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Introduction: Individuals with autism spectrum disorder (ASD) who also exhibit severe-to-moderate ranges of intellectual disability (ID) still face many challenges (i.e., less evidence-based trials, less inclusion in school with peers).

Methods: We implemented a novel model called the “Developmental and Sequenced One-to-One Educational Intervention” (DS1-EI) in 5- to 9-year-old children with co-occurring ASD and ID. The treatment protocol was adapted for school implementation by designing it using an educational agenda. The intervention was based on intensity, regular assessments, updating objectives, encouraging spontaneous communication, promoting skills through play with peers, supporting positive behaviors, providing supervision, capitalizing on teachers’ unique skills, and providing developmental and sequenced learning. Developmental learning implies that the focus of training is what is close to the developmental expectations given a child’s development in a specific domain. Sequenced learning means that the teacher changes the learning activities every 10–15 min to maintain the child’s attention in the context of an anticipated time agenda. We selected 11 French institutions in which we implemented the model in small classrooms. Each institution recruited participants per dyads matched by age, sex, and developmental quotient. Patients from each dyad were then randomized to a DS1-EI group or a Treatment as usual (TAU) group for 36 months. The primary variables – the Childhood Autism Rating scale (CARS) and the psychoeducational profile (PEP-3) – will be blindly assessed by independent raters at the 18-month and 36-month follow-up.

Discussion and baseline description: We enrolled 75 participants: 38 were randomized to the DS1-EI and 37 to the TAU groups. At enrollment, we found no significant differences in participants’ characteristics between groups. As expected, exposure to school was the only significant difference [9.4 (±4.1) h/week in the DS1-EI group vs. 3.4 (±4.5) h/week in the TAU group, Student’s t-test, t = 5.83, p < 0.001].

Ethics and dissemination: The protocol was authorized by the competent national regulatory authority (Agence nationale de sécurité du médicament et des produits de santé) and approved by the local Ethics Committee (Comité de Protection des Personnes) at the University Hospital Saint-Antoine (May 7, 2013). The findings will be disseminated through peer-reviewed journals and national and international conferences.

Trial registration numbers: ANSM130282B-31 (April 16 2013) and ACTRN12616000592448 (May 6 2016).
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BACKGROUND

Autism spectrum disorder (ASD) is characterized by the presence of atypical social communicative interaction and behaviors. The role of some genetic factors in ASD is known. However, there is a growing body of neurobiological research that indicates the presence of complex gene–environment interactions. Despite these findings, there is no approved biological treatment for this disorder and the first-line treatments pertain to psychosocial domains (1). Typically, ASD is diagnosed by means of a behavioral analysis during the 3- to 5-year-old age range; once diagnosed, the treatment is primarily delivered through behavioral interventions following different models. In essence, these models try to promote cognitive, communication, and behavioral skills that are considered essential to improve social skills in the long run (2, 3).

Several global interventions for core deficits in ASD have been proposed and assessed within clinical trials. The Treatment and Education of Autistic and Communication Handicapped Children (TEACCH) program uses many technical interventions to meet the individual needs of people with autism. The work program is tailored to some seminal aspects of ASD. First, it is centered on the individual. Individual needs are assessed through a comprehensive assessment of several developmental dimensions while taking into account emerging capacities. Second, it requires an understanding of autism, the adoption of appropriate adaptations and a broadly based intervention strategy (e.g., structured teaching, visual understanding, object manipulation, social communication skills) that builds on existing skills and interests. Third, the environment is organized to help children and adults understand and remember what to do (e.g., visual agendas, making expectations clear, and explicit, visual materials, structured architecture). The focus is on positive strategies to support behavioral and teaching strategies (4, 5).

Applied Behavioral Analysis (ABA) is a one-to-one intensive method that uses reinforcement of adaptative and acquired skills (6). The first structured attempts by Lovaas (7) were criticized (difficulties in generalization of learned behaviors; mechanical responses; lack of spontaneity) despite their encouraging first results. These criticisms led to the development of Pivotal Response Training [PRT], a more naturalistic behavioral treatment that has good documented effectiveness (8). PRT is a home-based intervention that includes parents in the routines. The method is based on choosing “pivotal” skills as the target of the treatment; following the child’s choice of activities and games; reinforcing not only the correct answer expected by the professional but also all (meaning complete or incomplete) forms of attempts to respond; alternating between acquisition and maintenance; and using intrinsic reinforcers.

The Early Start Denver Model (ESDM) is an early and intensive intervention approach for young children. The interventions are based on the following: (i) a curriculum that evaluates the child’s development across different developmental domains; (ii) specific procedures for learning and incorporating ABA principles, such as PRT; (iii) sessions focusing on interactions with children, interpersonal exchanges, and shared commitment with materials and activities of daily living; (iv) a positive affect, adults being responsive and sensitive to child cues; (v) verbal and non-verbal communication cues; (vi) proximal developmental windows, meaning that the focus of training is what is close to the developmental expectations given a child’s development in the according domain; and (vii) parents’ involvement. This program is implemented in small groups or individually at a specialized center or at home (3, 9).

