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Chapter 1 – General introducion

This thesis focuses on interventions for children with autism spectrum disorder
(ASD), and specifically on the efficacy of Pivotal Response Treatment (PRT) and
the use of robotics in intervention for children with ASD. This introductory chapter
starts with background information on the diagnostic criteria, epidemiology,
etiology, and clinical manifestations of ASD. Additionally, general information on
the state-of-the art on interventions for children with ASD, PRT and robot-assisted
therapy is provided. Finally, the design of the PicASSo project is described and the
aims and outline of this thesis is presented.
Brian is a 4-year old boy who can play with his toy dinosaurs all day. When the
kindergarten teacher asks him something, he sometimes doesn’t respond at all.
The teacher has to repeat the same instructions multiple times. While the other
children are playing with each other, Brian prefers to play alone and does not initiate
social contact with either children or adults. Brian mostly talks with two- or threeword sentences, and his parents and teachers have difficulty with understanding
what he says. Brian shows clumsy motor skills and he often bumps into others at
the playground.

Alice is a 7-year old girl that can talk for hours about kittens and pony’s. She also
talks to adults that she hasn’t met before, and sometimes she stands very close to
the other person or even sits on his/her lap. Alice doesn’t ask others about their
experiences or thoughts and consequently reciprocity in social interaction is
limited. When something unexpected happens or another child does something
that Alice doesn’t like, she crosses her arms and stamps her foot on the ground.
Play sessions with her brother and classmates do occur, but only on her conditions.
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Autism Spectrum Disorder
Diagnostic criteria
While showing marked differences in social-communicative and adaptive behavior,
Brian and Alice are both diagnosed with Autism Spectrum Disorder (ASD).
Persistent deficits in social communication and social interaction, restricted and
repetitive patterns of behavior and abnormal processing of sensory information
form the core symptoms of ASD (APA, 2013). Initially described in 1943 by Leo
Kanner (Kanner, 1943), ASD firstly appeared as a psychiatric diagnosis in the third
edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-III; APA,
1980) as ‘Infantile Autism’ under pervasive developmental disorder (PDD) as a class
of conditions. The revision of ‘Infantile Autism’ to ‘Autistic Disorder’ in the DSM-III-R
(APA, 1987) addressed the broader spectrum of functioning and higher variance in
onset of symptoms. Formal criteria for Asperger’s Syndrome, initially described in
1944 by Hans Asperger, were introduced under the DSM-IV (APA, 1994, 2000) with
similar deficits in social interaction and communication as those described under
Autistic Disorder criteria, but excluding early language impairments. However,
given concerns raised regarding the validity of different sub-categories of autism
(Miller & Ozonoff, 2000; Volkmar & Reichow, 2013), diagnoses of Autistic Disorder,
Asperger’s Syndrome and Pervasive Developmental Disorder – Not Otherwise
Specified (PDD-NOS) were collapsed into Autism Spectrum Disorder with the
introduction of the DSM-5 (APA, 2013). Current diagnostic criteria for ASD are
listed in Box 1.1. Besides ascertainment of current symptomatology sufficient to
meet diagnostic criteria for ASD, acquisition of a developmental history consistent
with an ASD is a key part of the diagnostic process (Constantino & Charman, 2016).
The mean age on which ASD is diagnosed is 60.5 months (5.0 years) and shows
a wide range from 30.9 to 234.6 months (2.6 years to 19.6 years) among studies
worldwide (van ’t Hof et al., 2020). Within a large Dutch longitudinal sample
(of the Netherlands Autism Register, N = 2212) mean age of ASD diagnosis was
5.7 years in children and 34.6 years in adults (Kentrou et al., 2019). However,
symptoms in the core symptom domains of ASD often emerge already between
12 and 24 months (Zwaigenbaum et al., 2019) and delays of over four years
between receiving a formal ASD diagnosis and parent’s first concerns have been
reported (Crane et al., 2015). In order to lower the age at diagnosis, improving
awareness and recognition of the early signs of ASD among both professionals
and the general public is important (Lord et al., 2020).
Epidemiology
Although worldwide the prevalence of ASD is estimated around 1% (Baxter et
al., 2015) the current prevalence of ASD in the Netherlands in unknown and may
11
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depend on the geographical region (Roelfsema et al., 2012). On a Dutch survey in
2017, 2,5% of parents of children between 4 and 12 years old reported that their
child suffered from ASD or a related disorder (CBS, 2018). However, this survey was
not designed to estimate the actual prevalence. In Europe, outcomes of prevalence
studies on ASD range from 0.4% to 3.1% and methodological differences on how
cases are detected and utilized definitions accompany this variability (Chiarotti &
Venosi, 2020). More commonly diagnosed in boys than in girls, the current maleto-female ratio is approximately 3:1, although substantial variability exists among
prevalence studies (Loomes et al., 2017). A growing number of studies identified
differences in ASD-related symptoms and behavior among both genders, with
females showing lower levels of restricted interests and behavior (Frazier et al.,
2014; Van Wijngaarden-Cremers et al., 2014) and higher levels of emotional
problems (Mandy et al., 2012). Diagnostic overshadowing of co-occurring
conditions and a gender-based interpretation bias of social difficulties in females
may contribute to underdiagnosis of ASD in this group (Lai et al., 2015). The maleto-female ratio also differs with levels of intellectual functioning, with a lower
ratio among individuals with an intellectual disability (Fombonne, 2005). Besides
a comorbid intellectual disability in 40-70% of individuals with ASD (CDC, 2012;
Yeargin-Allsopp et al., 2003), psychiatric conditions such as anxiety disorders,
depression and attention deficit hyperactivity disorder (ADHD) often co-occur in
individuals with ASD, with many experiencing two or more comorbid psychiatric
disorders (Lecavalier et al., 2019; Simonoff et al., 2008).

Etiology
ASD is a neurodevelopmental disorder with a large genetic contribution, and
with estimated heritability rates resulting from twin and family studies ranging
from 40 to 90% (Lord et al., 2020). The specific genetic architecture in ASD varies
highly among individuals, from single mutations to an accumulation of over one
thousand risk alleles, each with small effect size (Bourgeron, 2015). Common and
rare genetic risk factors interact with each other and the etiology of ASD exists of
a complex interplay between both genetic and environmental risk factors (Bölte
et al., 2019; Chaste & Leboyer, 2012). Advanced paternal and maternal age, birth
complications associated with trauma or ischemia and hypoxia, maternal diabetes
or obesity, and toxic chemical exposures have been described as environmental
risk factors for ASD (Bölte et al., 2019; Modabbernia et al., 2017). Research on the
pathophysiology of ASD reports numerous atypicalities in structure, function
and connectivity of the brain presented in infants at-risk for ASD and in children,
adolescents and adults with ASD. The atypicalities indicate the presence of
disrupted neural pathways underlying behavioral symptoms of ASD (Lord et al.,
12

2020; Varcin & Jeste, 2017). The marked heterogeneity in the etiology as a function
of the multiple genes and environmental factors and neural pathways involved
underlies the large heterogeneity in the clinical manifestation of ASD among
individuals (Masi et al., 2017).

Clinical manifestations
The impact of social communicative symptoms of ASD ranges from slight to
profound impairments in daily functioning, whereby the severity of symptoms can
increase when environmental demands exceeds the individual’s capabilities (Masi
et al., 2017). Also, courses of long-term developmental trajectories vary highly,
with some individuals showing improvement in social and behavioral functioning,
while others experience a stable course or deterioration in functioning (Levy &
Perry, 2011). Yet, long-term outcomes for individuals with ASD are generally
regarded as relatively poor, with a lower quality of life across the lifespan (van Heijst
& Geurts, 2015), difficulties in developing meaningful relationships and finding
suitable housing and employment (Howlin et al., 2004) and ongoing dependency
on caregivers and services for support (Billstedt et al., 2010). However, better
outcomes as reflected by fewer ASD symptoms and higher cognitive and adaptive
skills were found for adolescents that showed higher communication skills in
early childhood (Ben-Itzchak & Zachor, 2019) which points to the importance of
enhancing social communication skills within early interventions for children
with ASD. This thesis will focus on intervention components that show promise in
enhancing social communication skills in young children with ASD.
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Box 1.1 Diagnostic Criteria for Autism Spectrum Disorder (DSM-5)
(3 of 3 present in domain A., at least 2 of 4 present in domain B.)
A. Persistent deficits in social communication and social interaction
across multiple contexts, as manifested by the following,
currently or by history (examples are illustrative, not exhaustive,
see text):
1.

2.

3.

Deficits in social-emotional reciprocity, ranging, for example, from
abnormal social approach and failure of normal back-and-forth
conversation; to reduced sharing of interests, emotions, or affect; to
failure to initiate or respond to social interactions.
Deficits in nonverbal communicative behaviors used for social
interaction, ranging, for example, from poorly integrated verbal and
nonverbal communication; to abnormalities in eye contact and body
language or deficits in understanding and use of gestures; to a total
lack of facial expressions and nonverbal communication.
Deficits in developing, maintaining, and understanding relationships,
ranging, for example, from difficulties adjusting behavior to suit
various social contexts; to difficulties in sharing imaginative play or
in making friends; to absence of interest in peers.

Specify current severity: Severity is based on social communication
impairments and restricted repetitive patterns of behavior.
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B.

Restricted, repetitive patterns of behavior, interests, or activities,
as manifested by at least two of the following, currently or by
history (examples are illustrative, not exhaustive; see text):

1.

Stereotyped or repetitive motor movements, use of objects, or speech
(e.g., simple motor stereotypies, lining up toys or flipping objects,
echolalia, idiosyncratic phrases).
Insistence on sameness, inflexible adherence to routines, or ritualized
patterns or verbal nonverbal behavior (e.g., extreme distress at small
changes, difficulties with transitions, rigid thinking patterns, greeting
rituals, need to take same route or eat food every day).
Highly restricted, fixated interests that are abnormal in intensity or
focus (e.g, strong attachment to or preoccupation with unusual
objects, excessively circumscribed or perseverative interest).
Hyper- or hyporeactivity to sensory input or unusual interests in
sensory aspects of the environment (e.g., apparent indifference to
pain/temperature, adverse response to specific sounds or textures,
excessive smelling or touching of objects, visual fascination with
lights or movement).

2.

3.

4.

Specify current severity: Severity is based on social communication
impairments and restricted, repetitive patterns of behavior.
C.

Symptoms must be present in the early developmental period
(but may not become fully manifest until social demands exceed
limited capacities or may be masked by learned strategies in
later life).

D. Symptoms cause clinically significant impairment in social,
occupational, or other important areas of current functioning.
E.

These disturbances are not better explained by intellectual
disability (intellectual developmental disorder) or global
developmental delay. Intellectual disability and autism spectrum
disorder frequently co-occur; to make comorbid diagnoses
of autism spectrum disorder and intellectual disability, social
communication should be below that expected for general
developmental level.
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Interventions for children with ASD
There are currently no pharmacological interventions available that target
the core symptoms of ASD (Lord et al., 2020) and current guidelines do not
recommend medications for the management of these symptoms (Howes et al.,
2018; NICE, 2013; Zorgstandaard autisme GGZ, 2017). Available pharmacological
interventions may target co-occurring symptoms, such as anxiety, aggression,
irritability, self-injurious behavior and symptoms of ADHD (Myers & Johnson,
2007). Current guidelines are based on principles by Rutter (1985) and recommend
personalized interventions that stimulate the social-communicative and broader
development and focus on diminishing behavior problems and experienced stress
in the child and primary caregivers, while improving ASD-related knowledge
and skills of key individuals in the child’s daily life (NICE, 2013; Zorgstandaard
Autisme GGZ, 2017). Psycho-education and mediation therapy form an important
part of the intervention for children with ASD, besides specialistic psychological
and psychotherapeutic interventions (Zorgstaandaard autisme GGZ, 2017).
These interventions should be provided as early as possible, as the dynamic and
plastic nature of the early brain provides potential for interventions to alter the
course of the brain and behavioral development (Dawson et al., 2012). Also, early
intervention can reduce stress in parents of children with ASD (Weitlauf et al.,
2020) and increase their responsivity (Rollins et al., 2019) which may contribute to
improved parent-child relationships and broader family functioning.
Over the last decades, different comprehensive interventions have been
developed to enhance social communication and adaptive functioning in
preschool-aged and elementary school-aged children with ASD (French &
Kennedy, 2018; Wong et al., 2015). Intervention approaches for children with
ASD differ based on specific techniques and underlying theoretical frameworks.
Behavioral (Eldevik et al., 2009), developmental (Charman, 2010), naturalistic
developmental behavioral (Schreibman et al., 2015), sensory-based (Case-Smith
et al., 2014), social skill-based (Rao et al., 2008) and cognitive behavioral-based
interventions (Danial & Wood, 2013) have been most commonly described and
studied.
Effective components of interventions for this target group include a
manualized approach that is balanced with the need for individualization, while
focusing on supporting positive behavior by meaningful learning activities
with empathizing generalization of learned skills to natural settings, combined
with ongoing monitoring of progress and high involvement of family members
(Fuller & Kaiser, 2019; Ospina et al., 2008; Rogers & Vismara, 2008). Naturalistic
Developmental Behavioral Interventions (NDBIs) incorporate all of these
components and involve strategically designed learning opportunities to actively
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engage children’s attention and to connect new target behavior with already
acquired knowledge and skills (Schreibman et al., 2015). Specifically, NDBIs are
based on principles of applied behavior analysis (ABA) that utilize a three-part
contingency (antecedent-target behavior-consequence) to aid children with
ASD in understanding the relation between their behavior and the environment
(Schreibman et al., 2015). To-date, NDBIs have emerged as the intervention type
that is most supported by evidence from randomized trials (Sandbank et al., 2020).
Different NDBIs have been developed that show commonalities in underlying
developmental, naturalistic and ABA-based principles, such as the Early Start
Denver Model (ESDM; Rogers & Dawson, 2010), enhanced milieu teaching (EMT;
Kaiser & Hester, 1994), reciprocal imitation training (RIT; Ingersoll & Schreibman,
2006), Joint Attention Symbolic Play Engagement and Regulation (JASPER; Kasari
et al., 2006), and project Improving Parents as Communication Teachers (ImPaCT;
Ingersoll & Wainer, 2013). Some NDBIs show differences in the behavioral area
it addresses, such as specific behavioral areas in social communication (e.g.
JASPER, RIT) or a broader array of communicative, cognitive, motor and adaptive
functioning (e.g. ESDM). Regarding behavioral areas that are targeted by ASD
interventions, a growing trend emerged towards focusing on “pivotal” behaviors
to decrease the number of behaviors requiring direct treatment and consequently
time, effort and resources (Matson et al., 1996). Specifically, the assumption is
that by directly targeting these pivotal behaviors, changes in a broader range of
untargeted behaviors may co-occur (Matson et al., 1996). The focus on pivotal
behaviors combined with naturalistic and ABA-based principles and a package
of motivational techniques contributed to the development of Pivotal Response
Treatment (PRT) as an established intervention for ASD (Koegel & Koegel, 2006;
Koegel & Koegel, 2019).

Pivotal Response Treatment
In Pivotal Response Treatment (PRT) the focus is on 1) motivation for social
communication, 2) responsiveness to multiple cues, 3) self-initiations (both
functional and social), and 4) self-management as pivotal behaviors for
intervention, with the aim of targeting a broader range of areas and skills (Koegel
et al., 2001). Since the development of this approach in the late 1980’s by the
Koegel Autism Center at the University of California, it was adopted in different
parts of the USA, and was firstly introduced in The Netherlands in 2005. To date,
PRT is used in different countries worldwide, although the majority are North
American or Western European countries (see http://www.autismprthelp.com
for an overview). Initially named ‘Natural Language Paradigm’, PRT incorporates
intervention procedures that closely approximate how typically developing
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children acquire language (Koegel et al., 1987). In the introduction of Chapter 2 of
this thesis, an elaborated description of the underlying theoretical framework of
PRT is presented. In short, motivational techniques are used to optimize learning
opportunities that occur in the natural environment of the child with ASD (Koegel
et al., 1999).
The following techniques form the motivational package of PRT:
1) providing choice in materials and activities (Koegel et al., 1987)
2) providing a clear opportunity to respond by gaining the child’s interest
and attention (Koegel et al., 2001)
3) varying tasks; interspersing previously learned (maintenance) tasks with
new tasks (target behavior) (Koegel et al., 1999)
4) providing direct and natural reinforcements that are functionally related
to a task (Koegel & Williams, 1980)
5) reinforcing appropriate attempts (Koegel et al., 1988)
Each learning opportunity within PRT incorporates these techniques. Different
levels of help, named ‘prompts’, are used to aid individuals in showing the target
behavior: a) waiting prompt, b) open question prompt (e.g. ‘What can you ask
me?’), c) fill-in prompt (e.g. ‘say: “Can you…”’) and d) tell prompt (e.g. ‘say: “Can
you give me the ball?”’). Box 1.2 and Box 1.3 provide examples of learning
opportunities to target functional initiations and social initiations respectively.

Box 1.2 Example of a learning opportunity for a functional initiation
Brian’s father is coached by the PRT therapist to provide Brian with two choices:
playing together with toy dinosaurs or with toy trucks. Brian chooses to play with
the toy dinosaurs and likes to place them in a row from small to large. Brian and
his father alternately place the dinosaurs in a row. Then, Brian’s father holds the
last and largest dinosaur. When Brian doesn’t initiate, his father prompts him:
“What can you ask me now?”. Brian says: “Can I has the dino?” Brian’s father
immediately gives the largest dinosaur to Brian. Although not grammatically
correct, the sentence is regarded as an appropriate attempt for a functional
initiation and therefore reinforced.
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Box 1.3 Example of a learning opportunity for a social initiation
The PRT therapist discusses with Alice’s mother to provide her with two choices:
talking about her horse riding lesson of last week or about the neighbors’ kittens,
which she played with yesterday. Alice starts talking about what the kittens looked
like. Then, Alice’s mother says: “When I was a child, we had different kinds of kittens”.
Alice looks up to her mother and smiles, but doesn’t ask a question. Then mother
prompts her: ‘You can ask me, “What kind of kittens did you have?”’. Alice asks:
“What kind of kittens did you have?”. Mother directly and naturally reinforces this
social initiation by telling Alice about what kind of kittens she had when she was
a child.

As illustrated by the examples, involvement of caregivers forms an important
aspect of PRT and parents are coached by certified PRT therapists to function
as primary intervention agents (Koegel & Koegel, 2006). However, both teachers
(Suhrheinrich et al., 2019) and peers (Harper et al., 2008) are described as
intervention agents of PRT as well, as learning opportunities can occur in each
aspect of the natural environment of children with ASD.
With the growing expansion of PRT practice, the number of studies on the
effectiveness of PRT has increased and different systematic reviews have been
published to provide an overview of the PRT literature (Bozkus-Genc & YucesoyOzkan, 2016; Bozkus Genc & Vuran, 2013; Cadogan & McCrimmon, 2015; Lang et
al., 2009; Ona et al., 2019; Verschuur et al., 2014). Overall, promising results have
been reported for young children with ASD on higher social-communicative
skills and functioning, and specifically more self-initiations resulting from PRT
(Bozkus-Genc & Yucesoy-Ozkan, 2016; Cadogan & McCrimmon, 2015; Verschuur et
al., 2014). However, earlier reviews either predominantly focused on single-case
design (SCD) studies, did not quantitatively combine results in a meta-analysis
or used restricted eligibility criteria on participant’s age and reported outcome
measures. Chapter 2 of this thesis describes a Cochrane systematic review and
meta-analysis on studies investigating PRT for individuals with ASD using a group
design without restrictions on participant characteristics or outcomes.
Compared to the number of SCD studies, the number of randomized controlled
trials (RCTs) on PRT is limited. Furthermore, most of the currently conducted trials
are limited by relatively small sample sizes, lack of an intention-to-treat approach
for analyses and absence of follow-up measures. In Chapter 5, outcomes of
the largest RCT to parent- and clinician-delivered PRT for children with ASD todate are presented. Specific components that can enhance the effectiveness of
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PRT in targeting social communication and other functioning areas have hardly
been studied, while there is a growing need for research to these interventionenhancing components to optimize outcomes for children with ASD (Fuller &
Kaiser, 2019; Schreibman et al., 2015). Chapters 3, 4, 5 and 6 describe the use of
robotics as a potential intervention-enhancing component for this target group.

The use of robots in ASD interventions
Attention towards the use of robots as a promising component to enhance
behavioral interventions for children with ASD has increased during the last 15
years (Cabibihan et al., 2013; Diehl et al., 2012; Ismail et al., 2019; Scassellati, 2007).
Although exact working mechanisms are yet to be unraveled, reasons for the
proposed additional value of robot-assistance within interventions for children
with ASD are:
1) Robots seem to intrinsically appeal to many children with ASD which
may contribute to more positive affect (Kim et al., 2015) and to higher
motivation for social interaction (Ricks & Colton, 2010; Robins et al., 2006).
2) Children with ASD with moderate to high severity of ASD symptoms
show more attention towards a robot compared to a human trainer or
investigator within an experimental setting, which may positively affect
their learning opportunities (Costa et al., 2018; Warren et al., 2015).
3) In light of higher need for predictability in children with ASD (Neil et al.,
2016), robots may be useful in showing higher behavioral predictability
compared to human behavior due to simplified social cues and more
repetition and consistency (Dautenhahn & Werry, 2004; Thill et al., 2012).
4) Children with ASD may show higher responsiveness to social (antecedent)
stimuli presented by a robot compared to a human (Kumazaki et al., 2019).
5) A triadic interaction between a child, robot and caregiver/therapist may
be beneficial, since robots may serve as an anchor for shared attention
and interpersonal interaction between a child with ASD, its caregiver/
therapist and the environment (Elias et al., 2011).
Since motivation for social interaction and gaining the child’s attention are core
principles of PRT, robot-assistance may show promise in further optimizing this
intervention model. However, robot-assisted PRT has not been studied earlier.
Chapter 3 of this thesis describes a protocol for integrating robotics into PRT as
an established intervention for children with ASD. Studies to the use of robots in
other established intervention models for children with ASD suggested increased
communication and social interaction after intervention compared to pre-

20

intervention assessment (Huskens et al., 2013; Simut et al., 2016), though no additional
gains within ABA-based interventions were found for a robot-assisted condition
compared to a human trainer control condition (Huskens et al., 2015; Huskens et al.,
2013). Furthermore, earlier studies to robot-assistance in ASD interventions show
significant limitations in sample size (mostly 3-6 participants), number of sessions in
which the robot is used (mostly 4-5 sessions), lack of a comparison group and followup assessments, and do not report on adherence to and acceptability of a robotassisted intervention for children with ASD. Chapter 5 and 6 of this thesis describe
outcomes of a rigorously designed study to the effectiveness of robot-assisted PRT
compared to PRT without robot-assistance and treatment-as-usual (TAU), conducted
in a relatively large sample of young children with ASD.

Design of the PicASSo project
The PicASSo-project was designed to address the gaps in both PRT research and
research of robot-assisted interventions for ASD by utilizing a three-armed RCT
design, including both blinded and parent/teacher-rated measures, inclusion of
follow-up assessment, and the use of an intention-to-treat approach for analyses.
The study was conducted at the outpatient departments of Karakter, an expert
center for child- and adolescent psychiatry in the eastern part of The Netherlands
and involved a collaboration between Karakter, the Radboud University Medical
Center, the Department of Industrial design of the Eindhoven University of
Technology (TU/e), and TiViPE. The protocol of the study was registered in the
Netherlands Trial Register (NL4487/NTR4712). Participants were 73 children with
ASD between 3-8 years old and with a total intelligence quotient (TIQ) of ≥ 70
who were speaking with one-word utterances at minimum. Participants were
randomly assigned to one of following groups:
1) PRT (n = 25)
2) Robot-assisted PRT (n = 25)
3) Treatment-as-usual (TAU) (n = 23)
The intervention phase had a duration of 20 weeks, and measures were conducted
at baseline (week 0), after 10 weeks of intervention (week 10), at endpoint (week
20) and at 3-month follow up (week 32). PRT and robot-assisted PRT consisted of
weekly PRT sessions of 45 minutes, with 14 parent-child sessions, four parent-only
sessions and two teacher sessions. In the robot-assisted PRT, a NAO robot was
added in the first 15-20 minutes of each of the parent-child sessions. Motivational
techniques of PRT were incorporated into game scenarios for robot-child
interaction. Nine different game scenarios were developed for this study, with seven

21

Chapter 1 – General introducion

levels of complexity each. The robot was controlled by the PRT therapist, using preprogrammed game scenarios combined with a text-to-speech module that could be
activated when prompting or reinforcement was needed or the pre-programmed
scenario did not match the child’s response in a specific situation. Box 1.4 provides
examples of how the robot was utilized to provide learning opportunities with use
of the PRT techniques.
For participants that were assigned to TAU, the treatment components provided
were based on clinical indication and consisted of parental guidance, intensive
family therapy, treatment at school (e.g. mediation), social skill training groups,
pharmacotherapy, or a combination of these. Similar procedures and clinical
protocol were used at each of the seven locations of Karakter that were involved in
the study.
Box 1.4 Examples of learning opportunities within robot-assisted PRT
Brian has chosen to play with an animal puzzle with the robot. He starts with a few
pieces. When he is finished with putting the pieces in place, the therapist controls
the robot in saying: ‘I have more pieces’ while pointing towards itself. Brian does not
spontaneously ask for more pieces. The therapist controls the robot in prompting
Brian: ‘what can you ask me now?’. Brian says: ‘Can I has more piece?’ The therapist
immediately and naturally reinforces this attempt by controlling the robot in opening
part of the box, in order for Brian to take some extra pieces for the puzzle.
Alice has chosen for the card game ‘quartet’, a version of the game with pets
specifically, in play with the robot. When Alice asks for a card, the therapist controls
the robot in pointing to the right card, while saying: ‘This is the card you need’, after
which Alice takes the card. Then, the therapist controls the robot in providing a
learning opportunity for protesting: ‘Can I have the card with the pink elephant?’ and
waits for Alice to initiate. After this waiting prompt, Alice protests adequately: ‘There
are no pink elephants in this quartet game’. The therapist controls the robot in saying:
‘Haha, I was making a joke’ while blinking with its eyes. Than the robot is controlled
by the therapist in requesting a card that is actually in the game.
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Aims and outline of the thesis
The aims of current thesis are threefold: 1) reviewing the current state of the evidence
on the effectiveness of PRT, 2) assessing the effectiveness of PRT compared to TAU,
and 3) examining whether robot-assistance can enhance the effectiveness of PRT.
The thesis includes the results from a systematic review and meta-analysis of PRT
and three empirical studies resulting from the PicASSo project. The content of each
chapter is described below.
In Chapter 2 results are presented of a Cochrane systematic review and metaanalysis on PRT for individuals with ASD, incorporating risk of bias assessment
and evaluation of quality of evidence using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach (Guyatt et al., 2008).
Specific objectives are to assess the effect of PRT compared with treatment-as-usual
or wait-list control for individuals with ASD on 1) social communication measured by
direct observation and informant report, and 2) intelligence, restricted and repetitive
behavior, internalizing and externalizing behavior, global clinical improvement, the
dose-response of PRT, possible reported adverse effects and parenting stress.
Chapter 3 describes a protocol for integrating robotics into PRT, incorporating
motivational components from both PRT and robotics research. Also, treatment
adherence and acceptability are explored based on both child and parent ratings of
participants that assigned to the robot-assisted PRT group.
The robot-assisted protocol is illustrated by two case reports of children that were
enrolled in the PicASSo project in Chapter 4.
In Chapter 5, the results of the PicASSo project on the effectiveness of PRT and
robot-assisted PRT are presented with both parent- and teacher rated outcomes as
well as blinded outcome measures. Results are described for the comparison of the
total PRT group to TAU, and for the 3-group comparison (PRT vs robot-assisted PRT vs
TAU).
Chapter 6 presents the results of mixed-model analyses on the growth in selfinitiations as a pivotal skill over the course of PRT, in both the PRT and robot-assisted
PRT. Also, the relationship between growth in self-initiations and possible collateral
gains in general social-communicative skills are explored.
In Chapter 7, the key findings are summarized and theses are discussed in
Chapter 8, as well as the implications for future research and clinical practice.

23

Chapter 1 – General introducion

References
American Psychiatric Association (1980). Diagnostic and statistical manual of mental disorders (3rd ed.).
Washington, DC: Author.
American Psychiatric Association (1987). Diagnostic and statistical manual of mental disorders (3rd ed.,
text revision). Washington, DC: Author.
American Psychiatric Association (1994). Diagnostic and statistical manual of mental disorders (4th ed.).
Washington, DC: Author.
American Psychiatric Association (2000). Diagnostic and statistical manual of mental disorders (4th ed.,
text tevision). Washington, DC: Author.
American Psychiatric Association (2013). Diagnostic and statistical manual of mental disorders (DSM5®). Washington, DC: Author.
Baxter, A. J., Brugha, T., Erskine, H. E., Scheurer, R. W., Vos, T., & Scott, J. G. (2015). The epidemiology and
global burden of autism spectrum disorders. Psychological Medicine, 45(3), 601.
Ben-Itzchak, E., & Zachor, D. A. (2019). Toddlers to teenagers: Long-term follow-up study of outcomes
in autism spectrum disorder. Autism, 24(1), 41-50.
Billstedt, E., Gillberg, I. C., & Gillberg, C. (2010). Aspects of quality of life in adults diagnosed with
autism in childhood: A population-based study. Autism, 15(1), 7-20.
Bölte, S., Girdler, S., & Marschik, P. B. (2019). The contribution of environmental exposure to the
etiology of autism spectrum disorder. Cellular and Molecular Life Sciences, 76(7), 1275-1297.
Bozkus-Genc, G., & Yucesoy-Ozkan, S. (2016). Meta-analysis of pivotal response training for children
with autism spectrum disorder. Education and Training in Autism and Developmental Disabilities,
51(1), 13-26.
Bozkus Genc, G., & Vuran, S. (2013). Examination of studies targeting social skills with pivotal response
treatment. Educational Sciences: Theory and Practice, 13(3), 1730-1742.
Cabibihan, J.-J., Javed, H., Ang, M., & Aljunied, S. M. (2013). Why robots? A survey on the roles and
benefits of social robots in the therapy of children with autism. International Journal of Social
Robotics, 5(4), 593-618.
Cadogan, S., & McCrimmon, A. W. (2015). Pivotal response treatment for children with autism
spectrum disorder: A systematic review of research quality. Developmental Neurorehabilitation,
18(2), 137-144.
Centraal Bureau voor de Statistiek (2018). Autisme onder 4-12 jarigen. URL: https://opendata.cbs.nl/
statline/#/CBS/nl/dataset/83716NED/table?ts=1583492615186.
CDC (2012). Prevalence of autism spectrum disorders: Autism and developmental disabilities
monitoring network, 14 Sites, United States, 2008. Morbidity and Mortality Weekly Report.
Surveillance Summaries, 61(3). Centers for Disease Control and Prevention.
Charman, T. (2010). Developmental approaches to understanding and treating autism. Folia
Phoniatrica et Logopaedica, 62(4), 166-177.
Chaste, P., & Leboyer, M. (2012). Autism risk factors: genes, environment, and gene- environment
interactions. Dialogues in Clinical Neuroscience, 14(3), 281.
Chiarotti, F., & Venerosi, A. (2020). Epidemiology of autism spectrum disorders: A review of worldwide
prevalence estimates since 2014. Brain Sciences, 10, 274.
Constantino, J. N., & Charman, T. (2016). Diagnosis of autism spectrum disorder: Reconciling the
syndrome, its diverse origins, and variation in expression. The Lancet Neurology, 15(3), 279-291.
Costa, A. P., Charpiot, L., Lera, F. R., Ziafati, P., Nazarikhorram, A., van der Torre, L., & Steffgen, G. (2018). A
comparison between a person and a robot in the attention, imitation, and repetitive and stereotypical
behaviors of children with autism spectrum disorder. In: Proceedings workshop on Social humanrobot interaction of human-care service robots at HRI2018, 2018.

