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controlled trial
Antoine Tanet1,2, Annick Hubert-Barthelemy2,3, Marie-Noëlle Clément4, François Soumille5, Graciela C. Crespin3,
Hugues Pellerin2, François-André Allaert6, David Cohen1,2*, Catherine Saint-Georges1,2,4 and the GPIS study group

Abstract

Background: Children with autism spectrum disorder (ASD) and moderate to severe intellectual disability (ID) face
many challenges. There is little evidence-based research into educational settings for children with ID and ASD and
in France. Little is known about how this unserved population could benefit from intervention and education. This
study assessed the feasibility and efficacy of a new intervention model using an individualized educational
approach.

Methods: We conducted a randomized, single-blind controlled trial to assess a novel intervention: the
“Developmental and Sequenced One-to-One Intervention (DS1-EI)”. In DS1-EI, trained teachers worked one-to-one
with each child in a small classroom setting, offering 10 h per week of the intervention. The focus was on
encouraging spontaneous communication, promoting skills through play with peers, supporting positive
interactions, and developmental and sequenced learning. We enrolled 5- to 9-year-old children with ASD and ID
across 11 French child care institutions for children with co-occurring ASD and ID. Participants were matched in
dyads by developmental quotient and randomized to the treatment-as-usual (TAU) group or the DS1-EI group.
Independent raters blindly assessed the primary variables: The Childhood Autism Rating scale (CARS) and the
Psychoeducational Profile, third edition (PEP-3). The secondary variables included the Vineland Adaptive Behavior
Scale II (VABS-II) and the Clinical Global Assessment Scale (CGAS). Here we perform interim analyses at 24 months.
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Results: At baseline, 72 participants were randomized. Nine patients (5 in the DS1-EI group and 4 in the TAU
group) dropped out of the study. Using linear mixed models, both intent-to-treat (ITT) and per-protocol (PP)
analyses at the 12-, 18- and 24-month outcomes showed no significant group nor group-by-time interaction effects.
However, we found significant improvements in most primary and secondary variables over time in both groups.

Conclusions: The study did not show that DS1-EI was superior to TAU in treating children with ASD and ID over
24 months. However, the low dropout rate shows that DS1-EI is feasible, and well accepted. As the study is still
ongoing, we need to wait for data at 36 months to ensure whether DS1-EI could be recommended.

Trial registration: ANSM130282B-31 (April 16, 2013) and ACTRN12616000592448. Registered 6 May 2016,
retrospectively registered, http://www.anzctr.org.au/

Keywords: Autism, Intellectual disability, Randomized controlled trial, Special education, Developmental
intervention

Background
Autism spectrum disorders (ASD) are defined as socio-
communicative disorders beginning very early in life that
are associated with atypical patterns of sensorimotor be-
havior or restrictive behaviors or interests [1]. The etiology
includes both biological (e.g., genetic conditions) and en-
vironmental factors that affect neurodevelopment [2].
Despite the growing evidence regarding behavioral and

neurobiological pervasive developmental trajectories in
children with ASD, no agency approved biological treat-
ment exists for ASD, and the therapeutic approach is
mainly provided by clinicians focusing on the develop-
ment and behavior of the child [3]. The USA National
Standards Report on evidence-based practice guidelines
[4] concluded that there is currently no single effective
treatment for ASD and underscored the importance of a
multimodal treatment approach.
The effects of several therapeutic programs have

been assessed through moderate-to-high-quality stud-
ies. The most widely-recognized programs include
Treatment and Education of Autistic and Communi-
cation Handicapped Children (TEACCH) [5, 6], Ap-
plied Behavioral Analysis (ABA) [7] and its derivative
Pivotal Response Training (PRT) [8], the Early Start
Denver Model (ESDM) [9] and the Developmental,
Individual-Differences and Relationship-based (DIR)
Model [10, 11]. Other alternative developmental ap-
proaches based on play therapy, such as the Son-Rise
Program® [12], Exchange and Development Therapy
[13], and the 3i method [14] have been investigated,
but only in the context of pilot studies. Parent-
mediated social communication therapy (PACT) has
been found to have a positive impact at long term
follow-up when the intervention is introduced early
[15]. As shown in various systematic reviews and
meta-analyses, the effectiveness of behavioral and edu-
cational interventions for ASD is well-documented
[16, 17]. Notably, several reviews showed that early
intensive intervention (EIBI) is effective for young

children with ASD [18–21]. However, in a review of
34 studies, Warren (2011) [22] concluded there was
insufficient evidence to determine which specific in-
terventions are the most effective treatments for chil-
dren with ASDs. A more recent meta-analysis [23]
made the same conclusion when comparing three
types of intervention (behavioral, social communica-
tion focused, and multimodal developmental): none
showed a reduction in autism severity, and there was
no significant difference among the intervention types.
Another meta-analysis [24] found that music therapy
appears to be the most effective tool for improving
social interaction in preschool-aged children with
ASD. Thus, despite the RCT evidence base to date,
new studies are needed to investigate the strengths
and weaknesses of each intervention, to determine
which particular intervention or combination could be
the most effective and to assess how interventions
could be tailored to each child.
Narzisi and colleagues [25] summarized the common

components of these therapeutic programs that seem re-
lated to higher efficacy: starting as early as possible,
which includes both early diagnosis and minimizing de-
lays from diagnosis to treatment; being intensive; involv-
ing family; providing regular assessments to update
treatment goals; providing supervision; encouraging
spontaneous communication; supporting positive behav-
iors rather than tackling challenging behaviors; promot-
ing skills via play with peers; and completing the
acquisition, subsequent generalization and maintenance
of new skills in natural contexts. These last two compo-
nents are easier to achieve by including children into
schools [26]. Despite these recent advances, many chal-
lenges remain, and the condition of individuals with
ASD is still a severe burden [27].
Intellectual disability (ID) is frequently comorbid with

ASD, although the exact rate depends on the specific
subpopulation (e.g. [28, 29]). For example, when patients
with both ASD and epilepsy are recruited, up to 25–45%
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of cases have ID [30]. ID is also a poor prognostic factor
for long-term outcomes of ASD [31]. Very few interven-
tion models to date have specifically addressed the co-
morbidity of ID with ASD, in particular when ID is
moderate to severe. In addition, most clinical studies ex-
ploring treatment efficacy have excluded children with
very low Intellectual Quotient (IQ) and/or associated
disorders [3]. Peters-Scheffer et al. [32, 33] showed lar-
ger improvement on developmental age and adaptive
skills in children with ASD and ID who received 2-years
of low intensity behavioral treatment (LIBT) supple-
menting preschool services, compared to treatment as
usual. Two randomized controlled trials compared 3-
months of Pivotal Response Treatment (PRT) versus
structured ABA in a school intervention setting for chil-
dren with ASD and mild to moderate ID. They showed
significant gains in social communication skills [34] and
significantly lower levels of disruptive behavior [35] for
PRT condition. PRT was also assessed for children with
ASD and language delay: first, Minjarez and al [36]
showed that parents can learn PRT in group therapy,
resulting in correlated gains in children’s language; sec-
ond improvements in language and cognitive function-
ing are maintained 3 months after completion of a 12-
week PRT parent education group [37]. Finally, another
study on minimally verbal children with autism showed
that a brief, targeted intervention on joint attention and
play (JASPER: Joint Attention Symbolic Play Engagement
and Regulation intervention) can improve core deficits
[38]. However, there is globally a dearth in the literature
about specific interventions targeting children with ASD
and ID. Furthermore, providing access to education is very
difficult for this population. Thus, focusing research ef-
forts on this understudied population who traditionally
have been excluded from intervention trials is warranted
whether it regards care as well as education.
In France, children with ASD and ID can be treated

within special education centers (called “medico-social in-
stitutes”) and daycare hospitals where school activities
represent a minimal part of daily activities. Rehabilitation
take an important place and children spend a consequent
amount of time receiving individual or group care dis-
pensed by psychologists, speech or occupational thera-
pists. This care often called “integrative care” is embedded
within free play sessions with adults and peers, and educa-
tive socialized moments. This care organization lays on
the idea that children with very low developmental levels
have to build the basic social and communicational abil-
ities, before being able to access formal instruction in a
classroom. They are rarely included in mainstream class-
rooms and receive few formalized education.
However, these programs have not been well-studied,

and the research that exists is mainly observational [39,
40]. The largest study included 152 French children with

autism. They received a large panel of interventions, but
these interventions were not described because the study
focused on the developmental trajectories and the pre-
dictive factors of outcome [31]. French authorities, fol-
lowing the pressure of family associations, asked
professionals to increase evidence-based research of
French therapeutic programs for children with ASD and
to promote education, which is less intensive compared
to that of other European countries [41].
Indeed, mainstreaming is historically well-developed in