The Developmental, Individual Differences, and Relationship-based (DIR) method is built on three axes: (i) the level of functional and emotional development reached by the child; (ii) the individual differences in information processing and motor planning; and (iii) the types of interactions that the child establishes with his/her partners (10). Floor Time is the core of the DIR method. It consists of sequences of guided play (15–20 min) that are repeated several times by parents throughout the day and are supervised by an expert. The DIR principles that should always be respected are to follow the child’s lead and support his/her initiative; to focus on joint attention; to close circles of communication; to create semi-structured problem solving; to contrast repetitiveness with playful obstruction; to support visual attention; and to work on imitation (10, 11).

In an attempt to capture the common components among these models and what could be learned from evidence-based studies, Narzisi and colleagues (12) delineated the following principles: the first group regards timing: (1) starting as early as possible; (2) minimizing the gap between diagnosis and treatment; (3) being intensive (not less than 3–4 h of treatment per day); the second group is based on viewing parents as partners and involving family; the third group gathers principles related to treatment program: (1) providing regular assessments, supervision and updating the goals of treatment; (2) encouraging spontaneous communication; (3) promoting skills through play with peers; (4) finalizing the acquisition of new skills and their generalization and maintenance in natural contexts; and (5) supporting positive behaviors rather than tackling challenging behaviors.

Why Should We Implement a School-Based Intervention?

Despite the encouraging results presented earlier, most of those programs (a notable exception being TEACCH) do not target school-aged children and are not proposed to occur in a school setting. This is unfortunate because schools are a favorable location for autism interventions (13). Additionally, many children with ASD do not receive a sufficient amount of treatment (14), even in countries with free access to health care (15). Because children with ASD benefit from being with other peers at school, the gap between education research and education practice (16) may be a missed opportunity to offer more support to these children. Additionally, larger doses of treatment could be offered in school contexts, especially when interventions are administered 1:1 (17). Several agencies have recommended conducting interventions in school-based settings (18, 19). Two objectives should be combined: school-based core deficit interventions and school-based social communication practice (20). There are already several studies that have shown that school-based interventions are able to reach larger numbers of children with ASD. This may improve challenges with generalization by using learned skills regarding communication in a natural environment, such as in the classroom (21, 22). Additionally, the preschool context seems to offer opportunities to develop communication skills (23, 24), and by offering opportunities to enter into play groups, teachers can supply reinforcements of the non-verbal ASD child requests (25).

However, there are very few school-based social communication interventions, and in many cases, teachers at school do their best without guided specific interventions for ASD children in the classroom. Consequently, there is a lack of response from teachers to the communicative acts produced by children with ASD (26). General educational teachers provide infrequent verbal prompting with ASD children (27), and they more frequently engage in functional play than symbolic play (28). They also lack supervision (20). Thus, there is a paradox between the need for appropriate intensive interventions for ASD and what is proposed in most school settings. For example, Mudford and colleagues (29) showed that the implementation of an evidence-based ABA program in preschoolers was not complete: 93% of the participants were not provided the dose of treatment (40 h/week). Additionally, from an efficiency perspective, although several programs support the concept of tailoring interventions to the child’s needs and skills, to our knowledge, no one has questioned whether programs could be adapted according to teaching local skills.

Why Should We Study Children with ASD and Intellectual Disability?

As expressed in the dimensional approach of the new classifications in the DSM-5 (30), intellectual disability (ID) is a frequent challenge and comorbidity in ASD. According to studies, ID co-occurs in 50 to 75% of ASD cases (31). Risk factors of comorbid ID in ASD are gender (despite the high number of males with ASD, the male/female ratio decreases in ASD comorbid with ID) and the existence of seizures or of a neurodevelopmental or genetic syndrome (32, 33). The co-occurrence of ID also appears to be a prognostic factor for long-term outcomes of ASD (12, 34) and a risk factor of the incidence of challenging behaviors that provoke severe morbidity in some cases (35). To date, very few models have specifically addressed ASD comorbid with ID, in particular when ID is in the severe-to-moderate range. Therefore, the need to focus on this understudied population is warranted. Here, we wonder whether or not children with comorbid ASD and severe ID may be receptive to a pedagogical content? For such children over 5 years, could an adapted and one-to-one cognitive program in school be a road to improve non-verbal and verbal communication and to promote social skills?

METHODS/DESIGN

Objectives

In this paper, our aims are to describe a school-based intervention program (a developmental and sequenced one-to-one educational intervention, DS1-EI) that was adapted to the French health and education system; to justify the principles that were followed to implement the method and adapt it to a low-functioning population (i.e., ASD comorbid with ID); to describe the randomized controlled trial we began; and to present the sociodemographic and clinical characteristics of the participants at baseline.