24

Crane, L., Chester, J. W., Goddard, L., Henry, L. A., & Hill, E. (2015). Experiences of autism diagnosis: A
survey of over 1000 parents in the United Kingdom. Autism, 20(2), 153-162.
Danial, J. T., & Wood, J. J. (2013). Cognitive behavioral therapy for children with autism: Review and
considerations for future research. Journal of Developmental & Behavioral Pediatrics, 34(9), 702-715.
Dautenhahn, K., & Werry, I. (2004). Towards interactive robots in autism therapy: Background, motivation
and challenges. Pragmatics & Cognition, 12(1), 1-35.
Dawson, G., Jones, E. J. H., Merkle, K., Venema, K., Lowy, R., Faja, S., . . . Webb, S. J. (2012). Early behavioral
intervention is associated with normalized brain activity in young children with autism. Journal of
the American Academy of Child & Adolescent Psychiatry, 51(11), 1150-1159.
Diehl, J. J., Schmitt, L. M., Villano, M., & Crowell, C. R. (2012). The clinical use of robots for individuals with
autism spectrum disorders: A critical review. Research in Autism Spectrum Disorders, 6(1), 249-262.
Elias, J. Z., Morrow, P. B., Streater, J., Gallagher, S., & Fiore, S. M. (2011). Towards triadic interactions in
autism and beyond: Transitional objects, joint attention, and social robotics. In Proceedings of the
Human Factors and Ergonomics Society Annual Meeting (Vol. 55, No 1, pp. 11486-1490). Los Angeles,
CA: Sage Publications.
Eldevik, S., Hastings, R. P., Hughes, J. C., Jahr, E., Eikeseth, S., & Cross, S. (2009). Meta-analysis of early
intensive behavioral intervention for children with autism. Journal of Clinical Child & Adolescent
Psychology, 38(3), 439-450.
Fombonne, E. (2005). The epidemiology of pervasive developmental disorders. Recent Developments in
Autism Research, MF Casanova, ed.(New York, Nova Science Publishers Inc.), 1-25.
Frazier, T. W., Georgiades, S., Bishop, S. L., & Hardan, A. Y. (2014). Behavioral and cognitive characteristics
of females and males with autism in the simons simplex collection. Journal of the American Academy
of Child & Adolescent Psychiatry, 53(3), 329-340. e323.
French, L., & Kennedy, E. M. (2018). Annual research review: Early intervention for infants and young
children with, or at-risk of, autism spectrum disorder: A systematic review. Journal of Child Psychology
and Psychiatry, 59(4), 444-456.
Fuller, E. A., & Kaiser, A. P. (2019). The effects of early intervention on social communication outcomes
for children with autism spectrum disorder: A meta-analysis. Journal of Autism and Developmental
Disorders, 50, 1683-1700.
Harper, C. B., Symon, J. B., & Frea, W. D. (2008). Recess is time-in: Using peers to improve social skills of
children with autism. Journal of Autism and Developmental Disorders, 38(5), 815-826.
Howes, O. D., Rogdaki, M., Findon, J. L., Wichers, R. H., Charman, T., King, B. H., . . . Murphy, D. G. (2018).
Autism spectrum disorder: Consensus guidelines on assessment, treatment and research from the
British Association for Psychopharmacology. Journal of Psychopharmacology, 32(1), 3-29.
Howlin, P., Goode, S., Hutton, J., & Rutter, M. (2004). Adult outcome for children with autism. Journal of
Child Psychology and Psychiatry, 45(2), 212-229.
Huskens, B., Palmen, A., Van der Werff, M., Lourens, T., & Barakova, E. (2015). Improving collaborative play
between children with autism spectrum disorders and their siblings: The effectiveness of a robotmediated intervention based on Lego® therapy. Journal of Autism and Developmental Disorders,
45(11), 3746-3755.
Huskens, B., Verschuur, R., Gillessen, J., Didden, R., & Barakova, E. (2013). Promoting question-asking
in school-aged children with autism spectrum disorders: Effectiveness of a robot intervention
compared to a human-trainer intervention. Developmental Neurorehabilitation, 16(5), 345-356.
Ingersoll, B., & Schreibman, L. (2006). Teaching reciprocal imitation skills to young children with autism
using a naturalistic behavioral approach: Effects on language, pretend play, and joint attention.
Journal of Autism and Developmental Disorders, 36(4), 487.
Ingersoll, B., & Wainer, A. (2013). Initial efficacy of Project ImPACT: A parent-mediated social
communication intervention for young children with ASD. Journal of Autism and Developmental
Disorders, 43(12), 2943-2952.

25

Chapter 1 – General introducion

Ismail, L. I., Verhoeven, T., Dambre, J., & Wyffels, F. (2019). Leveraging robotics research for children
with autism: A review. International Journal of Social Robotics, 11(3), 389-410.
Kaiser, A. P., & Hester, P. P. (1994). Generalized effects of enhanced milieu teaching. Journal of Speech,
Language, and Hearing Research, 37(6), 1320-1340.
Kanner, L. (1943). Autistic disturbances of affective contact. Nervous Child, 2(3), 217-250.
Kasari, C., Freeman, S., & Paparella, T. (2006). Joint attention and symbolic play in young children with
autism: A randomized controlled intervention study. Journal of Child Psychology and Psychiatry,
47(6), 611-620.
Kentrou, V., de Veld, D. M., Mataw, K. J., & Begeer, S. (2019). Delayed autism spectrum disorder
recognition in children and adolescents previously diagnosed with attention-deficit/hyperactivity
disorder. Autism, 23(4), 1065-1072.
Kim, E. S., Daniell, C. M., Makar, C., Elia, J., Scassellati, B., & Shic, F. (2015). Potential clinical impact
of positive affect in robot interactions for autism intervention. Proceedings from International
Conference on Affective Computing and Intelligent Interaction (ACII). Xi’an, China: IEEE.
Koegel, R. L., & Koegel, L. K. (2006). Pivotal response treatment for autism: Communication, social, &
academic development. Baltimore, Maryland: Paul H. Brookes Publishing Co.
Koegel, L. K., Koegel R. L., Harrower, J. K., & Carter, C. M. (1999). Pivotal response intervention I:
Overview of approach. Journal of the Association for Persons with Severe Handicaps, 24(3), 174-185.
Koegel, R. L., Koegel, L. K., & McNerney, E. K. (2001). Pivotal areas in intervention for autism. Journal of
Clinical Child Psychology, 30(1), 19-32.
Koegel, R. L., Dyer, K., & Bell, L. K. (1987). The influence of child‐preferred activities on autistic children’s
social behavior. Journal of Applied Behavior Analysis, 20(3), 243-252.
Koegel, R. L., & Koegel, L. K. (2019). Pivotal response treatment for autism spectrum disorders. Baltimore,
London, Sydney: Paul H Brookes Publishing.
Koegel, R. L., O’Dell, M., & Dunlap, G. (1988). Producing speech use in nonverbal autistic children by
reinforcing attempts. Journal of Autism and Developmental Disorders, 18(4), 525-538.
Koegel, R. L., O’dell, M. C., & Koegel, L. K. (1987). A natural language teaching paradigm for nonverbal
autistic children. Journal of Autism and Developmental Disorders, 17(2), 187-200.
Koegel, R. L., & Williams, J. A. (1980). Direct versus indirect response-reinforcer relationships in
teaching autistic children. Journal of Abnormal Child Psychology, 8(4), 537-547.
Kumazaki, H., Warren, Z., Swanson, A., Yoshikawa, Y., Matsumoto, Y., Yoshimura, Y., . . . Wade, J. (2019).
Brief report: Evaluating the utility of varied technological agents to elicit social attention from
children with autism spectrum disorders. Journal of Autism and Developmental Disorders, 49(4),
1700-1708.
Lai, M.-C., Lombardo, M. V., Auyeung, B., Chakrabarti, B., & Baron-Cohen, S. (2015). Sex/gender
differences and autism: Setting the scene for future research. Journal of the American Academy of
Child & Adolescent Psychiatry, 54(1), 11-24.
Lang, R., Machalicek, W., Rispoli, M., & Regester, A. (2009). Training parents to implement
communication interventions for children with autism spectrum disorders (ASD): A systematic
review. Evidence-Based Communication Assessment and Intervention, 3(3), 174-190.
Lecavalier, L., McCracken, C. E., Aman, M. G., McDougle, C. J., McCracken, J. T., Tierney, E., . . . Handen,
B. (2019). An exploration of concomitant psychiatric disorders in children with autism spectrum
disorder. Comprehensive Psychiatry, 88, 57-64.
Levy, A., & Perry, A. (2011). Outcomes in adolescents and adults with autism: A review of the literature.
Research in Autism Spectrum Disorders, 5(4), 1271-1282.
Loomes, R., Hull, L., & Mandy, W. P. L. (2017). What is the male-to-female ratio in autism spectrum
disorder? A systematic review and meta-analysis. Journal of the American Academy of Child &
Adolescent Psychiatry, 56(6), 466-474.

26

Lord, C., Brugha, T. S., Charman, T., Cusack, J., Dumas, G., Frazier, T., . . . State, M. W. (2020). Autism
spectrum disorder. Nature Reviews Disease Primers, 6(1), 1-23.
Mandy, W., Chilvers, R., Chowdhury, U., Salter, G., Seigal, A., & Skuse, D. (2012). Sex differences in autism
spectrum disorder: Evidence from a large sample of children and adolescents. Journal of Autism
and Developmental Disorders, 42(7), 1304-1313.
Masi, A., DeMayo, M. M., Glozier, N., & Guastella, A. J. (2017). An overview of autism spectrum disorder,
heterogeneity and treatment options. Neuroscience Bulletin, 33(2), 183-193.
Matson, J. L., Benavidez, D. A., Stabinsky Compton, L., Paclawskyj, T., & Baglio, C. (1996). Behavioral
treatment of autistic persons: A review of research from 1980 to the present. Research in
Developmental Disabilities, 17(6), 433-465.
Miller, J. N., & Ozonoff, S. (2000). The external validity of Asperger disorder: Lack of evidence from the
domain of neuropsychology. Journal of Abnormal Psychology, 109(2), 227.
Modabbernia, A., Velthorst, E., & Reichenberg, A. (2017). Environmental risk factors for autism: An
evidence-based review of systematic reviews and meta-analyses. Molecular Autism, 8(1), 13.
Myers, S. M., & Johnson, C. P. (2007). Management of children with autism spectrum disorders.
Pediatrics, 120(5), 1162-1182.
Neil, L., Olsson, N. C., & Pellicano, E. (2016). The relationship between intolerance of uncertainty,
sensory sensitivities, and anxiety in autistic and typically developing children. Journal of Autism
and Developmental Disorders, 46(6), 1962-1973.
National Institute for Health and Clinical Excellence (2013). Autism spectrum disorder in under 19s:
Support and management. NICE Guideline (CG170). London: National Institute for Health and
Clinical Excellence. Retreived December 22th 2020 at: https://www.nice.org.uk/guidance/cg170.
Ona, H. N., Larsen, K., Nordheim, L. V., & Brurberg, K. G. (2020). Effects of pivotal response treatment
(PRT) for children with autism spectrum disorders (ASD): A systematic review. Review Journal of
Autism and Developmental Disorders, 7, 78-90.
Ospina, M. B., Seida, J. K., Clark, B., Karkhaneh, M., Hartling, L., Tjosvold, L., . . . Smith, V. (2008).
Behavioural and developmental interventions for autism spectrum disorder: A clinical systematic
review. PloS One, 3(11), e3755.
Rao, P. A., Beidel, D. C., & Murray, M. J. (2008). Social skills interventions for children with Asperger’s
syndrome or high-functioning autism: A review and recommendations. Journal of Autism and
Developmental Disorders, 38(2), 353-361.
Ricks, D. J., & Colton, M. B. (2010). Trends and considerations in robot-assisted autism therapy. Paper
presented at the Robotics and Automation (ICRA), 2010 IEEE International Conference , Anchorage,
AK, USA.
Robins, B., Dautenhahn, K., & Dubowski, J. (2006). Does appearance matter in the interaction of
children with autism with a humanoid robot? Interaction Studies, 7(3), 479-512.
Roelfsema, M. T., Hoekstra, R. A., Allison, C., Wheelwright, S., Brayne, C., Matthews, F. E., & Baron-Cohen,
S. (2012). Are autism spectrum conditions more prevalent in an information-technology region?
A school-based study of three regions in the Netherlands. Journal of Autism and Developmental
Disorders, 42(5), 734-739.
Rogers, S. J., & Vismara, L. A. (2008). Evidence-based comprehensive treatments for early autism.
Journal of Clinical Child & Adolescent Psychology, 37(1), 8-38.
Rollins, P. R., John, S., Jones, A., & De Froy, A. (2019). Pathways early ASD intervention as a moderator
of parenting stress on parenting behaviors: a randomized control trial. Journal of Autism and
Developmental Disorders, 49(10), 4280-4293.
Rutter, M. (1985). The treatment of autistic children. Journal of Child Psychology and Psychiatry, 26(2),
193-214.

27

Chapter 1 – General introducion

Sandbank, M., Bottema-Beutel, K., Crowley, S., Cassidy, M., Dunham, K., Feldman, J. I., . . . Mahbub, P.
(2020). Project AIM: Autism intervention meta-analysis for studies of young children. Psychological
Bulletin, 146(1), 1.
Scassellati, B. (2007). How social robots will help us to diagnose, treat, and understand autism. In S.
Thrun, R. Brooks & H. Durrant-Whyte (Eds.), Robotics Research. Springer Tracts in Advanced Robotics
(pp. 552-563). Berlin, Heidelberg: Springer.
Schreibman, L., Dawson, G., Stahmer, A. C., Landa, R., Rogers, S. J., McGee, G. G., . . . Halladay, A. (2015).
Naturalistic developmental behavioral interventions: Empirically validated treatments for autism
spectrum disorder. Journal of Autism and Developmental Disorders, 45(8), 2411-2428.
Simonoff, E., Pickles, A., Charman, T., Chandler, S., Loucas, T., & Baird, G. (2008). Psychiatric disorders
in children with autism spectrum disorders: Prevalence, comorbidity, and associated factors in
a population-derived sample. Journal of the American Academy of Child & Adolescent Psychiatry,
47(8), 921-929.
Simut, R., Costescu, C., Vanderfaeillie, J., & Vanderborght, B. (2016). Can a social robot encourage
children with autism spectrum disorder to ask questions during playtime? In S. Douglas & L.
Stirling (Eds.), Children’s play, pretense, and story: Studies in culture, context, and autism spectrum
disorder. (pp. 96-114). New York, NY: Routledge/Taylor & Francis Group.
Suhrheinrich, J., Rieth, S. R., Dickson, K. S., Roesch, S., & Stahmer, A. C. (2019). Classroom pivotal
response teaching: Teacher training outcomes of a community efficacy trial. Teacher Education
and Special Education, 0888406419850876.
Thill, S., Pop, C. A., Belpaeme, T., Ziemke, T., & Vanderborght, B. (2012). Robot-assisted therapy for
autism spectrum disorders with (partially) autonomous control: Challenges and outlook. Paladyn,
3(4), 209-217.
van ’t Hof, M., Tisseur, C., van Berckelear-Onnes, I., van Nieuwenhuyzen, A., Daniels, A. M., Deen, M., .
. . Ester, W. A. (2020). Age at autism spectrum disorder diagnosis: A systematic review and metaanalysis from 2012 to 2019. Autism, 1362361320971107.
van Heijst, B. F., & Geurts, H. M. (2015). Quality of life in autism across the lifespan: A meta-analysis.
Autism, 19(2), 158-167.
Van Wijngaarden-Cremers, P. J., van Eeten, E., Groen, W. B., Van Deurzen, P. A., Oosterling, I. J., & Van der
Gaag, R. J. (2014). Gender and age differences in the core triad of impairments in autism spectrum
disorders: A systematic review and meta-analysis. Journal of Autism and Developmental Disorders,
44(3), 627-635.
Varcin, K. J., & Jeste, S. S. (2017). The emergence of autism spectrum disorder: Insights gained from
studies of brain and behaviour in high-risk infants. Current Opinion in Psychiatry, 30(2), 85-91.
Verschuur, R., Didden, R., Lang, R., Sigafoos, J., & Huskens, B. (2014). Pivotal response treatment
for children with autism spectrum disorders: A systematic review. Review Journal of Autism and
Developmental Disorders, 1(1), 34-61.
Volkmar, F. R., & Reichow, B. (2013). Autism in DSM-5: progress and challenges. Molecular Autism, 4(1),
13.
Warren, Z., Zheng, Z., Das, S., Young, E. M., Swanson, A., Weitlauf, A., & Sarkar, N. (2015). Brief report:
development of a robotic intervention platform for young children with ASD. Journal of Autism
and Developmental Disorders, 45(12), 3870-3876.
Weitlauf, A. S., Broderick, N., Stainbrook, J. A., Taylor, J. L., Herrington, C. G., Nicholson, A. G., ….
& Warren, Z. E. (2020). Mindfulness-based stress reduction for parents implementing early
intervention for autism: an RCT. Pediatrics, 145 (Supplement 1), S81-S92.
Wong, C., Odom, S. L., Hume, K. A., Cox, A. W., Fettig, A., Kucharczyk, S., . . . Schultz, T. R. (2015).
Evidence-based practices for children, youth, and young adults with autism spectrum disorder: A
comprehensive review. Journal of Autism and Developmental Disorders, 45(7), 1951-1966.
Yeargin-Allsopp, M., Rice, C., Karapurkar, T., Doernberg, N., Boyle, C., & Murphy, C. (2003). Prevalence of
autism in a US metropolitan area. JAMA, 289(1), 49-55.

28

Zorgstandaard autisme GGZ (2017). Retreived December 22th 2020 from https://www.
ggzstandaarden.nl/zorgstandaarden/autisme.
Zwaigenbaum, L., Brian, J. A., & Ip, A. (2019). Early detection for autism spectrum disorder in young
children. Paediatrics & Child Health, 24(7), 424-432.

29

Chapter 2
Pivotal Response Treatment
for autism spectrum disorder
(ASD)

Iris van den Berk-Smeekens 1,2, Iris J. Oosterling 2, Jenny C. den Boer 3, Jan K.
Buitelaar 1,2, Wouter G. Staal 1,2,4, Martine van Dongen-Boomsma 1,2

Cochrane Database of Systematic Reviews, 2017, Issue 12, art. No: CD012887. DOI:
10.1002/14651858.CD012887. Protocol published, review in revision

Department of Cognitive Neuroscience, Donders Institute for Brain, Cognition
and Behaviour, Radboud University Nijmegen Medical Centre, Nijmegen,
Netherlands
2
Karakter Child and Adolescent Psychiatry University Centre, Nijmegen,
Netherlands
3
Karakter Child and Adolescent Psychiatry Centre, Ede, Netherlands
4
Leiden University, Netherlands
a
Wouter G Staal shares last authorship with Martine van Dongen-Boomsma.
1

31

Chapter 2 – Pivotal Response Treatment for autism spectrum disorder

Abstract
Background
Individuals with autism spectrum disorder (ASD) are characterised by deficits
in social communication and interaction, and by restricted, repetitive patterns
of behaviour, interests, or activities and sensory abnormalities. Currently, there
are no pharmacological treatments that target the core symptoms of ASD.
Promising interventions that focus on these core symptoms are often based on
principles of applied behaviour analysis (ABA). Pivotal Response Treatment (PRT)
is based on such principles and incorporates naturalistic procedures for language
intervention. PRT focuses on pivotal areas, that, when targeted, may promote
widespread collateral improvements in other domains.

Objectives
To assess the effects of PRT for individuals with ASD on directly targeted behaviour
and non-directly targeted, general outcomes.

Search methods
In October 2019, we searched CENTRAL, MEDLINE, Embase, PsycINFO, and 10 other
electronic databases, three trial registers and two online library catalogues. We
also hand searched nine journals that focus on ASD research, screened conference
abstracts and asked experts in the field for information on additional or ongoing
trials. We did not limit our searches on the basis of language, publication status or
publication date.

Selection criteria
We included randomised controlled trials (RCTs), quasi-RCTs, non-randomised
studies (N-RCTs) including controlled before-and-after studies (CBA) in which a
PRT group was compared with a control group (treatment -as- usual or a wait-list
control) in individuals with ASD, with or without comorbid medical or psychiatric
disorders.

Data collection and analysis
Data collection and analysis were conducted in accordance with the Cochrane
handbook.

Main results
This review included 14 studies published in 25 reports, with a total analysed
sample of 540 participants, with considerable variation in sample sizes across
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studies. Of the 14 included studies, we quantitatively analysed data from 11
studies. The effect of PRT was compared with either an active comparison group or
a wait-list (no intervention) control group. Most studies were conducted in North
America and a variety of implementation settings were described. Duration of
PRT ranged from five weeks to 52 weeks and intensity ranged from relatively high
(8.1 hours to13.2 hours a week) to relatively low (0.8 hours to 2.3 hours a week).
Participants were predominantly males and the majority of included participants
were either in the preschool or early school age. All included RCTs (n =11) were
considered to have a high or unclear risk of bias in one or more domains, and all
N-RCTs (n = 3) had either serious or critical risk of bias in at least one domain.
Medium to large beneficial effects of PRT for preschool-aged and early schoolaged children with ASD were found on directly assessed frequency of functional
language use measured as the number of utterances during a 10-minute
observation (MD 15.67; 95% CI 3.34 to 28.01; P = 0.01; 2 studies, 90 participants;
high certainty evidence), observed mean length of utterance measured as
the mean numbers of words within an utterance with higher scores indicating
better performance (MD 0.52; 95% CI 0.21 to 0.83; P = 0.001; I2 = 0%; 3 studies,
85 participants; low certainty evidence) and caregiver-reported number of
words produced (measured with MacArthur-Bates Communicative Development
Inventories - words produced out of 680; MD 96.86; 95% CI 4.25 to 189.46;
P = 0.04; I2 = 36% ; 2 studies, 90 participants) at post-intervention. Furthermore,
beneficial effects of PRT were found for ASD symptom severity (SMD 1.03, 95% CI
0.25 to 1.80; P = 0.009; I2 = 72%; 3 studies, 129 participants; moderate certainty
evidence) and improvement in global clinical functioning measured with
Clinical Global Impression - Improvement scale (MD 0.56, 95% CI 0.08 to 1.04;
P = 0.02; I2 = 69%; 3 studies, 161 participants) as non-directly targeted outcomes
at post-intervention. We found no evidence for beneficial effects of PRT on more
general measures of expressive language (both directly assessed and caregiverreported), caregiver-reported adaptive communication, caregiver-reported social
responsiveness, cognitive ability, reduced restricted and repetitive behaviour,
and reduced behaviour problems. No harmful effects were reported as a result of
PRT. For adaptive functioning and parent outcomes (e.g. parental stress), we only
found results from single studies.

Authors’ conclusions
In preschool-aged and early school-aged children with ASD, PRT is associated
with medium to large improvements in functional language use, mean length
of utterance and numbers of words produced and with lower severity of ASD
symptoms and improved global clinical functioning. However, there was no
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support for widespread collateral gains in different domains of functioning and
development. Overall, study quality was low. More high-quality studies with low
risk of bias and adequate sample size are needed to evaluate the effect of PRT
compared with treatment as usual or a wait-list control for individuals with ASD.

Background
Description of the condition
Autism spectrum disorders (ASD) are characterised by deficits in social
communication and interaction, and by restricted, repetitive patterns of
behaviour, interests, or activities and sensory abnormalities (APA 2013). As a
neurodevelopmental disorder, ASD emerges at a young age (Zwaigenbaum
2019), and the diagnosis is stable throughout life in most individuals (Woolfenden
2012). The genetic contribution of ASD is large, with estimated heritability
ranging from 40% to 90% (Lord 2020). However, both genetic and environmental
factors contribute to the aetiology of ASD (Bölte 2019; Sandin 2014; Sealy
2016). ASD affects boys more often than girls, with reported ratios of round
4-5:1; however, these may in fact be lower due to under recognition of females
(Lai 2015). A meta-analysis that focused on ASD symptoms in boys versus girls
found that girls showed fewer restricted interests and behaviours and stereotypes
than did boys, but only in children older than six years, which suggests that the
ASD phenotype differs by age and gender (Van Wijngaarden-Cremers 2014).
ASD is typically diagnosed using criteria from the Diagnostic and Statistical
Manual of Mental Disorders, currently in its fifth edition (DSM-5; APA 2013). In the
previous version of the DSM (DSM-Fourth Edition-Text Revision; APA 2000), ASD
was separated into four distinct disorders: autistic disorder, Asperger’s disorder,
childhood disintegrative disorder and pervasive developmental disorder not
otherwise specified (PDD-NOS). Although these subtypes still exist in the current
version of the International Statistical Classification of Diseases and Related Health
Problems (ICD-10) (WHO 1992), they have been subsumed into a single diagnosis
of ASD in the DSM-5 (APA 2013), since no valid differences as regards clinical
and demographic characteristics, neuropsychological profiles, comorbidity
and prognosis have been found (Volkmar 2014; Witwer 2008). In addition, three
severity classifications have been included in the DSM-5, to indicate the level of
support that an individual needs in the areas of both social communication and
restricted and repetitive behaviours (Weitlauf 2014).
The worldwide prevalence of ASD is estimated to be about 1%, with higher
estimates in high-income countries (Christensen 2019; Lord 2020). ASD is
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characterized by substantial clinical heterogeneity in terms of severity of ASD
symptoms, developmental trajectories, and cognitive, language and adaptive
functioning (Georgiades 2013). Although ASD can affect individuals with any
level of intelligence, a significant proportion of affected individuals have an
intellectual disability (around 40-50%) (Christensen 2019). Some studies have
found the ASD symptom profile to be different in individuals with a lower (nonverbal) intelligence quotient (IQ) (Bishop 2006a; Kjellmer 2012), but other studies
have not found evidence in support of this (Charman 2011). Most individuals with
ASD have a comorbid psychiatric disorder, such as attention-deficit hyperactivity
disorder (ADHD; 28%), anxiety disorders (20%) or depressive disorders (11%) (Lai
2019). Also, 41-66% of individuals with ASD may have two or more comorbid
conditions (Lecavalier 2019; Simonoff 2008).
Although the long-term outcomes for most children with ASD are poor
(Billstedt 2005; Van Heijst 2015), behavioural and social outcomes can vary highly
between individuals with ASD. Some individuals improve markedly in social and
behavioural functioning, while others experience deterioration in functioning
or show a stable course (Levy 2011). Individuals with ASD who have a higher IQ
and fewer comorbid conditions are more likely to experience better outcomes in
adolescence or early adulthood (Levy 2011). A minority of people with ASD are
able to find suitable employment, to develop meaningful relationships and to
live independently (Howlin 2004), but the majority rely on family, caregivers and
professional services throughout life. Estimated costs due to productivity loss for
an individual with ASD can range from about USD 27,000 to USD 32,000 per year
in the UK and can be about USD 11,000 in the USA (Buescher 2014). Additionally,
costs due to productivity loss for parents of children with ASD can range from
about USD 800 to USD 7000 per year in the UK and can be about USD 24,000 per
year in the USA (Buescher 2014). Total societal costs for caring for and treating a
person with ASD in the USA are estimated to be USD 3.2 million per year (Ganz
2007).

Treatments
Pharmacological treatments tend to target symptoms that may co-occur with ASD
and interfere with adaptive functioning, such as symptoms of ADHD, aggression,
irritability, self-injurious behaviour and anxiety (Myers 2007). There are currently
no evidence-based medication treatments for the core symptoms of ASD (Lord
2020). Several behavioural interventions have been designed to address the
core symptoms of ASD, among which are communication-focused interventions,
social skill development interventions, sensory motor interventions and milieu
therapy (Ospina 2008). These interventions vary considerably in their underlying
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theoretical frameworks, intensity, modes of delivery and cost-effectiveness (Seida
2009). Most of the at least 27 treatment models available for ASD have clearly
defined procedures and a detailed curriculum, or both (Wong 2015). The evidence
for most of these interventions is weak (Wong 2015), but in general, promising
behavioural treatments are characterised by a focus on the core symptoms of
ASD, a manualised approach, systematic measurement of effect (after treatment
and follow-up), monitoring of fidelity of implementation, and being embedded in
daily activities in the individual’s natural environment (Ospina 2008).
Specifically for young children with ASD, interventions based on principles of
applied behaviour analysis (ABA) (Kodak 2011) may result in positive mediumto-large effects on intellectual functioning, language development and adaptive
behaviour, regardless of the specific ABA method used (Virués-Ortega 2010).
Traditional ABA-based interventions involve discrete trial training in a structured
one-to-one situation (Ghezzi 2007). Since this is highly labour intensive (Smith
2001), attention has been paid to how to limit the intensity of ABA-based
treatments for ASD and to implement ABA procedures in the individual’s natural
environment (Foran 2015).

Description of the intervention
Pivotal Response Treatment (PRT) is an ABA-based intervention that focuses on
the generalisation of learned skills in the child’s natural environment (Koegel
2016), and is used for the core social-communicative symptoms of ASD (Koegel
1999; Koegel 2001; Koegel 2006). It was developed on the basis of the natural
language paradigm (NLP) and represents a shift towards naturalistic procedures
for language interventions in contrast to imitation and ‘drill’ procedures
outside the natural environment of the individual (Camarata 1996). PRT can be
distinguished from other traditional ABA-based treatments by focusing on ‘pivotal’
skills in contrast to one individual target skill, using child-selected material versus
adult-selected material, being embedded in the child’s natural environment
versus therapy in a structured, intensive one-to-one setting, and using different
people (e.g. parents, teachers and peers) to provide the intervention in contrast to
therapist(s) only (Koegel 1999). PRT focuses on four pivotal (or ‘core’) areas, namely,
motivation for social communication, self-initiation, responding to multiple cues,
and self-management (Koegel 2001; National Autism Center 2009; National
Autism Center 2015). Empathy has been proposed as a fifth pivotal area (Koegel
2013; Koegel 2016). The hypothesis is that the acquisition of skills in these pivotal
areas may promote widespread, collateral improvements in other domains.
In PRT, ‘learning opportunities’ are created according to the principles of ABC
(i.e. antecedents, behaviour, consequences), with emphasis on techniques related
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to the antecedents and consequences of behaviour. For the ‘antecedent’ domain,
three techniques are used to elicit target behaviour, namely: 1. following the
child’s interests (e.g. by child choice); 2. catching the child’s attention (e.g. dividing
material); and 3. providing a clear learning opportunity with appropriate help (i.e.
the use of ‘prompts’). The techniques used for the ‘consequences’ domain include:
1. consistent reinforcement; 2. use of natural reinforcements (i.e. that is directly
and functionally related to a task); and 3. rewarding (good) attempts (Koegel
1999; Koegel 2001; Koegel 2006; Koegel 2014a). As an additional technique,
interspersing maintenance (i.e. previously learned) tasks with new tasks provides
an appropriate and reliable sequence of learning opportunities. In Appendix 1, we
provide two examples of PRT learning opportunities.
Specific goals for PRT vary depending on the developmental level and
verbal abilities of the individual, ranging from teaching communicative
intent and first words in very young children, to self-management of social
behaviour in adolescents with ASD (Koegel 1999; Koegel 2006). The education
of parents, siblings, peers, and teachers is a crucial component of PRT because
it improves learning opportunities in the individual’s natural environment
(Koegel 2006; Koegel 2014a). Furthermore, training parents will improve family
interactions and diminish parental stress (Koegel 2012). For these reasons, PRT
can be considered a comprehensive intervention that is implementable across
people, settings and environments, with a view to achieving optimal outcomes in
individuals with ASD.
PRT can be implemented at home, in a clinic, in classrooms or in play gardens,
and by various implementers (Bozkus Genc 2013). Implementation in the natural
environment by parents and other caregivers is a critical component of the
intervention (Koegel 2006; Renshaw 2011). Clinicians that are familiar with basic
theoretical as well as practical knowledge of behavioural therapy are trained in
PRT techniques to become a certified PRT therapist. During intervention sessions,
PRT therapists adapt the techniques to caregivers, give them opportunities to
practice and implementing the techniques, provide feedback and, at the same
time, monitor the fidelity of treatment implementation (Koegel 2006; Koegel
2014a). Monitoring of the fidelity of treatment implementation, that is, the correct
use of PRT techniques by clinicians, caregivers and teachers, is an important aspect
in optimising the quality of PRT (Bryson 2007; Koegel 2012). This is often assessed
over a 10-minute period, with the criterion that PRT motivational techniques
should be used for 80% of the time (i.e. child attending, clear opportunity to
respond, interspersing maintenance and new tasks, using multiple cues, using
child choice, contingent reinforcement, natural reinforcement and reinforcing
attempts) (Koegel 2006).
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How the intervention might work
PRT targets ‘pivotal’ or core areas of functioning that are impaired in individuals
with ASD. For instance, young children with ASD take the initiative less often in
social situations because they are not motivated to do so (Koegel 2012). This may
be because they have limited skills for focusing on others, such as joint attention
and emotion recognition, which might be due to a deficit in the development of
theory of mind (Baron-Cohen 2000; Fletcher-Watson 2014). Because they are less
motivated, young children with ASD have fewer opportunities for using language,
making eye contact, taking turns, developing conversational skills, recognising
emotions and learning social rules, etc. (Koegel 2012). They also have fewer
opportunities for interacting with others, for developing language, for increasing
their vocabulary and for learning about the outside world (Koegel 2014b).
Increasing motivation to learn in children by using desired objects may benefit
the acquisition of academic skills such as reading and calculating (Koegel 2006).
Also, the lack of self-management abilities in older children with ASD may result
in their using requests and protests as almost the sole means of social interaction
(Wetherby 1984). Thus, targeting pivotal areas impaired in individuals with ASD
may lead to collateral improvement in other social and communicational skills
(Koegel 2019).
PRT enables an individual with ASD to learn that social communication can
be functional and rewarding (Koegel 2014a; Koegel 2014b), increasing their
motivation for social interaction. Prompts (i.e. levels of help) are used to help the
individual make an appropriate response (Koegel 2012). These are often gradually
faded, going from a high level of help (e.g. tell prompt) to a low level of help (e.g.
waiting prompt), as the new skill is acquired (Koegel 2012).
Considering the promising ingredients of PRT, the intervention has the potential
to facilitate improvements in different areas of functioning of the individual with
ASD and his/her relatives. However, qualitative and quantitative comparisons of
the effects of PRT treatment with the effects of other treatments for individuals
with ASD are needed to draw valid conclusions.