Italy and is now common in many other countries. How-
ever, while education is compulsory in France, adapted
education for children with ASD is not well-developed
in France or in some other countries. This is particularly
the case for children with severe ID, for whom main-
streaming might be anyway very difficult. In France, they
are generally placed in daycare hospitals and medico-
social institutes with very few educational support. Thus,
few children with a low level of cognitive functioning
can access adapted education. Could an individualized
educational program, given by trained professionals in a
one-to-one format, be implemented in these institutions,
even for children with very low IQ? Could it bridge the
gap between institutional care and adapted education in
mainstream schools? How might this foster cognitive,
socio-communicative and relational progress?
Thus a developmental and sequenced one-to-one edu-

cational intervention (DS1-EI) for school-aged children
with ASD and low cognitive functioning was developed
[42]. The intervention drew from several Narzisi princi-
ples (intensity, regular assessments, spontaneous com-
munication, play with peers, supporting positive
behaviors, providing supervision) and was based on 3
specific components. The first two are (1) capitalizing
on teachers’ unique skills and (2) providing developmen-
tal and sequenced learning. Developmental learning im-
plies that the focus of training is what is close to the
expectations of a child’s development in a specific do-
main. Sequenced learning means that the teacher
changes the learning activity every 10–15 min to main-
tain the child’s attention in the context of an anticipated
time agenda. The third component is (3) supporting the
child’s cognitive and communicative initiatives in a one-
to-one condition with a different professional at each
new activity [42]. The DS1-EI was designed to be imple-
mented in French daycare hospitals or medico-
educational institutes that usually include both individ-
ual care and milieu therapy.
A 3-year randomized, single-blind multicenter trial

was implemented to assess DS1-EI efficacy [42]. Incorp-
orating 10 h of DS1-EI could potentially not improve
outcomes given the ongoing robust multimodal treat-
ments given within the institutions. However, we ex-
pected a significant impact on core autism symptoms,
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developmental skills, and educational achievement based
on the focus of the intervention. Here, we present the
results of an interim analysis after 2 years of the DS1-EI
intervention. The feasibility, acceptability, and mid-term
efficacy of the DS1-EI intervention were evaluated.

Methods
Design and ethics
The study was a randomized, single-blind multicenter
trial comparing the clinical course of 2 groups of chil-
dren: the experimental group was exposed 4 mornings
per week to a workshop class with an individualized, se-
quential and developmental pedagogy, completed with
the usual institutional care during the remaining time
(DS1-EI group); the control group was exposed full-time
to the usual care of the institution (TAU group). Treat-
ment as usual (TAU) was defined as all therapeutic in-
terventions given to a specific child: this included
various individual or group care according to patient’s
needs given by psychologists, speech or occupational
therapists, alternating with free play and educative ses-
sions with adults and peers through various activities. In
the TAU group, school time was not structured: teachers
continued as usual to receive the children in their class-
room for short individual or collective sessions. In gen-
eral, they did not succeed in keeping the child attention
for a long time. Thus, school sessions were most often
reduced in time: E.g. at baseline, mean duration of
school time was 3 h, meaning that TAU group received
an average of 7 h of integrative care more per week com-
pared to experimental group [42].
The trial duration was defined as 36months but in-

cluded 12-, 18- and 24-month intermediate assessments.
The national health regulatory authority, Agence nationale
de sécurité du médicament et des produits de santé
(ANSM 130282B-31, April 16), approved the protocol; the
local Ethics Committee, Comité de Protection des Per-
sonnes of the University Hospital Saint-Antoine, approved
it as well on May 7, 2013. It was registered on the Austra-
lian New Zealand Clinical Trial Registry for public infor-
mation availability (ACTRN12616000592448). The study
adheres to CONSORT guidelines.

Participant recruitment
All participants were recruited within French outpatient
healthcare institutions specialized in treating children
with ASD and ID. The children were already receiving a
variety of treatments (the treatment as usual condition,
TAU). Institutions were selected based on specific char-
acteristics. The 11 sites were chosen to represent all
French territories (including a Caribbean island). Each
institution was required to dedicate a half-time special
education teacher to the project for 3 years. Finally, insti-
tutions were recruited equally from the health sector

(daycare hospital) and the medico-social sector (medico-
educational institutes).
For informed consent, each parent was given by the

local investigator an easily understandable information
in the form of verbal explanations as well as an informa-
tional leaflet about the study. Randomization occurred
only after written consent was obtained from the parents
of potential participants.
The inclusion criteria were as follow: (1) age between

5 and 9 years old; (2) a current diagnosis of ASD con-
firmed by a clinical assessment based on ICD-10 criteria
(International Classification of Diseases, 10th edition)
and the Autism Diagnostic Interview-Revised (ADI-R)
[43]; communication developmental age of 24 months
and under or a 3-year speech delay based on a Vineland
assessment; and determination by French education reg-
ulators that it was not possible to include the child in a
mainstreamed or special education classroom.
Cognitive functioning was not directly addressed

within the inclusion criteria, but children with autism
and severe language delay or children who cannot be in
mainstream classrooms generally have a low IQ or are
not assessable. Children with known organic syndromes
and/or unstabilized neuropediatric (e.g., seizures) or
medical (e.g., diabetes mellitus) comorbidities were not
excluded from the sample. During the medical assess-
ment, we did, however, specifically list comorbidities.
The exclusion criteria were limited only to parents’ re-
fusal to participate and to families’ plans in the short
term to change institutions for any reason.
Prior to randomization, children at each site had IQ as-

sessments using the Kaufman Assessment Battery for Chil-
dren, second edition (KABC II). As many children were not
assessable through the KABC II, a developmental quotient
(DQ) was calculated from the ratio of Vineland develop-
mental age and chronological age. In accordance with the
inclusion criteria that required a low level of communica-
tive functioning and impossibility to be included in a main-
streamed or special education classroom, the observed level
of functioning was generally very low (mean DQ was 30).
Dyads of participants were matched by IQ or DQ and when
possible by age and sex to minimize bias.
Randomization for group allocation was performed by

drawing lots in each dyad per site, ensuring that each
site would have 3 to 4 participants per DS1-EI group
and TAU group. A methodological coordinating team at
the Salpêtrière Hospital performed the randomization,
thus making the process independent from the study
sites. Table 1 lists inclusion sites, their location and their
contribution to recruitment.

Primary and secondary variables
Figure 1 summarizes the variables and timing of meas-
urement during the course of the trial. The primary
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outcome variables were (1) the Childhood Autism Rating
scale (CARS) to measure autism severity [44]; (2) the
Psychoeducational Profile, third edition (PEP-3), to
measure the total DQ with 6 dimensional DQs related to
expressive language, receptive language, cognition, fine
motor skills, gross motor skills, and imitation [45] and
(3) the school assessment based on French national abil-
ities testing for preschoolers (http://eduscol.education.
fr). Secondary variables included (1) the Vineland Adap-
tive Behavior Scale II (VABS-II) which is assessed via
parent (as was the case in our study) or educator

interview and used to determine children’s ability to per-
form daily activities required for personal and social au-
tonomy. The VABS-II investigates four domains:
Communication, Daily Living Skills, Socialization, and
Motor Skills. Subscale scores are then totaled to yield a
DQ [46]. (2) The ADI-R, which assesses interaction,
communication and behavioral anomalies; (3) the Kauf-
man Assessment Battery for Children, second edition
(KABC-II) standardized neuropsychological assessment
of intelligence through measures of Verbal, Performance,
Working Memory, Processing Speed and Total Quo-
tients [47]; (4) the Clinical Global Impression (CGI),
which assesses global symptom severity [48]; and (5) the
Clinical Global Assessment Scale (CGAS) [49].
We evaluate clinical change during the 24-month

period of the study using a single-blind procedure. Inde-
pendent raters blind to study group allocation assessed
participants for the main clinical assessments (PEP-3,
KABC-II, CARS). For measures that required 2 weeks of
participant observation (CGI, CGAS, school tests) or a
parental interview (ADI-R, VABS-II), blind assessment
was not feasible.