Participants and Recruitment

All participants were recruited in outpatient French health care institutions that are specialized in treating children with autism and intellectual handicaps. At the request of the French national health regulatory authority [Agence nationale de sécurité du médicament et des produits de santé (ANSM)] and the main sponsor [Caisse Nationale de Solidarité pour l’Autonomie (CNSA)], we balanced day care hospitals and special education clinics to have a representative sample of French institutions. In each institution, we obtained a specific commitment to accept the implementation of a DS1-EI school-based program as described below and to recruit the same number of participants to be randomized into a DS1-EI exposed group (called the DS1-EI group) or a treatment as usual (TAU) group who would serve as controls. The commitment also entailed having the required resources from local school authorities to implement the DS1-EI and to have the leading teacher from the classroom be supervised. To avoid bias in the TAU group as a result of the diversity of institutions, we decided to randomize participants by site. Figure 1 summarizes the list of institutions involved in the protocol and the number of patients by site. In total, we enrolled 75 participants.
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FIGURE 1 | Institutions and participants’ enrollment in the DS1-EI trial by site. HDJ, Hopital de Jour (Day care medical center); IME, Institut Medico-Educatif (Special education center).



Each parent provided informed written consent before inclusion. The inclusion criteria were a current diagnosis of ASD confirmed by a clinical assessment based on the International Classification of Diseases, 10th edition criteria and the Autism Diagnostic Interview-Revised (ADI-R) (36); an intellectual handicap with financial compensation from local agencies [Maison Départementale du Handicap (MDPH)]; being aged between 5 and 9 years; and having a communication developmental age of 24 months and under based on a Vineland assessment or a 3-year speech delay based on a Psycho-Educational Profile, third edition. We did not exclude children with known organic syndromes and/or non-stabilized neuropaediatric (e.g., seizures) or medical (e.g., diabetes mellitus) comorbidities. However, during the medical assessment, we specifically listed comorbidities. The exclusion criteria were limited to parents’ refusal to participate; family’s plans to change institutions in the short term for any reason; and patient’s severe behavioral impairments that would challenge treatment adherence. Of note, this last exclusion criterion was based on local institution staff decision. Before randomization, each site was requested to assess the IQ of the participants based on the Kaufman Assessment Battery for Children second edition (KABC-II) or, failing that, Vineland scores. Based on these results, dyads of participants matched for sex, age, and developmental quotient (DQ) were formed to limit the risk of bias between groups. Randomization before group allocation to TAU or DS1-EI group was performed by drawing lots in each dyad per site so that each site could have a TAU group and a DS1-EI group of three to four participants each. Randomization was performed by the methodological coordinating team at the Salpêtrière Hospital and was independent from local inclusion sites. TAU was defined as all therapeutic interventions given to a specific child. Given the study duration, we did not recommend not to change children’s therapeutic protocol in the TAU group during the study period. The trial duration was defined as 36 months but included 12-, 18-, and 24-month intermediate assessments.

DS1-EI Treatment Principles

Participants randomized to the DS1-EI group received the specific experimental protocol four mornings per week (2 h 30 min); the rest of the week they continued to receive the usual protocol of each site. The treatment principles are summarized in Table 1. The setting was a small classroom with four pupils, but an adapted environment was proposed. Following the principles of TEACCH (5), each child was offered a desk, two chairs (one for the child, one for the adult working with the child), a screen where pictures of the child’s schedule and activities were provided, and a locker with his or her picture. In contrast to TEACCH, the child sat with his back close to the wall where the screen was placed (see pictures in the supplementary material S1). The setting also included a large table for mid-session group collaboration and a place offering benches and carpets where group participants (both children and adults) met at the beginning and ending of a session. Although the program did not reach the 40 h per week recommended by some programs (37), it remained intensive, with 10 h of DS1-EI plus other therapeutic practices according to each institution (e.g., occupational therapy; speech therapy; social skill group activities). The program followed developmental rules, meaning the training was focused on the nearest expected activity/skill of a given child’s development in a specific domain as recommended by the ESDM (9). In terms of timing, the program was sequenced in two ways. First, as in TEACCH, the 2 h 30 min sessions followed an anticipated and structured agenda that was presented for each child on a screen. When a novel activity started, the corresponding pictogram was shown on the child’s desk. Second, teachers were asked to change desk and activities every 10–15 min to maintain the child’s attention and to help him improve by challenging patient’s need of sameness. Thus, each 10–15 min, the child has a new activity and a new teacher. The program was also curriculum based and had specific educational objectives (see details below).

TABLE 1 | A developmental and sequenced one-to-one educational intervention (DS1-EI) for autism spectrum disorder: main principles.
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Academic Training

Because DS1-EI was a program implemented in classrooms, both the curriculum and the objectives followed academic recommendations from the French Ministry of National Education. The curriculum was adapted from the French program for nursery and primary schools and handiscol principles (http://eduscol.education.fr). This was decided based on the idea that these recommendations were part of a teacher’s area of expertise and that it would promote participation in the program. Additionally, each classroom of N children was under the responsibility of one teacher helped by (N − 1) assistants, according to the 1-to-1 design of the program. In the same vein, one of the principles of the program was capitalizing on teachers’ individual skills. We believed that implementation of the program would benefit from using teachers’ specific knowledge (e.g., the use of the Picture Exchange Program). A detailed assessment/curriculum was a prerequisite of each child’s academic program because the DS1-EI was designed to follow a developmental approach, which required the selection of appropriate cognitive/motor activities for training within each domain. The curriculum is described in detail in the supplementary material S2. Regarding the academic/educational objectives, they were grouped into four domains: mathematics, language and communication, intermodality, and autonomy. Table 2 provides some examples of the activities by domain and level of child’s performance.

