESDM score evaluation by two therapists

Assessment of satisfaction:
- Parents
- Therapist (research & referent)

Figure 1 The I-ROBI calendar of interventions and collections of data.

of each session’s intervention and account for potential
professional or personal absences, a minimum of three
therapists will be recruited. The therapists’ roles with the
children should remain as consistent as possible across all
sessions, and their involvement will be documented in a
logbook.

Procedure

Phase A: sessions 1-4: baseline

During phase A, the children included will have four
intervention sessions without the presence of the robot
before the intervention phase (phase B). SCED exper-
iments require at least three sessions during baseline
phase.”” This phase will last 4weeks, with the possibility
of adding extra weeks if the child misses sessions (eg,
absence from the usual session for personal reasons or
illness). Following participants’ usual weekly individual or
group session with their referring therapist, two research
therapists will conduct the EDSM session for 10-15min.
Therapists 1 and 2 will conduct the intervention, assess
the child on the three tasks selected for the project using
the ESDM scoring grid adapted for the study (see table 1)
in a different room to establish a baseline without robot
intervention. The level of success will be assessed at the
end of each of the four baseline sessions by research ther-
apists 1 and 2 (see figure 1).

At the end of the four baseline sessions, a satisfaction
questionnaire will be completed by the parents, the refer-
ring therapist and the research therapist who saw the
child most often during the four intervention sessions.

Phase B: sessions 5—13: intervention

Intervention phase B will begin from session 5 with
training on three tasks from the ESDM curriculum, using
the Pepper robot remotely operated by research therapist
1. This phase will last 9 weeks with the addition of 2 weeks
if sessions are postponed.

The children will have their individual sessions as
before, followed by an additional 10-15 min with research
therapists who will perform and assess the child on the
selected activities with the active help of the robot as a
means of interacting with the child. The research ther-
apist 1 who controls the robot will be out of sight of the
child in another room during the 15min intervention.
Research therapist 2 will be present in the room with the
child, providing physical guidance to interact and guide
the child’s learning. The robot will be used as a cothera-
pist whose mission is to facilitate learning of selected tasks,
interaction and cooperation between child and therapist.

The first session (session 5) will be ‘blank’, meaning
that the child will have time to familiarise with the Pepper
robot which will be present in the room, but without
movement and speech, to optimise the child’s acceptance
of it.

All sessions will be recorded from two points of view:
first, with a stationary camera filming the whole room
and second, with a camera positioned on the robot’s
head. Thanks to these video and audio recordings, auton-
omous ESDM scoring will be set up using on-board algo-
rithms. Preprepared tasks are programmed to ensure
that the robot keeps count of the number of occurrences
of each behaviour, in parallel to the phase B sessions. In
addition, the recorded sessions will be used to determine
whether or not the solution is of interest to the child by
calculating an engagement score with a gaze time to the
robot.

At the end of these nine interventions, a satisfac-
tion questionnaire will be completed by the parents,
the referring therapist and the research therapist who
saw the child most often during the nine intervention
sessions. Moreover, research therapist 1 will complete a
robot usage questionnaire at the end of each interven-
tion session.
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Phase C: sessions 14—17: postintervention

Finally, during sessions 14-17 (postintervention,
follow-up, phase C), the two therapists will continue to
treat the child over 10-15min in addition to their usual
therapy for the purpose of assessing the persistence of the
gains made during the phase B sessions without the help
of the robot.

At the end of the four follow-up sessions, a satisfaction
questionnaire will be completed by the parents, the refer-
ring therapist and the research therapist who saw the
child most often during the four intervention sessions.

Common to all phases

Each session intervention will conclude with the comple-
tion of an adapted ESDM grid by both research therapists.
The grids are the same as the ones the robot completed
for the three tasks included in the study goals. The grid’s
findings will be translated into scores. Task 1 has six
learning steps, hence the maximum score is 6. Tasks 2
and 3 have maximum scores of 7. The maximum score, 7
points, indicates how many steps it takes to determine if
a skill has been learnt. For example, if at the beginning
and at the end the child ‘Looks at Pepper/the therapist
with partial physical guidance and performs gestures with
partial physical guidance’., the child will score 2 points
for this session. If the child performs only at the begin-
ning of this level, the score will be 1.5.