Why it is important to do this review
Lang 2009 reviewed studies of parents’ ability to implement communication
interventions and the effects of PRT on children’s communication, but did not
specifically compare PRT with other communication interventions for ASD. Bozkus
Genc 2013 evaluated methods of PRT implementation, investigating participant
characteristics, settings, which social skills were taught, characteristics of
implementers, research model, and social validity; however, they only included
information from single-subject research. Bozkus-Genc 2016 quantitatively
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evaluated these single-subject studies but did not report on the quality of the
studies, especially the risk of bias. One previous Cochrane Review focused on a
parent-mediated intervention for ASD but investigated young children only and
did not specifically study the effects of PRT (Oono 2013).
A systematic review and meta-analysis of the efficacy of PRT in children with
ASD that adheres to Cochrane guidelines is needed for several reasons. First,
the use of different methods in PRT studies makes it impossible to compare the
effects of PRT with the effects of other ASD interventions. However, the use of the
GRADE system to evaluate intervention studies in ASD can improve transparency
and comparability across studies (Guyatt 2008). Second, it is important to present
the results of randomised trials of PRT separately from those of non-randomised
studies, as the latter potentially have a higher risk of bias (Higgins 2017). In earlier
reviews, evidence from randomised controlled trials (RCTs) was not evaluated
(Cadogan 2015), or effects were only reviewed descriptively (Verschuur 2014).
Third, only one review has quantitatively compared studies evaluating the effect
of PRT using group designs (Ona 2020). However, there are a number of limitations
to the review: the review did not include recently published trials (i.e. conducted
within the last three years); the authors only searched a minimal number of
electronic databases and other sources; and posed limitations on participant
characteristics, implementation agents and outcomes for the determining
eligibility of studies. In addition to addressing these gaps in the evidence base,
it is important to explore the role of individual characteristics and environmental
factors as potential moderators of the impact of PRT, as well as the impact of
‘dosage’ factors such as frequency, intensity and implementation setting.

Objectives
To systematically review evidence on the effect of PRT for individuals with ASD.
Our specific objectives were:
1. to assess the effect of PRT compared with treatment as usual or a waitlist control on social communication based on direct or independent
assessment (including ASD symptom severity, expressive and receptive
language, social responsiveness during parent-child interaction) or
caregiver-reported social communication (including expressive and
receptive language, adaptive communication and socialization, social
responsiveness, pragmatic communication, total language ability).
2. to assess the effect of PRT compared to treatment as usual or a wait-list
control on: 1. a. cognitive ability; b. restricted and repetitive behaviour; c.
behaviour problems; d. global clinical improvement; e. adaptive behaviour
and f. possible reported adverse effects; and 2. parenting stress;
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3.

4.

to examine differential effects of age, gender, intelligence quotient
(IQ) measure before treatment, and severity of ASD symptoms on
treatment outcomes; and
to examine differential effects of fidelity of PRT implementation, duration
of intervention, intensity of intervention, implementation setting and
therapist involvement on treatment outcomes.

Methods
Criteria for considering studies for this review
Types of studies
Randomised controlled trials (RCTs), quasi-RCTs (trials using a quasi-random
method of allocation; for example, based on date of admission), non-randomised
studies (N-RCTs) including controlled before-and-after studies (CBA) in which a
PRT treatment group was compared with a control group.
Types of participants
Any person with a primary clinical diagnosis of ASD based on any version of the
DSM (APA 1987; APA 1994; APA 2000; APA 2013) or the ICD-10 (WHO 1992), with or
without comorbid medical or psychiatric disorders, defined according to diagnostic
terms relevant to ASD, such as autistic disorder, Asperger’s disorder, Asperger’s
syndrome, PDD-NOS, childhood autism, infantile autism, and atypical autism.
Types of interventions
Studies that explicitly stated the use of PRT techniques in the treatment group
compared with treatment as usual or wait-list control (waiting for treatment).
Types of outcome measures
We did not exclude studies on the basis of the outcomes measured. The primary
and secondary outcomes listed below are accompanied by examples of measures
that are often used to evaluate treatment effects in individuals with ASD.
Primary outcomes
1. ASD symptom severity (direct or independent assessment of social
communication), measured at postintervention and follow-up with
observational, individually administered measures such as the Autism
Diagnostic Observation Schedule-Generic (ADOS-G; Lord 2000) or second
edition (ADOS-2; Lord 2012).
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2.

Expressive language: standardised measures (direct or independent
assessment of social communication), such as the Expressive
Communication subscale of the Preschool Language Scale Fourth (PLS4; Zimmerman 2002) or Fifth Edition (PLS-5; Zimmerman 2011), the
expressive subscale of the Mullen Scales of Early Learning (MSEL; Mullen
1995), or the Production Scale of the Reynell Developmental Language
Scale (RDLS; Reynell 1985), measured at postintervention and follow-up.
3. Expressive language: frequency of functional use of language (direct or
independent assessment of social communication), assessed or rated by
observation at postintervention or follow-up.
4. Expressive language: mean length of utterance (direct or independent
assessment of social communication), assessed or rated by
observation at postintervention or follow-up.
5. Expressive
language:
standardised
measures
(caregiverreported social communication), such as the MacArthur-Bates
Communicative Developmental Inventories (CDI; Fenson 2007),
administered at postintervention or at follow-up.
6. Adaptive
communication
(caregiver-reported
social
communication), measured by standardised scales such as the
Communication domain of the Vineland Adaptive Behaviour Scales Second
edition (VABS-II; Sparrow 2005), administered at postintervention or at
follow-up.
7. Social responsiveness (caregiver-reported social communication), assessed
with standardised measures such as the Social Responsiveness
Scale (SRS; Constantino 2005) or SRS-2 (Constantino 2012),
administered at postintervention or at follow-up.
8. Social responsiveness during parent-child interaction (direct or
independent assessment of social communication), assessed or rated by
observation at postintervention or at follow-up.
9. Adaptive
socialisation
(caregiver-reported
social
communication), measured by standardised scales such as the Socialisation
domain of the VABS-II (Sparrow 2005), administered at postintervention or
at follow-up.
10. Pragmatic communication (caregiver-reported social communication),
measured by standardised scales such as the Children’s
Communication Checklist (CCC; Bishop 1998) or CCC-2 (Bishop
2006b), administered at postintervention or at follow-up.
11. Receptive language (direct or independent assessment of social
communication), measured by standardised, individually administered
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scales such as the Auditory Comprehension sub scale of PLS-4 (Zimmerman
2002) or PLS-5 (Zimmerman 2011) and the Peabody Picture Vocabulary Test
Fourth Edition (PPVT-4; Dunn 2007), administered at postintervention or at
follow-up.
12. Receptive language (caregiver-reported social communication), measured
by standardised scales such ass the Receptive subscale of the VABS-II
(Sparrow 2005), administered at postintervention or at follow-up.
13. Total language ability (direct or independent assessment of social
communication), assessed by administration of a standardised measure,
such as the total score on the PLS-4 (Zimmerman 2002) or PLS-5
(Zimmerman 2011), at postintervention or at follow-up.

Secondary outcomes
1. Cognitive ability, measured with standardised scales such as the
total IQ of the Wechsler Intelligence Scale for Children (WISC; Wechsler
1991; Wechsler 2003; Wechsler 2014), Wechsler Preschool and Primary
Scale of Intelligence (WPPSI; Wechsler 2012), the Early Learning
Composite score of the MSEL (Mullen 1995) or the Developmental
Index of the Merrill-Palmer-Revised Scales of Development (M-P-R; Roid
2004), administered at postintervention or at follow-up.
2. Restricted and repetitive behaviour, measured by Restricted and
Repetitive domain scales from standardised, individually administered
observational measures such as the ADOS-G (Lord 2000) or ADOS-2
(Lord 2012), or by standardised caregiver-reported measures such as the
Repetitive Behaviour Scale (RBS; Bodfish 1999), administered at postintervention or at follow-up.
3. Behaviour problems, assessed by direct observation or measured
with scales for assessing internalising and externalising behaviour
problems, such as the Child Behaviour Checklist (CBCL; Achenbach
1991) or the Strengths and Difficulties Questionnaire (SDQ; Goodman
1997), administered at postintervention or at follow-up.
4. Global clinical functioning, measured by standardised scales such
as the Severity and Improvement scales of the CGI (Guy 1976),
administered at postintervention or at follow-up.
5. Adaptive behaviour, measured by standardised scales such as
the Adaptive Behaviour Composite of the VABS-II (Sparrow 2005),
administered at postintervention or at follow-up.
6. Adverse effects, reported as a result of the intervention.
7. Parent outcomes, such as parental positive affect or parental stress,
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measured by direct observation or with parent-reported standardised
scales such as the Parenting Stress Index (Abidin 1995) or the Parental
Stress Scale (Berry 1995), at postintervention or at follow-up.
Data from individually administered and observational measures (direct or
independent assessment) were analysed separately from informant-based
measures (such as caregiver-report). Data resulting from parent-, and teacher
report was analysed separately where possible.

Search methods for identification of studies
We ran searches in November 2017 and again in October 2019. We did not exclude
studies on the basis of language, publication status or publication date.

Electronic searches
We searched the following electronic databases and trials registers.:
1. Cochrane Central Register of Controlled Trials (CENTRAL; 2019, Issue 10)
in the Cochrane Library, which includes the Cochrane Developmental,
Psychosocial and Learning Problems Specialised Register (searched date
month year).
2. MEDLINE Ovid (1946 to 11 October 2019).
3. MEDLINE In-Process and Other Non-Indexed Citations Ovid (1946 to 11
October 2019).
4. MEDLINE Epub Ahead of Print Ovid (1946 to 11 October 2019).
5. Embase Ovid (1974 to 11 October 2019).
6. CINAHL EBSCOhost (Cumulative Index to Nursing and Allied Health
Literature; 1937 to 14 October 2019).
7. PsycINFO Ovid (1806 to week 1 October 2019).
8. ERIC Ovid (Education Resources Information Center; 1965 to date August
2019).
9. Linguistics and Language Behaviour Abstracts ProQuest (1973 to
14 October 2019).
10. Science Citation Index - EXPANDED Web of Science (SCI-EXPANDED; 1945
to 11 October 2019).
11. Social Sciences Citation Index Web of Science (SSCI; 1956 to 11 October
2019).
12. Arts & Humanities Citation Index Web of Science (A&HCI; 1975 to
14 October 2019).
13. Emerging Sources Citation Index Web of Science (ESCI; 2015 to 14 October
2019).
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14. Sociological Abstracts ProQuest (1952 to 15 October).
15. Epistemonikos (www.epistemonikos.org/nl/advanced_search; searched
15 October 2019).
16. National Autistic Society Library Catalogue (library.autism.org.uk/Portal/
Default/en-GB/Search/AdvancedSearch; searched 16 October 2019).
17. Networked Digital Libary of Theses and Dissertations (NDLTD; search.
ndltd.org; 1990 to 15 October 2019).
18. ClinicalTrials.gov (www.clinicaltrials.gov; searched 17 October 2019).
19. WorldCat OCLC (www.worldcat.org/default.jsp; searched 16 October
2019).
20. World Health Organization International Clinical Trials Registry Platform
(ICTRP; apps.who.int/trialsearch; searched 17 October 2019).
The search strategy for Ovid MEDLINE is reported in Appendix 2. We adapted this
search strategy for searches in other databases as appropriate.

Searching other resources
We hand searched full-text reports published in the scientific journals listed
below, since PRT or NLP may be investigated in a study but not be mentioned in
the title, abstract, or keywords.
1.
2.
3.
4.

Autism (July 1997 to 17 October 2019).
Autism Research (2008 to 17 October 2019).
Developmental Disabilities Research Reviews (1995 to 17 October 2019).
Focus on Autism and Other Developmental Disabilities (June 1986 to
17 October 2019).
5. Good Autism Practice (May 2007 to 17 October 2019).
6. Journal of Applied Research in Intellectual Disabilities (JARID; 1988 to
17 October 2019).
7. Journal of Autism and Developmental Disorders (1971 to 17 October 2019).
8. Journal of Applied Behavior Analysis (1968 to 17 October 2019).
9. Conference abstracts of the Association for Behavior Analysis International
(ABAI), including annual conventions, international conferences, autism
conferences, other conferences (2001 to 17 October 2019).
10. European Journal of Behavior Analysis (2000 to 17 October 2019).
11. Conference abstracts of the European Association for Behavior Analysis
(EABA; 2003 to 17 October 2019).
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For identifying other, possibly relevant studies, we handsearched the following
two web sites.
1.

2.

Research Autism (researchautism.net/interventions/88/pivotal-responsetraining-and-autism/Studies%20and%20Trials; searched 17 October
2019).
Koegel Autism Centre (education.ucsb.edu/autism/pivotal-responsetreatment; searched 17 October 2019).

In addition, we asked experts in the field if they knew of other studies not
identified by the search, but no additional studies were identified by contacting
experts. We also searched the reference lists of included studies, as well as the
reference lists of earlier systematic reviews.

Data collection and analysis
Selection of studies
Two review authors (IvdB-S and IO) independently assessed the titles and abstracts
yielded by the searches for relevance against the eligibility criteria (see Criteria
for considering studies for this review). Full texts of potentially relevant reports
were retrieved and examined, grouping together multiple reports related to the
same study. If additional information on methodology was needed to determine
whether the study should be included, the review authors contacted the
corresponding authors of the original article. We resolved disagreements about
eligibility by discussion. The final decision about study inclusion was made by all
review authors.
Studies were blinded before assessment of their eligibility to lessen the
possibility of selection bias: We assessed studies for inclusion without information
regarding authors, affiliations, year and journal of publication; we only exported
this information from Endnote 2014. Before examining the full text of potentially
relevant reports, an independent PhD candidate (Manon de Korte, MSc.), who
was not involved in study selection, removed information regarding authors,
affiliations, year and journal of publication. When reports were co-authored by
(one of ) the two review authors (IvdB-S and IO) assessment of this report againts
the eligibility criteria was done by an independent rater (Helen Klip, PhD, Gabry
Mies, PhD or Lieke Wijhoven, PhD).
Data extraction and management
Using a pre-designed form, two review authors (IvdB-S and IO) independently
extracted study data (see Appendix 3 for a description of the data that was
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extracted) and compared both sets of extracted data for accuracy, resolving any
discrepancies by discussion. When reports were co-authored by (one of ) the two
review authors (IvdB-S and IO) data extraction was done by an independent rater.
IvdB-S entered the extracted data into Review Manager 5 (RevMan 5) (Review
Manager 2014) and data was checked by an independent researcher.

Assessment of risk of bias in included studies
Two review authors (IvdB-S and IO) independently assessed the risk of bias of
the included studies. When (one of ) these review authors were involved in an
included study, risk of bias assessment was done by (an) independent rater(s).
For the randomised trials we used Cochrane’s tool for assessing risk of bias
(Higgins 2017). Specifically, for each included study, the review authors assessed
the following sources of bias and assigned judgements of low, high, or unclear
risk of bias: random sequence generation; allocation concealment; blinding
of participants and personnel; blinding of outcome assessment; incomplete
outcome data; selective reporting; and other possible sources of bias (Higgins
2017). See Appendix 4 for a description of the criteria used. Had we identified
cluster-randomised designs, we would have assessed the risk of bias in the
following categories: 1. recruitment bias; 2. baseline imbalance; 3. loss of clusters;
4. incorrect analysis; and 5. comparability with individually randomised trials
(Higgins 2011).
For assessing the risk of bias in N-RCTs we used the ‘Risk of Bias in NonRandomised Studies - of Interventions’ (ROBINS-I) assessment tool (Sterne 2016).
Potentially important confounding domains for these studies were differences
between groups in severity of ASD symptoms, (verbal) IQ, presence of comorbid
psychiatric disorders, and presence of one or more pharmacological or nonpharmacological co-intervention(s) besides PRT, treatment as usual or a wait-list
control. Bias domains included in ROBINS-I were: 1. bias due to confounding;
2. bias in selection of participants into the study; 3. bias in classification of
interventions; 4. bias due to deviations from intended interventions; 5. bias due
to missing data; 6. bias in measurement of outcomes; and 7. bias in selection of
the reported result. Two review authors assigned a judgement of ‘low risk of bias’,
‘moderate risk of bias’, ‘serious risk of bias’, ‘critical risk of bias’, or ‘no information’
to each of the seven domains. See Appendix 5 for a detailed description of risk of
bias judgements for each domain. Disagreements were resolved by discussion.
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Measures of treatment effect
Dichotomous data
We did not identify studies that reported dichotomous data without continuous
data on the same outcomes. Our strategies for dealing with dichotomous data in
future updates, if identified, can be found in Additional Table 1.
Continuous data
For studies that reported continuous outcomes assessed with the same
instruments, we used the mean difference (MD) as the summary statistic in the
meta-analyses and presented these with a 95% confidence Interval (CI). When
continuous outcomes were assessed with different instruments across studies, we
used the standardised mean difference (SMD) with a 95% CI for between-subject
designs, using the algorithm described in the Cochrane Handbook for Systematic
Reviews of Interventions (Deeks 2017).
Since the SMD method does not correct for differences in the direction of
the scale, we multiplied mean values by –1 if outcomes were presented such
that a higher score meant less problem severity. As such, all positive estimates
represented better performance in the PRT group compared with a control
group. If there was insufficient information to enable calculation of the SMD, we
described the study in the systematic review but did not include it in the metaanalysis.
Unit of analysis issues
Cluster-randomised designs
We did not identify cluster-randomised designs. Our strategies for dealing with
cluster-randomised designed are described in Additional Table 1.
Cross-over designs
We did not identify cross-over designs. Strategies for dealing with cross-over
designs, if identified, are presented in Additional Table 1.
Studies with multiple intervention groups
When a study described multiple treatment groups, we combined all relevant
treatment groups (i.e. using PRT techniques) into a single treatment group and
combined all relevant control groups into a single control group, as recommended
by Higgins 2011. The effect estimates that are used for both dichotomous and
continuous data from between-subject designs are described in earlier sections
(Measures of treatment effect).
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Controlled before-and-after studies (CBA)
We quantitatively combined the data of non-randomised CBA studies (N-RCTs)
when the studies were relatively homogeneous (Reeves 2011). We performed
a meta-analysis of adjusted effect estimates as an inverse-variance weighted
average, using the generic inverse-variance outcome type in RevMan 5 (Review
Manager 2014).
Dealing with missing data
If study details or numerical data were missing, we contacted the corresponding
author to ask them to supply the missing information. If this failed and we did not
obtain sufficient summary data, we used only the data reported in the original
article. We included the study in the review and reported which study data were
missing or unclear (Higgins 2011). We presented these data in a ‘Risk of bias’ table.
We only analysed available data because using imputation to deal with missing
data artificially inflates the precision of the effect estimate (Higgins 2011).
Assessment of heterogeneity
We assessed clinical heterogeneity by comparing participant, intervention and
outcome characteristics across studies, and methodological heterogeneity by
comparing differences in methods across studies, such as allocation procedures,
blinding and measurement of outcomes. To assess statistical heterogeneity, we
performed the Chi2 test using RevMan 5 (Review Manager 2014). A low P value (P
< 0.10) provided evidence of heterogeneity of intervention effects. Additionally,
we estimated the amount of variation (tau2), and we calculated the I2 statistic
(Higgins 2003) to determine the percentage of variability in the effect estimates
due to heterogeneity rather than sampling error: an I2 of 0% to 40% indicated that
heterogeneity was not present or was not important, 30% to 60% that there is
moderate heterogeneity, 50% to 90% that there was substantial heterogeneity,
and 75% to 100% that there was considerable heterogeneity (Deeks 2017). We did
not identify enough studies to allow for subgroup analysis to explore potential
causes of heterogeneity.
Assessment of reporting biases
We did not identify a sufficient amount of studies to allow assessment of
reporting biases. Our strategies for assessment of reporting biases can be found in
Additional Table 1.
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Data synthesis
We carried out a pair-wise meta-analysis if at least two relevant studies were
available and if there was no substantial clinical or methodological heterogeneity
(see Assessment of heterogeneity). As we expected heterogeneity in the clinical
features of people with ASD, we used the random-effects model (DerSimonian
1986) for meta-analysis (inverse variance approach in RevMan 5 (Review Manager
2014)). By means of subgroup analysis, we conducted separate meta-analyses
for the randomised and non-randomised study designs. The results were
displayed by forest plots (Reeves 2011).
If a meta-analysis was not appropriate (e.g. because of too few studies or
considerable heterogeneity across studies), we presented a narrative description
of the results.
We prepared a ‘Summary of findings’ table in RevMan 5 (Review Manager 2014),
for the main comparison of the following outcomes.
1. ASD symptom severity (direct or independent assessment of social communication), measured at postintervention
2. Expressive language: standardised measures (direct or independent assessment of social communication), measured at postintervention
3. Expressive language: frequency of functional use of language (direct or
independent assessment of social communication), assessed or rated by
observation at postintervention
4. Expressive language: mean length of utterance (direct or independent
assessment of social communication), assessed or rated by observation at postintervention
5. Expressive language: standardized measures (caregiver-reported social
communication), administered at postintervention
6. Adaptive communication (caregiver-reported social communication), administered at postintervention
7. Social responsiveness (caregiver-reported social communication), administered at postintervention
We provided information about the population, setting, intervention, and
comparison in the table headings. For each outcome, we described:
1. illustrative comparative risks;.
2. number of participants and studies;.
3. quality of the evidence, using the GRADE approach for assessment (high,
moderate, low, very low) (Guyatt 2008); and
4. additional comments or differences from the standard methods.
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Two independent review authors (IvdB-S and IO) assessed the quality
of the evidence. When (one of ) these review authors was involved in studies
of which data was aggregated in the meta-analysis of a specific outcome,
assessment of the quality of evidence was done by (an) independent rater(s). If
there was disagreement, they discussed their findings to reach consensus. Factors
that could decrease the quality of evidence were: 1. limitations in the design
and implementation (e.g. lack of allocation concealment, lack of blinding, loss to
follow-up); 2. indirectness of evidence (e.g. to what extent PRT and treatment as
usual or a wait-list control are compared indirectly); 3. unexplained heterogeneity
or inconsistency of results (e.g. widely differing effect estimates); 4. imprecision of
results (e.g. few participants and wide CIs); and 5. high probability of publication
bias (e.g. failing to report studies that show no effect or even worsening).

Subgroup analysis and investigation of heterogeneity
We did not identify enough studies to conduct subgroup analyses on participant
characteristics and treatment characteristics. Specific factors that we planned
to examine when we would have identified enough studies are described in
Additional Table 1.
Sensitivity analysis
We carried out sensitivity analyses to evaluate the robustness of the pooled effect
sizes across the following components of methodological quality.:
1. Lack of blinding. We re-analysed data, excluding data from studies with
a high risk of performance and detection bias (see Assessment of risk of
bias in included studies). High risk of blinding bias was defined as a high
or unclear risk of bias in both the blinding of participants and personnel,
and blinding of outcome assessments, given that evidence supporting
psychological interventions can be strongly influenced by these study
characteristics (Sonuga-Barke 2013).
2. Incomplete outcome reporting. We re-analysed data, excluding data from
studies with a high risk of reporting bias.
Additionally, we performed sensitivity analyses to evaluate the robustness of the
pooled effect sizes across the following component related to medication use.
1. Lack of reporting on medication status. We re-analysed data, excluding
data from studies that did not report on patients’ medication status.
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Results
Description of studies
Results of the search
Our final search (October 2019) revealed 3392 records that we identified through
database screening and 733 records identified through searching other sources
(see Figure 1). Deduplication resulted in 2935 deduplicated records from our final
search. Titles and abstracts of 2935 deduplicated records were screened, excluding
2786 records of irrelevant titles and abstracts. We retrieved the full-text reports of
the remaining 149 records which we assessed for eligibility against our criteria
(see Criteria for considering studies for this review). Of these records, 73 were
clearly irrelevant and we formally excluded 41 full-texts with reasons described
under Excluded studies. Of the remaining records, we included 14 studies (from
25 reports) and identified seven ongoing trials. Three studies are awaiting
classification due to insufficient available information for eligibility assessment.
Included studies
This review included 14 studies (see Characteristics of included studies) described
in 25 reports. Multiple reports were identified from the studies of Gengoux
2019 (Gengoux 2019; McDaniel 2020), Hardan 2015 (Gengoux 2015; Hardan
2015), Mohammadzaheri 2014 (Mohammadzaheri 2014; Mohammadzaheri
2015), Rezaei 2018a (Rezaei 2018a; Rezaei 2018b), Smith 2019 (Ungar 2018; Smith
2019), Stock 2013 (Stock 2012; Stock 2013), Van den Berk-Smeekens 2020a (De Korte
2020; Van den Berk-Smeekens 2020a; Van den Berk-Smeekens 2020b), and Vernon
2019 (Barrett 2020; Bradshaw 2019; Vernon 2019). In Hegarty 2019 results were
presented from participants of the studies of Gengoux 2019 and Hardan 2015. Of
the 14 included studies, three studies (from four reports) did not report usable
data to be included in the quantitative analysis (meta-analysis).
Study design
Of the included studies, 11 used a randomised controlled trial (RCT) design
(Gengoux 2019; Hardan 2015; Koegel 1996; Mohammadzaheri 2014; Nefdt
2010; Rezaei 2018a; Schreibman 1991; Schreibman 2014; Van den Berk-Smeekens
2020a; Vernon 2019), or a quasi-RCT design (Brock 2018). Three studies utilized a,
non-randomised controlled before-and-after design in their trial (N-RCT) (Duifhuis
2017; Smith 2019; Stock 2013).
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Figure 1. Study Flow Diagram
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Study location and setting
Country
Eight of the 14 studies were conducted in the USA (Brock 2018; Gengoux
2019; Hardan 2015; Koegel 1996; Nefdt 2010; Schreibman 1991; Schreibman
2014; Vernon 2019), two studies were carried out in Canada (Smith 2019; Stock
2013), two in Iran (Mohammadzaheri 2014; Rezaei 2018a), and two in The
Netherlands (Duifhuis 2017; Van den Berk-Smeekens 2020a).
Setting
A variety of settings for PRT implementation were described among the included
studies. Seven studies were implemented at a university treatment centre, clinic
or academic medical centre, either as primary implementation setting (Rezaei
2018a), or combined with training parents to use techniques of PRT at home
(Duifhuis 2017; Gengoux 2019; Hardan 2015; Schreibman 1991; Schreibman
2014; Van den Berk-Smeekens 2020a). Nefdt 2010 implemented PRT at home with
a parent education program using an interactive DVD. Koegel 1996 did not report
explicitly on the implementation setting, however parents were videotaped in
the home. Two studies implemented PRT at school, either during recess (Brock
2018), or in a treatment room (Mohammadzaheri 2014). In two studies PRT was
implemented at home combined with either a community-based preschool
setting (Smith 2019 ; Stock 2013) or general community settings (Vernon 2019).
Participants
Sample size
Considerable variation existed in sample sizes across studies, with randomised
sample sizes ranging from 11 to 81, and analysed sample size ranging from 11 to
73 for 13 trials (Brock 2018; Duifhuis 2017; Gengoux 2019; Hardan 2015; Koegel
1996; Mohammadzaheri 2014; Nefdt 2010; Rezaei 2018a; Schreibman
1991; Schreibman 2014; Stock 2013; Van den Berk-Smeekens 2020a; Vernon 2019).
The community-based N-RCT of Smith 2019 had a randomised sample of 591,
with high variations in sample size per outcome measure (140 at lowest). In total,
an analysed sample of 540 participants (420 without the trial of Smith 2019) was
included in our systematic review, with 291 participants in the PRT groups and
249 participants in the control groups.
ASD diagnosis
In most studies, participants received an ASD diagnosis based on expert clinical
judgement or multidisciplinary assessment, supported by a DSM-III-R (Koegel
1996; Schreibman 1991), DSM-IV (Duifhuis 2017; Hardan 2015; Mohammadzaheri
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2014; Nefdt 2010; Schreibman 2014; Van den Berk-Smeekens 2020a) or DSM5 (Gengoux 2019; Rezaei 2018a; Vernon 2019) classification for ASD. In Stock
2013 the DSM-IV classification was only used in the ASD group. Three studies
did not explicitly specify a classification system (Brock 2018; Smith 2019), using
either an educational diagnosis of ASD (Brock 2018) or an ASD diagnosis that was
conferred by a paediatrician or psychologist or made by regionalized diagnostic
teams (Smith 2019). Two studies (Smith 2019; Vernon 2019) used either the
ADOS-G (Lord 2000) or ADOS-2 (Lord 2012) and three studies (Gengoux 2019;
Hardan 2015; Stock 2013) used both the Autism Diagnostic Interview-Revised
(ADI-R; Lord 1994) and ADOS to support ASD diagnosis.