TABLE 2 | DS1-EI learning by domain and hierarchical proposals: examples of tasks.
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Teachers’ Training and Supervision

Each teacher and each assistant were trained by Annik Hubert-Barthelemy during a 1-week session. They were provided with a method presentation and were trained to use positive affect, shared engagement, responsiveness, and sensitivity to child cues, to focus on both verbal and non-verbal communication, and to support positive behaviors rather than tackle challenging behaviors. The DS1-EI detailed assessment/curriculum was explained, including how to keep learning proposals close to a given child’s developmental needs. The last 2 days of the training session was dedicated to define new objectives and adaptations. During the morning, the teacher with the help of his/her assistants had to fulfill children curriculums and to have related written observation. During the afternoon, curriculum was discussed and first learning activities for all domains were decided for each child.

Supervision was organized in three different steps: (i) daily sessions of verbal exchanges and written observations after the class about each child in each domain with all professionals (the teacher and the assistants); (ii) weekly supervisions by a psychologist; (iii) monthly supervisions by the main investigator to ensure the conformity of the program application and to help the teacher adapting the directives according to each child outcome.

Primary and Secondary Variables

Table 3 summarizes the variables that we planned to measure at enrollment and at several time points throughout the trial. The primary outcome variables were (i) the Childhood Autism Rating scale (CARS), which measures autism severity (38); (ii) the psychoeducational profile, third edition (PEP-3), which measures the total DQ and 5-dimensional DQs related to cognition, receptive language, expressive language, fine motor skills, gross motor skills, and imitation, and (iii) the school’s assessment (39). Secondary variables included the following measures: (i) the Vineland Adaptive Behavior Scale II (VABS-II) as a behavioral scale of independence; this scale is assessed through a parent/educator interview and is used to assess the ability of children to perform the daily activities required for personal and social sufficiency. The VABS-II examines four specific domains: Communication, Daily Living Skills, Socialization, and Motor Skills. The subscale scores are totaled to yield an Adaptive Behavior Composite score (40). (ii) The KABC-II standardized neuropsychological assessment to measure intelligence skills. This battery measures Verbal, Performance, Working Memory, Processing Speed and Total quotients (41). (iii) The Clinical Global Impression (CGI), which was used to assess global severity (42). (iv) Finally, the Children Global Assessment Scale (CGAS) (43). To assess clinical change during the 36-month study, we used a single-blind procedure (independent raters were blind to study group allocation) for all clinical assessments (PEP-3, KABC-II, CARS). Blind assessment was not possible for the measures that required 2-week observations of the participants (CGI, CGAS, school tests) or a parental interview (ADI-R, VABS-II).

TABLE 3 | DS1-EI study procedure and evaluation criteria.
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Number of Participants

From previous studies that showed significant results in terms of efficacy it appears that the minimal number of patients in parallel design was 50 (2). This was the case for behavioral ABA approach [e.g., Ref. (6)] or for developmental ESDM approach [e.g., Ref. (3)]. The number of patients to enroll was based on the following 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 randomized 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.

Statistical Analysis

Statistical analyses will be performed using R Software, Version 2.12.2. To assess whether improvement occurs in both primary and secondary variables, we will use linear mixed models with change in a given variable explained by group exposure (DS1-EI vs. TAU), time (baseline vs. 18 vs. 36 months) and their interaction (group exposure × time). We will also include a random effect and a site effect. This should account for individual heterogeneity, site heterogeneity, variable scores at inclusion, and change specific to DS1-EI within the same statistical regression. For missing data when available, we will use the last observation carried forward. In case of a non-Gaussian distribution, we will study the log transformation (or other transformation when appropriate) to achieve a normal distribution. Lost or drop-out patients will also be compared between groups using a separate non-parametric comparison.

RESULTS

Participants at t0 after Randomization

Table 4 summarizes the participants’ sociodemographic and clinical characteristics at enrollment. As expected, we found no significant differences at enrollment between the DS1-EI and TAU groups, indicating that the randomization by site did not introduce bias. As expected, exposure to school was the only significant difference found between the two groups: 9.4 (±4.1) hours per week in the DS1-EI group vs. 3.4 (±4.5) hours per week in the TAU group, Student’s t-test, t = 5.83, p < 0.001.

TABLE 4 | Sociodemographic and clinical characteristics of the participants after group randomization.
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DISCUSSION

We hope that the current trial will help demonstrate the feasibility of adapting and task-shifting a group of interventions used primarily as early interventions for autism to a school-based context and for use with older individuals with autism and intellectual disabilities. The school-based intervention program [the developmental and sequenced one-to-one educational intervention (DS1-EI)] was adapted from several methods including TEACCH (4, 5), ESDM (3), and ABA (6, 37). The key principles of the method are the intensity, the regular assessments and updating of objectives, the encouragement of spontaneous communication, promotion of skills through play with peers, support of positive behaviors instead of tackling challenging behaviors, regular team supervision, capitalization on teachers’ unique skills, and developmental and sequenced learning (2). The use of sequenced learning (i.e., teacher and activity change every 10–15 min to keep the child’s attention in the context of an anticipated time agenda) is likely the most original proposal. We are aware that treating children with autism and ID is very challenging. The effect sizes are typically small. To balance this risk of failure, we chose to have a rather long study duration with two single-blind assessments at 18 and 36 months. Given the number of sites, which may have introduced bias, we are satisfied that we did not find differences between the groups at baseline.