DS1-EI principles
DS1-EI principles have been detailed in Tanet et al.
(2016) [42]. It borrows some ingredients from ESDM
(developmental expectation, positive engagement); from
TEACCH (like adapted classroom environment or struc-
tured agenda); and from ABA (one-to-one condition,

Table 1 Participants’ recruitment sites

Location Type of institution Number of patients

Amiens IME N = 6

Lille DCH N = 6

Aulnay sous Bois DCH N = 6

Argenteuil IME N = 6

Paris-Etincelle DCH N = 6

Paris-CEREP DCH N = 7

Sèvres DCH N = 8

Saint-Privas IME N = 8

Guadeloupe DCH N = 8

Marseille IME N = 6

Bagnols sur Cèze IME N = 8

DCH daycare hospital, IME Institut medico-éducatif
(medico-educational institutes)

Fig. 1 Schedule of assessments for the DS1-EI trial. ADI-R = Autism Diagnostic Interview-Revised; CARS=Childhood Autism Rating Scale; CGI=
Clinical Global Impression; CGAS=Clinical Global Assessment Score; PEP-3 = Psychoeducational Profile, 3rd Edition; DQ = Developmental Quotient;
KAB-C=Kaufmann Assessment Battery for Children
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intensity, supporting positive behaviors rather than tack-
ling challenging behaviors). Other aspects may resemble
JASPER intervention (like following the child’s lead and
interest in activities, responding to the child’s joint at-
tention and requesting bids, matching child’s pacing and
affect). Some aspects were also driven by a psycho-
dynamic approach (like promoting children’s subjective
and personal expression, whenever not expected, giving
meaning to the child’s actions, helping the child to de-
velop awareness of its own feelings). In Table 2, we
summarize the major components. The intervention was
based on individualized education taking place within
small classrooms (3–4 children) with a teacher aided by
the required number of assistants to reach one-to-one
ratio. DS1-EI promotes social skills by alternating pe-
riods of social play with peers and sequences of one-to-
one education tailored to each child’s developmental
abilities. Teachers supported positive interactions and
encouraged spontaneous communication with the chil-
dren. Participants in the experimental group received
the DS1-EI intervention for 4 mornings per week (2 h
and 30min per session); for the remainder of the week,
they received the usual protocol of each site (other
therapeutic practices as determined by each institution,
e.g., speech therapy, occupational, therapy, social-skills
group activities).
In France, teachers working in daycare hospitals and

medico-educational institutes are specialized teachers
belonging to the French public school system who are
available to meet the needs of disabled children hosted
in care institutions. Teachers usually receive in their

classroom the children of the institution for short time
sessions, individually or in small groups. For this study,
they were trained to structure the classroom space and
time session. The setting was a small classroom with 3
or 4 pupils, including a desk for each child, with two
chairs (one for the child, one for the adult facing him to
work with the child), a screen presenting pictures of the
child’s schedule, and a locker. The child sat with his/her
back close to the wall where the screen was placed (Fig. 2).
The setting also included a large table for mid-session
group snacks and an area with benches and carpets for the
gathering sessions of all participants (both children and
adults) with repetitive social activities at the beginning and
end of a session.
The customized educational program followed de-

velopmental rules by focusing on the nearest expected
activity or skill, given a child’s development in a par-
ticular area. Given that the program was curriculum-
based, there were specific educational objectives for
each child. The teacher created the curriculum and
its objectives following academic recommendations
from the French Ministry of National Education
(http://eduscol.education.fr). Academic objectives in-
volved four domains: language and communication,
mathematics, intermodality, and autonomous behav-
iors. Because the DS1-EI by design follows a develop-
mental approach, we performed a detailed assessment
and curriculum for each child’s academic program.
The curriculum allowed selecting appropriate cogni-
tive/motor activities for training a given child within
each above listed domain.

Table 2 A developmental and sequenced one-to-one educational intervention (DS1-EI) for autism spectrum disorder: main
principles [36]

Characteristics Brief definition

Setting To be implemented in a small classroom with 3–4 pupils

In an adapted environment

Intensive One-to-one support
10 h per week in addition to other treatment practices (e.g., occupational therapy, speech therapy, psychotherapy)

Developmental The focus of training is what is close to the child’s development within a domain

Sequenced The 2.5-h sessions follow an anticipated and structured agenda

Teachers change learning activities every 10–15 min to keep a child’s attention

Curriculum-based A detailed assessment/curriculum is required to follow the developmental approach and to choose the appropriate
cognitive/motor activity to be taught in each domain for preschoolers

Educational objectives Given the developmental quotient of the children, the educational objectives are those of a second-grade program
for preschoolers and include 4 domains (mathematics, language and communication, intermodality and autonomy)

Reinforcers Supporting positive behaviors rather than tackling challenging behaviors

Using positive emotion engagement from professionals

Group Group activities are organized within the time schedule to encourage spontaneous communication and promote
social skills through play with peers

Supervision Regular supervision of teachers with updating of children’s educational objectives

Exploiting teachers’ unique skills Implementation of the program will capitalize on teachers’ individual strengths, such as their knowledge of a
specific method (e.g., the use of Picture Exchange Program) or of a particular child
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The morning session was structured in two ways. First,
the 2.5 h session followed an expected, structured
agenda that each child received on a screen. Second,
every 10–15min, professionals (teacher or assistants)
were asked to change desks and activities. Thus, each
10–15min, children had a new activity and a new
teacher or assistant in order to maintain their attention,
to challenge their need for sameness and to help
generalize social and scholastic abilities. In sum, the
structured context is meant to allow the child to be able
to work with a variety of teachers and to experiment
with new interpersonal relationships but in a rather pre-
dictable way.
Each classroom was overseen by a teacher aided by as-

sistants as per the 1-to-1 program design. The assistants
were specialized educators or nurses who care for the
children inside the institution during the day, through
other forms of intervention (individual or group ap-
proaches using various support methods and aiming to
develop relational or instrumental abilities). All profes-
sionals (the teacher and the assistants) received a one-
week session including: (1) an overview of the method
(using positive affect, shared engagement, responsiveness
and sensitivity to children’s cues); (2) specific instruc-
tions (focusing on verbal and nonverbal communication

and supporting positive behaviors rather than tackling
challenging behaviors). The DS1-EI detailed assessment/
curriculum was explained, including how to best align
learning proposals with a child’s particular developmen-
tal needs.
Supervision involved 2 different steps: 1) daily peer

supervision sessions of verbal exchanges and written ob-
servations after class about each child in each domain
with all professionals; 2) weekly supervision by a psych-
ologist who gave support related to clinical issues, team
clinical cohesion and proper adherence to DS1-EI imple-
mentation. To ensure fidelity of DS1-EI implementation
and application over time, the main investigator (A H-B)
came on each site at the beginning of the 3-year pro-
gram and then at least 3 times per year to observe an
entire morning session, to update each child’s academic
objectives and to discuss any deviations for protocol or
adjustments needed. Daily written observations were
given to the main investigator. A formal fidelity grid was
rated during the visits (see Additional file 2). In addition,
an external audit examined on-site application of the
protocol. They concluded that “the observed homogeneity
in program’s application shows that the on-site teams
were engaged in an active process of formation and
supervision to obtain a consistency in concrete

Fig. 2 DS1-EI setting. a An example of one DS1-EI classroom: 1. Child’s and adult’s desk and chairs; 2. Child’s screen with pictograms; 3. The large
table for mid-session group collaboration; (b) Each child is assigned a desk and two chairs (one for the child, one for the adult working with the
child). During the learning sessions, the child sits with his back close to the wall. The adult working with the child sits facing the child. Written
informed consent was obtained from the parents for the publication of this image
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intervention procedures as well as time and space struc-
turing and individual strategies”.