Global data collection

The pseudonymised data from the study will be entered
into a database created using Excel software and designed
in accordance with the quality procedures used at Univer-
sity of Montpellier Hospital. The database will be only
accessible to authorised persons and must contain all the
information required by the protocol. The method of
data collection is approved by the French Data Protection
Authority (CNIL: Commission nationale de l'informa-
tique et des libertés) (Reference: TD/M]JT/AR2315530).

Collected data

Clinical and sociodemographic data

This type of data will be collected using the participant
file and/or during the parental interview before the
start of the intervention programme. The data targets
included age and sex of the child, parental socioprofes-
sional status and education level, the number of siblings
and rank, child’s adaptive levels (VABS II) and intensity
of ASD symptoms (ADOS 2 total score), childcare and/
or education.

Data from the robot

The video data will be pseudonymised (initials surname
and first name+inclusion number) and stored in a folder
shared within the Clinical Research and Epidemiology
Unit in Montpellier Hospital. The video data will be
shared with an engineer of the Laboratory of Computer
Science, Robotics and Microelectronics of Montpellier
(LIRMM) with limited access. Data collected during an
intervention will include the video recording by camera

of the sessions in the whole room (camera independent
of the robot), video feedback from the camera installed
on the robot (only during phase B), global audio feed-
back from the therapist, the robot and the child.

Data on the intervention with and without the robot

Two ESDM scoring grids will be completed by the
research therapists at the end of each intervention for the
three phases (A, B and C). The research therapists are the
two therapists present during the intervention: the one
controlling the robot and the assistant during phase B
and the one leading the intervention with the robot and
the assistant during phases A and C. These data will be
collected and entered into the database in the form of an
Excel document hosted on the hospital servers where all
data will be stored.

Data quality control procedures

Regulatory aspects are monitored during the study by a clin-
ical trial sponsor from University of Montpellier Hospital
Centre. Once a year, the sponsor checks the consent and the
inclusion curve. A written monitoring report will be drawn
up for each visit. The biostatistician and a PhD student will
check the database completion rate on a monthly basis in
order to increase data completeness.

Internal validity verifications

To ensure the validity of the study, two criteria will be

taken into account: (1) the interrater reliability (IRR)

and (2) the procedural fidelity. Each of these criteria
will be evaluated for a minimum of 20% of the sessions
administered by each research therapist at each phase'’

(20% of the phases A, B and C). Based on the 17 sessions

per child, 32 sessions will be evaluated.

The IRR will be measured for each of the three tasks.
The reference score will be the one of the main therapist
(thl) which will be compared with the one of the second
therapist (th2). An external person on the project will
also quote the sessions with video and be compared with
the main therapist scores.

To evaluate the reliability between each scorer, we will
also plot the data on three graphics and evaluate if the
curves are following the same trends. If so, it means that
the scorer has an influence on the severity of the score
but that the progress is identified in the same way. Thus,
it means we can trust the scorer’s results.

The procedural fidelity will be evaluated thanks to the
external recording video of each session. To ensure proce-
dural fidelity, the following information will be checked:
» The intervention sessions last more than 10min and

less than 16 min.

» thl must say ‘Hello’ at the beginning of the sessions
and ‘Goodbye’ at the end of each intervention and
wait for an answer from the child (th2 add guidance
if necessary).

» thl must ask to the child, at least five times in one
session, to give an object.
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» thl must propose at least five different gestural imita-
tions during the session.

» thl and th2 complete the grid immediately and
independently after the sessions, without any prior
consultation.

» The session is led by the same research therapists as in
the previous session.

» Only two therapists must be present during the
intervention.