We are aware that there are several limitations to this trial. First, given the severity of the patients’ conditions, the study duration and the nature of the intervention, only a single-blind for the primary variables was feasible. Second, the method used to randomize participants (to limit the bias of TAU) combined with the study duration and the supervision of local teams is likely to modify local staff practice and to lead to some DS1-EI principles being used in the TAU group as well. Third, because our public sponsors required us to balance hospital/academic/large city sites and non-hospital/remote rural area sites, we cannot assume that we will achieve a uniform level of adherence to the program from one site to another. Finally, given the study duration, we do not know whether we will retain a sufficient number of patients in the program to maintain the statistical power needed for per protocol analyses.

DECLARATIONS

Ethics Approval and Consent to Participate

The current trial protocol was authorized by the competent national health regulatory authority [Agence nationale de sécurité du médicament et des produits de santé (ANSM)]. The trial registration number (ANSM 130282B-31) was obtained on April 16, 2013. The protocol was approved by the local Ethics Committee (Comité de Protection des Personnes) of the University Hospital Saint-Antoine on May 7, 2013. Also, it was registered on the Australian New Zealand Clinical Trial Registry for public information availability (ACTRN12616000592448). Potential participants received oral and accessible information about the study given participants’ cognitive profiles, and all parents/guardians were provided a written information leaflet about the trial. The information leaflet adhered to the current French guidelines for researchers on writing information sheets and consent forms. Only after written consent was obtained from the parents of potential participants did randomization occur.

Consent for Publication

Persons’ data and images contained in this article are published with the consent of their parents/guardians.

Trial Committees

A pilot study committee has been formed and includes the principal investigator of the trial and all local investigators and study collaborators. They will meet three times a year. A scientific study committee has also been established and includes two administrative members of the promotor (La Croix Rouge Française), four members of the pilot study committee and four other independent members (two professionals, two family representatives). They will meet once a year.

AUTHOR NOTES

Antoine Tanet is neuropsychologist at the Child and Adolescent Psychiatry department of the Pitié-Salpêtrière Hospital and PhD Student at IMI2S group (Institut des Systèmes Intelligents et Robotiques, CNRS, UMR 7222, Pierre et Marie Curie University Paris 6). Annick Hubert-Barthélémy is clinical psychologist and supervisor of the DSI-E1 program at the Croix Rouge Française. Graciela Crespin in clinical psychologist and head of the Programme de Recherche et d’Etudes sur l’Autisme. Nicolas Bodeau is a statistician at the Child and Adolescent Psychiatry department of the Pitié-Salpêtrière Hospital. David Cohen is Professor and head of the Department of Child and Adolescent Psychiatry at Pitié-Salpêtrière Hospital, and senior member of IMI2S group (Institut des Systèmes Intelligents et Robotiques, CNRS, UMR 7222, Pierre et Marie Curie University Paris 6). Catherine Saint-George is a child psychiatrist, member of IMI2S group (Institut des Systèmes Intelligents et Robotiques, CNRS, UMR 7222, Pierre et Marie Curie University Paris 6).

AUTHOR CONTRIBUTIONS

DC, CS-G, and AH-B designed the study; AH-B and GC created the treatment program; AH-B and AT implemented the program in each study site; NB created the data base for implementation of the program; DC and NB performed the statistical analysis; AT, CS-G and DC did a first version of the manuscript; all authors critically revised the final version of the manuscript.

FUNDING

The study was funded by the Caisse Nationale de Solidarité pour l’Autonomie (CNSA), the Croix Rouge Française, the Fondation Bettencourt-Schueller, and the Fondation EDF.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at http://journal.frontiersin.org/article/10.3389/fped.2016.00099

MEMBERS OF THE GPIS (GROUPE DE PÉDAGOGIE INTENSIF ET SÉQUENTIEL) STUDY GROUP

Véronique Bur, Aude Brellier, Marie-Noëlle Clément, Christophe Chartier, Claire Ducateau, Jean-Louis Sarradet, Paris; Danièle Scellier, Hélène Petiton, 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 Simonet, Sèvres; Georges Lançon, Yves Faure, Bagnols sur Cèze; Aurélie Broche, Myriam Garing, Saint Privat des Vieux; Carole Devaux, Sophie Michalak, Guadeloupe.