Data control and statistical analysis
The number of patients to enroll was based on the fol-
lowing theoretical statistics estimation: for a moderate
effect size (α = 0.6), a power fixed at 80%, and a level of
significance for a p-value fixed at < 0.05, 80 patients ran-
domized into two groups are required for a student t-
test. Given our choice to use linear mixed models (see
below) to take into account participant’s effect, we
planned to recruit from 70 to 80 participants. The data
were analyzed with the statistical program R, version
3.3.1 (R Foundation for Statistical Computing), using
two-tailed tests and a level of significance set at 5%.

Deviations from protocol and missing data
The different populations were defined according to the
type of deviation from protocol encountered. The “in-
tent-to-treat” (ITT) population included all randomized
participants, whatever the deviation status [minor devi-
ation (e.g., could not attend DS1-EI full program for 1
week because of a flu) or major deviation (e.g. any cause
of discontinuation and drop-out)]. The per-protocol
(PP) population included only participants with no devi-
ation or minor deviation. Missing data were monitored
for each variable (number and percentage) and taken
into account by the use of linear mixed-effects models.
Note that school assessment was missing for a lot of
TAU children at 24 months, precluding any group com-
parison for this variable.

Variables and covariates at baseline
Some initial characteristics of the population may influ-
ence the outcome. We compared all variables and covar-
iates of the experimental (DS1-EI) group and the control
(TAU) group at baseline to estimate the balance of the
groups.

Variables and covariates at baseline
We compared all variables and covariates of the experi-
mental (DS1-EI) group and the control (TAU) group at
baseline. Quantitative variables were described using
means and standard deviations and the difference be-
tween the two groups was tested by a Student test
(Welch t-test) or a Wilcoxon rank-sum test according to
distributional assumptions. Qualitative variables were
described using n of occurrences and percentage and the
intergroup differences were tested by a Chi-square test
without continuity correction. When an expected count
under the null hypothesis was less than 5, we used the
Fisher exact test.

GLMM model
We used General Linear Mixed-effect Models to account
for repeated measures (lme4 and lmer Test packages).
Primary and secondary endpoints were used separately
as a variable to be explained in the models. The effects
were adjusted on the IQ/DQ score at baseline. All effects
were fixed except the “subject” effect, which was a ran-
dom effect. Explanatory variables in the model were DQ
score at baseline, group, time, group*time interaction
and subjects as random effect. The goal of assessing
group*time interaction was to show whether change
over time would differ between the two groups. To cor-
rect any bias, we planned to include covariates that
showed an initial time imbalance in the multivariate
model. Ultimately, none were required. For each judg-
ment criterion, the p-values of group, time and group*-
time interaction effect were calculated, along with the
endpoints delta and the estimated effect size using
Cohen’s d formula for each group. The institutions en-
tered the research in a phased manner (from June 2013
to June 2014), but within each of the 11 institutions, re-
cruitment was done at all at once. Intermediate analyses
were planned at 12, 18 and 24months when all 11 insti-
tutions had completed each of these measures. Here, we
present the results of these intermediate analyses.

Results
Feasibility and acceptability
The diagram flow is shown in Fig. 3. A total of 75 partic-
ipants were screened, but only 72 were included after
randomization, as 3 were excluded. One family refused
the randomization assigned to their child, which led fur-
ther to the exclusion of the two patients of that initial
pairing. One participant was recruited for inclusion and
randomization, but as the institution was not able to find
another child to form a pair for randomization, this par-
ticipant was excluded. Of those 72 subjects in the ITT,
36 were randomized to each group. After randomization,
5 participants in the DS1-EI group and 4 participants in
the TAU group left during the first 24 months of the
study. The reasons for leaving included parents’ electing
to withdraw their child from the study (n = 1), leaving
the institution (n = 6) and extreme behavioral impair-
ments preventing participation in school activities (n =
2). As evidenced by a good retention rate after 24
months (86.1 and 88.9% in the DS1-EI group and TAU
group, respectively), the study was well accepted. We
had an excellent rate of participation in the study, with
only 4.2% of drop-outs attributable to children or par-
ents electing to leave the study. In terms of institutional
participation, feasibility was excellent as all sites included
6 to 8 participants. However, despite good implementa-
tion of the DS1-EI setting across institutions, some
teachers did not understand that assessment of the
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intervention included administering the annual educa-
tion achievement test to children from the TAU group.
This misinterpretation will be corrected for the 36
months collection, but 24-months educational variables
were unfortunately not obtained in all TAU participants.
Thus, school variables were not interpretable at 24
months outcome due to missing data.

Participants
Table 3 summarizes sociodemographic and clinical char-
acteristics at baseline for the 72 randomized participants.
No baseline differences between groups were found. The
average age in both groups was approximately 7 years.
As indicated from free text comments obtained in data
collection, there was a large proportion of immigrant
families, and many spoke little or no French. Further na-
tional and ethnic background information is not

available due to strict restrictions in French law regard-
ing this obtaining this type of data. Overall, participants
had severe autism, with an average CARS greater than
40, and severe intellectual disability, as the mean Vine-
land developmental age in communication or
socialization was approximately 15 months for a mean
chronological age of 7 years. Due to study inclusion cri-
terion of “determination by French education regulators
that it is not possible to include the child in a main-
streamed or special education classroom,” baseline edu-
cational level could not be assessed, but may be
described as “below primary school level.” Notably, this
clinical population has received much less research at-
tention since most treatment studies to date involved
patients with much higher cognitive and functioning
levels. In addition, 15 participants had 1–2 severe med-
ical conditions (extremely preterm: n = 4; neonatal

Fig. 3 Diagram flow of the study
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hypoxia: n = 1; genetic condition: n = 5 (Deletion of HNF1-
B and TCF2 genes, Rubinstein-Taybi syndrome, William-
Buren syndrome, Fragile X, Down syndrome); metabolic
condition: n = 1; seizure: n = 1; hemiplegia: n = 1; cerebral
malformation: n = 1; early puberty: n = 1; pigmentary retin-
itis: n = 1). The only difference we found at baseline be-
tween the 2 groups was in terms of the schooling variables,
reflecting the study protocol: in the TAU group, children
had very little schooling and were receiving an average of 3
h per week, compared to 10 h in the DS1-EI group.

Intent-to-treat (ITT) outcomes at 18 and 24months (Figs. 4, 5)
The ITT analyses were conducted on all randomized par-
ticipants (n = 72). The primary variables (namely, CARS
and PEP composite scores) were measured at 18months
and were the only blind variables. Intermediate educational

variables are not presented here because they have not been
assessed/scored in all patients at this time. The 24-month
ADI-R scores were not blind, as parents were aware of
group allocation. Table 4 summarizes the changes over
time and the effect sizes for each variable by group. We
found no significant difference between the two groups on
the primary variables and no significant difference on im-
provement in the group*time interaction. In contrast, there
was a significant time effect for all scores (ADI-R Inter-
action, CARS, PEP-communication, PEP-Motricity, PEP-
Maladaptive scores). Because there was no group*time
interaction, we conclude that both groups significantly im-
proved over time. In Table 4, we present p-values from the
model, and for each group, score’s deltas and associated ef-
fect sizes, which were generally moderate to strong, ranging
between 0.5 and 0.71.