» Atleast five different toys must be present in the room
so the child can choose its own activity.

Additionally, based on a template, a logbook will be
created for each session that will include the following
information: the suggested and completed activities, the
primary and guiding therapists, the start and end times
of the session, the child’s overall mood for the day, the
ESDM rating grids for each therapist and any additional
remarks from the therapists. We will be able to track any
deviations that might happen throughout our activities
thanks to this logbook.

Data collection and management

In order to preserve anonymity, participants are identi-
fied in the observation booklet by a unique identifica-
tion number. A participant identification list is kept in
the investigator’s file. The investigator ensures that the
anonymity of each person taking part in the research is
guaranteed. Information is collected for each participant
in a standardised observation book filled in by the investi-
gator, the coinvestigator or the clinical trial technician in
charge of the study.

Data statistical analysis

The statistical analysis will be conducted in two studies:
(1) the first phase to evaluate the effect of the interven-
tion during the clinical phase and (2) a second evalua-
tion will be conducted in a separate study based on these
results, to assess the accuracy and relevance of an algo-
rithm designed for the automatic assessment of ESDM
score using the ESDM grid.

In this initial statistical analysis, we will assess the effects
of the interventions by performing both a visual and
statistical analysis for each task (task 1, task 2, task 3 and
the number of gazes) for each individual child. After this
individual analysis, we will compare the results across the
different children for each task to assess whether a posi-
tive effect is associated with the introduction of the robot.

First, to assess the effects of the intervention on the
selected task, statistical analysis will be carried out using
the SCED method based on the collection of repeated
and frequent measurements throughout the study
protocol. For each child in ABC design, two replications
of the effect are possible, comparing phases A-B and
B-C. The phase C has three roles: (1) observe if there is
a change of level between intervention and new baseline,
and if the level is the same as during the first phase A. If
it is, it suggests that intervention has had an effect®’; (2)
if it returns to the first baseline values it also confirms

what would be the baseline behaviour if not taking care of
and (3) it can be considered as a follow-up phase to see if
the skills learns or not in the intervention (if applicable)
are maintaining through time after the intervention. By
comparing the trend, median and variability measured
and observed with the usual method (therapists alone) to
the measurements taken in the therapeutic phase (phase
B), and in the follow-up phase (phase C), the impact of
the intervention can be precisely determined. If we found
three repetitions of effect between the two same phases
((AvsB) or (Bvs C)) across the eight participants, we will
be able to conclude the relative positive or negative effect
of the intervention according to SCED standards.'”

This visual analysis will be completed by the Visual Aid
Implying an Objective Rule Protocol® which also studies
the trends variability and level of data but includes a
direct comparison between two distinct phases. If a point
is below the trend line of the precedent phase, the point
is represented in red, if the point is over the trend is it
green and if it is between the 2 SD around baseline it is
yellow as the example displayed in figure 2.

The visual analysis will be complemented with the
statistical analysis which will take into account the overlap
rate. The overlap rate will be obtained by calculating the
number of overlapping points between phases: the more
overlap there is between two phases, the less interven-
tional effect there is. Conversely, if two phases show no
measurement overlap then intervention is likely to have
a greater impact. Numerous overlap techniques exist.
Those that will be used for this study will be (1) the ‘non-
overlap of all pairs—NAP’ technique,” (2) the tau-U
coefficient and (3) baseline-corrected tau-U.?*

The non-parametric statistical coefficient tau-U and
baseline corrected tau which remove the baseline trend
if there is a significant monotonic baseline trend® will be
used to evaluate the effect of the intervention between
phases. This value will complete the NAP valueand repre-
sent the strength and direction of the effect size of the
treatment over phases.”

Methodological considerations

The risks associated with participation in this protocol are
low and one adverse event could be the child’s refusal to
carry out the task in the presence of the robot due to fear.
In the event of unwillingness, the child will continue his
or her usual intervention with his or her referring thera-
pist without the presence of the robot.