Age
The majority of studies were conducted in preschool-aged children (< six
years old; Gengoux 2019; Hardan 2015; Nefdt 2010; Schreibman 2014; Vernon
2019; Smith 2019; Stock 2013) or in both preschool-aged and early schoolaged children (< nine years old; Duifhuis 2017; Koegel 1996; Van den BerkSmeekens 2020a) or in both preschool-aged and school-aged children (< 12 years
old; Schreibman 1991). Two studies were conducted in school-aged children
(between six and 12 years old; Brock 2018; Mohammadzaheri 2014) and one study
included both school-aged children and young adolescents (Rezaei 2018a). No
studies were identified that included (late) adolescents and adults. Ten studies
reported mean ages for each group (Duifhuis 2017; Gengoux 2019; Hardan
2015; Mohammadzaheri 2014; Nefdt 2010; Rezaei 2018a; Schreibman 2014; Smith
2019; Stock 2013; Van den Berk-Smeekens 2020a; Vernon 2019), with the mean
ages in years in the PRT groups and control groups ranging from 2.4 to 12.4 and
from 2.5 and 12.1, respectively. Three studies did not report mean ages for each
group (Brock 2018; Koegel 1996; Schreibman 1991).
Sex
Ten studies reported participants’ sex for both the PRT group and the control
group (Brock 2018; Duifhuis 2017; Gengoux 2019; Hardan 2015; Koegel 1996;
Mohammadzaheri 2014; Schreibman 2014; Smith 2019; Stock 2013; Van den BerkSmeekens 2020a; Vernon 2019), two studies only reported sex for the total group
(Nefdt 2010; Rezaei 2018a) and one study did not report on sex of children as the
primary participants (Schreibman 1991). Percentage of males ranged from 60.0%
to 92.6% across studies, with the majority of studies indicating percentages of
males of > 80%. Percentage of males in the PRT groups ranged from 60% to 100%
and in the control groups from 50% to 86%.
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Cognitive ability
Cognitive ability assessed with a standardized instrument such as the WPPSI
(Wechsler 2012), WISC (Wechsler 1991; Wechsler 2003; Wechsler 2014), MSEL
(Mullen 1995) or M-P-R (Roid 2004) was reported in seven studies (Brock
2018; Duifhuis 2017; Gengoux 2019; Hardan 2015; Stock 2013; Van den
Berk-Smeekens 2020a; Vernon 2019). Across these studies, mean total IQ,
Developmental Index, Developmental Quotient or Early Learning Composite score
(with mean of 100, standard deviation of 15) ranged from 42.7 to 103.9 in the PRT
groups and from 39.8 to 99.7 in the control groups. Mean cognitive ability was not
reported in four studies (Koegel 1996; Nefdt 2010; Schreibman 1991; Schreibman
2014; Smith 2019), and two studies only reported the total IQ range of the total
group (Mohammadzaheri 2014; Rezaei 2018a).
Eight studies specified use of functional language of participants, namely
showing either a significant delay in language (Gengoux 2019), or the ability to
vocalise with intent while showing a language delay (Hardan 2015), or using <
20 functional words (Nefdt 2010), or using ≤ nine intelligible words (Schreibman
1991), or a MLU of ≥ two words (Mohammadzaheri 2014; Rezaei 2018a) or being
able to speak with sentences ≥ one word (Duifhuis 2017; Van den Berk-Smeekens
2020a).
Severity of ASD symptoms
Three studies reported baseline severity of ASD symptoms with use of the ADOS
(Lord 2000; Lord 2012) as a standardised measure for ASD symptom severity
(Duifhuis 2017; Van den Berk-Smeekens 2020a; Vernon 2019). Mean calibrated
severity scores on the ADOS in the PRT groups were 7.2 (moderate), 6.1 (moderate)
and 7.0 (moderate), and in the comparison groups, 3.8 (low), 6.2 (moderate)
and 7.2 (moderate) for the studies of Duifhuis 2017, Van den Berk-Smeekens
2020a and Vernon 2019, respectively.
Two studies reported either total raw scores (Hardan 2015; PRT mean = 77.9,
Control mean = 78.9) or total t scores (Smith 2019; PRT mean = 74.2, Control
mean = 80.3) on the SRS (Constantino 2005; Constantino 2012) as a measure of
caregiver-reported social responsiveness at baseline. The study of Gengoux
2019 reported both total scores on the BOSCC (Grzadzinski 2016) of 34.3 in
the PRT group and 34.6 in the control group and total raw scores on the SRS at
baseline (PRT mean = 95.8, Control mean = 98.3).
Eight of the 14 studies did not provide information on severity of ASD
symptoms at baseline (Brock 2018; Koegel 1996; Mohammadzaheri 2014; Nefdt
2010; Rezaei 2018a; Schreibman 1991; Schreibman 2014; Stock 2013).
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Psychiatric comorbidities
Psychiatric comorbidities were reported in seven of the 14 included studies.
Participants in five studies had no (severe) co-morbid psychiatric disorders
(Hardan 2015; Gengoux 2019; Mohammadzaheri 2014; Rezaei 2018a; Vernon
2019). In Duifhuis 2017, 18.2% and 15.4% of the participants in the PRT group
and control group respectively, received an ADHD diagnosis. Among participants
in the PRT group and control group in the study of Van den Berk-Smeekens
2020a respectively, ADHD diagnosis was present in 18.0% and 21.7%, ADHD with
another comorbid diagnosis was present in 4.0% and 8.7% and another comorbid
psychiatric diagnosis was present in 12% and 21.7%. Seven studies did not report
on presence of psychiatric comorbidities among the included participants (Brock
2018; Koegel 1996; Nefdt 2010; Schreibman 1991; Schreibman 2014; Smith
2019; Stock 2013).
Medication status
Of the 14 included studies in this systematic review, four studies provided
information on participants’ medication status. Duifhuis 2017 reported that
9.1% of participants in the PRT group and 23.1% of participants in the control
group used medication. In Hardan 2015 medications and biomedical treatments
were described as “stable”. Rezaei 2018a reported that all included participants
used medication, namely risperidone. In the study of Van den Berk-Smeekens
2020a 24.1% and 26.1% of participants used medication (stimulants or
antipsychotics or both) in the PRT group and control group respectively.
Ten studies did not report information on medication status of participants
(Brock 2018; Gengoux 2019; Koegel 1996; Mohammadzaheri 2014; Nefdt
2010; Schreibman 1991; Schreibman 2014; Smith 2019; Stock 2013; Vernon 2019).
Interventions
All included studies described use of PRT and refer to a PRT manual or guidebook
(e.g. Koegel 1989; Koegel 2006; Koegel 2012) or practices of peer-implemented
PRT (Pierce 1997).
Duration
Considerable variation in duration of PRT was reported among studies; either
five weeks (Brock 2018), 12 weeks (Hardan 2015; Mohammadzaheri 2014; Rezaei
2018a), 20 weeks (Duifhuis 2017; Van den Berk-Smeekens 2020a), 23 weeks
(Schreibman 1991), 24 weeks (Gengoux 2019), 26 weeks (Vernon 2019) and
52 weeks (Smith 2019; Stock 2013). In three studies, the exact duration was
not reported (Koegel 1996; Nefdt 2010; Schreibman 1991), and in two of these
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studies the duration differed for each participant as parents continued training
until they demonstrated a minimum of 80% fidelity of implementation on each of
the components of PRT (Koegel 1996; Schreibman 1991).

Intensity
As for duration, intensity of the intervention varied highly among studies. Five
studies reported a relatively high intensity (in hours a week), with a mean of either
8.1 hours (Gengoux 2019), 9.3 hours (Schreibman 2014), 11.5 hours (Smith 2019),
13.2 hours (Stock 2013) or 6.8 hours of the intended 10 hours a week (Vernon
2019). In these studies, intensity per week varied with duration of the intervention.
In the study of Gengoux 2019, weeks 1 to 12 consisted of weekly , one-hour
parent training and 10 hours per week clinician-delivered in-home treatment, and
weeks 12 to 24 consisted of monthly one-hour parent training sessions and five
hours per week of in-home treatment. Schreibman 2014 reported that parents
participated in two-weekly, two-hour parent education sessions with their child,
and children received an additional five two-hour sessions a week at home during
the first 15 weeks, followed by eight weeks of two-hour parent education sessions
a week and two two-hour sessions a week at home, with a total average of 247
hours of intervention. In the Smith 2019 study, the intervention started with four
daily consecutive sessions of parent-coaching in the use of PRT, combined with
six months of direct provision of PRT by a trained interventionist for 15 hours a
week, followed by 10 hours a week for three months, and six hours a week for the
final three months. Intensity in the Stock 2013 study was either 15 hours a week
of one-to-one intervention during 12 months or 15 hours a week of one-to-one
instruction for six months, followed by 10 hours a week for three months and five
hours a week for three months. Vernon 2019 reported eight hours of one-to-one
clinician-implemented intervention and two hours of parent education in PRT a
week, although the mean of actual received intervention hours was 6.8, with a
total average of 177.7 hours of intervention.
Additionally, five studies reported a lower intensity of the intervention, with
a mean of either 0.8 hours (Duifhuis 2017; Van den Berk-Smeekens 2020a),1.3
hours (Hardan 2015), 2.0 hours (Mohammadzaheri 2014), or 2.3 hours a week
(Rezaei 2018a). Two studies reported weekly sessions of 0.8 hours (14 parent-child
sessions, four parent-only sessions and two teacher sessions), with a total average
number of intervention hours at the treatment centre of either 13.4 (Duifhuis 2017)
or 12.4 (Van den Berk-Smeekens 2020a). Hardan 2015 described weekly therapy
sessions, with eight 1.5 hours of parent-only group sessions and four sessions
of one hour in which parent-child dyads met individually with a clinician, with
a total of 16 hours of intervention. In the Mohammadzaheri 2014 study, sessions
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were held twice weekly for one hour per session, with a total of 24 intervention
hours. Rezaei 2018a reported sessions of 0.8 hours that were provided three times
a week, with a total of 27 hours for each participant.
Four studies specifically reported that parents were stimulated to use the PRT
techniques during everyday activities, outside the interventions sessions (Duifhuis
2017; Hardan 2015; Stock 2013; Van den Berk-Smeekens 2020a). Intensity of the
intervention was not reported in four studies (Brock 2018; Koegel 1996; Nefdt
2010; Schreibman 1991).

Implementers
Nine studies reported that PRT was implemented by both clinicians and parents
(Duifhuis 2017; Gengoux 2019; Hardan 2015; Koegel 1996; Stock 2013; Schreibman
2014; Smith 2019; Van den Berk-Smeekens 2020a; Vernon 2019). In one study
parents were trained in a group format, with groups of four to six parents and
one to two leading clinicians (Hardan 2015). Two studies reported involvement of
teachers or day care attendants besides implementation by clinicians and parents
(Duifhuis 2017; Van den Berk-Smeekens 2020a). In one of these studies, robotics
were used in part of the PRT sessions for a subgroup of participants (Van den
Berk-Smeekens 2020a). Implementation of PRT was done by clinicians in the study
of Rezaei 2018a and by teachers in the study of Mohammadzaheri 2014. Parents
were the primary implementers in two studies (Nefdt 2010; Schreibman 1991). In
the study of Brock 2018, PRT was implemented by peers of children with ASD, that
were trained by adult facilitators.
Fidelity of implementation
Eight studies reported fidelity of implementation of PRT techniques of clinicians
(Duifhuis 2017; Gengoux 2019; Rezaei 2018a; Schreibman 2014; Smith 2019; Stock
2013; Van den Berk-Smeekens 2020a; Vernon 2019). Two studies reported that PRT
was implemented by certified PRT therapists who were extensively trained to reach
a fidelity score of 80% (Duifhuis 2017; Van den Berk-Smeekens 2020a). Gengoux
2019 reported that parent training was provided by master’s level clinicians who
were supervised by the first author (PRT trainer and specialist). In this study, inhome treatment was provided by bachelor’s-level clinicians who had demonstrated
80% fidelity of implementation of PRT with at least two children and who received
weekly supervision with the first author, including video review of sessions. In the
study of Rezaei 2018a fidelity of clinicians ranged from 80 to 90% and never fell
below 80%. Schreibman 2014 described that all clinicians met 80% fidelity and
when clinicians fell below the threshold they were removed from treatment and
re-trained to meet the 80% criterion. Clinician’s fidelity of implementation was
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routinely assessed in the study of Smith 2019, with requirements for all clinicians
to meet the 80% fidelity criterion. Stock 2013 reported that 86.6% of clinicians
met the 80% fidelity criterion within the first four months of working with the
first child to whom they were assigned. In the study of Vernon 2019 clinicians
that provided parent education had previously met PRT fidelity with five separate
children with ASD and were supervised by a senior PRT clinician, while clinicians
that implemented the one-to-one treatment had completed a two-day training
in PRT and demonstrated PRT fidelity with at least one child with ASD. Two
studies did not specifically report clinicians’ fidelity of implementation, although
clinicians were described as either specialized in PRT (Hardan 2015) or routinely
using the treatment paradigm (Koegel 1996). Mohammadzaheri 2014 described
an average fidelity of implementation of teachers of 85% and that fidelity was ≥
80% during the study.
Parental fidelity of implementation was reported in eight studies (Duifhuis
2017; Gengoux 2019; Hardan 2015; Koegel 1996; Nefdt 2010; Schreibman
1991; Van den Berk-Smeekens 2020a; Vernon 2019). In the study of Duifhuis
2017 90.9% of parents reached fidelity ≥ 80% and 9.1% reached fidelity of
73%. Gengoux 2019 and Hardan 2015 reported that 91% and 80% of parents
respectively met the 80% fidelity threshold at end of the intervention. Average
parental fidelity of implementation after treatment was 75% in the study of Nefdt
2010. None of the parents met the 80% fidelity criterion in the study of Van den
Berk-Smeekens 2020a, with an average fidelity of 28%. Vernon 2019 reported that
parents demonstrated a mean fidelity (coded including components of the Pivotal
Response Intervention for Social Motivation) of 85.1%, with 83.3% of parents
meeting the 80% fidelity threshold. In two studies parent continued training until
each parent demonstrated a minimum of 80% fidelity (Koegel 1996; Schreibman
1991). In three studies PRT was implemented by parents but parental fidelity of
implementation was not reported (Schreibman 2014; Smith 2019; Stock 2013).
In the study of Brock 2018 in which PRT was implemented by peers, fidelity of
implementation of peers was not reported. However, Brock 2018 described that
each group of peers used an average of 3.3 of five strategies per observation and
fidelity of adult facilitators was 100%.

Target behaviour
Of the 14 included studies, 13 studies specified the target behaviour that was
focused on within the PRT (Brock 2018; Duifhuis 2017; Gengoux 2019; Hardan
2015; Koegel 1996; Mohammadzaheri 2014; Nefdt 2010; Rezaei 2018a; Schreibman
1991; Schreibman 2014; Smith 2019; Van den Berk-Smeekens 2020a; Vernon
2019). Six studies mentioned skills that are described as “pivotal” within the
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theoretical model of PRT as target of the intervention, including either selfinitiations and responsivity to multiple cues for all participants combined with
self-management for some participants (Duifhuis 2017; Van den Berk-Smeekens
2020a), or motivation and responsivity to multiple cues (Koegel 1996; Schreibman
1991), or motivation and self-initiations (Schreibman 2014), or motivation with a
specific focus on social engagement (Vernon 2019). Six studies reported specific
skills related to development of spoken language as target behaviour, including
either the number of functional utterances (Gengoux 2019; Hardan 2015; Nefdt
2010), or the mean length of utterance (Mohammadzaheri 2014; Rezaei 2018a),
or development of speech as a specific target behaviour within general social
communication skills (Smith 2019). The trial of Brock 2018 targeted peer
interactions, both initiated by the child with ASD and by the peer trainer, and play
behaviour. One study did not specify target behaviour in the PRT condition (Stock
2013).

Concomitant interventions
Information on concomitant interventions besides PRT was included in 10 studies
(Duifhuis 2017; Gengoux 2019; Hardan 2015; Mohammadzaheri 2014; Nefdt
2010; Rezaei 2018a; Schreibman 2014; Stock 2013; Van den Berk-Smeekens
2020a; Vernon 2019). Two studies described stable concomitant interventions,
with either < 15 hours of weekly 1:1 ABA treatment (with a mean of 8.9 hours a
week) besides < one hour a week of individual speech therapy (Gengoux 2019)
or ABA-based interventions besides receiving special education, pharmacological
treatments, and ≤ one hour a week of individual speech therapy (Hardan 2015). In
the Rezaei 2018a study, all participants received a pharmacological intervention
(e.g. use of risperidone) besides PRT, but no other non-pharmacological
interventions. Schreibman 2014 reported a mean of 0.9 hours of speech therapy
and occupational therapy a week, a mean of 0.3 hours preschool or daycare a week
and a mean of 2.4 hours weekly in-home interventions besides PRT. The Stock
2013 study described that problem behaviour was addressed using strategies
of positive behaviour support (Lucyshyn 2002). In the Van den Berk-Smeekens
2020a study, 18% received either a non-pharmacological intervention or change
in pharmacological interventions besides PRT. Vernon 2019 described presence of
concomitant preschool and/or community-based early intervention services such
as ABA, speech-language therapy, and occupational therapy during PRT.
Duifhuis 2017 described that participants were excluded if they received other
specific individual therapies focusing on improving social-communication, such
as speech and language therapy and in the study of Mohammadzaheri 2014 no
other interventions were provided during PRT.
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In four studies no information was provided on use of concomitant
interventions of participants included in the PRT conditions (Brock 2018; Koegel
1996; Schreibman 1991; Smith 2019). In the study of Smith 2019 concomitant
interventions were described for only a sub sample of participants in an additional
report (Ungar 2018) and included other early intervention programs, behavioural
interventions, speech therapy, and occupational therapy.

Comparisons
Ten studies reported an active intervention group that was used as a comparison
condition (Duifhuis 2017; Hardan 2015; Koegel 1996; Mohammadzaheri
2014; Rezaei 2018a; Schreibman 1991; Schreibman 2014; Smith 2019; Stock
2013; Van den Berk-Smeekens 2020a).
Six studies described use of an ABA-based intervention in the control
group. Koegel 1996 and Schreibman 1991 reported an ABA-based individual
target behaviour condition that used the discrete trial format of language training
(Lovaas 1977). Mohammadzaheri 2014 described structured adult-directed ABA
as a comparison condition based on Lovaas 1981. The ABA-based alternative/
augmentative communication system Picture Exchange Communication System
(PECS; Frost 2002) was used in the control group in Schreibman 2014. Groupbased ABA including the verbal behaviour program (Sundberg 2001) was
used in the control group in the trial of Stock 2013. The control group in Smith
2019 received an ABA-based early intensive behavioural intervention, including
a variety of intervention approaches, such as the Verbal Behaviour Milestones
Assessment and Placement Program (Sundberg 2008), Language Matrix (Peterson
2003), discrete trial training (Smith 2001), incidental teaching (McGee 1999) and
PECS (Frost 2002).
Four studies reported use of non-ABA-based interventions in the control group.
These were either treatment-as-usual including psycho-education and parent
mediation therapy (Duifhuis 2017), or group-based psycho-education (Hardan
2015), pharmacological interventions (Rezaei 2018a), or treatment-as-usual
including guidance of parents, intensive family therapy, treatment at school (e.g.
mediation therapy), social skill training groups, pharmacological interventions or
a combination of these (Van den Berk-Smeekens 2020a).
Four studies included a control group that either received no intervention
or training (Brock 2018) or was described as a wait-list control group (Gengoux
2019; Nefdt 2010; Vernon 2019).
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Outcomes
Primary outcomes
1
ASD symptom severity (direct or independent assessment of social
communication)
Four studies, three RCTs (Gengoux 2019; Van den Berk-Smeekens 2020a; Vernon
2019) and one N-RCT (Duifhuis 2017), used a standardized measure to assess
ASD symptom severity at postintervention. Three studies (Duifhuis 2017; Van
den Berk-Smeekens 2020a; Vernon 2019) used the calibrated severity score of
the ADOS-G (Lord 2000) or ADOS-2 (Lord 2012), and one study (Gengoux 2019)
reported the total score of the Brief Observation of Social Communication Change
(BOSCC; Grzadzinski 2016).
2 Expressive language: standardized measures (direct or independent assessment
of social communication)
Standardized measures for expressive language were included as outcomes in
four RCTs (Gengoux 2019; Hardan 2015; Schreibman 2014; Vernon 2019) and one
N-RCT (Stock 2013). Four studies used the expressive standard score of either
the PLS-4 (Hardan 2015; Stock 2013) or the PLS-5 (Gengoux 2019; Vernon 2019),
administered at postintervention. Schreibman 2014 reported the expressive
communication subtest of the MSEL (Mullen 1995) at postintervention and at
three-month follow-up. Additional standardized reports for expressive language
were included in the studies of Vernon 2019 (i.e. the standard score on the
Expressive Vocabulary Test (EVT) third edition of Williams 2007 at postintervention)
and Schreibman 2014 (i.e. Expressive One-Word Picture Vocabulary Test-revised
of Gardner 1990 at postintervention and at three-month follow-up).
3
Expressive language: frequency of functional use of language (direct or
independent assessment of social communication)
Two RCTs assessed the number of functional utterances expressed by the child
during a structured laboratory observation at postintervention (Gengoux
2019; Hardan 2015). Besides the total number of utterances, Hardan 2015 also
reported the number of unintelligible, imitative, verbally prompted, nonverbally
prompted and spontaneous utterances. One RCT reported the total number
of functional words and the number of new functional words as measures of
functional use of language by the child at post-intervention (Vernon 2019).
The Nefdt 2010 RCT assessed the percentage of intervals in which the child showed
a functional verbal utterance and compared assessment at postintervention
with baseline.
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4
Expressive language: mean length of utterance (direct or independent
assessment of social communication)
The observed mean length of utterance (MLU) postintervention was included as
a measure of expressive language in three RCTs (Mohammadzaheri 2014; Rezaei
2018a; Vernon 2019). In one study, the MLU was behaviourally coded using fiveminute parent-child play interaction videos (Vernon 2019). Mohammadzaheri
2014 assessed MLU by presenting children a series of six pictures that they were
asked to describe. In the Rezaei 2018a study, MLU was assessed from videos of
child-clinician interaction at a treatment centre.
5
Expressive language: standardized measures (caregiver-reported social
communication)
Three RCTs included information on caregiver-reported expressive language. The
VABS-II expressive subscale was administered at postintervention in two RCTS
(Gengoux 2019; Hardan 2015), and these studies also reported data on the words
produced out of 396 and words produced out of 680 scales of the CDI (Fenson
2007). Hardan 2015 additionally reported the mean length of longest utterance
on the CDI, reported by the parent. Schreibman 2014 reported the raw number of
words produced on the CDI at postintervention and at follow-up.
6 Adaptive communication (caregiver-reported social communication)
Four RCTs (Gengoux 2019; Hardan 2015; Schreibman 2014; Vernon 2019) and
one N-RCT (Smith 2019) measured adaptive communication at postintervention
using the Communication domain standard score of the VABS-II (Sparrow
2005). Schreibman 2014 also reported the VABS-II Communication domain
standard scores at three-month follow-up.
7 Social responsiveness (caregiver-reported social communication)
The total score of either the SRS (Constantino 2005) or SRS-2 (Constantino 2012)
was used in four trials, two RCTs (Hardan 2015; Van den Berk-Smeekens 2020a) and
two N-RCTs (Duifhuis 2017; Smith 2019), as a postintervention measure of parentreported social responsiveness. Van den Berk-Smeekens 2020a also administered
the parent-reported SRS at three-month follow-up, and the teacher-reported SRS
at postintervention and at three month follow-up.
8 Social responsiveness during interaction (direct or independent assessment of
social communication)
One RCT assessed the child’s social responsiveness to the parents’ social bids
during parent-child interaction, by behavioural rating of five-minute parent-child
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interaction videos at postintervention (Vernon 2019). In another RCT, Brock 2018,
child interactional behaviours were assessed by observation during recess at
school, including total interactions with peers, appropriate peer play, appropriate
solitary play, inappropriate play and no play.
9 Adaptive socialization (caregiver-reported social communication)
Two studies, one RCT (Vernon 2019) and one N-RCT (Smith 2019), included the
standard score on the Socialization domain of the VABS-II as a postintervention
outcome measure.
10 Pragmatic communication (caregiver-reported social communication)
One RCT, Mohammadzaheri 2014, measured pragmatic communication by means
of total score on the CCC (Bishop 1998). A mean score was calculated of the
parent-reported and teacher-reported CCC (Mohammadzaheri 2014). The CCC was
also used as an outcome measure by Rezaei 2018a, but only results of the CCC
subscales were reported, and no total scores for pragmatic communication were
described.
11 
Receptive language (direct or independent assessment of social
communication)
One RCT, Vernon 2019 included the PPVT-4 (Dunn 2007) standard score as a
postintervention outcome measure of receptive language. The receptive language
subscale of the PLS-4 (Zimmerman 2002) was used in one N-RCT (Stock 2013) as a
measure for receptive language at postintervention.
12 Receptive language (caregiver-reported social communication)
In the Hardan 2015 RCT, receptive language was measured by administering the
receptive sub scale of the VABS-II (Sparrow 2005) at postintervention.
13 
Total language ability (direct or independent assessment of social
communication)
One RCT, Vernon 2019, used the total standard score on the PLS-5 (Zimmerman
2011) as a measure of child’s general language ability at postintervention.
14 Peer interactions (direct or independent assessment of social communication)
One RCT, Brock 2018, measured peer interactions (defined as verbal or nonverbal
communicative behaviours directed from the child with ASD towards their
peers, or from peers toward the child with ASD) and play behaviour during peermediated PRT and at postintervention.
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Secondary outcomes
1 Cognitive ability
Two RCTs (Gengoux 2019; Vernon 2019) assessed child’s cognitive ability at
postintervention by use of the Early Learning Composite score of the MSEL (Mullen
1995). One N-RCT, Stock 2013, assessed cognitive ability at postintervention with,
among other measures, use of the Merrill-Palmer-Revised Scales of Development
(M-P-R; Roid 2004).
2 Restricted and repetitive behaviour
One N-RCT, Duifhuis 2017, reported the ADOS-2 (Lord 2012) Restricted and
Repetitive Behaviour (RRB) subscale as an outcome besides the ADOS-2 total
calibrated severity score. For two RCTs (Gengoux 2019; Van den Berk-Smeekens
2020a), additional information was obtained for analyses of the RRB domains of
either the ADOS-2 or the BOSCC (Grzadzinski 2016), since only the total calibrated
severity score and total score were reported for these measures in the two studies
respectively.
3 Behaviour problems
Externalizing behaviour problems were included as outcomes in two N-RCTs
(Duifhuis 2017; Smith 2019), using either the T-score on the Externalizing sub
scale of the CBCL (Achenbach 1991) or the Maladaptive Behaviour domain
score of the Scales of Independent Behavior-Revised (SIB-R; Bruininks 1996).
One N-RCT, Duifhuis 2017, additionally reported internalising behaviour
problems at postintervention using the CBCL Internalizing T-score. Two N-RCTs
(Duifhuis 2017; Stock 2013) reported child total behaviour problems as an
outcome with use of the CBCL total score or total T-score at postintervention.
One RCT, Mohammadzaheri 2014, included observed disruptive behaviour (i.e.
behaviour that caused disruption in the therapy session) during last session as
an outcome measure. In the Rezaei 2018a RCT, subscales of Aberrant Behaviour
Checklist (ABC; Aman 1985) were reported at postintervention and at follow-up,
but due to inconsistencies between information on this measure reported in the
study report compared with correspondence with the author, these data were not
included in the current review.
4 Global clinical functioning
Four RCTs included the CGI-Severity and Improvement scales (Guy 1976) as an
outcome for global clinical functioning at either postintervention (Gengoux
2019; Hardan 2015; Rezaei 2018a) or at postintervention and at follow-up (Van
den Berk-Smeekens 2020a).
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5 Adaptive behaviour
Three studies, one RCT (Vernon 2019) and two N-RCTs (Smith 2019; Stock 2013),
reported adaptive behaviour as an outcome at postintervention, using the VABS-II
Adaptive Behavioir Composite score (Sparrow 2005).
6 Adverse effects
Three RCTs reported data on presence of adverse effects (Gengoux 2019; Hardan
2015; Rezaei 2018a).
7 Parent outcomes
Parent outcomes were reported in six studies, four RCTs (Koegel 1996; Nefdt
2010; Schreibman 1991; Van den Berk-Smeekens 2020a) and two N-RCTs
(Duifhuis 2017; Stock 2013). Specifically, parent-reported parental stress
was included in three studies, using either the total score of the Dutch
“Opvoedingsbelastingvragenlijst” (Parenting Stress Questionnaire; Vermulst 2012)
in Van den Berk-Smeekens 2020a, the Dutch “Nijmegen Ouderlijke Stress Index Kort” (Nijmegen Parental Stress Index; De Brock 1992) in Duifhuis 2017, or the PSI
short form (Abidin 1995) in Stock 2013. Parental stress was also evaluated at three
month follow-up in the Van den Berk-Smeekens 2020a study. Two RCTs evaluated
parent affect using an adapted version of the interaction rating scales from Koegel
1979 (Koegel 1996; Schreibman 1991). Koegel 1996 reported parental happiness,
interest, stress and communication style during parent-child interaction at
postintervention, and Schreibman 1991 reported parental enthusiasm, interest,
happiness and overall affect during the intervention. Parental confidence at
postintervention was assessed in Nefdt 2010.

Funding sources
Of the 14 included studies, five were funded by government grants (Gengoux
2019; Koegel 1996; Schreibman 1991; Schreibman 2014; Smith 2019). Government
grants were combined with grants from non-profit foundations for the funding of
two studies (Hardan 2015; Mohammadzaheri 2014) and with grants for institutions
for research and development in one study (Stock 2013). Two studies were funded
solely by institutions for research and development (Brock 2018; Rezaei 2018a).
In two studies, funding was obtained from a youth mental health care institution,
either without (Duifhuis 2017) or combined with (Van den Berk-Smeekens 2020a)
grants supported by the government. Funding source of one study was a nonprofit foundation (Vernon 2019).
No information on funding sources was provided in the study of Nefdt 2010.
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Excluded studies
We excluded 114 full-text reports from the review, of which 73 were clearly
irrelevant and 41 reports were formally excluded from this review. Reasons
for exclusion of these reports are described in the Characteristics of excluded
studies tables. Of the 41 reports, we excluded 19 due to an ineligible study design,
such as a singe-case design or pretest, post-test design without a comparison
group. Furthermore, we excluded 20 reports because of an ineligible intervention.
Some of the excluded interventions described the use of PRT components
besides other intervention components, such as the Early Start Denver Model
(ESDM; e.g. Estes 2014), Social ABCs (Brian 2016), ImPACT (Ingersoll 2016) and the
Strategies for Teaching based on Autism Research (STAR; Locke 2014) program.
However, no specific effects of PRT were evaluated in these reports and these were
therefore excluded. We excluded two reports due to an ineligible comparison (e.g.
use of PRT also in the control group).

Ongoing studies
We included seven ongoing studies (IRCT20180617040124N1; NCT01908686; NC
T03045263; NCT03583684; NCT03778827; NCT04042337; NL5476 (NTR5893)). All
studies were RCTs comparing a PRT group with a comparison group in which no
PRT was provided (see Ongoing studies).
Studies awaiting classification
Three studies are awaiting classification (Aliakbari Dehkordi 2012; Salemi Khamene
2013; Mohtashami 2012), since insufficient information was available to judge the
eligibility of these studies for this review (see Studies awaiting classification).

Risk of bias in included studies
We assessed risk of bias of the included RCTs with the Cochrane ‘Risk of bias’ tool
(Higgins 2017) and of the included N-RCTs with the ROBINS-I tool (Sterne 2016).
Results of the risk of bias assessment of the RCTs are provided in the ‘Risk of bias’
tables. Each domain of the risk of bias assessment of the RCTs is summarised in the
sections below and graphic summaries of our assessment are provided in Figure
2 and Figure 3.
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Figure 2. Risk of Bias Summary: Review Authors’ Judgements About Each ‘Risk of Bias’ Item For Each
Included Study.
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Figure 3. Risk of Bias Graph: Teview Authors’ Judgements About Each ‘Risk of Bias’ Item Presented As
Percentages Across All Included Studies

A detailed overview of the risk of bias assessment of the three N-RCTs is provided
in Additional Table 2. Of the N-RCTs, we considered two to have serious risk of
bias due to confounding (Duifhuis 2017; Stock 2013) and one to have a critical
risk of bias (Smith 2019). Possible confounders were baseline differences between
the groups in age, ASD severity, (verbal) IQ and comorbid psychiatric conditions
and imbalances in concomitant interventions between the two conditions (see
Additional Table 2). Risk of bias in selection of participants into the study was
judged as low in one study (Duifhuis 2017) and serious in the other two (Smith
2019; Stock 2013). We rated all N-RCTs to be at low risk of bias in the classification
of interventions (Duifhuis 2017; Smith 2019; Stock 2013). Within the domain of bias
due to deviations from the intended intervention, two of the three N-RCTs were
considered to have low risk of bias of the effect of assignment to the intervention
(Duifhuis 2017; Stock 2013), and one N-RCT had insufficient information to judge
risk of bias (Smith 2019). Within the same domain, risk of bias related to the effect
of starting and adhering to an intervention was moderate for one N-RCT (Duifhuis
2017) and serious for two N-RCTs (Smith 2019; Stock 2013). We considered two
N-RCTs to have low risk of bias due to missing data (Duifhuis 2017; Stock 2013)
and one to have critical risk of bias on this item (Smith 2019). Risk of bias in
measurement of outcomes was moderate for two (Duifhuis 2017; Smith 2019)
and serious for one N-RCT (Stock 2013). Separate judgements were included
for observed and caregiver-reported outcome groups (see Additional Table
2). All N-RCTs had moderate bias in selection of the reported results (Duifhuis
2017; Smith 2019; Stock 2013). In summary, the overall risk of bias using the
ROBINS-I tool was judged as serious for the study of Duifhuis 2017 and Stock
2013, since serious risk of bias existed in one and four risk of bias domains for the
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two studies, respectively. We considered Smith 2019 two be at critical risk of bias
overall because we judged two domains to be at critical risk of bias.