Table 3 Sociodemographics and clinical characteristics at baseline

DS1-EI group (N = 36) TAU group (N = 36) Test, p

Sociodemographics

Sex: Female/Male 5 (13.9%) / 31 (86.1%) 6 (16.7%) / 30 (83.3%) Chi2, p = 1

Age (in months) 82.4 (19.1) 87 (19.5) W = 546.5, p = .26

Foreign language spoken at home (yes/no) 14 (38.9%) / 22 (61.1%) 18 (50%) / 18 (50%) Chi2, p = .48

Associated disorder (yes/no) 6 (16.7%) / 30 (83.3%) 9 (25%) / 27 (75%) Chi2, p = .56

Psychotropic medication (yes/no) 5 (13.9%) / 31 (86.1%) 6 (16.7%) / 30 (83.3%) Chi2, p = 1

Education_(hours) 10 (3.3) 3.1 (4.3) W = 1067.5, p < .001

Speech therapya 0.8 (0.8) 0.8 (0.7) W = 612, p = .83

Psychotherapya 0.4 (0.6) 0.5 (0.7) W = 619, p = .7

Psychomotricitya 0.7 (0.8) 1 (0.8) W = 520, p = .12

Composite score of family support 2.2 (0.8) 2.1 (0.8) W = 678.5, p = .72

Immigrant status (yes/no) 14 (38.9%) / 22 (61.1%) 18 (50%) / 18 (50%) Chi2, p = .48

Composite parental education level 4.6 (1) 4.6 (1.2) W = 362.5, p = .99

Clinical characteristics

DQ 30 (10) 30 (10) W = 692, p = .48

CARS 40.6 (7.1) 40.2 (7.1) W = 681.5, p = .71

ADI-R interaction 20.8 (5.8) 20.1 (5.8) W = 667, p = .67

ADI-R communication 11.8 (4.1) 10.8 (3.2) W = 735.5, p = .22

ADI-R stereotypies 6.4 (2.7) 5.8 (3.2) W = 693, p = .47

PEP-3 composite com 17.6 (7.1) 18.4 (7.9) W = 600.5, p = .6

PEP-3 composite mot 24.6 (8) 25.7 (7) W = 605, p = .63

PEP-3 maladaptive 9.7 (4.6) 9.6 (4.5) W = 672.5, p = .79

VABS communication 15 (7.7) 15 (5.8) W = 608.5, p = .66

VABS autonomy 28.6 (10.6) 27.9 (10.5) W = 682, p = .71

VABS socialization 15.2 (8.2) 14.6 (9) W = 704.5, p = .53

VABS motricity 33.3 (10.1) 32 (9.8) W = 697.5, p = .58

CGAS 25.8 (12) 24.8 (11) W = 696.5, p = .59

DS1-EI Developmental and Sequenced One-to-One Educational Intervention, TAU Treatment as usual, DQ Developmental Quotient according to Vineland
Developmental age relative to chronological age, ADI-R Autism diagnostic interview-revised, PEP-3 Psycho-educational profile, 3rd Edition, VABS Vineland adaptive
behavior scale, CGAS Clinical global assessment score
aMean number of session per week per participants
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The variables measured at 12 and 24months were not
blind, as they were based on parental or professional inter-
views. All secondary variable results were consistent with
the above reported results. We found no group*time inter-
action, indicating no significant difference between groups
in score change over time. However, there was a signifi-
cant effect time for all Vineland scores and for the CGAS,
reflecting a significant improvement over time in both
groups. Again, effect sizes of score change between 0 and
24months were rather strong, ranging from 0.75 to 1.18.
The overall results are presented in Table 5.

Per-protocol outcomes at 18 and 24months
(supplementary material)
Per-protocol analyses were conducted on participants
who remained in the study during the entire 24 months
(the end point of intermediary analysis). As 9 patients
dropped out during the first 24 months of the study (n =
5 in DS1-EI, n = 4 in TAU), the PP analysis included 63
patients (n = 31 in DS1-EI, n = 32 in TAU).
PP analysis for primary variables measured at 18

months showed similar results as those from the ITT
analysis. There was no significant group effect at base-
line and no significant effect in the group*time inter-
action. However, there was a significant time effect.
Nearly all variables (the CARS, the ADI-R interaction
and the 3 scores of the PEP: motricity, communication,

adaptation) showed a significant improvement over time
in both groups.
For the secondary variables measured at 18 and 24

months, the results yielded a similar effect in the PP ana-
lysis as in the ITT analysis. There was no significant
group effect at baseline and no significant group*time
interaction effect. However, almost all variables (Vine-
land scores and CGAS at 12 and 24 months) showed a
significant improvement over time in both groups.

Discussion
Summary of the results
Here we report the interim results at 24 months of the
36-month randomized controlled trial testing the use of
DS1-EI as a relatively intensive educational treatment
provided in small classrooms through 2.5-h sessions and
under regular supervision. We included 36 children with
ASD and ID in the experimental DS1-EI group and 36
matched controls. There was a significant improvement
in primary and secondary variable scores in both groups.
In addition, there was excellent patient and family par-
ticipation in the study, with a limited number of patients
lost to follow-up (12.5%). Acceptability and sustainability
are high for both the institutional teams and for the chil-
dren. This indicates that participation in the experimen-
tal intensive schooling group is feasible for both teachers
and children despite patients’ low IQ.

Fig. 4 Changes in primary variables from baseline to 18 months in the DS1-EI and the TAU groups. DS1-EI: Developmental and Sequenced One-
to-One Educational Intervention; TAU: Treatment as usual; CARS=Childhood Autism Rating Scale; PEP-3 = Psychoeducational Profile, 3rd Edition
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However, the primary and secondary outcomes of the
trial were negative. At endpoint, we found no significant
change for interaction between time and group. We
found a significant improvement in both groups (i.e., ex-
posed to DS1-EI or TAU) by time with moderate-to-
large effect sizes for CARS, PEP-3, VABS and CGAS

scores. This indicates that TAU and DS1-EI in daycare
hospitals and special education facilities improve chil-
dren in similar ranges. Thus, we don’t know if spending
10 h a week in a classroom with one-to-one support add
much instead of receiving the usual care. Even if families
in general request more time in classroom for their

Fig. 5 Changes in secondary variables from baseline to 12 and 24 months in the DS1-EI and the TAU groups. DS1-EI: Developmental and
Sequenced One-to-One Educational Intervention; TAU: Treatment as usual; VABS: Vineland adaptive behavior scale; CGAS: Clinical global
assessment score

Table 4 Intent-to-treat analysis outcomes at 18 months

Δ DS1-EI ES DS1-EI Δ TAU ES TAU P (time) P (group) P (group*time)

CARS −3.7 0.52 −4.0 0.64 .003 .580 .756

ADI-R interaction −2.9 0.52 −3.0 0.48 .016 .449 .688

ADI-R communication −0.9 0.19 −0.7 0.19 .421 .234 .781

ADI-R stereotypies −0.5 0.25 0.4 0.21 .322 .325 .161

PEP communication 3.7 0.71 4.7 1.01 .000 .387 .271

PEP motricity 2.9 0.55 2.4 0.59 .001 .315 .805

PEP maladaptive 1.7 0.49 2.4 0.90 .006 .776 .150

CARS Child autism rating scale, ADI-R Autism diagnostic interview-revised, PEP Psycho-educational profile. P values comes from the GLMM. However, in order to
show the changes in each group, this table includes the score variation between 0 and 18 months with its corresponding effect size
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children [41], the extra cost is not supported at 24-
months follow-up. The lack of a significant group effect
may also mean that the DS1-EI children have improved
their abilities to be in a classroom but are not able to
generalize in another context yet. The context in which
outcome measures are assessed influences the reported
magnitude of effects. A review of 23 studies suggested
that those using measurement contexts highly similar to
the treatment context, had an 82% probability of a posi-
tive treatment effect, compared to a 33% probability for
studies that used generalized measures [50]. Unfortu-
nately, our contextual measure (school assessment)
could not be reported at 24-months due to missing data.
Every effort will be done to recall teachers of children in
the TAU group to report school assessment at 36-
months.
Other possible explanations for the recorded improve-

ment in performance over 24 months in both groups
may be the children’s maturation and test-retest advan-
tage. Lastly, the lack of significant DS1-EI effects may be
due to the too-early measurements (at 24 months in-
stead of at the study conclusion at 36 months). For ex-
ample, in the UK’s Preschool Autism Communication
Trial studies, significant improvement was shown only
at the 5-year follow-up [15, 51]. Indeed, changes in ASD
symptoms are not easy to measure, and there is still no
consensus on the best variable to be used in a random-
ized controlled trial [52]. As we know that a low IQ is a
factor of poor prognosis, the progresses may be very
slow and subtle. Using a direct, observational measure of
social communication abilities (instead of the Vineland)
may have yielded different information. For example,
Fuller (2019), in a systematic review of the literature in-
cluding 29 studies reported numerous significant effects
on tools directly targeting social communication out-
comes. Finally, another limit is the moderate size of the
sample in regard to the heterogeneity of the children.
Notably, children with comorbid conditions were not ex-
cluded from our study.

Implications of results
Although the trial was negative, the results have some
interesting implications, especially in the French context.