REFERENCES

1. Tordjman S, Somogyi E, Coulon N, Kermarrec S, Cohen D, Bronsard G, et al. Gene X environment interactions in autism spectrum disorders: role of epigenetic mechanisms. Front Psychiatry (2014) 5:e53,17. doi:10.3389/fpsyt.2014.00053

2. Ospina MB, Krebs Seida J, Clark B, Karkhaneh M, Hartling L, Tjosvold L, et al. Behavioural and developmental interventions for autism spectrum disorder: a clinical systematic review. PLoS One (2008) 3:e3755. doi:10.1371/journal.pone.0003755

3. Dawson G, Rogers S, Munson J, Smith M, Winter J, Greenson J, et al. Randomized, controlled trial of an intervention for toddlers with autism: the Early Start Denver Model. Pediatrics (2010) 125:e17–23. doi:10.1542/peds.2009-0958

4. 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. doi:10.1016/S0002-7138(09)60881-5

5. Mesibov GB, Shea V. The TEACCH program in the era of evidence-based practice. J Autism Dev Disord (2010) 40(5):570–9. doi:10.1007/s10803-009-0901-6

6. Smith T, Groen AD, Wynn JW. Randomized trial of intensive early intervention for children with pervasive developmental disorder. Am J Ment Retard (2000) 105:269–85. doi:10.1352/0895-8017(2000)105<0269:RTOIEI>2.0.CO;2 (erratum appears in Am J Ment Retard 2000;105: 508).

7. Lovaas OI. Behavioral treatment and normal education and intellectual functioning in young autistic children. J Consult Clin Psychol (1987) 55:3–9. doi:10.1037/0022-006X.55.1.3

8. Koegel RL, Koegel LK, McNerney EK. Pivotal areas in intervention for autism. J Clin Child Psychol (2001) 30(1):19–32. doi:10.1207/S15374424JCCP3001_4

9. Rogers SJ, Hall T, Osaky D, Reaven J, Herbison J. The Denver model: a comprehensive, integrated educational approach to young children with autism and their families. 2nd ed. In: Handleman JS, Harris SL, editors. Preschool Education Program for Children with Autism. Austin, TX: Pro-Ed (2001). p. 95–134.

10. Mahoney G, Perales F. Relationship-focused early intervention with ASD children: a comparative study. J Dev Behav Pediatrics (2005) 26(2):77–85. doi:10.1097/00004703-200504000-00002

11. Greenspan SI, Wieder S. Can children with autism master the core deficits and become empathetic, creative and reflective? J Dev Learn Disord (2005) 9:39–61.

12. Narzisi A, Costanza C, Umberto B, Filippo M. Non-pharmacological treatments in autism spectrum disorders: an overview on early interventions for pre-schoolers. Curr Clin Pharmacol (2014) 9(1):17–26. doi:10.2174/15748847113086660071

13. Barton E, Lawrence K, Deurloo F. Individualizing interventions for young children with autism in preschool. J Autism Dev Disord (2012) 42:1205–17. doi:10.1007/s10803-011-1195-z

14. Bitterman A, Daley TC, Misra S, Carlson E, Markowitz J. A national sample of preschoolers with autism spectrum disorders: special education services and parent satisfaction. J Autism Dev Disord (2008) 38:1509–17. doi:10.1007/s10803-007-0531-9

15. Chamak B, Bonniau B, Oudaya L, Ehrenberg A. The autism diagnostic experiences of French parents. Autism (2011) 15:83–97. doi:10.1177/1362361309354756

16. Dunst C, Trivette C. Using research evidence to inform and evaluate early childhood intervention practices. Topics Early Child Spec Educ (2009) 29:40–52. doi:10.1177/0271121408329227

17. Kohler FW, Strain PS, Hoyson M, Jamieson B. Merging naturalistic teaching and peer-based strategies to address the IEP objectives of preschoolers with autism: an examination of structural and child behavior outcomes. Focus Autism Other Dev Disabl (1997) 12:196–208. doi:10.1177/108835769701200402

18. ANESM, HAS. Autisme et autres troubles envahissants du développement: interventions éducatives et thérapeutiques coordonnées chez l’enfant et l’adolescent. Saint-Denis: ANESM (2012).

19. Interagency Autism Coordinating Committee. Strategic Plan for Autism Spectrum Disorder Research. (2012). Available from: https://iacc.hhs.gov/publications/strategic-plan/2012/strategic_plan_2012.pdf

20. Lawton K, Hannigan S, Ellawadi AB. Moving beyond the status quo: using evidence-based practice to improve autism core deficits in preschool classroom. Int Rev Res Dev Disabil (2014) 47:99–150. doi:10.1016/B978-0-12-800278-0.00004-X

21. Goldstein H. Communication intervention for children with autism: a review of treatment efficacy. Autism Dev Disord (2002) 32(5):373–96. doi:10.1023/A:1021215300163

22. Woods JJ, Wetherby AM. Early identification of and intervention for infants who are at risk for autism spectrum disorder. Lang Speech Hear Serv Sch (2003) 34:180–93. doi:10.1044/0161-1461(2003/015)

23. Reszka S, Odom S, Hume K. Ecological features of preschools and the social engagement of children with autism. J Early Intervention (2012) 34:40–56. doi:10.1177/1053815112452596