Allocation (selection bias)
Random sequence generation
We considered four RCTs to be at low risk of selection bias since a random
component was described in the sequence generation (Gengoux 2019; Hardan
2015; Van den Berk-Smeekens 2020a; Vernon 2019). Risk of selection bias was
unclear in Brock 2018, since the first participant that was recruited was assigned
to the experimental condition and the other participants were randomised using a
random number generator. In five RCTs, the risk of selection bias was unclear, since
random assignment was reported with no details on which random component
was used (Koegel 1996; Mohammadzaheri 2014; Rezaei 2018a; Schreibman
1991; Schreibman 2014). We judged one RCTs at high risk of selection bias due
to randomisation based on the order of receiving study information (Nefdt 2010).
Allocation concealment
We judged three RCTs at low risk of bias on this domain since randomisation
was done by a senior investigator not involved in the clinical assessment or
treatment and participants and investigators that were directly involved in the
study could not foresee allocation (Gengoux 2019; Hardan 2015; Van den BerkSmeekens 2020a). We considered seven RCTs to have an unclear risk of bias,
due to a lack of information on allocation concealment (Brock 2018; Koegel
1996; Mohammadzaheri 2014; Nefdt 2010; Rezaei 2018a; Schreibman 2014; Vernon
2019). We judged one RCT at high risk of bias in this domain, since allocation
was not concealed due to inclusion of some participants in both conditions
(Schreibman 1991).
Blinding (performance bias and detection bias)
Blinding of participants and personnel
Due to the nature of the intervention in which parents and caregivers of
participants interact regularly with clinicians that are certified to deliver PRT
specifically, we considered all 11 RCTs to have a high risk of performance bias
(Brock 2018; Gengoux 2019; Hardan 2015; Koegel 1996; Mohammadzaheri
2014; Nefdt 2010; Rezaei 2018a; Schreibman 1991; Schreibman 2014; Van
den Berk-Smeekens 2020a; Vernon 2019). Although parents were blinded for
intervention condition in one study, Mohammadzaheri 2014, the intervention was
implemented by unblinded teachers.
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Blinding of outcome assessment
We judged eight RCTs to be at low risk of bias on outcome assessment of observed
outcomes, since observed outcomes were reported as administered by raters
that were blinded or naive to the experimental condition (Gengoux 2019; Hardan
2015; Koegel 1996; Mohammadzaheri 2014; Nefdt 2010; Rezaei 2018a; Schreibman
1991; Van den Berk-Smeekens 2020a). We considered two RCTs at unclear risk of
bias since no information was provided on blinding of observed outcomes (Brock
2018), or only information was provided for part of the observed outcomes (Vernon
2019). We judged one RCT at high risk of bias in this domain, since blind assessment
of observed outcomes was ensured for only part of the sample (Schreibman 2014).
Regarding caregiver-reported outcomes, we judged one RCT at low risk of bias
for blinding of outcome assessment (Mohammadzaheri 2014). In four RCTs no
caregiver-reported outcomes were described (Brock 2018; Koegel 1996; Nefdt
2010; Schreibman 1991), and one RCT provided insufficient information on blinding
of caregiver-reported outcomes (Vernon 2019). Consequentially, we judged these
five RCTs to be at unclear risk of bias on this domain. We considered five RCTs at
high risk of bias due to a lack of blinding of caregiver-reported outcomes (Gengoux
2019; Hardan 2015; Rezaei 2018a; Schreibman 2014; Van den Berk-Smeekens 2020a).
Incomplete outcome data (attrition bias)
Of the 11 RCTs, we considered four to be at low risk of attrition bias due to either
no missing data (Schreibman 1991), minimal missing data that was equally
distributed across groups (Hardan 2015; Van den Berk-Smeekens 2020a) or missing
data due to reasons unrelated to the intervention (Vernon 2019). Seven RCTs
had an unclear risk of attrition bias, since insufficient information was reported
on incomplete outcome data (Brock 2018; Koegel 1996; Mohammadzaheri
2014; Nefdt 2010; Rezaei 2018a; Schreibman 2014), or it was unclear how missing
data was accounted for in the analyses (Gengoux 2019).
Selective reporting (reporting bias)
We judged one RCT to be at low risk of reporting bias, since a study protocol was
available and all of the pre-specified outcomes were reported in the pre-specified
way (Van den Berk-Smeekens 2020a). Risk of reporting bias was unclear for seven
RCTs (Brock 2018; Koegel 1996; Mohammadzaheri 2014; Nefdt 2010; Schreibman
1991; Schreibman 2014; Vernon 2019), since no study protocol was available. We
judged the RCTs of Gengoux 2019, Hardan 2015 and Rezaei 2018a at high risk of
bias because the intended outcomes stated in the first version of the published
protocol did not match all of the outcomes reported.

71

Chapter 2 – Pivotal Response Treatment for autism spectrum disorder

Other potential sources of bias
We considered six RCTs to be at low risk of other bias, since we found no
evidence for other potential sources of bias (Brock 2018; Gengoux 2019; Hardan
2015; Mohammadzaheri 2014; Schreibman 2014; Vernon 2019). We judged the
RCTs of Koegel 1996 and Schreibman 1991 at high risk of bias in this domain, since
no information was provided on duration and intensity and possible differences
in these between both groups and how this may have affected outcomes. We
also judged the Nefdt 2010 RCT to be at high risk of other bias due to a lack of
information on the intensity of the intervention and no information on possible
differences among participants in the time points of their measurements.
Furthermore, we considered the Rezaei 2018a RCT at high risk of bias on this
domain, since differences existed between results that were presented in the
trial report and results obtained from correspondence with the author. The study
of Van den Berk-Smeekens 2020a was judged high risk of bias since only one PRT
therapist delived the robot-assisted PRT, while PRT without use of a robot and TAU
were deliverd by multiple therapists.

Effects of interventions
Results on seven of the primary outcome measures were summarised in Summary
of findings table 1. We present the results for each of the primary and secondary
outcome measures below. For continuous measures, we presented the effects as a
SMD and, where possible, as
MD. We considered a SMD of 0.20 a small effect, 0.50 a medium effect and
0.80 a large effect (Cohen 1988). Since all included studies presented either
solely continuous outcome measures or presented both dichotomous and
continuous analyses of the same outcome measures, we did not identify data
based solely on dichotomous analyses. We contacted authors of 13 trials for
additional information (Brock 2018; Duifhuis 2017; Gengoux 2019; Hardan 2015;
Koegel 1996; Mohammadzaheri 2014; Nefdt 2010; Rezaei 2018a; Schreibman
1991; Schreibman 2014; Smith 2019; Stock 2013; Vernon 2019). Five trial groups
responded with supplementary information compared with information provided
in the trial report (Duifhuis 2017; Gengoux 2019; Hardan 2015; Nefdt 2010;
Rezaei 2018a) and four trial groups responded without providing supplementary
information (Schreibman 1991; Schreibman 2014; Smith 2019; Stock 2013). No
response was received from authors of four trial groups (Brock 2018; Koegel 1996;
Mohammadzaheri 2014; Vernon 2019).
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ASD symptom severity - standardised
measures (individually administered)
Measures:
ADOS calibrated severity score
BOSCC total score
Timing of outcome assessment: postintervention
Expressive language - subscales of
standardised measures (individually
administered)
Measures:
PLS-5 expressive scale
MSEL expressive scale
Timing of outcome assessment: postintervention
Expressive language - number of
functional utterances (observed)
Measures:
Count during 10-min structured laboratory
observation
Timing of outcome assessment: postintervention
Expressive language - mean length of
utterance
Measures:
Observation during parent-child or parentclinician interaction
Timing of outcome assessment: postintervention

control

Randomised studies indicate that PRT may
slightly improve the mean length of utterance
compared to a control group (MD = 0.52).

⊕⊕⊝⊝
low(e)
85 participants (3 RCTs)

Randomised studies: The mean length of utterance
post-intervention was 0.52 words higher in the PRT
group (0.21 to 0.83 higher).

Randomised studies indicate that PRT improves
the number of functional utterances compared
to a control group (MD = 15.67).

90 participants (2 RCTs)

Randomised studies: The mean number of functional
utterances during a 10-min observation postintervention was 15.6 utterances higher in the PRT
group (3.34 to 28.01 higher).

⊕⊕⊕⊕
high(d)

Randomised studies indicate that PRT probably
reduces severity of ASD symptoms compared to a
control group (SMD = 1.03).
From non-randomised studies, we are uncertain
whether PRT reduces severity of ASD symptoms
compared to a control group (SMD = 0.76).
Randomised studies indicate little or no
difference in generally measured, individually
administered, expressive language between the
PRT group and control group (SMD = 0.10).

⊕⊝⊝⊝
very low (b)

⊕⊕⊕⊝
moderate(a)

Quality of
Comments
the evidence
(GRADE)

Randomised studies: The mean score in the PRT group 152 participants (4 RCTs) ⊕⊕⊕⊕
high(c)
post-intervention was 0.10 SD higher (0.32 lower to
0.51 higher).

PRT
Randomised studies: The mean score in the PRT group 129 participants
post-intervention was 1.03 standard deviations
(3 RCTs)
(SD) higher (0.25 to 1.80 higher).
Non-randomised study: The mean change score in
23 participants (1 N-RCT)
the PRT group post-intervention was 0.76 SD higher
(0.09 lower to 1.61 higher)

Pivotal Response Treatment compared with treatment-as-usual or wait-list control for autism spectrum disorder
Patient or population: participants with ASD
Settings: clinic/training room, at home, school, community
Intervention: PRT
Comparison: treatment-as-usual (both ABA-based and non-ABA-based), wait-list control or no intervention
Outcomes
Illustrative comparative risks* (95% CI)
No of Participants
(studies)
Assumed risk Corresponding risk

Table 1. Summary of Findings For The Main Comparison - PRT Group Compared With Control Group
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Expressive language - Vineland
Randomised studies: The mean score in the PRT group 90 participants (2 RCTs) ⊕⊕⊕⊕
Randomised studies indicate little or no
expressive sub scale (caregiverpost-intervention was 0.32 SD higher (0.10 lower to
high(f)
difference in generally measured, caregiverreported)
0.73 higher).
reported, expressive language between the PRT
Measures:
group and control group (SMD = 0.32)
VABS-II expressive v-scale score
VABS-II expressive raw score
Timing of outcome assessment: postintervention
Adaptive communication - Vineland
Randomised trials: The mean score in the PRT group
152 participants (4 RCTs) ⊕⊕⊕⊝
Randomised studies probably indicate little or no
communication standard score
post-intervention was 4.08 points higher (5.91
moderate(g) difference in adaptive communication between
(caregiver-reported)
lower to 14.07 higher).
the PRT group and control group (MD = 4.08).
Measures:
Non-randomised trial: The mean score in the PRT
137 participants (1
⊕⊝⊝⊝
From non-randomised studies, we are uncertain
VABS-II Communication domain score
group post-intervention was 3.45 points lower (7.90 N-RCT)
very low (h) whether PRT improves adaptive communication
VABS-II Communication domain score change
lower to 1.00 higher)
compared to a control group (MD = -3.45).
from baseline
(range from 20 to 160, with a mean of 100
and SD of 15)
Timing of outcome assessment: postintervention
Social responsiveness - SRS total score
Randomised studies: The mean score in the PRT group 117 participants (2 RCTs) ⊕⊕⊕⊕
Randomised studies probably indicate little or no
(caregiver-reported)
post-intervention was 0.32 SD higher (0.06 lower to
high(i)
difference in social responsiveness between the
Measures:
0.70 higher).
PRT group and control group (SMD = 0.32).
SRS - total score
Non-randomised studies: The mean score in the PRT
150 participants (2
⊕⊝⊝⊝
From non-randomised studies, we are uncertain
SRS - total T-score change from baseline
group post-intervention was 0.14 SD higher (0.88
N-RCTs)
very low(j)
whether PRT improves social responsiveness
Timing of outcome assessment: postlower to 1.15 higher)
compared to a control group (SMD = 0.14).
intervention
*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison
group and the relative effect of the intervention (and its 95% CI). SMD’s of 0.20, 0.50 and 0.80 correspond to small, medium and large effects respectively.
ADOS: Autism Diagnostic Observation Schedule; ASD: Autism spectrum disorder; BOSCC: Brief Observation of Social Communication Change; CI: Confidence interval; MSEL: Mullen Scales of Early Learning; N-RCT: Nonrandomised clinical trial, PLS: Preschool Language Scale; RCT: Randomised clinical trial, SRS: Social Responsiveness Scale, VABS: Vineland Adaptive Behaviour Scales,

Table 1. Continued
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b

a

Evidence downgraded one level due to inconsistency; substantial statistical heterogeneity (I2 = 72%)
Evidence downgraded two levels due to study limitations and one level for imprecision; one N-RCT with serious risk of bias due to confounding.
c
No factors identified that may reduce quality of evidence; 4 RCTs with moderate statistical heterogeneity (I2 = 38%) and low to unclear risk of bias.
d
No factors identified that may reduce quality of evidence; 2 RCTs with no evidence for statistical heterogeneity (I2 = 0%)
e
Evidence downgraded one level due to study limitations (one study high risk of bias) and inconsistency among studies in delivery of the intervention and comparison group.
f
No factors identified that may reduce quality of evidence; 2 RCTs with no evidence for statistical heterogeneity (I2 = 0%) and low to unclear risk of bias.
g
Evidence downgraded one level for inconsistency; considerable statistical heterogeneity (I2 = 77%) and no overlap between CIs of 2 studies and overall low to unclear risk of bias.
h
Evidence downgraded two levels due to study limitations and one level for imprecision; one N-RCT with critical risk of bias in multiple domains.
i
no evidence for statistical heterogeneity (I2 = 0%)
j
Evidence downgraded two levels for study limitations and one level for inconsistency; studies with serious or critical risk of bias due to confounding (and one N-RCT critical risk is bias in multiple domains) and
inconsistency among studies in delivery of the intervention.

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

Table 1. Continued
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Data from 11 studies were included in the quantitative analysis (Duifhuis
2017; Gengoux 2019; Hardan 2015; Koegel 1996; Mohammadzaheri 2014; Nefdt
2010; Rezaei 2018a; Schreibman 2014; Smith 2019; Van den Berk-Smeekens
2020a; Vernon 2019). When possible, we combined the results of these studies
in a random-effects meta-analysis per outcome. Separate meta-analyses were
conducted for results of RCTs and N-RCTs. Three studies did not provide sufficient
information to include the results that were presented in the report in the
quantitative analysis (Brock 2018; Schreibman 1991; Stock 2013). We provide a
narrative description of the results of these studies. Below, we present results of
the meta-analysis separately from results obtained from single studies for each of
the outcomes.

Primary outcomes
ASD symptom severity (direct or independent assessment of social
communication)
We conducted quantitative analyses on data obtained from three RCTs (Gengoux
2019; Van den Berk-Smeekens 2020a; Vernon 2019) and one N-RCT (Duifhuis
2017) (Analysis 1.1; Figure 4). The algorithm for ASD symptom severity was mainly
determined by the scores on the Social Communication domains of the included
measures (e.g. ten of the 14 items scoring on the algorithm of the ADOS (Lord
2000) are in the Social Communication/Social Affect domain, and nine of the 12
items of the BOSCC (Grzadzinski 2016) are in the Social Communication domain).
Meta-analysis results
We combined data from three RCTs (Gengoux 2019; Van den Berk-Smeekens
2020a; Vernon 2019) in a meta-analysis of ASD symptom severity measured with
individually administered standardized measures post-intervention. We found
evidence of a large effect in favour of PRT (SMD 1.03, 95% CI 0.25 to 1.80; P =
0.009, I2 = 72%; 3 studies, 129 participants; Analysis 1.1.1). We rated certainty of
the evidence as moderate due to substantial statistical heterogeneity. We also
found evidence of an effect for the sensitivity analysis excluding studies with high
risk of attrition bias, but no evidence of an effect was found for the sensitivity
analyses excluding trials with a high risk of blinding bias and excluding trials with
no reporting on participants’ medication status (see Additional Table 3).
Single study results
In one N-RCT (Duifhuis 2017) no evidence of an effect was found (SMD 0.76, 95%
CI -0.09 to 1.61; P = 0.08; 1 study, 23 participants; Analysis 1.1.2). Certainty of
evidence was rated very low due to study limitations (non-randomised study with
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serious risk of bias due to confounding) and imprecision (low sample size). We
found no evidence of an effect for the sensitivity analyses excluding studies with a
high risk of blinding bias, attrition bias or no reporting on participants’ medication
status (see Additional Table 3).
Figure 4. Forest Plot of Comparison: 1 ASD Symptom Severity (Direct or Independent Assessment of Social
Communication), Outcome: 1.1 Standardized Measures (Individually Administered) At Postintervention.

Expressive language: standardized measures (direct or independent assessment
of social communication)
Five studies (Gengoux 2019; Hardan 2015; Schreibman 2014; Stock 2013; Vernon
2019) reported data on expressive language using standardized measures, of
which four were combined in the quantitative analyses.
Meta-analysis results
Data from four RCTs (Gengoux 2019; Hardan 2015; Schreibman 2014; Vernon 2019)
were combined in a meta-analysis of standardized, individually administered
measures for expressive language post-intervention (Analysis 2.1; Figure 5). We
found no evidence of an effect of PRT (SMD 0.10, 95% CI -0.32 to 0.51; P = 0.65; I2 =
38%; 4 studies, 152 participants). We rated certainty of evidence as high, since no
factors were identified that may reduce the quality of the evidence (RCTs with
overall low risk of bias and no evidence of heterogeneity). Sensitivity analyses
excluding studies with a high risk of blinding bias, attrition bias or no reporting
on participants’ medication status also indicated no evidence of an effect (see
Additional Table 3).
Single study results
Two of the studies presented either an additional outcome on expressive language
by direct or independent assessment (Vernon 2019) or included a follow-up
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measure (Schreibman 2014). As in the meta-analysis, no evidence of an effect of
PRT was found on the EVT (MD 17.73, 95% CI -1.81 to 37.27; P = 0.08; 1 study, 23
participants, P = 0.08; Analysis 2.2) administered post-intervention. Schreibman
2014 administered the MSEL expressive communication subtest also at follow-up
and found no evidence of an effect of PRT (MD -5.00, 95% CI -13.90 to 3.90; P =
0.27; 1 study, 39 participants; Analysis 2.3).
Stock 2013 included expressive language as an outcome measure, but provided
insufficient information to include the results in the quantitative analysis. Using
a mixed-model ANCOVA, no interaction effect between time and condition was
found (P = 0.13) and the PRT group showed 10.35 months gain in the PLS-4
expressive language age equivalents, while the control group gained 7.07 months
post-intervention compared with pre-intervention.
Figure 5. Forest Plot of Comparison: 2 Expressive Language: Standardized Measures (Direct or
Independent Assessment of Social Communication), Outcome: 2.1 Expressive Language Subscales of
Standardized Measures (Individually Administered) At Postintervention.

Expressive language: frequency of functional language use (direct or
independent assessment of social communication)
Four studies (Gengoux 2019; Hardan 2015; Nefdt 2010; Vernon 2019) reported
results on observed frequency of functional language use, we pooled the results
from three studies.
Meta-analysis results
Two RCTs (Gengoux 2019; Hardan 2015) reported results on the observed number
of functional utterances post-intervention and we combined these in a metaanalysis (Analysis 3.1). Evidence of a medium size effect was found in favour of PRT,
with the mean number of functional utterances during a ten-minute observation
being 15.67 higher in PRT compared to control (MD 15.67; 95% CI 3.34 to 28.01; P
= 0.01; 2 studies, 90 participants). We considered quality of the evidence high,
since we identified no factors that may reduce quality of evidence (RCTs with
overall low risk of bias and no evidence of heterogeneity). Sensitivity analyses
excluding trials with high risk of blinding bias or high risk of attrition bias also
indicated evidence of an effect (see Additional Table 3). However, we found no
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evidence of an effect for the sensitivity analyses excluding trials with no reporting
on participants’ medication status (Additional Table 3).

Single study results
The study of Hardan 2015 distinguished between unintelligible, imitative, verbally
prompted, nonverbally prompted and spontaneous utterances within the total
number of utterances. A significant increase post-intervention compared with
baseline was found for imitative (P = 0.001) and nonverbally prompted utterances
(P = 0.002), but not for unintelligible, verbally prompted and spontaneous
utterances.
One RCT (Vernon 2019) evaluated the number of functional words during a fiveminute parent-child interaction as a measure for observed functional language
use post-intervention and no evidence of an effect was found in favour of PRT
(MD 26.25; 95% CI -20.49 to 72.99; P = 0.27; 1 study, 21 participants; Analysis
3.2). Besides the number of total words, Vernon 2019 evaluated the number of
novel words post-intervention during a five-minute parent-child interaction.
No significant change in number of novel words was found post-intervention
compared with baseline in the PRT group (P = 0.09) and in the control group (P =
0.44) (Vernon 2019).
Nefdt 2010 did not report on the number of functional utterances, but on
the percentage of intervals in which the child showed a functional verbal
utterances post-intervention compared with baseline. In this study, the PRT group
showed a significantly higher number of intervals in which the child showed
functional verbal utterances compared with the control group (P = 0.001) (Nefdt
2010).
Expressive language: mean length of utterance (direct or independent
assessment of social communication)
Three RCTs reported the mean length of utterance as an outcome of expressive
language by direct or independent assessment (Mohammadzaheri 2014; Rezaei
2018a; Vernon 2019).
Meta-analysis results
We found evidence of a medium effect in favour of PRT; the mean length of
utterance post-intervention was 0.52 words higher for PRT compared with control
(MD 0.52; 95% CI 0.21 to 0.83; P = 0.001; I2 = 0%; 3 studies, 85 participants; Analysis
4.1). We rated quality of evidence as low due to study limitations and inconsistency
among studies in delivery of the intervention and comparison group used. We also
found evidence of an effect in the sensitivity analyses excluding studies with high
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risk of blinding bias, high risk of attrition bias and lack of reporting on medication
status (see Additional Table 3).

Expressive language: standardized measures (caregiver-reported social
communication)
Caregiver-reported expressive language was included as an outcome in three
RCTs (Gengoux 2019; Hardan 2015; Schreibman 2014).
Meta-analysis results
Two RCTs reported the expressive subscale of the Vineland expressive
subscale (VABS-II) as post-intervention outcome of caregiver-reported expressive
language (Gengoux 2019; Hardan 2015). We pooled this data in a meta-analysis
and found no clear evidence of an effect in favour of PRT for this outcome (SMD
0.32; 95% CI -0.10 to 0.73; P = 0.14; I2 = 0%; 2 studies, 90 participants; Analysis 5.1).
Sensitivity analyses excluding studies with high risk of attrition bias and excluding
studies without reporting on participants’ medication status also resulted in no
evidence of an effect (see Additional Table 3). No sensitivity analysis was possible
excluding studies with high risk of blinding bias since risk of blinding bias
of caregiver-reported outcomes was unclear for both studies (Gengoux 2019;
Hardan 2015).
Gengoux 2019 and Hardan 2015 additionally included the MacArthur-Bates
Communicative Development Inventories (CDI) as a measure for caregiverreported expressive language post-intervention. Meta-analysis of these outcomes
resulted in no evidence of effect in favour of PRT on the CDI Words produced
out of 396 scale (MD 33.96; 95% CI -116.27 to 184.19; 2 studies, 90 participants;
I2 = 90%; P = 0.66; Analysis 5.2), but resulted in evidence of a medium effect in
favour of PRT on the CDI Words produced out of 680 scale (MD 96.86; 95% CI 4.25
to 189.46; 2 studies, 90 participants; I2 = 36%; P = 0.04; Analysis 5.3).

Single study results
The RCT of Schreibman 2014 included the raw numbers of words produced on
the CDI as a measure of caregiver-reported expressive language post-intervention
and at follow-up. No evidence of an effect was found for both the postintervention assessment (MD -5.50, 95% CI -66.72 to 55.72; 1 study, 39 participants;
P = 0.86; Analysis 5.4) and the follow-up assessment (MD -16.50; 95% CI -87.66 to
54.66; 1 study, 39 participants; P = 0.65; Analysis 5.5).
Hardan 2015 additionally assessed the expressive language post-intervention
by describing the caregiver-reported mean length of longest utterance.
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No evidence of an effect in favour of PRT was found for this measure (MD 0.90;
95% CI -0.11 to 1.91; 1 study, 47 participants; P = 0.08; Analysis 5.6).

Adaptive communication (caregiver-reported social communication)
Four RCTs (Gengoux 2019; Hardan 2015; Schreibman 2014; Vernon 2019) and
one N-RCT (Smith 2019) reported the VABS-II Communication standard score as
a measure for adaptive communication. The VABS-II Communication standard
score has a range from 20 to 160, with a mean of 100 and SD of 15 (higher score
indicates better performance).
Meta-analysis results
We combined data of the VABS-II Communication scale post-intervention of the
four RCTs in a meta-analysis which indicated no evidence of an effect in favour
of PRT (MD 4.08; 95% CI -5.91 to 14.07; 4 studies, 152 participants; I2 = 77%;
P = 0.42; Analysis 6.1.1; Figure 6). We considered quality of the evidence as moderate
due to considerable statistical heterogeneity, no overlap between CIs of two
studies and overall low to unclear risk of bias. When conducting sensitivity analyses
excluding either studies with a high risk of attrition bias or studies with no reporting
on participants’ medication status, we also found no evidence of an effect. Since risk
of blinding bias of caregiver-reported outcomes was unclear or high for all studies
included in Analysis 6.1.1, we could not perform this sensitivity analysis.
Single study results
The N-RCT of Smith 2019 also included the VABS-II Communication scale as a
caregiver-reported measure of adaptive communication and no evidence of an
effect in favour of PRT was found (MD -3.45; 95% CI -7.90 to 1.00; 1 study, 137
participants; P = 0.13; Analysis 6.1.2; Figure 6; very low-certainty evidence).
Evidence was downgraded two levels due to study limitations and one level for
imprecision since only one N-RCT was analysed with critical risk of bias in multiple
domains. No sensitivity analysis was possible since this analysis only included
one study with high risk of blinding bias, attrition bias and lack of reporting on
participants’ medication status.
One RCT (Schreibman 2014) reported outcomes of the VABS-II Communication
scale also at follow-up and also found no evidence of an effect in favour of PRT
(MD -5.80; 95% CI -14.37 to 2.77; 1 study, 39 participants; P = 0.18; Analysis 6.2).
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Figure 6. Forest Plot Of Comparison: 6 Adaptive Communication (Caregiver-Reported Social
Communication), Outcome: 6.1 Vineland Communication: Standard Score (Caregiver-Reported) At
Postintervention

Social responsiveness (caregiver-reported social communication)
Four studies, two RCTs (Hardan 2015; Van den Berk-Smeekens 2020a) and two
N-RCTs (Duifhuis 2017; Smith 2019) used the SRS as an outcome of caregiver
(parent) - reported social responsiveness. Total raw scores on the SRS range from
0 to 192 (higher score means lower social responsiveness and thus means were
multiplied by -1) and t-scores range from < 40 (high level of social responsiveness)
to ≥ 76 (severe deficits in social responsiveness).
Meta-analysis results
We performed a meta-analysis of the two RCTs which indicated no evidence of an
effect in favour of PRT post-intervention (SMD 0.32; 95% CI -0.06 to 0.70; 2 studies,
117 participants; I2 = 0%; P = 0.47; Analysis 7.1.1). We judged quality of the evidence
as high due to low statistical heterogeneity. Since both RCTs (Hardan 2015; Van
den Berk-Smeekens 2020a) did not have high risk of attrition bias and did report
on participants’ medication status, no studies were excluded in these sensitivity
analyses, which yielded the same results (see Additional Table 3). Also, we could not
perform sensitivity analysis excluding studies with high risk of blinding bias because
both RCTs were judged high risk of blinding bias of caregiver-reported outcomes.
We also found no evidence of an effect in favour of PRT post-intervention when
combining results of the two N-RCTs in a meta-analysis (SMD 0.14, 95% CI -0.88 to
1.15; 2 studies, 150 participants; I2 = 83%; P = 0.79; Analysis 7.1.2). We considered
quality of the evidence very low, since both N-RCTs (Duifhuis 2017; Smith 2019)
had serious or critical risk of bias due to confounding (one N-RCT had critical risk
is bias in multiple domains) and since there was inconsistency among the studies
in delivery of the intervention. Sensitivity analysis excluding studies with high risk
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of attrition bias or excluding studies that did not report on participants’ medication
status also indicated no evidence of an effect in favour of PRT (see Additional
Table 3). Since risk of blinding bias was unclear or high for all studies, we could not
conduct sensitivity analysis excluding studies with high risk of blinding bias.

Single study results
The RCT of Van den Berk-Smeekens 2020a also administered the parent-reported
SRS at three month follow-up and the teacher-reported SRS post-intervention
and at three month follow-up. No evidence of an effect in favour of PRT was
found for the teacher-reported SRS at post-intervention (MD 4.80; 95% CI -8.09 to
17.69; 1 study, 68 participants; P = 0.47; Analysis 7.2) and for the parent-reported
(MD 8.50; 95% CI -7.29 to 24.29; 1 study, 69 participants; P = 0.29; Analysis 7.3) and
teacher-reported SRS (MD 3.40; 95% CI -8.86 to 15.66; 1 study, 68 participants; P =
0.59; Analysis 7.4) at three month follow-up.
Social responsiveness (direct or independent assessment of social
communication)
Single study result
One RCT (Vernon 2019) assessed observed percentage of intervals in which the
child showed social responsiveness to parent social bids during a five-minute
parent-child interaction post-intervention. Evidence of a large effect in favour
of PRT was found in this study (MD 16.70; 95% CI 3.65 to 29.75; 1 study, 21
participants; P = 0.01; Analysis 8.1).
Adaptive socialisation (caregiver-reported social communication)
Single study results
One RCT (Vernon 2019) and one N-RCT (Smith 2019) used the Socialisation
standard score on the VABS-II as a post-intervention measure of adaptive
socialization. The VABS-II Socialisation standard score has a range from 20 to 160,
with a mean of 100 and SD of 15 (higher score indicates better performance).
Evidence of a large effect in favour of PRT was found for the RCT (MD 10.91; 95%
CI 2.42 to 19.40; 1 study, 23 participants; P = 0.01; Analysis 9.1.1) but no evidence
of an effect was found in favour of PRT for the N-RCT (MD -1.74; 95% CI -5.81 to
2.33; 1 study, 130 participants; P = 0.40; Analysis 9.1.2).
Pragmatic communication (caregiver-reported social communication)
Single study results
The RCT of Mohammadzaheri 2014 used the mean of the parent- and teacherreported total score in the CCC as a measure for pragmatic communication at
83

Chapter 2 – Pivotal Response Treatment for autism spectrum disorder

post-intervention. Total raw scores on the CCC range from zero to 280. Evidence
of a large effect in favour of PRT was found for this study (MD 13.17; 95% CI
8.53 to 17.81; 1 study, 30 participants; P < 0.001; Analysis 10.1). One RCT (Rezaei
2018a) reported subscales of the CCC and found a significantly higher score on
all subscales (all P values < 0.001) except Speech (P = 0.26). However, insufficient
information was available to include these results in a quantitative analysis.