First, the evaluation of institutional programs for chil-
dren with ASD and ID during an evidence-based study
is partially in response to families’ request [53, 54].
Given the long duration (36 months) of the entire study,
and the required subsequent time needed to analyze trial
effectiveness, we did not change children’s therapeutic
protocol in the TAU group during the study period.
Children in both groups continued to receive standard
daycare hospital or Institut Médico-Educatif (special
education center) treatments, and including individual
and group educational activities, regular sessions of
speech therapy, psychotherapy, and occupational therapy
[42]. The range of improvement seen in this study was
similar to that obtained in the 3-year follow-up observa-
tional study conducted by Baghdadli et al. [31] in
France.
Second, the study results are salient in the current

French context. Since the seventies, France has devel-
oped specialized institutions for children with ASD. Day-
care hospitals and medico-social institutes provide
various integrative care aiming to develop socio-
communicative abilities through play activities in a de-
velopmental view of building social relationships. But
they offer very few educational support. However,
French authorities have enshrined in the legislation the
right for disabled children to be included in mainstream
schools [54]. Thus, special settings have been developed
in schools and French children are more and more in-
cluded in school. However, many children with severe
ASD and ID initially cannot be placed in mainstream or
even special education classrooms, especially if signifi-
cant behavioral problems are present. Meanwhile,
French families are still advocating to have more chil-
dren with ASD included in mainstream schools even if
there is comorbid moderate-severe ID [53, 54]. Several
agencies, in France and in other countries, have recom-
mended conducting interventions in school-based set-
tings. Research demonstrates that children with ASD
benefit from being with their peers in a school setting,
and a variety of interventions could be used in class-
rooms [55–57], yet there is a gap between this research
and educational practice [58]. The context of a pre-
school seems to provide opportunities to develop

Table 5 Intent-to-treat analysis outcomes at 12 and 24months

Δ DS1-EI ES DS1-EI Δ TAU ES TAU P (time) P (group) P (group*time)

VABS communication 11.9 0.85 7.9 0.91 <.001 .610 .306

VABS autonomy 12.2 0.93 12.2 1.06 <.001 .736 .500

VABS social 13.0 0.75 9.6 0.91 <.001 .738 .661

VABS motor 10.9 0.89 10.6 1.00 <.001 .942 .448

CGAS 10.3 1.18 8.9 1.27 <.001 .928 .851

VABS Vineland adaptive behavior scale, CGAS Clinical global assessment score
P values comes from the GLMM including 12 months intermediate assessments. To show the changes in each group, this table includes the score variation
between 0 and 24 months with its corresponding effect size
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communication skills [59], and by offering children op-
portunities to enter into play groups, teachers can
reinforce a nonverbal ASD child’s requests [60]. Inter-
vention in schools may be more generalizable because
students can use learned communication skills within a
natural environment such as a classroom [61]. Two ob-
jectives should be combined: improving core deficits and
practicing social communication [62]. To date, more re-
search is needed to identify the most effective classroom
interventions [63]: the majority of studies examine behav-
ioral interventions in school [56, 64], and the literature on
school-based interventions generally deals with the ques-
tion of providing intervention in school [64, 65]. They do
not explore which ingredients will allow children with se-
vere disabilities to rise to a learner position and enter
school effectively. DS1-EI is one approach to allow chil-
dren with autism and severe ID to participate in school ac-
tivities, while developing socio-communicative abilities
simultaneously. Impossibility of inclusion in an external
school was an inclusion criterion. Through this setting,
children who had very low abilities and often severe be-
havioral disorders and who were thus initially receiving
very few time of unstructured education were actually able
to participate in structured school activities 10 h per week.
DS1-EI may be integrated into daycare hospitals or special
education institutes, used to prepare children to enter
mainstream schools, or delivered within the school
context.
However, to determine full results for both clinical

and educational assessments, the study will need to con-
tinue until the 36-month endpoint. Even if the effects of
DS1-EI do not generalize, a greater improvement in edu-
cational variables in DS1-EI is expected than in TAU
since educational achievement is the main target of the
experimental treatment. In the final year of the study,
assessing educational variables for both groups will be a
priority in order to have valid data available for compari-
son across both groups.

Strengths and limitations
Strengths of this study are a design of multicentre ran-
domized, single-blind controlled trial and the focus on
an understudied sample of children with autism and
comorbid moderate/severe intellectual disability and no
exclusion of children with medical conditions. As limita-
tions, the inclusion of children with comorbidities might
have limited outlining differential effects according to
the specific intervention, as sample size do not allow
subgroup analyses (e.g. without comorbid conditions).
However, we believe that these children are relevant to
study because it is the population we are dealing with.
Second, these 24-month interim analyses did not include
scholar assessment, an important target of the specific
intervention, and might be a too short duration to

differentiate DS1-EI from TAU. We expect to answer
this limitation with the end-point analysis at 3 years that
we will perform within the coming year. Third,
randomization was conducted on paired dyads in each
site to limit recruitment biases. However, given the dur-
ation of the study, we cannot exclude that contamin-
ation took place in TAU by implementing DS1-EI in
each site as teachers talk to each other between lessons
or after lessons, and discuss things that are successful in
their classes, or about problems they encounter. By
doing so they may have adopted ingredients from DS1-
EI to TAU. Last, recruitment was confined to France.

Conclusions
We implemented a new intervention, DS1-EI, in chil-
dren aged 5 to 9 with cooccurring ASD and ID. This
program was designed to increase children educational
achievement in French daycare hospitals or medico-
educational institutes. The study did not show that DS1-
EI was superior to TAU in treating children with ASD
and ID within 24 months. However, the low dropout rate
shows that within structured and integrative settings,
providing more educational instruction than is the usual
practice in France is feasible. As the current report is an
interim analysis, we plan to assess at our study end-
point (36 months) whether a total of 3 years of the DS1-
EI intervention will show a significant difference com-
pared with TAU. We will also determine which initial
factors may predict better outcomes.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12887-020-02156-z.

Additional file 1. Supplementary material DS1-EI 24 Months BMC
Pediatrics. Per protocol analysis of the DS1-EI randomized controlled trial
at 24 months. Table S1. Comparison at baseline (per protocol popula-
tion, N = 63). Clinical characteristics at baseline of the per-protocol popu-
lation by group. Table S2. Variables at 18-month outcome (PP
population, N = 63). Changes according to time for CARS, ADI-R and PEP-
3, by group. Table S3. Variables at 12- and 24-month outcome (PP popu-
lation, N = 63). Changes according to time for VABS and CGAS, by group.
Figure S1. Variables at 18-month outcome (PP population, N = 63).
Changes according to time for CARS and PEP-3, by group. Figure S2.
Variables at 12- and 24-month outcome (PP population, N = 63). Changes
according to time for VABS and CGAS, by group.

Additional file 2. DS1-EI fidelity grid rated during the study supervision.

Abbreviations
ASD: Autism spectrum disorder; ID: Intellectual disability; DS1-
EI: Developmental and Sequenced One-to-One Educational Intervention;
TAU: Treatment-as-usual; CARS: Childhood Autism Rating scale; PEP-
3: Psychoeducational Profile, third edition; VABS-II: Vineland Adaptive
Behavior Scale II; CGAS: Clinical Global Assessment Scale; ITT: Intent-to-treat;
PP: Per-protocol; ANSM: Agence nationale de sécurité du médicament et des
produits de santé; TEACCH: Treatment and Education of Autistic and
Communication Handicapped Children; ABA: Applied Behavioral Analysis;
PRT: Pivotal Response Training; ESDM: Early Start Denver Model;
DIR: Developmental, Individual-Differences and Relationship-based Model;
PACT: Parent-mediated social communication therapy; EIBI: Early intensive

Tanet et al. BMC Pediatrics          (2020) 20:263 Page 14 of 16

https://doi.org/10.1186/s12887-020-02156-z
https://doi.org/10.1186/s12887-020-02156-z


behavioral intervention; IQ: Intellectual Quotient; ICD-10: International
Classification of Diseases, 10th edition criteria; ADI-R: Autism Diagnostic
Interview-Revised; DQ: Developmental Quotient; KABC-II: Kaufman
Assessment Battery for Children, second edition; CGI: Clinical Global
Impression

Acknowledgments
We thank all teams of care professionals for their willingness to participate
and for accepting the procedural constraints of the research.
Members of the GPIS (groupe de pédagogie intensif et séquentiel) study
group: Véronique Bur, Aude Brellier, Marie-Noëlle Clément, Christophe Char-
tier, Claire Ducateau, Jean-Louis Sarradet, Paris; Danièle Scellier, Hélène Peti-
ton, Amiens; François Soumille, Marc Colombel, Marseille; Marc Bandelier,
Louisa Garnil, Argenteuil; Emmanuel Damville, Isabelle Gylbert, Lille; Anne
Juteau, Anne Vautrin, Aulnay-sous-Bois; Jean-François Havreng, Elisabeth Sim-
onet, Sèvres; Georges Lançon, Yves Faure, Bagnols sur Cèze; Aurélie Broche,
Myriam Garing, Saint Privat des Vieux; Carole Devaux, Sophie Michalak,
Guadeloupe.