24. Schepis MM, Reid DH, Ownbey J, Parsons MB. Training support staff to embed teaching within natural routines of young children with disabilities in an inclusive preschool. J Appl Behav Anal (2001) 34:313–27. doi:10.1901/jaba.2001.34-313

25. Johnston S, Nelson C, Evans J, Palazolo K. The use of visual supports in teaching children with autism spectrum disorder to initiate interactions. Augment Altern Commun (2003) 19:86–103. doi:10.1080/0743461031000112016

26. Keen D, Sigafoos J, Woodyatt G. Teacher responses to the communicative attempts of children with autism. J Dev Phys Disabil (2005) 17:19–33. doi:10.1007/s10882-005-2198-5

27. Chiang H. Naturalistic observations of elicited expressive communication of children with autism: an analysis of teacher instructions. Autism (2009) 13:165–78. doi:10.1177/1362361308098513

28. Mudford OC, Martin NT, Eikeseth S, Bibby P. Parent-managed behavioral treatment for preschool children with autism: some characteristics of UK programs. Res Dev Disabil (2001) 22:173–82. doi:10.1016/S0891-4222(01)00066-X

29. Wong VC, Kwan QK. Randomized controlled trial for early intervention for autism: a pilot study of the Autism 1-2-3 project. J Autism Dev Disord (2010) 40(6):677–88. doi:10.1007/s10803-009-0916-z

30. Xavier J, Bursztejn C, Stiskin M, Canitanod R, Cohen D. Autism spectrum disorders: a historical synthesis and dimensional approach toward a tailored therapeutic program. Res Autism Spectr Disord (2015) 18:21–33. doi:10.1016/j.rasd.2015.06.011

31. Amiet C, Gourfinkel-An I, Bouzamondo A, Tordjman S, Baulac M, Lechat P, et al. Epilepsy in autism is associated with mental retardation and gender: evidence from a meta-analysis. Biol Psychiatry (2008) 64:577–82. doi:10.1016/j.biopsych.2008.04.030

32. Amiet C, Gourfinkel-An I, Laurent C, Bodeau N, Génin B, Leguern E, et al. Epilepsy in multiplex autism pedigrees is associated with intellectual disability and known genetic and non-genetic causes, but not with gender. Mol Autism (2013) 4:e47. doi:10.1186/2040-2392-4-47

33. Cohen D, Pichard N, Tordjman S, Baumann C, Burglen L, Excoffier E, et al. Specific genetic disorders and autism: clinical contribution towards identification. J Autism Dev Disord (2005) 35:103–16. doi:10.1007/s10803-004-1038-2

34. Baghdadli A, Assouline B, Sonié S, Pernon E, Darrou C, Michelon C, 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) 42:1314–25. doi:10.1007/s10803-011-1357-z

35. Guinchat V, Cravero C, Diaz L, Périsse D, Xavier J, Amiet C, et al. Acute behavioral crises in psychiatric inpatients with autism spectrum disorder (ASD): recognition of concomitant medical or non-ASD psychiatric conditions predicts enhanced improvement. Res Dev Disabil (2015) 38:242–55. doi:10.1016/j.ridd.2014.12.020

36. 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. doi:10.1007/BF02172145

37. Reichow B, Wolery M. Comprehensive synthesis of early intensive behavioral interventions for young children with autism based on the UCLA young autism project model. J Autism Dev Disord (2009) 39:23–41. doi:10.1007/s10803-008-0596-0

38. Schopler E, Reichler RJ, DeVellis RF, Daly K. Toward objective classification of childhood autism: Childhood Autism Rating Scale (CARS). J Autism Dev Disord (1980) 10(1):91–103. doi:10.1007/BF02408436

39. Schopler E, Lansing MD, Reichler RJ, Marcus LM. PEP-3 Psychoeducational Profile. 3rd ed. Austin: Pro-Ed (2005).

40. Sparrow SS, Cicchetti DV, Balla DA. Vineland Adaptive Behavior Scales. 2nd ed. San Antonio, TX: Pearson (2005).

41. Kaufman AS, Kaufman NL. Kaufman Assessment Battery for Children Second Edition. Circle Pines, MN: American Guidance Service (2004).

42. Guy W. Clinical global impressions. Revised ed. In: Guy W, editor. ECDEU. Assessment Manual for Psychopharmacology. Rockville, MD: National Institute of Mental Health (1976). p. 217–22.

43. Endicott J, Spitzer RL, Fleiss JL, Cohen J. The global assessment scale: a procedure for measuring overall severity of psychiatric disturbance. Arch Gen Psychiatry (1976) 33:766–71. doi:10.1001/archpsyc.1976.01770060086012

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2016 Tanet, Hubert-Barthelemy, Crespin, Bodeau, Cohen, Saint-Georges and The GPIS Study Group. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fped-04-00099-t004.jpg
DS1-El group (N = 38) TAU group (N = 36) Test,p

Sociodemographics

Age, mean (+ SD), year

Male-Female 692+ 157 7.34 155 t=-1.15,p
Socioeconomic status 32 (84%)/6 (16%) 30 (83%)/6 (17%) Fisher, p =1