Receptive language (direct or independent assessment of social communication)
Single study results
The standard score on the PPVT (range 55-144, mean of 100, SD of 15) was
included in one RCT (Vernon 2019) as a measure of direct and independently
assessed receptive language at post-intervention. For this measure, evidence of a
large effect in favour of PRT was found (MD 37.63; 95% CI 12.43 to 62.83; 1 study,
23 participants; P = 0.003; Analysis 11.1).
Although receptive language was also examined in the N-RCT of Stock
2013 insufficient information was provided to quantitatively analyse the results. in
this study, no significant interaction effect between time and condition was found
using a mixed-model ANCOVA, with the PRT group and control group gaining
9.22 months and 10.36 months respectively at post-intervention compared with
baseline (Stock 2013).
Receptive language (caregiver-reported social communication)
Single study results
One RCT (Hardan 2015) included the receptive language subscale of the VABSII as a measure of caregiver-reported receptive language at post-intervention.
No evidence of an effect in favour of PRT was found (MD 2.60; 95% CI -3.77 to
8.97; 1 study, 47 participants; P = 0.42; Analysis 12.1).
Total language ability (direct or independent assessment of social
communication)
Single study results
Child’s general language ability post-intervention was measured with the PLS
total standard score in one RCT (Vernon 2019). Evidence of a large effect was
found in favour of PRT in this study (MD 17.78; 95% CI 2.45 to 33.11; 1 study, 23
participants; P = 0.02; Analysis 13.1).
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Peer interactions (direct or independent assessment of social communication)
Single study results
The RCT of Brock 2018 focused on peer interactions and play behaviour during
peer-mediated PRT and at post-intervention. Insufficient information was available
to include the data in the quantitative analysis. The authors reported mixed model
analyses showing a significant interaction effect between time and condition for
total interactions (P = 0.008), interactions initiated by the children with ASD (P =
0.03) and interactions initiated by the peers (P = 0.04). However, no significant
interaction effects between time and condition were found for appropriate peer
play (P = 0.17).
Secondary outcomes
Cognitive ability
Three studies, two RCTs (Gengoux 2019; Vernon 2019) and one N-RCT (Stock 2013)
assessed child’s cognitive ability with standardized scores (range around 55-145,
mean of 100, SD of 15) at post-intervention.
Meta-analysis results
In two RCTs, the post-intervention results are shown in the MSEL composite
score as a measure for cognitive ability (Gengoux 2019; Vernon 2019). A metaanalysis combining results of these studies showed no evidence of an effect
on this measure in favour of PRT (MD 7.83, 95% CI -16.37 to 32.03; 2 studies, 66
participants; I2 = 82%; P = 0.53; Analysis 14.1).
Single study results
The N-RCT of Stock 2013 also included post-intervention measures of cognitive
ability, but did not report sufficient information to include these in a quantitative
analysis. The standard score for cognitive ability post-intervention compared with
baseline was on average 13.15 points higher in the PRT group and 8.42 point
higher in the control group, with mixed-model analysis of variance (ANOVA)
indicating no significant interaction effect between time and condition (P = 0.29).
Restricted and repetitive behaviour
One N-RCT (Duifhuis 2017) reported Restricted and Repetitive Behavior as an
outcome and two RCTs (Gengoux 2019; Van den Berk-Smeekens 2020a) reported
total scores on measures for severity of ASD symptoms, of which additional
information was obtained for the RRB domains specifically.
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Meta-analysis results
From authors of two RCTs, additional results were requested and analysed for
the RRB domains of the BOSCC (Gengoux 2019) and the ADOS-2 (Van den BerkSmeekens 2020a). No evidence of an effect in favour of PRT post-intervention was
found in a meta-analysis of these results (SMD 0.18, 95% CI -0.36 to 0.72; 2 studies,
106 participants; I2 = 43%, P = 0.51; Analysis 15.1.1).
Single study result
One N-RCT (Duifhuis 2017) reported the RRB domain of the ADOS-2 and no
evidence of an effect in favour of PRT was found for this study (SMD 0.40, 95%
CI -0.43 to 1.23; 1 study, 23 participants; P = 0.34; Analysis 15.1.2).
Behavior problems
Five studies measured child behaviour problems postintervention (Duifhuis
2017; Mohammadzaheri 2014; Rezaei 2018a; Smith 2019; Stock 2013), of which
data of one RCT (Mohammadzaheri 2014) and two N-RCTs (Duifhuis 2017; Smith
2019) were included in the quantitative analyses and for data of one N-RCT (Stock
2013) a narrative description was provided. Data on this outcome in the RCT
of Rezaei 2018a was not included in this review due to inconsistencies between
information described in the study report compared with the correspondence
with the trial author.
Meta-analysis results
Two N-RCTs reported caregiver-reported externalising behaviour problems
as a post-intervention measure (Duifhuis 2017; Smith 2019). No evidence of an
effect was found in favour of PRT (SMD 0.27, 95% CI -0.07 to 0.60; 2 studies, 141
participants; I2 = 0%; P = 0.12; Analysis 16.1).
Single study results
Duifhuis 2017 also measured caregiver-reported internalising problems and total
behaviour problems, but did not found evidence of an effect for either the CBCL
Internalizing scale (MD 0.00, 95% CI -6.62 to 6.62; 1 study, 21 participants; P = 1.00;
Analysis 16.2) or CBCL Total problem behaviour score (MD 3.10, 95% CI -2.35 to
8.55; 1 study, 21 participants; P = 0.26; Analysis 16.3).
Total problem behaviour was also measured with the CBCL in another N-RCT
(Stock 2013) but not enough information was provided to include these results in
the meta-analysis. In the study of Stock 2013 the PRT group showed an average
decrease of on the CBCL Total Problem behaviour T-score (range 50-100) of 2.62
points post-intervention compared with pre-intervention, while the control group
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showed a decrease of 4.79 points. Results of the mixed-model ANOVA showed no
significant interaction effect between time and condition (P = 0.18).
The RCT of Mohammadzaheri 2014 reported observed disruptive behaviours as
a post-intervention outcome measure and these results indicate evidence of a large
effect in favour of PRT (MD 6.90, 95% CI 6.60 to 7.20; 1 study, 30 participants; P <
0.001; Analysis 16.4).

Global clinical functioning
Global clinical functioning was assessed in four RCTs (Gengoux 2019; Hardan
2015; Rezaei 2018a; Van den Berk-Smeekens 2020a). The Severity and
Improvement scales of the CGI both range from one to seven, with a lower score
representing better outcomes. Means were multiplied by -1 resulting in higher
scores representing better performance (reflected by lower severity and more
improvement) in the current analyses.
Meta-analysis results
Three RCTs (Gengoux 2019; Hardan 2015; Van den Berk-Smeekens 2020a) reported
sufficient information to include data on the CGI Severity scale at post-intervention
in a meta-analysis. We pooled data of these RCTs in a meta-analysis, which yielded
no evidence of an effect in favour of PRT (MD 0.17, 95% CI -0.02 to 0.37; 3 studies,
161 participants; I2 = 0%; P = 0.08; Analysis 17.1). We also performed a metaanalysis on the post-intervention CGI Improvement scale scores of these RCTs
and found evidence of a medium effect in favour of PRT (MD 0.56, 95% CI 0.08 to
1.04; 3 studies, 161 participants; I2 = 69%; P = 0.02; Analysis 17.2).
Single study results
The RCT of Van den Berk-Smeekens 2020a also reported the CGI outcomes at
follow-up, but no evidence of an effect in favour of PRT was found for the Severity
scale (MD 0.40, 95% CI -0.09 to 0.89; 1 study, 71 participants; P = 0.11; Analysis
17.3) and the Improvement scale (MD 0.10, 95% CI -0.44 to 0.64; 1 study, 71
participants; P = 0.71; Analysis 17.4).
Rezaei 2018a also included the CGI-I as an outcome measure, but provided
insufficient information to include the results in the quantitative analysis. Rezaei
2018a reported no significant differences between the PRT group and control
group on the CGI-I post-intervention (P = 0.77).
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Adaptive behaviour
One RCT (Vernon 2019) and two N-RCTs (Smith 2019; Stock 2013) reported the
adaptive behaviour composite score on the VABS as a caregiver-reported measure
for child’s adaptive behaviour post-intervention. The VABS-II composite score has
a mean of 100 and a SD of 15.
Single study results
Vernon 2019 showed evidence of a large effect on child adaptive behaviour in
favour of PRT (SMD 1.29, 95% CI 0.37 to 2.20; 1 study, 23 participants; P = 0.006;
Analysis 18.1.1).
However, in the N-RCT of Smith 2019 no evidence of an effect in favour of
PRT was found for this outcome (SMD -0.29, 95% CI -0.64 to 0.06; 1 study, 127
participants; P = 0.11; Analysis 18.1.2).
Insufficient information was provided in the N-RCT of Stock 2013 to include
data of this study in a quantitative analysis. No significant interaction effect was
found between time and condition on the ANCOVA (P = 0.16), with the PRT group
and control group showing an average increase at post-intervention compared
with baseline of 5.5 and 2.7 points respectively on the VABS-II Adaptive Behaviour
Composite standard score (Stock 2013).
Adverse effects
Single study results
Data on presence of adverse effects in the trial were reported in three RCTs
(Gengoux 2019; Hardan 2015; Rezaei 2018a). Two RCTs reported no adverse
effects (Gengoux 2019; Hardan 2015) and one RCT only reported side effects of
risperidone use but no adverse effects resulting from PRT (Rezaei 2018a).
Parent outcomes
Six studies (Duifhuis 2017; Koegel 1996; Nefdt 2010; Schreibman 1991; Stock
2013; Van den Berk-Smeekens 2020a) reported data on parent outcomes, of which
we analysed data of three RCTs (Koegel 1996; Nefdt 2010; Van den Berk-Smeekens
2020a) and one N-RCT (Duifhuis 2017) quantitatively and described data of one
RCT (Schreibman 1991) and N-RCT (Stock 2013) narratively because of insufficient
information for performing analysis.
Single study results
Three studies included caregiver-reported parental stress as an outcome at either
post-intervention (Duifhuis 2017; Stock 2013;) or post-intervention and three
month follow-up (Van den Berk-Smeekens 2020a). No evidence of an effect was
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found in favour of PRT for the RCT of Van den Berk-Smeekens 2020a (SMD 0.20,
95% CI -0.30 to 0.71; 1 study, 70 participants; P = 0.43; Analysis 19.1.1) and the
N-RCT of Duifhuis 2017 (SMD 0.15, 95% CI -0.71 to 1.01; 1 study, 21 participants;
P = 0.73; Analysis 19.1.2) at post-intervention.
Also, no evidence of an effect was found for data of the study of Van den
Berk-Smeekens 2020a at follow-up (MD 2.60, 95% CI -5.65 to 10.85; 1 study; 69
participants; P = 0.54; Analysis 19.2). The scale of the measure that was used, the
OBVL total score, ranged from 34 to 136.
The N-RCT of Stock 2013 included parental stress as an outcome as well. A
mixed-model ANOVA indicated no significant interaction effect between time and
condition (P = 0.84), with the PRT group showing a mean decrease of 3.1 points on
the PSI short form, while the mean decrease was 1.8 points for the control group.
Two RCTs provided data on observed parental affect at post-intervention
(Koegel 1996) or during the intervention (Schreibman 1991). Parental affect was
measured at a six-point scale ranging from zero (negative) to five (positive).
Data presented in the RCT of Koegel 1996 indicated evidence of large effects in
favour of PRT for parental happiness (MD 0.94, 95% CI 0.41 to 1.47; 1 study, 17
participants; P < 0.001; Analysis 19.3) parental interest (MD 1.28, 95% CI 0.35 to
2.21; 1 study, 17 participants; P = 0.007; Analysis 19.4), parental stress (MD 0.76,
95% CI 0.14 to 1.38; 1 study, 17 participants; P = 0.02; Analysis 19.5) and parental
communication style (MD 0.89, 95% CI 0.21 to 1.57; 1 study, 17 participants;
P = 0.01; Analysis 19.6). Using a similar scale, Schreibman 1991 reported that the
means for parental enthusiasm, interest, happiness, and overall affect ratings
during the intervention were, respectively, 0.79, 0.72, 0.97, and 0.83 points higher
in the PRT group compared with the control group (no exact P values described).
One RCT (Nefdt 2010) reported parental confidence at post-intervention and
evidence of a large effect was found in favour of PRT for data presented in this
study (MD 1.64, 95% CI 0.67 to 2.61; 1 study, 27 participants; P < 0.001; Analysis
19.7).

Discussion
We conducted this systematic review and meta-analysis to evaluate the
effectiveness of PRT compared with (ABA-based or non-ABA-based) treatment as
usual or a wait-list control for individuals with ASD. Of 149 full-text records, we
included 14 studies (11 RCTs and 3 N-RCTs), and identified seven ongoing studies
to the effectiveness of PRT.
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Summary of main results
Fourteen studies, published in 25 reports, were included in this review. In total,
these studies included an analysed sample of 540 participants, with considerable
variation in sample sizes across studies. The effect of PRT was compared with
either an active (ABA-based or non-ABA-based) comparison group or a waitlist (no intervention) control group. The majority of studies were conducted in
Northen American (i.e. USA or Canada) and a variety of implementation settings
were described (i.e. at an university treatment centre, at home, at school, in
community settings). In most studies, ASD diagnosis of participants was based
on expert clinical judgement and supported by a DSM classification. Participants
were predominantly males (> 80% in most studies) and the majority of included
participants were either in the preschool age or early school age (< nine years
old). Only one study included late school-aged children and young adolescents,
and no studies were included with participants in the late adolescent or adult
age. Most studies described either skills described as “pivotal” in the theoretical
model of PRT, or specific skills related to spoken language development as the
target behaviour of PRT in their trial, and included outcomes on ‘collateral’ skills
or functioning areas besides outcomes measures on directly targeted behaviours.
Although some of the included RCTs had low risk of selection bias, this kind
of bias was unclear for the majority of studies since insufficient information
was provided on either random assignment or allocation concealment. Risk
of performance bias was high for all RCTs and while risk of detection bias was
generally high for caregiver-reported outcomes, most RCTs used blinded raters
for observed or individually administered outcomes which resulted in low risk
of detection bias for these types of outcomes. Due to lack of information on
incomplete outcome data, most studies had unclear risk of attrition bias. Also, risk
of reporting bias was generally unclear or high for the included studies, since the
study protocol was either unavailable or did not match all reported outcomes. All
three N-RCTs had either serious or critical overall risk of bias, since one or more on
the risk of bias domains received this judgement.
The meta-analyses indicated medium-to-large beneficial effects of PRT
for individuals with ASD on observed frequency of functional language (i.e.
utterances) use, observed mean length of utterance, and caregiver-reported
number of words produced as outcomes that include directly targeted skills of
PRT. Generally, conclusions on the primary outcomes did not change when we
conducted sensitivity analyses excluding studies with high risk of blinding bias or
attrition bias. However, sensitivity analyses excluding studies with no reporting
on participants’ medication status generally resulted in no evidence of beneficial
effects of PRT. Of outcomes that were not defined as direct target behaviour
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(i.e. ‘collateral’ outcomes) within PRT, we only found beneficial effects of PRT on
reduction of ASD symptom severity (large effect) and improvement in global
clinical functioning (medium effect). However, we found no evidence of an effect
of PRT on reducing ASD symptom severity for the sensitivity analyses excluding
studies with a high (or unclear) risk of blinding bias and excluding studies with no
reporting on participants’ medication status. Measures for ASD symptom severity
consisted predominantly of items related to one of the core ASD symptom
domains, namely social communication. As opposed to medium-to-large
beneficial effects for some of the directly targeted skills, we found no evidence
for beneficial effects of PRT on more general measures of expressive language
(both directly assessed and caregiver-reported), caregiver-reported adaptive
communication, caregiver-reported social responsiveness, cognitive ability,
reduced restricted and repetitive behaviour, and reduced behaviour problems in
the meta-analyses.
Although we found evidence of a beneficial effect of PRT for observed social
responsiveness, adaptive socialization, pragmatic communication, directly
assessed receptive language, total language ability and adaptive behaviour, the
evidence for these outcomes is limited since these were derived from the results
of single studies. Only three of the included studies reported information on
adverse effects and no harmful effects were reported as a result of PRT. We found
mixed results among studies that included parent outcomes and these findings
are limited because these could not be combined in a meta-analysis and were
only derived from single study results.

Overall completeness and applicability of evidence
This review provides an up-to-date overview of the state of the evidence of
PRT for individuals with ASD. We were only able to combine data on some of
the outcomes in the meta-analyses. The multiplicity of the different outcome
measures limited the possibility to include more than two to three studies in most
of the quantitative analyses, which may have limited the validity of our review.
Results of this review mainly apply to preschool and early school-aged children
with ASD, since these were the age groups of participants in the majority of
studies. Because we did not identify studies that evaluated the effectiveness
of PRT in (late) adolescents and adults, evidence from this review cannot be
applied to all individuals with ASD. Furthermore, we did not include infants at
risk for ASD in this review, while adapted versions of PRT have been described
earlier for this age group (Steiner 2013). The high percentage of males among
the included studies is in line with the general overrepresentation of males in
autism intervention studies (Watkins 2014), but possibly limits the applicability of
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the results to females. Included studies were conducted in children that showed
considerable variation in IQ levels and levels of functional language use. However,
not all studies provided detailed information on participant’s (verbal) cognitive
functioning. Moreover, since many studies did not report specific information on
ASD symptom severity, presence of psychiatric comorbidities and medication use,
and because we did not identify enough studies to conduct subgroup analysis, it
is not possible to draw conclusions on which groups of participants benefit most
from PRT.
All studies refer to the use of a PRT manual or guidebook (e.g. Koegel 2012).
However, studies differed greatly in duration (from five weeks to 52 weeks) and
intensity (from 0.8 hours to 13.2 hours a week). We quantitatively combined
studies with variable durations and intensity of PRT but could not conduct a
subgroup analysis on intervention-related components of effectiveness due to a
lack of studies. One of the core aspects of PRT is the implementation of techniques
during daily routines and contexts, which increases intervention hours beyond
the protocolised therapy sessions while implementation is more congruent with
family routines and school attendance. The majority of studies described parents
as the primary implementers of PRT, besides or trained by clinicians. However,
while PRT fidelity of implementation was generally reported for clinicians, not
all studies in which PRT was implemented by parents reported parental fidelity
of implementation. Subgroup analyses on fidelity of PRT implementation and its
relation to the effect estimates was not possible due to the low number of studies
identified in the current review. In most of the studies, (stable) concomitant ABAbased, speech, family, occupational or educational therapy were allowed besides
PRT, which reflects usual care for (young) children with ASD.
Outcomes were generally reported at postintervention compared with
baseline, and only two studies included short-term (three months) follow-up
measures (Schreibman 2014; Van den Berk-Smeekens 2020a). Long-term followup measures were not included in any of the identified studies for this review.
Therefore, results from this review apply to effects observed immediately
following the intervention, and we are unable to draw conclusions on sustained
effects of PRT over time (i.e. over the course of development).

Quality of the evidence
The results of this systematic review were based on only 14 studies (11 of which
were included in quantitative analyses), with a limited number of participants.
We considered many of the included RCTs to be at high or unclear risk of bias
in one or more domains, and all N-RCTs had either serious or critical risk of bias
in at least one domain. Judgement of risk of bias (study limitations), paired with
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either inconsistency among studies or imprecision, resulted in downgrading the
quality of the evidence using the GRADE approach (Guyatt 2008), to moderate,
low or very low for the majority of the primary outcomes. We did not downgrade
quality of the evidence for four of our primary outcomes since the meta-analyses
for these outcomes were conducted on data from RCTs with low heterogeneity
and low to unclear risk of bias. Overall, future research is (very) likely to impact
our confidence in the estimates of effect and is likely to change the estimates.
These results are in line with other Cochrane systematic reviews on interventions
for individuals with ASD, that generally report moderate and very low quality of
evidence (Lyra 2017).

Potential biases in the review process
We aimed to minimise potential biases in the review process in the following
ways. Before we performed the review, we published the protocol in the Cochrane
Database of Systematic Reviews. We conducted a comprehensive search for
relevant studies in a large variety of electronic databases, scientific journals on
ASD, conference abstracts and by contacting experts in the field. We did not
exclude studies on the basis of language, publication status or date. Two review
authors worked independently to assess abstracts and full-texts against the
eligibility criteria, and review authors were blinded for information on trial authors,
affiliations, year and journal of publication. Further, two review authors worked
independently to assess risk of bias for all studies using either the Cochrane’s
tool for assessing risk of bias for RCTs (Higgins 2017) or the ROBINS-I assessment
tool for N-RCTs (Sterne 2016). When one or two review authors were involved in
one of the included studies, selection of studies, data extraction, assessment of
risk of bias and grading the certainty of evidence was done by (an) independent
rater(s). We analysed data from RCTs separately from data from N-RCTs. Also, we
did not merge caregiver-reported outcomes with outcomes by observation or
direct assessment, since it is more difficult to blind the child’s caregivers to the
intervention, due to the nature of the intervention.
However, there may have been potential biases in the review process. We did
not include a definition of adverse effects resulting from PRT, and only included
information on adverse effects defined by each of the trial author groups,
resulting in limited information on possible adverse effects. Furthermore, in line
with our protocol, we included adverse effects as a secondary outcome although
this should have been a primary outcome. These issues should be considered
when interpreting our results.
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Agreements and disagreements with other studies or reviews
Results of the current review are partly in line with the results of an earlier systematic
review of PRT for individuals with ASD (Ona 2020); the authors of that review
performed meta-analyses on four of the studies that were also included in our
review. Ona 2020 found no evidence of an effect in favour of PRT for caregiverreported outcomes of communication, while we also found no evidence of an
effect for most of our caregiver-reported outcomes on child’s social communication.
However, for this outcome, Ona 2020 merged results of the Communication domain
of the VABS-II with those of CCC. Although both outcomes refer to caregiverreported communication, they also show marked differences, with the former
focusing mainly on child’s adaptive communication skills and the latter on pragmatic
aspects of communication. Therefore, we considered it inappropriate to merge
the data from these outcomes in one analysis. Furthermore, Ona 2020 combined
data on the frequency of functional language use and mean length of utterance
and found evidence of an effect, while we treated these as separate outcomes of
directly assessed expressive language. Although we also found evidence of an
effect in favour of PRT in the meta-analyses of frequency of functional language use
and mean length of utterance, we did not find evidence of an effect for all directly
assessed outcomes of expressive language. Ona 2020 considered quality of the
evidence to be low or very low for all outcomes, while we considered quality of the
evidence as moderate, low or very low for the majority of the primary outcomes
and high for some of the primary outcomes. This may be due to the larger number
of studies and participants that we identified compared with the Ona 2020 review.
The finding that the majority of studies evaluating PRT were conducted in mostly
male participants within the preschool age or early school age is in agreement with
reviews evaluating solely (Bozkus-Genc 2016) or predominantly (Verschuur 2014)
SCD studies. Bozkus-Genc 2016 included SCD studies in a meta-analysis but did not
examine the quality of the evidence and did not specify outcomes within the socialcommunication domain, while Verschuur 2014 evaluated the quality of the evidence
and specified outcomes in more detail, but did not perform a meta-analysis. Other
reviews only provided a narrative description of predominantly SCD studies
evaluating PRT and did not evaluate outcomes of PRT compared with treatment
as usual or a wait-list control (Bozkus Genc 2013; Cadogan 2015; Lang 2009). These
issues complicate the comparison of our results with those of previous reviews
to the effectiveness of PRT. Progress has been made in developing methods for
statistically combining studies using group designs with SCD studies (e.g. Shadish
2014). However, there is currently no agreement on the best methodology for
combining data from group designs and SCD, and whether these can or should
be combined.
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Authors’ conclusions
Implications for practice
The findings of this review have implications for clinical practice. Bearing in
mind the potential biases, PRT may be useful in increasing functional language
use, mean length of utterance and numbers of words produced in preschool and
early school-aged children with ASD, and in reducing severity of ASD symptoms
and improving global clinical functioning in this target group. However, we
were unable to find support for widespread collateral gains in different areas of
functioning and development by focusing on pivotal areas of intervention, as is
assumed by the theoretical model underlying PRT (Koegel 2006; Koegel 2019).
Although we found evidence of a beneficial effect for some of the skills that are
directly targeted by PRT and some non-directly targeted outcomes, these effects
did not hold in all sensitivity analyses. Furthermore, behaviours that are often
referred to as ‘pivotal’, such as motivation for social communication, self-initiations,
responsivity to multiple cues and self-management, were not directly measured
in the included studies. Moreover, measures for severity of ASD symptoms mainly
represent the social communicative domain, and only minimally represent the
restricted and repetitive behaviour and sensory abnormalities domain. When
analysing the restricted and repetitive domains separately, we found no evidence
of an effect of PRT. This implies that PRT may be particularly useful in lowering the
social-communicative symptoms related to ASD. Also, we found no evidence that
PRT may contribute to an improvement in more generally measured expressive
language, adaptive communication, social responsiveness, or cognitive ability, or
to a reduction in behaviour problems in individuals with ASD.
Furthermore, on the basis of the evidence considered in this review, we are
unable to draw conclusions on the usefulness of PRT for late school-aged children,
adolescents and adults with ASD. Also, we are unable to investigate the role of
individual characteristics and environmental factors as potential moderators of
the impact of PRT, and the impact of ‘dosage’ factors such as frequency, intensity
and implementation setting, due to the low number of studies identified. Also, we
only found evidence of the beneficial effects of PRT directly after the intervention
had ended (i.e. at postintervention), so no conclusions can be drawn on possible
beneficial effects of PRT at either short-term or long-term follow-up. From this
review, we were also unable to compare the effects of PRT to other specific
interventions for ASD, since too few studies were identified to allow subgroup
analyses on types of comparison.
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Implications for research
More high-quality studies with low risk of bias and sufficient sample sizes are
needed to evaluate the effect of PRT compared with treatment as usual or a waitlist control for individuals with ASD. For instance, a low number of included studies
had a pre-registered study protocol, while pre-registration in a trial register
may lower possible reporting bias. Also, use of blinded observers is especially
important when blinding of participants and personnel is not possible in order
to lower risk of bias. Future studies that investigate PRT should state which
behaviours are directly targeted by PRT and which outcomes are considered
as not directly targeted and more general, as is an overall recommendation for
ASD intervention studies (Lord 2005). Also, more research on skills that can be
considered ‘pivotal’ to obtain development in other functioning areas may help to
unravel the possible working mechanisms of PRT. Besides outcomes that measure
reduction of core symptoms of ASD, future intervention studies should include
outcomes on improved well being and quality of life of both individuals with ASD
and their families (Lord 2020). Furthermore, including qualitative assessments of
experiences of caregivers, teachers and other important implementers in future
studies may provide valuable information on the social validity of PRT.
Moreover, more females should be included and participants’ age ranges
should be extended from predominantly young children to other ages such as
adolescents and adults, to evaluate possible effects of PRT for a broader group
of individuals with ASD. Given the heterogeneity among individuals with ASD
in the severity of ASD symptoms, cognitive and language ability and adaptive
functioning (Georgiades 2013), it is important that future studies specify
participant characteristics in detail to determine applicability of the study
results for subgroups of this population. Also, specification of the characteristics
of the intervention in terms of duration, intensity and implementation setting
should be extended in future studies. These specifications of individual-related
and intervention-related characteristics combined with availability of more
high-quality studies that include larger samples will provide more insight into
the predictors of treatment response and how PRT can be modified for nonresponders in order to beneficial for as many individuals with ASD as possible.
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Characteristics of studies
Characteristics of included studies
Brock 2018
Methods

quasi-randomised controlled trial

Participants

Sample: children with educational diagnosis of ASD
Sample size: 11 (PRT = 6, Control = 5)
Age: range = 8 to 12 years, no means reported
Gender: 91% male in total group (PRT: 100.0%, Control: 83.3%)
Cognitive ability: PRT: mean IQ = 76.6 (no range reported), Control: mean IQ = 83.5 (no range reported)
Baseline severity of ASD symptoms: not reported
Psychiatric comorbidities: not reported
Medication status: not reported
Intervention: peer-implemented PRT
Setting: study conducted in the USA; at school during recess
Duration: 5 weeks
Intensity: exact intensity unknown, a 45-minute meeting was used to train peers and ongoing support at recess
(20-30 minutes)
Implementers: peers, trained by adult facilitators
Control: no training or instruction
Total interactions (observed)
Appropriate peer play (observed)
Appropriate solitary play (observed)
Inappropriate play (observed)
No play (observed)
Funding: This research was made possible, in part, through the Strickland Research Professional Development
Fund, a gift to the Ohio State University Department of Educational Studies, to support research in the area of
teacher and administrator professional development.

Interventions

Outcomes

Notes

Risk of bias table
Bias

Authors’
judgement
Random sequence generation Unclear risk
(selection bias)

Allocation concealment
Unclear risk
(selection bias)
Blinding of participants and High risk
personnel (performance bias)

Blinding of outcome
assessment (detection bias)
Observed outcomes

Support for judgement
Quote: “the first participant we recruited was assigned to the experimental
condition so that we could pilot intervention procedures. The other ten participants
were randomised to the experimental or control condition using a random number
generator” (p 2225, 4th paragraph)
Judgement comment: first participant was foreseen, others probably not, but not
explicitly described
Judgement comment: Adult facilitators knew which group they were in, were
told that the researchers “wanted to observe what recess typically looked like”. Adult
facilitators in the experimental condition received “1-h training” (p 2225, 5th-6th
paragraph). Supervisory meetings with peers were only done in the experimental
group, peers and students were aware of peer-mediated intervention.

Unclear risk
Judgement comment: no information provided on blinding of observers
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Blinding of outcome
assessment (detection bias)
Caregiver-reported outcomes
Incomplete outcome data
(attrition bias)
Selective reporting (reporting
bias)
Other bias

Unclear risk
Judgement comment: no caregiver-reported outcomes described
Unclear risk

Judgement comment: no information on incomplete outcome data

Unclear risk

Judgement comment: no study protocol available. All outcomes mentioned under
“method” are reported upon in the results.