Authors’ contributions
AT participated in coordination of the study, data collection, data
interpretation and drafting of the manuscript; AHB designed the intervention
protocol, trained and supervised the professionals in the centers and
participated in study conception, design, and coordination; MNC participated
in study conception, design, data collection and coordination; FS
participated in study conception, design, data acquisition and coordination;
GCC conceived of the study and its design and participated in its
coordination; HP performed the statistical analysis, participated in
interpretation of the data and in drafting the manuscript; FAA controlled
study design and application, statistical analysis and interpretation of the
data; DC conceived of the study design, participated in coordination,
interpretation of the data and drafting the manuscript; CSG participated in
study conception and design, coordination and monitoring, data collection,
data interpretation, and drafting the manuscript. All authors read and
approved the final manuscript.

Funding
The study was funded by the Caisse Nationale de Solidarité pour
l’Autonomie (CNSA), the Fondation Bettencourt-Schueller, and the Fondation
EDF. The funders had no role in designing the study nor analyzing or inter-
preting the results. They paid grants for the training and supervision of the
professionals, remuneration of independent assessment for the blind vari-
ables, and audit of the methodological quality of the trial.

Availability of data and materials
Data can indirectly be traced back to the study participants. According to
French and EU personal data legislation, access can only be made upon
request. The request should in this case be addressed to the corresponding
author David Cohen, and will be handled on a case by case basis.

Ethics approval and consent to participate
The protocol was authorized by the national regulatory authority Agence
Nationale de Sécurité du Médicament et des Produits de Santé (ANSM
130282B-31, April 16, 2013) and by the local Ethics Committee (Comité de
Protection des Personnes) at the University Hospital Saint-Antoine (May 7,
2013). Informed written consent was obtained from the parents of
participants.

Consent for publication
Written informed consent was obtained from the parents for the publication
of the Fig. 2b.

Competing interests
AHB has received research grants from Caisse Nationale de Solidarité pour
l’Autonomie (CNSA), the Fondation Bettencourt-Schueller, and the Fondation
EDF (Electricité de France). FA was employed by the company Cenbiotech. All
other authors declare no competing interests.

Author details
1Institut des Systèmes Intelligents et de Robotiques, Sorbonne Université,
75005 Paris, France. 2Département de Psychiatrie de l’Enfant et de

l’Adolescent, APHP, Groupe Hospitalier Pitié-Salpêtrière et Sorbonne
Université, 75013 Paris, France. 3Association Programme de Recherche et
d’Etudes sur l’Autisme, 7, square Dunois, 75013 Paris, France. 4Hôpital de jour
André Boulloche, association Cerep-Phymentin, 56 rue du Faubourg
Poissonnière, 75010 Paris, France. 5Association Régionale pour l’Intégration,
26 rue Saint Sébastien, 13006 Marseille, France. 6CEN Biotech, Parc
Mazen-Sully, Zone des biotechnologies, Impasse Françoise Dolto, 21000
Dijon, France.

Received: 10 November 2019 Accepted: 20 May 2020

References
1. Association, A. P. Diagnostic and statistical manual of mental disorders

(DSM-5). 5th ed. Whashington, DC: American Psychiatric Publishing; 2013.
2. Tordjman S, et al. Repint of “reframing autism as a behavioral syndrome and

not a specific mental disorder: implications of genetic and phenotypic
heterogeneity”. Neurosci Biobehav Rev. 2018;89:132–50.

3. Ospina MB, et al. Behavioural and developmental interventions for autism
spectrum disorder: a clinical systematic review. PLoS One. 2008;3(11):e3755.

4. Wilczynski S, et al. National standards report: the national standards project:
addressing the need for evidence-based practice guidelines for autism
spectrum disorders. Randolph: National Autism Center; 2009.

5. Mesibov GB, Shea V. The TEACCH program in the era of evidence-based
practice. J Autism Dev Disord. 2010;40(5):570–9.

6. Schopler E, Mesibov G, Baker A. Evaluation of treatment for autistic children
and their parents. J Am Acad Child Psychiatry. 1982;21(3):262–7.

7. Smith T, Groen AD, Wynn JW. Randomized trial of intensive early
intervention for children with pervasive developmental disorder. Am J Ment
Retard. 2000;105(4):269–85.

8. Koegel RL, Koegel LK, McNerney EK. Pivotal areas in intervention for autism.
J Clin Child Psychol. 2001;30(1):19–32.

9. Dawson G, et al. Randomized, controlled trial of an intervention for toddlers
with autism: the early start Denver model. Pediatrics. 2010;125(1):e17–23.

10. Mahoney G, Perales F. Relationship-focused early intervention with children
with pervasive developmental disorders and other disabilities: a
comparative study. J Dev Behav Pediatr. 2005;26(2):77–85.

11. Wieder S, Greenspan S. Can Children with Autism Master the Core Deficits
and Become Empathetic, Creative, and Reflective? A Ten to Fifteen Year
Follow-Up of a Subgroup of Children with Autism Spectrum Disorders
(ASD) Who Received a Comprehensive Developmental, Individual-
Difference, Relationship-Based (DIR) Approach, in journal of developmental
and learning disorders; 2005.

12. Houghton K, et al. Promoting child-initiated social-communication in
children with autism: son-rise program intervention effects. J Commun
Disord. 2013;46(5–6):495–506.

13. Blanc R, et al. La thérapie d’échange et de développement, Une
rééducation neurofonctionnelle de la communication sociale.
Neuropsychiatrie de l’Enfance et de l’Adolescence. 2013;61(5):288–94.

14. Tilmont Pittala E, et al. Clinical outcomes of interactive, intensive and
individual (3i) play therapy for children with ASD: a two-year follow-up
study. BMC Pediatr. 2018;18:165.

15. Pickles A, et al. Parent-mediated social communication therapy for young
children with autism (PACT): long-term follow-up of a randomised
controlled trial. Lancet. 2016;388(10059):2501–9.

16. Tonge BJ, et al. A review of evidence-based early intervention for
behavioural problems in children with autism spectrum disorder: the core
components of effective programs, child-focused interventions and
comprehensive treatment models. Curr Opin Psychiatry. 2014;27(2):158–65.

17. Smith T, Iadarola S. Evidence base update for autism Spectrum disorder. J
Clin Child Adolesc Psychol. 2015;44(6):897–922.

18. Eikeseth S. Outcome of comprehensive psycho-educational interventions for
young children with autism. Res Dev Disabil. 2009;30(1):158–78.

19. Eldevik S, et al. Meta-analysis of early intensive behavioral intervention for
children with autism. J Clin Child Adolesc Psychol. 2009;38(3):439–50.

20. Reichow B. Overview of meta-analyses on early intensive behavioral
intervention for young children with autism spectrum disorders. J Autism
Dev Disord. 2012;42(4):512–20.

21. Makrygianni MK, Reed P. A meta-analytic review of the effectiveness of
behavioural early intervention programs for children with autistic Spectrum
disorders. Res Autism Spectr Disord. 2010;4(4):577–93.

Tanet et al. BMC Pediatrics          (2020) 20:263 Page 15 of 16



22. Warren Z, et al. A systematic review of early intensive intervention for
autism spectrum disorders. Pediatrics. 2011;127(5):e1303.

23. Tachibana Y, et al. A systematic review and meta-analysis of comprehensive
interventions for pre-school children with autism spectrum disorder (ASD).
PLoS One. 2017;12(12):e0186502.