Although some studies have highlighted that the loss
of previously acquired skills is a characteristic of autism,
particularly in the areas of language and general social
engagement,® ?” it is possible that certain behaviours
may not be reversible over time, and that no changes
are observed between phases B and C. In this case, it will
be more difficult to demonstrate an immediate positive
effect of the robot’s introduction, because with only three
phases, we will only show the effect of the robot on the
level of results at a specific point in time (between phases
A and B).
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Figure 2 Example of visual representation of the score for a Task according to weeks (each session is represented by a
triangle mark), during phase (A) Baseline (B) Intervention (C) Follow-up. The pink line represents the trend of phase A; the blue
line of phase B and dark line of phase C. The grey lines represent the minimum and maximum values of phase A.

In the absence of changes in skill levels, we will focus on
comparing the learning trend. If no changes are observed,
it would mean that the robot has no effect. Butif a change
in trend is observed, it would mean that the robot has a
positive or negative effect on the targeted behaviour, and
that this effect may or may not be sustained over time.

ETHICS AND DISSEMINATION

Research ethics approval

This research project has been approved by the South-
East IV Ethics Committee for Research Conducted on
Human Beings (CPP Sud-Est IV) in France (number:
2023-A00895-40). The research is conducted in compli-
ance with current French regulations, specifically the
provisions relating to research involving human beings.

Information to participants and consent

Prior to carrying out this research involving human
beings, the free informed consent (category 2) from at
least one of the legal representatives for the participating
minor must be obtained after they have been informed
by a doctor and following a sufficient period of reflection
(1-2 weeks).

Patient and public involvement

Research and clinical therapists were involved in the
design, the conduct and the dissemination plans of this
research. Parents and patients were not involved.

Dissemination policy

The results will be presented at various national/interna-
tional congresses and conferences and may be published
in high-impact scientific journals such as Science Robotics

(IF=23.748); The Lancet Child & Adolescent Health
(IF=37.746); IEEE Robotics and Automation Letters
(IF=4.321); International Journal of Social Robotics
(IF=3.802).

DISCUSSION

This study is being carried out in response to the lack of
adaptable robotic solutions for therapeutic intervention
in autistic children. It will enable us to evaluate the impact
of an adaptable robotic solution using teleoperation
on the effects of learning basic communication during
ESDM interventions. We also hope to be able to measure
the effects over time of this type of intervention with the
4-week follow-up phase. Indeed, the relevance of this
strategy also depends on the reproducibility of learning
with individuals and the durability of effects after the end
of the robotic interventions.

This study will also provide us with other time-saving
feedback for professionals due to the automatic assessment
of the child’s skills and the production of a standardised
intervention report. We hope that this empowerment will
reduce the workload of therapists during sessions so that
they can focus on the quality of interactions rather than
on memorising clinical data such as gaze time, reaction
time, number of repetitions, etc.

If we can confirm an impact on the child’s ability to
learn communication skills and a reduction in the mental
workload of therapists due to the empowering findings
contained in the reports, our next step will then be to
authorise the robot to perform additional tasks based on
the ESDM model. Since it is not feasible for professionals
to offer 20 hours of ESDM per week to a child in France,
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a robotic assistant would be a crucial help to achieve this
number of hours and could provide a solution for admin-
istering daily care at home.

Depending on the results of our work, it will be inter-
esting to make comparisons with other studies where
robots have provided assistance in other models of care
for autistic children (eg, Applied Behavior Analysis (ABA)
or psychomotor therapy).

Expected outcomes

The expected outcomes are (1) the use of the robot as
a cotherapist in therapy could bring additional benefits
compared with conventional therapy without a robot;
(2) an improvement in the care pathway by increasing
the number of hours of specific interventions as recom-
mended by the French National Authority for Health
(HAS) which thereby fosters development of social skills
in the children benefiting from it and (3) earlier attain-
ment of therapeutic objectives, enabling shorter patient
intake times.
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