Low risk

Judgement comment: no evidence of other bias

Duifhuis 2017
Methods

non-randomised controlled before-and-after study

Participants

Sample: children with ASD classified according to DSM-IV criteria, as confirmed by a child psychiatrist
Sample size: 24 (PRT = 11, Control = 13)
Age: range = 3-8 years (PRT mean = 5.9, Control mean = 5.7)
Gender: 83.3% males (90.0% in PRT, 76.9% in control)
Cognitive ability: IQ range = 50-130 in total group, ability to speak with one words as a minimal level of
language proficiency (PRT mean IQ = 94.9, Control mean IQ = 98.4)
Baseline severity of ASD symptoms: PRT mean ADOS total score of 7.2 (moderate), Control mean ADOS
total score of 3.8 (low)
Psychiatric comorbidities: 16.7% ADHD in total group (PRT = 18.2% ADHD, Control = 15.4% ADHD)
Medication status: 16.7% in total group (PRT = 9.1%, Control = 23.1%)
Intervention: PRT
Setting: The Netherlands; sessions were implemented in the clinic, but parents were trained in using PRT in
everyday situations
Duration: six months
Intensity: 20 weekly, 45-minute sessions, including a 90-minute school visit, with a total of 16.5 hours of
intervention (next to these intervention hours, parents were encouraged to use PRT techniques at home)
Implementers: clinicians and parents
Concomitant interventions: no concomitant speech and language therapy
Control: treatment as usual, psycho-education and parent mediation therapy
Postintervention:
Autism Diagnostic Observation Schedule (Lord 2000)
Social Responsiveness Scale (Constantino 2005)
Child Behavior Checklist (Achenbach 1991)
Dutch “Nijmegen Ouderlijke Stress Index - Kort” (Nijmegen Parental Stress Index short form, De Brock 1992)
Funding: grant from Karakter Child and Adolescent Psychiatry Centre
Comment: risk of bias assessed with ROBINS-I tool

Interventions

Outcomes

Notes

Risk of bias table: see Additional Table 2
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Gengoux 2019
Methods

RCT

Participants

Sample: children diagnosed with ASD based on DSM-5, ADI-R, ADOS and expert clinical judgement
Age: 2-5 years (no mean reported) (PRT mean = 4.1 years (no range reported), Control mean = 3.9 years (no range
reported))
Gender: 88.4% males in total group (PRT = 91.3% males, Control = 85.0% males)
Cognitive ability: significant language delay in total group (> - 1 SD on PLS-5 expressive language, no means
reported); PRT mean MSEL composite score = 49.9, Control mean MSEL composite score = 50.9
Baseline severity of ASD symptoms: ADI-R and ADOS-2 were administered, but no baseline scores reported.
Baseline SRS raw score: PRT mean = 95.8, Control mean = 98.3
Psychiatric comorbidities: no other sever psychiatric disorders
Medication status: not reported
Randomized: 48 randomised (PRT = 24, Control = 24)
Analysed: 43 randomised (PRT = 23, Control = 20)
Interventions Intervention: PRT
Setting: USA; at home (clinician-delivered) combined with parent training
Duration: 24 weeks
Intensity: weeks 1-12 consisted of weekly, 60-minute parent training and 10 hours per week clinician-delivered,
in-home treatment; weeks 12-24 consisting of monthly, 60-minute parent training sessions and 5 hours per week
of in-home treatment
Implementers: clinicians (both bachelor’s level and master’s level) and parents
Concomitant interventions: stable concomitant interventions, < 60 minutes of weekly individual speech
therapy, < 15 hours of weekly 1:1 ABA treatment (with mean of 8.9 hours a week)
Control: wait-list control (delayed treatment group)
Outcomes
Postintervention:
Frequency of functional utterances (observed)
Brief Observation of Social Communication Change (BOSCC) total scores and sub scores (Grzadzinski 2016)
MacArthur-Bates Communicative Development Inventories, words produced out of 396 and 680 (Fenson 2007)
Vineland Adaptive Behavior Scales-II, Communication subscale and expressive v-scale score (Sparrow 2005)
Preschool Language Scale-5, expressive standard score (Zimmerman 2011)
Mullen Scales of Early Learning composite score and expressive language raw score (Mullen 1995)
Social Responsiveness Scale-2, total score (Constantino 2012)
Clinical Global Impression Severity and Improvement (Guy 1976)
Notes
Funding: supported by a grant from the National Institute on Deafness and Other Communication Disorders
(DC01368902; principal investigator: Dr Hardan). Dr Abrams received additional support from a National Institute
of Mental Health K01 Mentored Research Scientist Development Award (MH102428). Data management was
supported by the National Center for Research Resources and the National Center for Advancing Translational
Sciences, National Institutes of Health through grant UL1 TR001085. Funded by the National Institutes of Health
(NIH)

Risk of bias table
Bias

Authors’
judgement

Support for judgement

Random sequence generation
(selection bias)

Low risk

Judgement comment: A random component is described.
Quote: “randomly assigned ... via electronic generation of random numbers” (p
3, 2nd paragraph)
Judgement comment: Both participants and trial-involved investigators could
not foresee assignment.
Quote: “assigned…by a senior investigator not involved in the trial” (p 3, 2nd
paragraph)

Allocation concealment (selection Low risk
bias)
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Blinding of participants and
personnel (performance bias)
Blinding of outcome assessment
(detection bias)
Observed outcomes

High risk

Blinding of outcome assessment
(detection bias)
Caregiver-reported outcomes
Incomplete outcome data
(attrition bias)

High risk

Selective reporting (reporting
bias)

High risk

Other bias

Low risk

Low risk

Unclear risk

Judgement comment: Both participants and personnel could not be blinded
to treatment allocation.
SLO: “raters blind to group assignment” (p 4, 5th pargraph)
BOSCC: “systematic method for blinded raters” (p 4, 3rd paragraph)
CGI: “completed by a senior investigator blind to group assignment” (p 4, 7th
paragraph)
Judgement comment: none of the care-giver reported outcomes described
as blinded
Judgement comment: A higher exclusion of participants in DTG (p 3
Figure 1), no ITT analyses used. Missing values for specific outcome measures
(correspondence with author: there were missing values for specific measures
because the parent did not return the measure or items were missing)
Judgement comment: Reported measures do not reflect all intended
measures in study protocol. The Sensory Profile, Behavior Rating Inventory of
Executive Function, Parenting Stress Index and Family Empowerment Scale are
mentioned as secondary outcome measures but have not been reported in the
paper (correspondence with author: additional measures were planned to be
described in an additional publication, but this has not been done yet).
Judgement comment: no other sources of bias identified

Hardan 2015
Methods

RCT with stratification based on gender

Participants

Sample: children diagnosed with autism based on DSM-IV criteria, ADI-R (Lord 1994), ADOS (Lord 2000) and
expert clinical judgment
Age: range = 2-6 years in total group (PRT mean = 4.1y (no range reported), Control mean = 4.1y (no range
reported))
Gender: 77.4% males in total group (PRT = 76.0% male, Control = 73.9% male)
Cognitive ability: communication delayed on PLS-4, able to vocalize with intent in total group, PRT mean
MSEL (Mullen 1995) developmental quotient = 52.8, Control mean MSEL developmental quotient = 53.5
Baseline severity of ASD symptoms: not reported, only raw scores on SRS (Constantino 2005); PRT
mean = 77.9, Control mean = 78.9
Psychiatric comorbidities: no comorbid severe psychiatric disorder
Medication status: Medications and biomedical treatments were stable.
Randomised: 53 (PRT = 27, Control = 26)
Analysed: 47 (PRT = 25, Control: N = 22)
Intervention: group-delivered PRT
Setting: USA, autism program within academic medical centre
Duration: 12 weeks
Intensity: weekly therapy sessions, eight 90-minute sessions were parent-only group sessions consisting of 4-6
parents and 1-2 leading clinicians, and in four visits, parent-child dyads met individually with a clinician, with a
total of 18 hours of intervention
Implementers: parents, educated by psychologists specialized in PRT
Concomitant interventions: stable concomitant interventions (e.g. ABA in 52% of total, special education,
medications, biomedical treatments). No more than 60 minutes of weekly individual speech therapy (91% of
total).
Control: psycho education group (PEG)

Interventions
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Outcomes

Notes

Postintervention:
Total number of utterances from structured language observation (observed)
Number of unintelligible, imitative, verbally prompted, nonverbally prompted, and spontaneous utterances
(observed)
Parent fidelity of treatment implementation (observed)
MacArthur-Bates Communicatie Development Inventories (Fenson 2007), mean length of utterance and words
produced
Vineland Adaptive Behavior Scales-II (Sparrow 2005), communication domain, expressive and receptive raw
score
Social Responsiveness Scale (Constantino 2005), total score
Clinical Global Impression (Guy 1976), severity and improvement focused on social communication
Preschool Language Scale-4 (Zimmerman 2002), expressive standard score
Funding: work supported by an Autism Speaks Treatment Grant (#5773; PI = Hardan); the foundation was
not involved in the trial. Data management was supported by the National Center for Advancing Translational
Sciences, National Institutes of Health, through grant UL1 RR025744.
Comment: studies of Gengoux 2015 and Hegarty 2019 present data on a subsample of the study.

Risk of bias table
Bias
Random sequence generation
(selection bias)
Allocation concealment
(selection bias)
Blinding of participants and
personnel (performance bias)
Blinding of outcome assessment
(detection bias)
Observed outcomes
Blinding of outcome assessment
(detection bias)
Caregiver-reported outcomes
Incomplete outcome data
(attrition bias)

Authors’
judgement
Low risk

Support for judgement

Low risk

Quote: “randomisation was done ... by a senior investigator not involved in the
clinical assessment or treatment” (p 885)

High risk
Low risk

High risk

Low risk

Selective reporting (reporting
bias)

High risk

Other bias

Low risk

Quote: “randomisation was done using a coin flip (www.random.org)” (p 885)

Judgement comment: parents and personnel were not blinded
Judgement comment: child frequency of utterances, parent fidelity of
implementation, CGI scored by independent raters blind to group assignment, and
treatment phase
Judgement comment: MacArthur-Bates Communicative Developmental
Inventories, Vineland Adaptive Behavior Scale and Social Responsiveness Scale
were not blinded
Judgement comment: Attrition was more or less equal in both groups.
Quote: “five subjects were excluded (two PRTG and three PEG) due to changes
in concomitant therapies during the trial and their data were not included in the
analyses. Forty-seven subjects (PRTG = 25; PEG = 22) completed the study with
one participant in the PEG group lost to follow-up” (p 887, 1st paragraph)
Judgement comment: intended outcomes stated in the first version of the
published protocol did not match all the reported outcomes (correspondence
with author: additional measures were planned to be described in an additional
publication, but this has not been done yet)
Judgement comment: no evidence for other bias
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Koegel 1996
Methods

RCT

Participants

Sample: children with autism and their families, diagnosis based on DSM-III-R criteria and criteria of the Autism
Society of America
Sample size: 17 (PRT = 7, Control = 10)
Age: 3-9 years (PRT range = 3-6 years, no means reported (“near 6 years”); Control range = 3-9 years, no means
reported (“near 6 years”)
Gender: 58.8% male (PRT = 71.4% male, Control = 50.0% male)
Cognitive ability: Average Vineland Social Maturity and Adaptive Behavior Scales Scores “near 50”; PRT
range = 49-69 (no means reported), Control range = 29-89 (no means reported)
Baseline severity of ASD symptoms: not reported
Psychiatric comorbidities: not reported
Medication status: not reported
Intervention: PRT
Setting: USA; setting not reported, parents were videotaped in home setting
Duration: not reported; differed for each participant, parents continued training demonstration of a minimum of
80% accuracy on each of the components of PRT
Intensity: not reported
Implementers: both parents and therapists; parents were taught using manualised procedures, videotaped an in
vivo examples form therapists and in vivo feedback from therapists
Concomitant interventions: not reported
Control: Individual Target Behavior (ITB) parent training program, ABA-based
Happiness, Interest, Stress and Communication Style of parents scored by independent observers from 5-minute
parent-child interaction samples obtained during dinner time at home. Four 6-point Likert scales were adapted
from similar scales by Koegel and Egel (1979) and by Schreibman (1991).
Funding: supported, in part, by US Public Health Service Research Grants and by US Department of Education
Grants

Interventions

Outcomes

Notes

Risk of bias table
Bias
Random sequence generation
(selection bias)
Allocation concealment
(selection bias)
Blinding of participants and personnel
(performance bias)
Blinding of outcome assessment
(detection bias)
Observed outcomes
Blinding of outcome assessment
(detection bias)
Caregiver-reported outcomes
Incomplete outcome data
(attrition bias)
Selective reporting (reporting bias)
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Authors’
judgement
Unclear risk

Unclear risk
High risk
Low risk

Support for judgement
Quote: «The families were randomly assigned to one of the two parent
training conditions» (p 349)
Judgement comment: no further information specified
Judgement comment: Insufficient information on allocation concealment
Judgement comment: trainers were naive to the purpose of the study,
parents were not blinded
Quote: “The independent observers were university students with
knowledge and experience in the field of autism, but who were naive to the
experimental condition for each family.” (p 354, 2nd paragraph)

Unclear risk
Judgement comment: no caregiver-reported outcomes
Unclear risk
Unclear risk

Judgement comment: insufficient information on incomplete outcome
data
Judgement comment: The study protocol is not available. However, the
published reports include all expected or pre-specified outcomes.

Other bias

High risk

Judgement comment: no information provided on duration and intensity,
and differences in these between both groups and how this may have
affected outcomes, although participants in both groups “were taught the
same general procedures” (quote)

Mohammadzaheri 2014
Methods

RCT with matching on age, sex and mean length of utterance

Participants

Sample: children with ASD who attended special education classrooms, diagnosed according to DSM-IV-TR
Sample size: 30 (PRT = 15, Control = 15)
Age: range 6-11 years in total group, no mean of total group reported (PRT mean = 9.2, Control mean = 9.2)
Gender: 60% males in total group (PRT = 60% males, Control = 60% males)
Cognitive ability: reported IQ between 50 and 70, children used expressive verbal communication with a mean
length of utterance (MLU) of at least two words; PRT = not reported, Control = not reported
Baseline severity of ASD symptoms: not reported
Psychiatric comorbidities: no co-morbid psychiatric disorders
Medication status: not reported
Intervention: PRT
Setting: Iran, treatment room at public school site
Duration: 3 months
Intensity: Sessions were held twice weekly for 60 minutes per session with a total of 24 intervention hours.
Implementer(s): teacher (one-to-one teacher-child format)
Concomitant interventions: no other interventions during PRT
Control: structured ABA as described in Lovaas 1981
Postintervention:
Mean length of utterance (observed)
Children’s Communication Checklist (Bishop 2006b) - parent and teacher reported (summarized)
Disruptive behaviour (observed)
Funding: This research and preparation of the manuscript were funded, in part, by NIH Grant No. DC010924 and
generous donations from the Kelly Family Foundation, the Eli and Edythe L Broad Center for Asperger’s Research,
and the Kind World Foundation.
Comment: Mohammadzaheri 2015 presents outcomes on child disruptive behaviour on same sample

Interventions

Outcomes

Notes

Risk of bias table
Bias

Authors’ judgement

Support for judgement

Random sequence generation
(selection bias)

Unclear risk

Allocation concealment
(selection bias)
Blinding of participants and
personnel (performance bias)

Unclear risk

Blinding of outcome
assessment (detection bias)
Observed outcomes

Low risk

Judgement comment: no information was provided on how the random
sequence was generated
Quote: «15 dyads were conveniently selected who were matched by age,
sex, and MLU. Each participant in each dyad was then randomly assigned to
one of two treatment groups”(p 2771)
Judgement comment: insufficient information on who performed
randomisation and whether group assignment could have been foreseen
Judgement comment: implementers were aware of which intervention
was provided
Quote: “prior to start of the study, the implementers met with individuals
with experience in the intervention and were provided with specific
methodologies for their respective intervention.” (p 2771)
Quote: “none of the participants (teachers of parents) completing the
assessments were aware of the intervention to which they were assigned,
nor did they have access to the randomisation list” (p 2771)

High risk
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Blinding of outcome
assessment (detection bias)
Caregiver-reported outcomes
Incomplete outcome data
(attrition bias)
Selective reporting (reporting
bias)

Low risk

Other bias

Low risk

Unclear risk
Unclear risk

Quote: “none of the participants (teachers of parents) completing the
assessments were aware of the intervention to which they were assigned,
nor did they have access to the randomisation list” (p 2771)
Judgement comment: no information on missing data
Judgement comment: no study protocol is available. However, all
outcomes described in the study methods match the outcomes in the
results.
Judgement comment: no evidence of other bias. The PRT group showed
higher levels of disruptive behaviour during the first session; however,
authors conducted robustness checks on the results.

Nefdt 2010
Methods

RCT

Participants

Sample: children with autism and their primary caretakers, ASD diagnosis by DSM-IV classification
Age: < 5 years in total group, no mean or range reported (PRT mean = 3.2 years (no range reported), Control
mean = 3.2 years (no range reported))
Gender: 92.6% male in total group, 12% of parents were male (PRT = not reported, Control = not reported)
Cognitive ability: IQ not reported, less than 20 functional words in total group; PRT = not reported, Control
= not reported
Baseline severity of ASD symptoms: not reported
Psychiatric comorbidities: not reported
Medication status: not reported
Randomised: 34 (PRT = not reported, Control = not reported)
Analysed: 27 (PRT = 13, Control = 14)
Intervention: PRT with use of a self-directed learning program (SDLP)
Setting: USA, at home with SDLP consisting of an interactive DVD with accompanying manual covering the
procedures of PRT, to teach parents PRT strategies
Duration: differed for each parent
Intensity: differed for each participant, as parents could view the DVD multiple times (correspondence with
author: unclear how much time parents practiced at home)
Implementers: parents
Concomitant interventions: not reported
Control: wait-list control
Postintervention:
Fidelity of implementation of PRT procedures by parents (observed)
Language opportunities created by parents (observed)
Parental confidence using a rating scale adapted from Brookman-Frazee 2004 (observed)
Percentage of intervals in which the child shows a functional verbal utterances (observed)
Funding: no information available on funding
Comment: no information available on possible variation among in intensity of the intervention

Interventions

Outcomes

Notes

Risk of bias table
Bias
Random sequence generation
(selection bias)
Allocation concealment
(selection bias)
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Authors’
judgement
High risk
Unclear risk

Support for judgement
Quote: “parents were randomly assigned to either the TG or CG based on the
order in which the family information was received”
Judgement comment: no information on allocation concealment

Blinding of participants and
personnel (performance bias)
Blinding of outcome assessment
(detection bias)
Observed outcomes

High risk

Blinding of outcome assessment
(detection bias)
Caregiver-reported outcomes
Incomplete outcome data
(attrition bias)

Unclear risk

Selective reporting (reporting
bias)
Other bias

Unclear risk

Low risk

Judgement comment: no blinding of participants
Judgement comment: blinded outcome assessment fidelity of
implementation: “doctoral students with extensive experience implementing
PRT who were blind to the experimental conditions independently recorded
data” (quote); language opportunities and functional verbal utterances: “two
undergraduate psychology students who were blind to the experimental
condition independently recorded data” (quote); and observed parent
confidence: “observers rated the parent’s confidence” (author confirmed that
assessment was blinded)
Judgement comment: no caregiver-reported outcomes

Unclear risk

High risk

Judgement comment: stated that “of the 34 individuals who entered the
study, 27 (79.4%) completed the SDLP and returned the postintervention
measures” (quote). Incomplete outcome data and reasons for dropout are not
described for each group.
Judgement comment: There is no study protocol available. However, all
pre-specified outcomes in the methods have been reported.
Judgement comment: author does not have specific information available
on range in intensity: “some parents viewed it multiple times and others just
a few” (quote). Also it is unclear how much parents practiced after watching
DVD. Also, tThere is a possible bias due to measurements at different time
points.

Rezaei 2018a
Methods

RCT

Participants

Sample: children with ASD, diagnosed according to DSM-5
Age: range = 7-16 years, no means reported (PRT mean = 12.4 years (no range reported), Control mean = 12.1
years (no range reported))
Gender: 64.7% males (PRT = not reported, Control = not reported)
Cognitive ability: IQ ≥ 50, no means or range described, mean length of utterance at least two words; PRT =
not reported, Control = not reported
Baseline severity of ASD symptoms: not reported, only baseline subscales of CCC reported.
Psychiatric comorbidities: no comorbid psychiatric disorder
Medication status: medication use in all participants (risperidone)
Randomised: 34 (PRT = 17, Control = 17)
Analysed: 34 (PRT = 17, Control = 17)
Intervention: PRT combined with risperidone
Setting: Iran, university rehabilitation centre treatment room
Duration: 12 weeks
Intensity: 45-minute treatment sessions were carried out three times a week over a 12-week period (a total of
27 hours for each participant)
Implementer(s): clinicians
Concomitant interventions: pharmacological (risperidone), participants received no other psychosocial
therapies
Control: risperidone alone

Interventions

129

Chapter 2 – Pivotal Response Treatment for autism spectrum disorder

Outcomes

Postintervention:
Aberrant Behavior Checklist (Aman 1985)
Mean length of utterance (observed)
Subscales of the Children’s Communication Checklist (Bishop 2006b)
Clinical Global Impression-Severity and Improvement (Guy 1976) scales
Adverse events resulting from risperidone use
Follow-up (3 months):
Aberrant Behavior Checklist (Aman 1985)
Funding: The project was supported by the Institute for Cognitive Science Studies in Tehran, Iran.
Comment: Rezaei 2018b reports data on the same sample.

Notes

Risk of bias table
Bias
Random sequence
generation (selection bias)

Authors’
judgement
Unclear risk

Allocation concealment
(selection bias)

Unclear risk

Blinding of participants
and personnel
(performance bias)
Blinding of outcome
assessment (detection bias)
Observed outcomes
Blinding of outcome
assessment (detection bias)
Caregiver-reported
outcomes
Incomplete outcome data
(attrition bias)

High risk

Selective reporting
(reporting bias)

High risk

Other bias

High risk

Schreibman 1991
Methods

130

RCT

Low risk

High risk

Unclear risk

Support for judgement
Quote: “A total of 18 pairs were matched by age, gender, and MLU. Each subject in
each pair was then randomly assigned to risperidone plus PRT or risperidone alone” (p
58, 2nd paragraph).
Judgement comment: no information on whether participants and investigators
could foresee assignment (author states in correspondence that allocation was
concealed, but does not indicate how this was achieved).
Judgement comment: Although parents remained blinded to the detailed goal
behaviour (increasing mean length of utterance), participants and personnel were not
blinded for treatment allocation (either PRT+RIS or RIS alone).
Judgement comment: CGI-I was rated by a “clinician who remained blind to
treatment assignment” (quote, p 3, 2nd paragraph), MLU was indicated as “blinded” in
correspondence with author
Judgement comment:
ABC: unblinded, “asked parents to complete the ABC rating scale” (p 4, 3rd paragraph)
CCC: unblinded: “each child’s parent was given Children’s CCC pre-treatment and week
12” (quote, Mohammadzaheri 2015, p 59 1st paragraph)
Judgement comment: equal attrition across groups, both related to finances and
social problems: “Families of two children could not continue to participate in this
study due to financial and social problems” (quote, p 3, 2nd paragraph). However,
number of participants in each group of each analysis is unclear
Judgement comment:
Vineland Adaptive Behaviour test is included in the protocol but not described in one
of the two papers
In the protocol it is described that PRT was provided for 8 weeks, while in the study, a
duration of 12 weeks is described.
In the protocol is it described that “all patients will receive PRT for 8 weeks” and “after
8 weeks, subjects will receive placebo tDCS for 2 weeks”.
Judgement comment: There are differences in numbers the Tables that the author
provided by correspondence compared to what is reported (particularly the tables
reporting the results of the ABC).

Participants

Sample: parents of children with autism, children were diagnosed with DSM-III-R diagnosis
Sample size: 19, of which 5 mothers were included in both groups (PRT = 12, Control = 12)
Age: range = 2.8-12.7 years in total group, mean not reported; mean age of parents 31.7 years (PRT = not reported,
Control = not reported)
Gender: % males children in total group not reported, parents = 10.5% male (PRT = not reported, Control = not
reported)
Cognitive ability: not reported
Baseline severity of ASD symptoms: not reported
Psychiatric comorbidities: not reported
Medication status: not reported
Interventions Intervention: PRT
Setting: USA, parent training research program at University of California
Duration: differed for each participant; parents continued training until each parent demonstrated a minimum of
80% accuracy on each of the components
Intensity: not reported
Implementers: parents were trained using manuals, videotaped examples and in vivo feedback while practicing
with their child
Concomitant interventions: not reported
Control: individual target behaviour (ITB) training, discrete trial format of language training (Lovaas 1977)
Outcomes
Parental enthusiasm, interest and happiness an overall affect - affect rating scale is adjusted from Koegel 1979
Notes

Funding: research supported by USPHS Research Grants 39434 and 28210 from the National Institute of Mental
Health and by NIDRR Cooperative Agreement #G0087CO234 from the US Department of Education

Risk of bias table
Bias

Authors’ judgement Support for judgement

Random sequence generation
(selection bias)

Unclear risk

Allocation concealment (selection bias) High risk

Blinding of participants and personnel
(performance bias)

High risk

Blinding of outcome assessment
(detection bias)
Observed outcomes
Blinding of outcome assessment
(detection bias)
Caregiver-reported outcomes
Incomplete outcome data
(attrition bias)
Selective reporting
(reporting bias)

Low risk

Other bias

High risk

Judgement comment: stated is that participants were
“randomly assigned” (quote, p 482) to the interventions, no further
information on sequence generation
Judgement comment: allocation was not concealed: “five
mothers received Individual Target Behavior training and
subsequently Pivotal Response Training” (quote, p 482)
Judgement comment: although parents were described as
“naive to experimental hypothesis” (quote, p 483) neither parents
nor personnel were blinded to the intervention condition.
Quote: “The students were naive to the purpose of the study and
were told only that they would be seeing parents working with
handicapped (autistic) children.”(p 481)

Unclear risk
Judgement comment: no caregiver-reported outcomes
Low risk
Unclear risk

Judgement comment: no missing outcome data
Judgement comment: No study protocol is available. However,
all pre-specified outcomes have been reported in the pre-specified
way.
Judgement comment: no information provided on duration and
intensity and differences in these between both groups and how
this may have affected outcomes. Duration and intensity of the
training was different for each participant
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Schreibman 2014
Methods

RCT, stratified randomisation on word use, age and cognitive functioning

Participants

Sample: diagnosed with autistic disorder, confirmed by ADI-R and ADOS-G
Age: range = 1.6-3.8 years, mean = 2.4 years in total group (PRT mean = 2.5 years (no range reported), Control
mean = 2.4 years (no range reported))
Gender: 87.1% males in total group (PRT = 90.0%, Control = 84.2%)
Cognitive ability: ≤ nine intelligible words (nonverbal or minimally verbal), 51.3% MSEL age-adjusted visual
reception scores < 50, 48.7% MSEL age-adjusted visual reception scores > 50
Baseline severity of ASD symptoms: not reported
Psychiatric comorbidities: not reported
Medication status: not reported
Randomised: 41 (PRT = 21, Control = 20)
Analysed: 39 (PRT = 20, Control = 19)
Intervention: PRT
Setting: USA, playrooms at university and at home
Duration: 23 weeks
Intensity: During the first 15 weeks parents participated in two-weekly, two-hour parent education sessions with
their child and children received an additional five two-hour sessions per week at home. This was followed by
eight weeks of one two-hour parent education sessions per week and two two-hour sessions per week at home, an
average of 247 hours of intervention.
Setting: parent education sessions at university, direct treatment of child at home
Implementers: clinicians and parents
Concomitant interventions: mean of 56 minutes of speech therapy and occupational therapy, mean of 18 minutes
preschool/daycare a week and mean of 144 minutes weekly in-home early intervention
Control: Picture Exchange Communication System (PECS; Frost 2002)
Postintervention:
Mullen Scales of Early Learning, Expressive language scale (Mullen 1995)
MacArthur-Bates Communicative Developmental Inventory - words produced (Fenson 2007)
Vineland Adaptive Behavior Scales, Communication domain (Sparrow 2005)
Expressive One Word Picture Vocabulary Test (Gardner 1990)
Follow-up (3 months):
Mullen Scales of Early Learning, Expressive language scale (Mullen 1995)
MacArthur-Bates Communicative Developmental Inventory - words produced (Fenson 2007)
Vineland Adaptive Behavior Scales, Communication domain (Sparrow 2005)
Expressive One Word Picture Vocabulary Test (Gardner 1990)
Funding: supported, in part, by USPHS Research Grants MH 39434 and MH 28210 from National Institute of
Mental Health

Interventions

Outcomes

Notes

Risk of bias table
Bias
Random sequence generation
(selection bias)

Authors’
judgement
Unclear risk

Allocation concealment
(selection bias)

Unclear risk

Blinding of participants and
personnel (performance bias)

High risk
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Support for judgement
Quote: “children were randomly assigned to PRT or PECS using a stratified
randomisation procedure” (p 1246)
Judgement comment: no further information on sequence generation provided
Quote: “for every two children assessed that were matched on all variables, one
was randomly assigned to PRT or PECS and the other to the alternative condition.”
(p 1246)
Judgement comment: unclear whether this was concealed
Judgement comment: parents and therapists were specifically trained in each
intervention condition and not blinded

Blinding of outcome
assessment (detection bias)
Observed outcomes

High risk

Blinding of outcome
assessment (detection bias)
Caregiver-reported outcomes
Incomplete outcome data
(attrition bias)

High risk

Selective reporting (reporting
bias)
Other bias

Unclear risk

Unclear risk

Low risk

Quote: «Three-quarters of ADOS assessments were scored by blind coders form an
outside research laboratory...all assessors were blind to condition for pre-treatment
assessments ... Half of all intake and dependent assessments conducted at Site 1
were conducted by assessors blind to condition at post and follow-up. While blind
assessments were not conducted at Site 2, there were no across-site differences in
scores by group or time period across the sites.” (p 1247)
Judgement comment: parents completing the MacArthur CDI and VABS were not
blinded
Quote: «Two families (one each per site, one each per condition) discontinued
participation during the first several weeks of treatment. One family moved out of
the area and one family chose to receive the nonassigned condition» (p 1245)
Judgement comment: number of complete assessments differed per outcome,
with no specific reasons provided
Judgement comment: No study protocol is available. However, all pre-specified
outcomes have been reported in the pre-specified way.
Judgement comment: no evidence for other bias

Smith 2019
Methods

non-randomised controlled before-and-after cohort study

Participants

Sample: children who received ASD diagnosis conferred by a paediatrician or psychologist (PRT) or diagnoses
made by regionalized diagnostic teams, using the ADOS-G or ADOS-2
Age: < six years old in total group (no means reported) (PRT mean = 4.6 years (no range reported), Control mean
= 3.4 years (no range reported))
Gender: 80.9% males in total group (PRT = 76.5% males, Control = 86% males)
Baseline severity of ASD symptoms: PRT mean baseline SRS-2 total T-score = 74.2, 23% “severe”, 34% “moderate”,
21% “mild”, 11% “normal/non-clinical” symptoms; Control mean baseline SRS-2 total T-score = 80.3, 22% “severe”,
26% “moderate”, 23% “mild”, 29% “normal/non-clinical” symptoms
Psychiatric comorbidities: not reported
Medication status: not reported (only for subsample in Ungar 2018)
Initially included: 591 in total group (PRT = 221, Control = 298)
Analysed: marked differences in N between outcome measures, N = 250 in total group (PRT = 110, Control = 140
at lowest)
Intervention: PRT-based early intensive behavioural intervention
Setting: Canada, community based
Duration: 12 months (52 weeks)
Intensity: Each child’s program began with four daily consecutive sessions of parent-coaching in the use of PRT,
combining six months of direct provision of PRT by a trained interventionist for 15 hr/week, followed by three
months of 10hr/week, and a final three months of 6hr/week.
Setting: at home or in a community preschool daycare setting
Implementers: clinicians and parents
Concomitant interventions: not reported (only for subsample in Ungar 2018, including other early intervention
programs or behavioural interventions, speech therapy, occupational therapy)
Control:ABA-based early intensive behavioural intervention, including a variety of intervention approaches, such
as Verbal Behavior Milestones Assessment and Placement Program (Sundberg 2008), Language Matrix (Peterson
2003), DTT (Smith 2001) or dynamic teaching, incidental teaching (McGee 1999) and PECS (Frost 2002)
Postintervention:
Vineland Adaptive Behavior Scales-II (Sparrow 2005)
Social Responsiveness Scale-2 (Constantino 2012)
Scales of Independent Behavior-Revised (Bruininks 1996)

Interventions

Outcomes
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Notes

Funding: supported by the Joan and Jack Craig Chair in Autism Research, and supported by a Canada Research
Chair in Children’s Health Policy
Comments: Ungar 2018 reports information on resource and cointervention for subsamples of both intervention
conditions.

Risk of bias table: see Additional Table 2
Stock 2013
Methods

non-randomised controlled before-and-after study with matching of participants

Participants

Sample: children with ASD, diagnosed by multi-disciplinary team clinical assessments, using ADOS, ADI-R (and
DSM-IV in intervention group)
Sample size: 28 (PRT = 14, Control = 14)
Age: range = 2.6-5.2 years, no mean reported (PRT mean = 3.9 years (range = 2.6-5.2 years), Control mean = 3.8
years (range = 3.1-4.9 years)
Gender: 85.7% male (PRT = 85.7% male, Control = 85.7% male)
Cognitive ability: no range reported and means for total group; PRT mean developmental index standard score =
42.7, Control mean developmental index standard score = 39.8
Baseline severity of ASD symptoms: not reported
Psychiatric comorbidities: not reported
Medication status: not reported
Intervention: community based Pivotal Response Treatment/Nova Scotia Early Intensive Behavioral Intervention
(NS EIBI) program
Setting: Canada; at home and preschool setting (community based)
Duration: 12 months
Intensity: either 15 h/week of 1:1 intervention during 12 months or 15 h/week of 1:1 instruction for six months,
following 10 h/week for three months and 5 h/week for three months. Parents were encouraged to use PRT
techniques during everyday activities at home and in the community with their children.
Implementers: clinicians and parents
Concomitant interventions: Problem behaviour was addressed using the strategies of positive behaviour support
(Lucyshyn 2002).
Control: Group Applied Behaviour Analysis (GABA) preschool program/Verbal behaviour program (Sundberg 2001)
Preschool Language Scale-4: expressive language and receptive language
Merril-Palmer-Revised Scales of Development (M-P-R): cognitive ability
Vineland Adaptive Behaviour Scales-II: adaptive behaviour
Child Behavior Checklist: Internalizing and externalising problem behaviours

Interventions

Outcomes

Notes

Funding: Financial support was provided by the Canadian Institutes for Health Research, the Social Sciences and
Humanities Research Council of Canada, the Nova Scotia Health Research Foundation, and the University of British
Columbia.
Comments: Stock 2012 is a dissertation on the same sample.

Risk of bias table: see Additional Table 2
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Van den Berk-Smeekens 2020a
Methods

RCT with stratification on age and IQ

Participants

Sample: children with clinical ASD diagnosis and DSM-IV classification of ASD
Sample size: 81 randomised, 73 finally included and analysed (PRT = 50, Control = 23)
Age: mean = 6.2 (range = 3-8 years) in total group (PRT mean = 6.3 (range = 3.1-8.9), Control mean = 6.1
(range = 3.0-8.6))
Gender: 84.0% males in total group (PRT = 84.0%, Control = 82.6%)
Cognitive ability: total IQ mean = 102.6 (range = 76-138) (PRT mean = 103.9 (range = 76-138), Control
mean = 99.7 (range = 82-133))
Baseline severity of ASD symptoms: mean ADOS severity score = 6.1 (moderate), range = 2-10 in total
group (PRT mean ADOS total severity score = 6.1 (moderate), Control mean ADOS total severity score = 6.2
(moderate))
Psychiatric comorbidities: 39.7% in total group (PRT = 18% ADHD, 4% ADHD + other, 12% other, Control =
21.7% ADHD, 8.7% ADHD + other, 21.7% other)
Medication status: 24.7% in total group, stimulants or antipsychotics or both (PRT = 24.1%, Control =
26.1%)
Intervention: PRT (with and without robot-assistance)
Setting: The Netherlands, outpatient clinic, coaching in use of PRT techniques at home and at school
Duration: 20 weeks
Intensity: weekly sessions of 45 minutes with parent training and teacher training (one session was a
90-minute school visit), with a total of 16.5 hours of intervention (next to these intervention hours, parents
were encouraged to use PRT techniques at home)
Implementers: clinician (with and without robot-assistance), parents, teacher
Concomitant interventions: 18% received concomitant intervention (either non-pharmacological or change
in pharmacological intervention)
Control: treatment as usual
Postintervention:
Social Responsiveness Scale (Constantino 2005), parent-report and teacher-report
Clinical Global Impression Scale-Severity and Improvement (Guy 1976), independent assessment
Autism Diagnostic Observation Schedule (Lord 2000), independent assessment
Dutch “Opvoedingsbelasting vragenlijst”, parent-report
Follow-up (3 months):
Social Responsiveness Scale (Constantino 2005), parent-report and teacher-report
Clinical Global Impression Scale-Severity and Improvement (Guy 1976), independent assessment
Dutch “Opvoedingsbelasting vragenlijst”, parent-report
Funding: This study was funded by a ZonMW Grant (Program Translational Research, project number
95103010) and by Karakter, expert centre for the child- and adolescent psychiatry in The Netherlands. The
study was further supported by the EU-AIMS (European Autism Interventions) programme, which received
support from Innovative Medicines Initiative Joint Undertaking Grant No. 115300, the resources of which
are composed of financial contributions from the European Union’s FP7 Programme, and from the European
Federation of Pharmaceutical Industries and Associations (EFPIA) companies’ in-kind contributions.
Comments: De Korte 2020 reports outcomes on self-initiations over course of PRT and Van den BerkSmeekens 2020b reports adherence and acceptability of the robot-assisted PRT protocol.