24. Maw SS, Haga C. Effectiveness of cognitive, developmental, and behavioural
interventions for autism Spectrum disorder in preschool-aged children: a
systematic review and meta-analysis. Heliyon. 2018;4(9):e00763.

25. Narzisi A, et al. Non-pharmacological treatments in autism spectrum
disorders: an overview on early interventions for pre-schoolers. Curr Clin
Pharmacol. 2014;9(1):17–26.

26. Barton EE, Lawrence K, Deurloo F. Individualizing interventions for young
children with autism in preschool. J Autism Dev Disord. 2012;42(6):1205–17.

27. Loth E, Murphy DG, Spooren W. Defining precision medicine approaches to
autism spectrum disorders: concepts and challenges. Front Psychiatry. 2016;
7:188.

28. Fombonne E, et al. Prevalence of autism Spectrum disorders in Guanajuato,
Mexico: the Leon survey. J Autism Dev Disord. 2016;46(5):1669–85.

29. Kočovská E, et al. Autism in the Faroe Islands: diagnostic stability from
childhood to early adult life. Sci World J. 2013;2013:1–7.

30. Amiet C, et al. Epilepsy in autism is associated with intellectual disability
and gender: evidence from a meta-analysis. Biol Psychiatry. 2008;64(7):577–
82.

31. Baghdadli A, et al. Developmental trajectories of adaptive behaviors from
early childhood to adolescence in a cohort of 152 children with autism
spectrum disorders. J Autism Dev Disord. 2012;42(7):1314–25.

32. Peters-Scheffer N, et al. Low intensity behavioral treatment supplementing
preschool services for young children with autism spectrum disorders and
severe to mild intellectual disability. Res Dev Disabil. 2010;31(6):1678–84.

33. Peters-Scheffer N, et al. Effectiveness of low intensity behavioral treatment
for children with autism spectrum disorder and intellectual disability. Res
Autism Spectr Disord. 2013;7(9):1012–25.

34. Mohammadzaheri F, et al. A randomized clinical trial comparison between
pivotal response treatment (PRT) and structured applied behavior analysis
(ABA) intervention for children with autism. J Autism Dev Disord. 2014;
44(11):2769–77.

35. Mohammadzaheri F, et al. A randomized clinical trial comparison between
pivotal response treatment (PRT) and adult-driven applied behavior analysis
(ABA) intervention on disruptive behaviors in public school children with
autism. J Autism Dev Disord. 2015;45(9):2899–907.

36. Minjarez MB, et al. Pivotal response group treatment program for parents of
children with autism. J Autism Dev Disord. 2011;41(1):92–101.

37. Gengoux GW, et al. Pivotal response treatment parent training for autism:
findings from a 3-month follow-up evaluation. J Autism Dev Disord. 2015;
45(9):2889–98.

38. Goods KS, et al. Preschool based JASPER intervention in minimally verbal
children with autism: pilot RCT. J Autism Dev Disord. 2013;43(5):1050–6.

39. Poinso F, et al. Évaluation prospective d’enfants atteints d’un trouble
envahissant du développement après deux ans de prise en charge en
hôpital de jour. Arch Pediatr. 2013;20(1):17–25.

40. Chamak B, Bonniau B. Trajectories, long-term outcomes and family
experiences of 76 adults with autism Spectrum disorder. J Autism Dev
Disord. 2016;46(3):1084–95.

41. Chamak B, Bonniau B. Autism and social movements in France: a
comparative perspective. Worlds of Autism. 2013;1:239–57.

42. Tanet A, et al. A developmental and sequenced one-to-one educational
intervention for autism Spectrum disorder: a randomized single-blind
controlled trial. Front Pediatr. 2016;4:99.

43. Lord C, Rutter M, Le Couteur A. Autism diagnostic interview-revised: a revised
version of a diagnostic interview for caregivers of individuals with possible
pervasive developmental disorders. J Autism Dev Disord. 1994;24(5):659–85.

44. Schopler E, et al. Toward objective classification of childhood autism:
childhood autism rating scale (CARS). J Autism Dev Disord. 1980;10(1):91–103.

45. Schopler E, et al. PEP-3. Psychoeducational profile. Teach individualized
psychoeducational assessment for children with autism Spectrum disorders.
Austin: Pro-Ed; 2005.

46. Sparrow SS, et al. Vineland adaptive behavior scales: survey forms manual.
Circle Pine: American Guidance Service; 2005.

47. Kaufman AS, Kaufman NL. Kaufman assessment battery for children, second
edition, in encyclopedia of special education: American Cancer Society;
2014.

48. Guy W. ECDEU assessment manual for psychopharmacology. Rockville: U.S.
Dept. of Health, Education, and Welfare; 1976.

49. Shaffer D, et al. A children's global assessment scale (CGAS). Arch Gen
Psychiatry. 1983;40(11):1228–31.

50. Yoder PJ, et al. Social communication intervention effects vary by
dependent variable type in preschoolers with autism spectrum disorders.
Evid-Based Commun Assess Intervent. 2013;7(4):150–74.

51. Green J, et al. Parent-mediated communication-focused treatment in
children with autism (PACT): a randomised controlled trial. Lancet. 2010;
375(9732):2152–60.

52. Persico AM, et al. Unmet needs in paediatric psychopharmacology: present
scenario and future perspectives. Eur Neuropsychopharmacol. 2015;25(10):
1513–31.

53. Chamak B, et al. The autism diagnostic experiences of French parents.
Autism. 2011;15(1):83–97.

54. HAS. Autisme et autres troubles envahissants du développement:
interventions éducatives et thérapeutiques coordonnées chez l’enfant et
l’adolescent, vol. 2012; 2012.

55. Hess KL, et al. Autism treatment survey: services received by children with
autism spectrum disorders in public school classrooms. J Autism Dev
Disord. 2008;38(5):961–71.

56. Watkins L, et al. A review of peer-mediated social interaction interventions
for students with autism in inclusive settings. J Autism Dev Disord. 2015;
45(4):1070–83.

57. Dunst CJ, Trivette CM. Using research evidence to inform and evaluate early
childhood intervention practices. Top Early Child Spec Educ. 2009;29(1):40–
52.

58. Parsons S, et al. Commentary--bridging the research and practice gap in
autism: the importance of creating research partnerships with schools.
Autism. 2013;17(3):268–80.

59. Goldstein H. Communication intervention for children with autism: a review
of treatment efficacy. J Autism Dev Disord. 2002;32(5):373–96.

60. Johnston S, et al. The use of visual supports in teaching young children
with autism spectrum disorder to initiate interactions. Augment Altern
Commun. 2003;19(2):86–103.

61. Reszka SS, Odom SL, Hume KA. Ecological features of preschools and the
social engagement of children with autism. J Early Interv. 2012;34(1):40–56.

62. Lawton K, Hannigan S, Ellawadi AB. Moving beyond the status quo: using
evidence-based practice to improve autism Core deficits in the preschool
classroom. In: International review of research in developmental disabilities;
2014. p. 99–150. Elsevier.

63. Lang R, et al. Review of teacher involvement in the applied intervention
research for children with autism spectrum disorders. In: Education and
training in autism and developmental disabilities; 2010. p. 268–83.

64. Koegel L, et al. Interventions for children with autism spectrum disorders in
inclusive school settings. Cogn Behav Pract. 2012;19(3):401–12.

65. Kasari C, Smith T. Interventions in schools for children with autism spectrum
disorder: methods and recommendations. Autism. 2013;17(3):254–67.

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

Tanet et al. BMC Pediatrics          (2020) 20:263 Page 16 of 16


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Design and ethics
	Participant recruitment
	Primary and secondary variables
	DS1-EI principles
	Data control and statistical analysis
	Deviations from protocol and missing data
	Variables and covariates at baseline
	Variables and covariates at baseline
	GLMM model


	Results
	Feasibility and acceptability
	Participants
	Intent-to-treat (ITT) outcomes at 18 and 24&thinsp;months (Figs. 4, 5)
	Per-protocol outcomes at 18 and 24&thinsp;months (supplementary material)

	Discussion
	Summary of the results
	Implications of results
	Strengths and limitations

	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