.254

Clinical characteristics

ADI-R, current, mean (+ SD)
Social impaiment score 21£57 19958 t=081,p=0423
Gommunication score 18x4 10.9£32 t=1.12,p =0.265
Repetitive interest score 627 5731 t=044,p=0654
Developmental score 4208 3911 t=129,p=0202
CARS score 4137 40271 t=067,p=0504
CGl score 581 5709 t=044,p=0.661
CGAS score 27£115 259111 t=038,p=0705
PEP-3 (all scores in DQ): mean + SD
Cognition 223+11.1 2344111 t=-044,p = 0.663
Receptive language 14£56 156+ 86 1=085,p=04
Expressive language 16258 16866 t=04,p=0692
Fine motor skils 266101 266297 t=00,p=099
Gross motor skills 23728 248162 t=-062,p=0534
Imitation 231+78 258467 =-157,p=012
Vineland (all scores in DQ): mean + SD
Communication 13382 142£76 t=-049,p=0628
Adaptation 2651136 262+125 t=007,p=094
Socialization 1379 133+9.4 t=0.15,p=088
Daily lving skils 309+14.7 30£12 1=026,p=079
Comorbidity
Intellectual disabilty level (< or > 40 using KABC) 27 (90%)/3 (10%) 26 (90%)/3 (10%) Fisher, p
Known medical condition (no/yes) 34 (89%)/4 (11%) 27 (7589%)/9 (25%) Fisher, p = 0.183

TAU, treatment as usual; 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; KABC, Kaufmann Assessment Battery for Children.





OPS/images/fped-04-00099-t002.jpg
Level 1 Level 2

Domain 1: Mathematics

Numeration Nursery hyme to 5 Nursery rhyme to 39
Problem solving Organizing stickers Constructing a logical paradigm

Domain 2: Language and communication

Communication Improving joint attention Asking for help

Oral language Naming five objects Making sentences to express a wish

Written language Knowing letters from own name Knowing all letters of classroom names
Graphics Using sticks Gopying words with a model

Domain 3: Intermodality

Writing/drawing and listening Using various tools (paint, pastels, markers...) Using different techniques (cut, paste, stencils...)
Musical activities Imitating a rhythm Learning songs with body movements

Domain 4: Autonomy

Motor activities Walking/Running/Swimming Walking on a beam

Drawing activities Using felt Cut/Paste

Discovering the world Describing a tree Drawing a tree

Social skils Waiting one’s turn Improving autonomous work





OPS/images/fped-04-00099-t003.jpg
Selection Inclusion M12 M18 M24  M36

Inclusion criteria
Informed consent X
CIM-10 diagnosis -
Comorbidity -
ADI-R -
Vineland -
CARS -
CGAS .
cal -
KABC -
PEP-IIl -
School assessment -

x
'
'
'
|
|

XX X 1

XXX X X X X X X X |
XX X X X X X X X X |
"

XXX X X XX X X X |

ADIR, Autism Diagnostic Interview-Revised; CARS, Chidhood Autism Rating Scale;
CGl, Clinical Global Impression; CGAS, Cliical Giobal Assessment Score; PEP-3,
Psychoeducational Profie, 3rd Edition; DQ, developmental quotient; KABC, Kaufmann
Assessment Battery for Children.





OPS/images/cover.jpg
? frontiers

in Pediatrics

A Developmental and Sequenced
One-to-One Educational
Intervention for Autism Spectrum
Disorder: A Randomized
Single-Blind Controlled Trial





OPS/images/fped-04-00099-g001.jpg
HDJ
Aulnay
N=6(8%)

HDJ I'étincelle
Paris

Saint Privat

Guadeloupe N=§(11%)
N=8(11%)

Guadeloupe

~

HDJ
Marseille

Martinique





OPS/images/fped-04-00099-t001.jpg
Characteristics

Brief definition

Justification

Setting

Intensive

Developmental
Sequenced

Curriculum based
Educational
objectives
Reinforcers
Group
Supervision

Exploiting teachers'
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To be implemented in a small classroom with four pupils
In an adapted environment

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

The foous of training is what s close to the developmental expectation given a child's development within a domain

The 2 h 30 min sessions follow an anticipated and structured agenda
Teachers change learning activities every 10-15 min to keep a child's attention

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

Given the developmental quotient of the targeted children, the educational objectives are those of a second grade.
program for preschoolers (see Table 2 below for details)

Supporting positive behaviors rather than tackling challenging behaviors
Using posttive emotion engagement from teachers

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

Regular supervision of teachers with c

ren's objectives being updated

Implementation of the program will benefit from using teachers' individual skills, such as their knowiedge of a
specific method (e.g., the use of Pioture Exchange Program) or of a particular chid

TEACGH, Barton et al. (13)
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ABA, ESDM
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TEACCH
Original

ESDM, TEACCH

French Ministry for National
Education
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ESDM

Many programs
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CCOMVOOR

TEACCH, Treatment and Education of Autistic and Communication Handlcapped Chidren; ABA, Applied Behavioral Analysis; ESDM, Early Start Denver Model; DIR, Developmental,
Indlividual Differences and Relationship-based method: COMVOOR, Vioorlopers in Communicatie.
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