Interventions

Outcomes

Notes
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Risk of bias table
Bias

Authors’
judgement
Random sequence generation Low risk
(selection bias)
Allocation concealment
Low risk
(selection bias)
Blinding of participants and High risk
personnel (performance bias)
Blinding of outcome
Low risk
assessment (detection bias)
Observed outcomes

Blinding of outcome
High risk
assessment (detection bias)
Caregiver-reported outcomes
Incomplete outcome data
(attrition bias)

Low risk

Selective reporting (reporting Low risk
bias)
Other bias
High risk

Support for judgement
Judgement comment: random allocation is described, with stratification on age,
TIQ and site, by matching participants on these variables (p 5, 1st paragraph)
Judgement comment: Both participants and investigators that were directly
involved in the study could not foresee allocation: “by and investigator not involved
in data collection and assessment” (quote, p 5, 1st paragraph)
Judgement comment: Participants and personnel could not be blinded for
treatment allocation.
Quotes:
“CGI rated…by experience child- and adolescent psychiatrist blinded to treatment
allocation” (p 9, 2nd paragraph)
“ADOS-2 was administered by a certified clinician who was blinded to treatment
allocation and baseline outcomes.” (p 9, 3rd paragraph)
Judgement comment: Parent- and teacher rated measures were not blinded. SRS:
“digitalized questionnaires…completed by parent and teacher/daycare attendant at
all time points” (quote, p 8, 5th paragraph). Similar procedures for OBVL: “digitalized
questionnaire” (quote, p 9, 4th paragraph)
Quote: “Missing values were equally distributed across groups.” (p 11, 2nd
paragraph)
Judgement comment: ITT analysis used: “measurements were continued after
possible early termination of the intervention in line with the intention-to-treat
(ITT) analyses” (quote, p 10, 2nd paragraph)
Judgement comment: The study protocol is available and all of the pre-specified
outcomes have been reported in the pre-specified way.
Judgement comment: only one PRT therapist delived the robot-assisted PRT,
while PRT without use of a robot and TAU were deliverd by multiple therapists.

Vernon 2019
Methods

RCT

Participants

Sample: children with ASD diagnosis, based on DSM-5 criteria and expert clinical judgment by a licenced clinical
psychologist and ADOS-2
Age: range = 1.5-4.5 years in total group, with no means reported (PRT mean = 3.0 years (no range reported),
Control mean = 2.9 years (no range reported))
Gender: 87% males in total group (PRT = 92.0%, Control = 82.0%)
Cognitive ability: PRT mean MSEL composite score = 76.08 (no range reported), Control mean MSEL composite score
= 64.36 (no range reported)
Baseline severity of ASD symptoms: PRT mean ADOS-2 severity score = 7.00 (moderate), no range reported,
Control ADOS-2 severity score = 7.18 (moderate), no range reported
Psychiatric comorbidities: no psychiatric comorbidities
Medication status: not reported
Randomised: 28 in total group (PRT = 16, Control = 12)
Analysed: 23 in total group (PRT = 12, Control = 11)
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Interventions Intervention: PRT; Pivotal Response Intervention for Social Motivation (PRISM) model
Setting: USA, at home and in the community
Duration: 26 weeks
Intensity: 10 hours a week of intervention: 8 hours of one-on-one clinician-implemented treatment and 2 hours
of parent education in the intervention strategies with the child present. Mean actual intervention hours was 177.7
hours of the possible 260 hours (mean of 6.81 of the 10 h/week)
Implementers: clinicians and parents
Concomitant interventions: concomitant preschool or community-based early intervention services (applied
behaviour analysis, speech-language therapy, and occupational therapy), or both
Control: wait-list control
Outcomes
Postintervention:
Mullen Scales of Early Learning, Early learning composite score, visual reception, fine motor, receptive language,
expressive language scales (Mullen 1995)
Autism Diagnostic Observation Schedule calibrated severity score (Lord 2012)
Preschool Language Scales-5, total standard score, auditory comprehension and expressive communication
(Zimmerman 2011)
Peabody Picture Vocabulary Test–4, standard score (Dunn 2007)
Expressive Vocabulary Test–2, standard score (Williams 2007)
Vineland Adaptive Behavior Scales II, Adaptive behaviour composite, Communication, Daily Living, Socialisation and
Motor Skills (Sparrow 2005)
Outcomes of parent-child play interaction (e.g. mean length of utterance, number of total words) (observed)
(described in Barrett 2020)
Notes
Funding: Autism Speaks
Comments: Barrett 2020 presents outcomes on social responsiveness, mean length of utterance and total number
or words, and Bradshaw 2019 reports eye-tracking results using the same sample.

Risk of bias table
Bias
Random sequence generation
(selection bias)
Allocation concealment
(selection bias)
Blinding of participants and
personnel (performance bias)
Blinding of outcome
assessment (detection bias)
Observed outcomes
Blinding of outcome
assessment (detection bias)
Caregiver-reported outcomes
Incomplete outcome data
(attrition bias)
Selective reporting (reporting
bias)
Other bias

Authors’
judgement
Low risk
Unclear risk

High risk
Unclear risk

Unclear risk

Low risk
Unclear risk
Low risk

Support for judgement
Quote: “a coin flip determined if they were randomised to the treatment or
waitlist groups” (p 2360)
Judgement comment: It is stated that a coin flip was used for the
randomisation, but the next qualifying age-matched child was assigned to the
opposite group. It was not described who performed the randomisation.
Judgement comment: participants could not be blinded
Judgement comment: None of the outcome measures are described as blinded,
only parent-child interaction observation in additional report (Barrett 2020).
Judgement comment: None of the outcome measures are described as blinded,
only parent-child interaction observation in additional report (Barrett 2020).
Judgement comment: Missing data due to reasons that are not related to the
intervention.
Judgement comment: No study protocol is available. However, all pre-specified
outcomes have been reported in the pre-specified way.
Judgement comment: no indication of other bias
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Characteristics of excluded studies

Baker-Ericzen 2007
Reason for exclusion

Ineligible study design. Study evaluates a parent-education PRT program for families of children with ASD. No
non-PRT comparison group is included.

Boyd 2014
Reason for exclusion

Ineligible intervention. Study evaluates whether PRT was used as supplemental teaching strategy within a
classroom, besides NMS, LEAP or TEACCH.

Brian 2016
Reason for exclusion

Ineligible intervention. Study evaluates the Social ABCs, a parent-mediated intervention for toddlers with
suspected or confirmed ASD, using a pre-test post-test design with follow-up.

Casenhiser 2013
Reason for exclusion

Ineligible intervention. Study reports results of an ongoing RCT to effectiveness of the MEHRIT treatment
program for children with ASD. No PRT intervention is evaluated.

Corbett 2011
Reason for exclusion

Ineligible intervention. Study evaluates the Social Emotional NeuroScience Endocrinology (SENSE) Theatre in
children with ASD.

Corbett 2014
Reason for exclusion

Ineligible intervention. Study evaluates a theatre-based peer-mediated intervention for children and
adolescents with ASD.

de Marchena 2015
Reason for exclusion

Ineligible study design. Study evaluates generalization of learning strategies in children and adolescents with
ASD.

Dunst 2011
Reason for exclusion

Ineligible study design. An exploratory study comparing developmental quotients and linear growth curves
of preschool children with autism during play with high-interest versus low-interest play material. No PRT
intervention is evaluated.

Elliott 1991
Reason for exclusion

Ineligible intervention. Study evaluates a natural language teaching condition to an analog language
teaching condition.

Estes 2014
Reason for exclusion

Ineligible intervention. RCT that compares a parent-coaching intervention based on the Early Start Denver
Model with a community intervention group for very young children with ASD. No PRT intervention is
evaluated.

Ingersoll 2010
Reason for exclusion
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Ineligible intervention. Pilot RCT comparing Reciprocal Imitation Training with community-based treatmentas-usual for children with ASD.

Ingersoll 2016
Reason for exclusion

Ineligible intervention. Study evaluates self-directed and therapist-assisted ImPACT Online for families of
children with ASD.

Kalyva 2005
Reason for exclusion

Ineligible intervention. Study evaluates educational approach “circle of friends” in preschool children with
ASD, compared to a wait-list control group. No PRT intervention is evaluated.

Klintwall 2015
Reason for exclusion

Ineligible study design. Study investigates whether interests in objects, social routines and activities around
22 months of age in children with ASD predicts outcomes in terms of change in adaptive behaviour and
verbal and nonverbal skills at around 38 months of age. No PRT intervention is evaluated.

Koegel 2014
Reason for exclusion

Ineligible study design. Study uses a single case design (multiple baseline design) to evaluate modified PRT
for infants below 12 months who were referred for social concerns.

Kroeger 2007
Reason for exclusion

Ineligible intervention. Study evaluates group-delivered social skills interventions with and without the use
of direct instruction in children with ASD.

Laugeson 2014
Reason for exclusion

Ineligible intervention. Study evaluates PEERS intervention in adolescents with ASD, compared to a social
skills curriculum.

Locke 2014
Reason for exclusion

Ineligible intervention. Study evaluates the effectiveness of the STAR program for students with ASD.

McGarry 2019
Reason for exclusion

Ineligible study design. Pilot study to an online parent-training PRT program for toddlers with ASD. No nonPRT comparison group is included.

Minjarez 2011
Reason for exclusion

Ineligible study design. Study evaluates PRT in group therapy on parental PRT implementation and child
functional verbal utterances. No non-PRT comparison group is included.

Minjarez 2013
Reason for exclusion

Ineligible study design. Study evaluates a PRT group therapy program for parents of children with ASD, using
a pre-post within-group design. No non-PRT comparison group is included.

Pellecchia 2015
Reason for exclusion

Ineligible intervention. Study evaluates effectiveness of STAR program.
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Pellecchia 2016
Reason for exclusion

Ineligible intervention. Study examines the extent to which clinical and demographic characteristics predict
outcome of the Strategies for Teaching based on Autism Research (STAR) program for children with ASD.

Ruble 2001
Reason for exclusion

Ineligible study design. Study focuses on measuring social interaction in a social context for children with ASD
versus children with Down Syndrome.

Sherer 2005
Reason for exclusion

Ineligible study design. Study compares PRT outcomes for 6 children with (3 predicted responders and 3
predicted non-responders based on archival data) using a single subject design (multiple baseline design
across participants).

Singh 2014
Reason for exclusion

Ineligible comparison. Study is and RCT comparing a 25-hour PRT parent training with telemedicine support
with a 25-hour PRT parent training “only” condition. No non-PRT comparison group is included.

Smith 2010
Reason for exclusion

Ineligible study design. Study evaluates a community-based early intervention of which PRT is the primary
treatment modality. No non-PRT comparison group is used.

Smith 2015
Reason for exclusion

Ineligible study design. Study evaluates community-based PRT for children with ASD using a pre-test posttest design. No non-PRT comparison group is included.

Stahmer 2001
Reason for exclusion

Ineligible comparison. Two groups receive a 12-week PRT intervention (no non-PRT comparison group), and
one group that receives also parent information support.

Stahmer 2011
Reason for exclusion

Ineligible intervention. Study evaluates a community-based classroom teaching program for ASD, using a
blend of different intervention techniques, including, besides PRT, incidental teaching, structured teaching
and interactive/developmental techniques. No specific PRT intervention is evaluated.

Ventola 2014
Reason for exclusion

Ineligible study design. Study investigates effects of a short-duration PRT program for preschool children
with ASD, using a clinical replication design without a non-PRT comparison group.

Ventola 2015
Reason for exclusion

Ineligible study design. Study explores neural and clinical changes to PRT, comparing children with ASD with
a hypo- and hyper neural activation at baseline and does not include a non-PRT comparison group.

Ventola 2016
Reason for exclusion

Ineligible study design. Effect of PRT is evaluated on restricted and repetitive behaviours. No non-PRT
comparison group is included.

Verschuur 2017
Reason for exclusion
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Ineligible study design. Study uses a single case design (multiple baseline design) to investigate the
effectiveness of PRT staff training on staff-member created opportunities and child-initiated questions.

Verschuur 2019a
Reason for exclusion

Ineligible study design. Study to the relationship between the fidelity of pivotal response treatment
implementation and therapist characteristics. No non-PRT comparison group is included.

Verschuur 2019b
Reason for exclusion

Ineligible study design. Two single-case design studies to 1) the effectiveness of a group parent education
program and 2) the effectiveness of an individual parent education program. No non-PRT comparison group
is included.

Vismara 2009
Reason for exclusion

Ineligible intervention. Study evaluates direct intervention of the Early Start Denver Model (ESDM) with
parent coaching of the ESDM.

Vivanti 2014
Reason for exclusion

Ineligible intervention. Study evaluates ESDM delivered in a community childcare group compared with a
generic intervention program (both using naturalistic strategies such as PRT) for ASD.

Walton 2015
Reason for exclusion

Ineligible study design. Study evaluates mother-child play interactions on effects of maternal language
responsiveness on the expressive speech of children with ASD and typically developing children.

Waugh 2015
Reason for exclusion

Ineligible intervention. Study examines the efficacy of a social skills and Theory of Mind intervention for
children with high-functioning ASD compared to two control groups. No PRT intervention is evaluated.

Wetherby 2006
Reason for exclusion

Ineligible intervention. Study evaluates the Early Social Interaction (ESI) project in children under age 2 with a
provisional clinical ASD diagnosis compared to a third-year contrast group.

Characteristics of studies awaiting classification
Aliakbari Dehkordi 2012
Methods

“availability sampling with random assignment to two control and experimental groups”

Participants

Parents of “autistic children”
Age: not reported
Gender: not reported
Cognitive ability: not reported
Psychiatric comorbidities: not reported
Medication status: not reported
N=20, PRT = not reported, Control = not reported

Interventions

Intervention: PRT
Setting: Iran, Beh’ara Education and Rehabilitation Centre
Duration: 3 months
Intensity: not reported
Implementers: not reported
Concomitant interventions: not reported
Control: not reported
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Outcomes

Post-intervention:
Childhood Autism Rating Scale
Autism Treatment Evaluation Checklist

Notes

Funding: not reported

Khamene 2013
Methods

RCT

Participants

Children with diagnosis of ASD based on DSM-IV classification
Age: range 8-12 years, no means reported
Gender: 100.0% male in total group, PRT = 100.0%, Control = 100.0%
Cognitive ability: not reported
Psychiatric comorbidities: not reported
Medication status: not reported
N=24, PRT = not reported, Control = not reported
Intervention: PRT
Setting: Iran, paediatric rehabilitation clinic
Duration: 10 weeks.
Intensity: not reported
Implementers: not reported
Concomitant interventions: receiving no other treatment indicated as inclusion criterion
Control: no treatment
Post-intervention:
Autism Diagnostic Interview - Revised questionnaire
Funding: Sources of monetary support from Beautiful Mind Rehabilitation Clinic

Interventions

Outcomes
Notes

Mohtashami 2012
Methods

“non-convenience sampling with random assignment to two control and experimental groups”

Participants

Mothers of “autistic children”
Age: not reported
Gender: not reported
Cognitive ability: not reported
Psychiatric comorbidities: not reported
Medication status: not reported
N=20, PRT = not reported, Control = not reported
Intervention: PRT
Setting: Iran
Duration: 3 months
Intensity: not reported
Implementers: not reported
Concomitant interventions: not reported
Control: not reported
Post-intervention:
Parental self-efficacy
Parental stress scale
Family functioning
Family satisfaction

Interventions

Outcomes

Notes
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Funding: not reported

Characteristics of ongoing studies
IRCT20180617040124N1
Study name

The effect of pivotal response treatment on the verbal initiations among 6-12 years old children with autism
spectrum disorder using behavioural and electrophysiologic analyses

Methods

RCT

Participants

Target sample size: 32
Inclusion criteria:
-Age 6-12 years old
-Diagnosis of autism spectrum disorder as assessed by a child psychiatrist or clinical psychologist according to
the DSM-5 criteria, supported by GARS
-Mean Length of Utterance of at least two words
-No use of spontaneous questions
-Not receiving verbal initiation training or other behavioural treatments (in intervention group)
-right handed
Exclusion criteria:
-Missing more than three sessions
-”Disconnecting the child”
-Parental disagreement
Intervention: PRT
Setting: Iran, Baran occupational therapy centre
Duration: two months
Intensity: three times a week, total of 24 one-hour sessions
Implementers: clinicians and parents (participate in sessions at least twice a week)
Concomitant interventions: no concomitant interventions (see inclusion criteria)
Control: treatment-as-usual
Post-intervention:
Verbal initiation
Absolute and relative power of brain waves
Coherence
Study start date: May 2012
Estimated study completion date: May 2018
Status: Unknown

Interventions

Outcomes

Starting date

Contact information Blinded
Notes

Blinded
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NCT01908686
Study name

Pivotal response treatment for children with autism spectrum disorders (PRT)

Methods

RCT

Participants

Target sample size: 60
Inclusion criteria:
-Fit the age requirement: age 4-35
-Have been diagnosed previously with an ASD and meet criteria for ASD when characterized by research
team.
-Be in good medical health
-Be cooperative with testing
-English is a language spoken in the family
-Successfully complete an fMRI and EEG scan
-Full-scale IQ>50
Exclusion criteria:
- Any metal or electromagnetic implants, including: a) cardiac pacemaker, b) defibrillator, c) artificial heart
valve, d) aneurysm clip, e) cochlear implants, f) shrapnel, g) neurostimulators, h) history of metal fragments
in eyes or skin
-Significant hearing loss or other severe sensory impairment
-A fragile health status.
-Current use of prescription medications that may affect cognitive processes under study.
-A history of significant head trauma or serious brain or psychiatric illness
Intervention: PRT
Setting: USA
Duration: 16 weeks
Intensity: 10 hours per week of intervention services, including two hours per week of parent education,
and eight hours per week of direct clinician-delivered services
Implementers: clinicians and parents
Concomitant interventions: not reported
Control: treatment-as-usual
Post-intervention:
Social Responsiveness Scale (SRS)
Clinical Global Impressions Scale (CGI-I)
Autism Diagnostic Observation Schedule (ADOS)
Aberrant Behavior Checklist (ABC)
Vineland Domain Scores
Change in Eye Tracking (ET)
Change in neural response to social stimuli using fMRI
Study start date: May 2012
Estimated study completion date: May 2018
Status: Unknown

Interventions

Outcomes

Starting date

Contact information Blinded
Notes
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Blinded

NCT03045263
Study name

Pivotal response treatment (PRT) telemedicine (PRT)

Methods

RCT

Participants

Target sample size: 12
Inclusion criteria:
-Fits age requirement: age 3-6 years
-Have been diagnosed previously with ASD and meet criteria for ASD when characterized by research team.
-Be in good medical health
-Be cooperative with testing
-English is a language spoken in the family
-Full scale IQ > 70
Exclusion criteria:
-Significant hearing loss or other severe sensory impairment
-A fragile health status
-A history of significant head trauma or serious brain or psychiatric illness
Intervention: PRT
Setting: USA
Duration: 18 weeks
Intensity: not reported
Implementers: clinicians and parents, parent-training via telemedicine
Concomitant interventions: not reported
Control: Waitlist control
Post-intervention:
Behavioural Intervention Rating Scale (BIRS)
Client Credibility Questionnaire (CCQ)
Study start date: February 2017
Estimated study completion date: February 2019
Status: Unknown

Interventions

Outcomes

Starting date

Contact information Blinded
Notes

Blinded
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NCT03583684
Study name

Neuroimaging predictors of improvement to pivotal response treatment (PRT) in young children
with autism

Methods

RCT

Participants

Target sample size: 36
Inclusion criteria:
-Diagnosis of Autism Spectrum Disorder (ASD) based on clinical interview and Diagnostic and Statistical
Manual, 5th edition (DSM-5) and confirmed using the Autism Diagnostic Interview Revised (ADI-R) and the
Autism Diagnostic Observation Schedule (ADOS),
-Outpatients between 2.0 and 4.11 years of age of either gender,
-Children of all cognitive levels will be included as long as they are able to participate in the testing
procedures to the extent that valid standard scores can be obtained
-Language delay as measured by the Preschool Language Scale, 5th Edition (PLS-5) [at least 1 standard
deviation behind for children age 2 and 3 years; and two standard deviations behind for children age 4],
-Stable psychotropic medication(s) or biomedical intervention(s) for at least 1 month prior to baseline
measurements with no anticipated changes during study participation,
-Stable treatment [Applied Behavior Analysis (ABA), Floortime, or other interventions], speech therapy, and
school placement for at least 1 month prior to baseline measurements with no expected changes during
study participation,
-No more than 60 minutes of 1:1 speech therapy per week,
-The child’s exposure to the English language must be sufficient that administration of standardized tests in
English is appropriate for measuring progress,
-The availability of at least one parent who can consistently participate in the training sessions and related
activities, and
-Successful completion of baseline brain scan.
Exclusion criteria:
-Current or life-time diagnosis of severe psychiatric disorder (e.g., bipolar disorder),
-Genetic abnormality (e.g., Fragile X)
-Presence of active medical problem (e.g., unstable seizure disorder),
-Receiving more than 15 hours of in home 1:1 Applied Behavior Analysis (ABA) per week
-Magnetic Resonance (MR) contraindication (e.g., the presence of ferrous metal), or
-Previous adequate Pivotal Response Treatment (PRT) trial.
Intervention: PRT
Setting: USA
Duration: 16 weeks
Intensity: weekly therapy sessions, three parent-only sessions (60-90 min) and 13 family sessions with the
parent and child (60-90 min).
Implementers: clinicians and parents
Concomitant interventions: stable concomitant interventions (see inclusion criteria)
Control: delayed treatment group
Post-intervention:
Number of Child utterances during a structured lab observation
Change on MacArthur-Bates Communication Development Inventory (CDI)
Change on Preschool Language Scale – 5
Change on Mullen Scales of Early Learning
Change on Vineland Adaptive Behaviors Scales – 3
Change on Clinical Global Impression Scale
Change on the Brief Observation of Social Communication Change
Change on Parent Stress Index
Change on Family Empowerment Scale
Change on General Self Efficacy Scale

Interventions

Outcomes
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Starting date

Study start date: December 2018
Estimated study completion date: November 2021
Status: Recruiting

Contact information Blinding
Notes

Blinding

NCT03778827
Study name

A centre based randomised controlled trial of pivotal response treatment for preschoolers with
autism

Methods

RCT

Participants

Target sample size: 44
Inclusion criteria:
-Diagnosis of autism spectrum disorder (ASD) based on Autism Diagnostic Interview Revised (ADI-R), Autism
Diagnostic Observation Schedule, 2nd edition (ADOS-2), Diagnostic and Statistical Manual, 5th edition (DSM5), and expert clinical opinion
-Boys and girls between 2 years and 3 years and 11 months
-Ability to participate in the testing procedures to the extent that valid standard scores can be obtained
-Stable treatment (e.g., applied behaviour analysis (ABA), speech therapy, psychotropic medication(s) or
biomedical intervention(s) for at least 1 month prior to baseline measurements with no anticipated changes
during study participation
-Developmentally delayed with Mullen Scales of Early Learning composite score below 85 (1 Standard
Deviation below the mean)
-Availability of at least one English-speaking parent who can consistently participate in parent training and
research measures.
Exclusion criteria:
-Current or lifetime diagnosis of severe psychiatric disorder (e.g., bipolar disorder, etc.)
-Presence of active medical problem (e.g., unstable seizure disorder or heart disease)
-Child primary language other than English
-Previous adequate trial of Pivotal Response Treatment
-More than 15 hours per week of in-home applied behaviour analysis (ABA).
Intervention: Intensive center-based PRT
Setting: USA, center-based therapy environment
Duration: 12 weeks
Intensity: combination of one weekly 60-minute individual parent training session and 12 weekly hours
( 3 hours per day for 4 days per week) with the child in center-based therapy environment for a total of 13
weekly treatment hours.
Implementers: clinicians and parents
Concomitant interventions: stable concomitant interventions (see inclusion criteria)
Control: delayed treatment group
Post-intervention:
Mean change on Social Responsiveness Scale-2 Total score
Mean change on the Brief Observation of Communication Change
Mean change on the frequency of the child’s functional utterances during structured lab observation
Mean change on Vineland Adaptive Behavior Scales-3
Mean change on MacArthur-Bates Communication Development Inventory
Study start date: May 2019
Estimated study completion date: December 2022
Status: Recruiting

Interventions

Outcomes

Starting date

Contact information Blinded
Notes

Blinded
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NCT04042337
Study name

Improving access to pivotal response treatment (PRT) via telehealth parent training

Methods

RCT

Participants

Target sample size: 40
Inclusion criteria:
-Children diagnosed with ASD (based on history, review of available medical records and confirmed with
Autism Diagnostic Interview-Revised (ADI-R; completed by phone)
-Aged 2;0 to 5;11 years
-Significant adaptive communication deficits (i.e., Vineland-3 Communication sub scale <70)
-Able to vocalize with communicative intent during home video observation
-Stable treatment for at least 1 month prior to baseline with no more than 60 minutes per week 1:1 speech
therapy and no anticipated changes during study participation
-With an English-speaking parent able to consistently participate in study procedures.
Exclusion criteria:
-Children who have a primary language other than English
-Parent or child diagnosed with severe psychiatric disorder or unstable medical problem
-Child participating in >15 hours per week of 1:1 ABA treatment at home
-Parents without computer/Internet access
-Children with an unstable medical condition such as severe seizures
Intervention: PRT
Setting: USA
Duration: 12 weeks
Intensity: weekly 60-minute parent training sessions via secure video conference
Implementers: clinicians and parents
Concomitant interventions: stable concomitant interventions (see inclusion criteria)
Control: wait-list control
Post-intervention:
Change in parent fidelity of PRT implementation
Change in child frequency of functional utterances
Study start date: April 2020
Estimated study completion date: December 2024
Status: Recruiting

Interventions

Outcomes

Starting date

Contact information Blinded
Notes
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Blinded

NL5476 (NTR5893)
Study name

The effectiveness of pivotal response treatment in children and adolescents with autism
spectrum disorder: a randomised clinical trial
DAVINCI - A study to the effectiveness of pivotal response treatment in school-aged children with
autism spectrum disorder

Methods

RCT

Participants

Target sample size: 42
Inclusion criteria:
-clinically diagnosed with autism spectrum disorder (DSM-IV-TR and DSM-5) or social communication
disorder (DSM-5)
-aged 9-15 years at inclusion
-total IQ of > 80
-at least one of the parents is able to understand and speak the Dutch language
Exclusion criteria:
-Systemic problems that limit the possibility to engage in an intensive treatment, focused on training both
the child/adolescent and parents
-presence of comorbid problems that require treatment first
-problems with accepting child’s diagnosis of ASD by child and/or parent
-severe parental psychopathology
Intervention: PRT
Setting: Netherlands, outpatient clinic
Duration: 12 to 20 weeks
Intensity: weekly 45-min sessions
Implementers: clinicians and parents
Control: treatment-as-usual
Post-intervention:
Social Responsiveness Scale - 2
Clinical Global Impression - Improvement scale
Dutch “Opvoedingsbelasting Vragenlijst” - child rearing pressure of parents
Autism Diagnostic Observation Schedule - 2
Vineland Adaptive Behavior Scales
Child Behavior Checklist (short form)
Follow-up:
Social Responsiveness Scale - 2
Clinical Global Impression - Improvement scale
Dutch “Opvoedingsbelasting Vragenlijst” - child rearing pressure of parents
Study start date: June 2016
Study completion date: September 2017
Status: Trial completed, analyses ongoing

Interventions

Outcomes

Starting date

Contact information Blinded
Notes

Blinded
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Data and analyses
1 ASD symptom severity (direct or independent assessment of social
communication)
Outcome or Subgroup

Studies Participants Statistical Method

1.1 Standardized measures (individually 4
administered) at postintervention
1.1.1 Randomised trials
3
1.1.2 Non-randomised trials

1

Effect Estimate

Std. Mean Difference (IV, Random, 95% CI)

Subtotals only

129

Std. Mean Difference (IV, Random, 95% CI)

1.03 [0.25, 1.80]

23

Std. Mean Difference (IV, Random, 95% CI)

0.76 [-0.09, 1.61]

2 Expressive language: standardized measures (direct or
independent assessment of social communication)
Outcome or Subgroup

Studies Participants

Statistical Method

Effect Estimate

2.1 Expressive language subscales of
standardized measures (individually
administered) at postintervention
2.2 Expressive vocabulary test
(individually administered) at
postintervention

4

152

Std. Mean Difference (IV, Random, 95% CI)

0.10 [-0.32, 0.51]

1

23

Mean Difference (IV, Random, 95% CI)

17.73 [-1.81,
37.27]

1

39

Mean Difference (IV, Random, 95% CI)

-5.00 [-13.90,
3.90]

2.3 Mullen scales of Early Learning
expressive communication subtest
(individually administered) at
follow-up

3 Expressive language: frequency of functional use of language
(direct or independent assessment of social communication)
Outcome or Subgroup

Studies

Participants Statistical Method

Effect Estimate

3.1 Number of functional utterances
(observed) at postintervention
3.2 Number of functional words
(observed) at postintervention

2

90

Mean Difference (IV, Random, 95% CI)

1

21

Mean Difference (IV, Random, 95% CI)

15.67 [3.34,
28.01]
26.25 [-20.49,
72.99]

4 Expressive language: mean length of utterance (direct or
independent assessment of social communication)
Outcome or Subgroup

Studies

Participants

Statistical Method

Effect Estimate

4.1 Mean length of utterance in words
(observed) at postintervention

3

85

Mean Difference (IV, Random, 95% CI)

0.52 [0.21, 0.83]
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5 Expressive language: standardized measures (caregiver-reported
social communication)
Outcome or Subgroup

Studies

Participants Statistical Method

Effect Estimate

5.1 Vineland Expressive
subscale (caregiver-reported) at
postintervention
5.2 MacArthur-Bates Communicative
Development Inventories: words
produced out of 396 (caregiverreported) at postintervention

2

90

Std. Mean Difference (IV, Random, 95% CI)

0.32 [-0.10, 0.73]

2

90

Mean Difference (IV, Random, 95% CI)

33.96 [-116.27,
184.19]

5.3 MacArthur-Bates Communicative
2
Development Inventories: words
produced out of 680 (caregiverreported) at postintervention
5.4 MacArthur-Bates Communicative
1
Development Inventories: raw number
of words produced (caregiver-reported)
at postintervention

90

Mean Difference (IV, Random, 95% CI)

96.86 [4.25,
189.46]

39

Mean Difference (IV, Random, 95% CI)

-5.50 [-66.72,
55.72]

5.5 MacArthur-Bates Communicative
1
Development Inventories: raw number
of words produced (caregiver-reported)
at follow-up
5.6 MacArthur-Bates Communicative
1
Developmental Inventories: mean
length of longest utterance (caregiverreported) at postintervention

39

Mean Difference (IV, Random, 95% CI)

-16.50 [-87.66,
54.66]

47

Mean Difference (IV, Random, 95% CI)

0.90 [-0.11, 1.91]

6 Adaptive communication (caregiver-reported social
communication)
Outcome or Subgroup

Studies

6.1 Vineland Communication:
standard score (caregiver-reported) at
postintervention
6.1.1 Randomised trials

5

6.1.2 Non-randomised trials

Participants Statistical Method
Mean Difference (IV, Random, 95% CI)

Subtotals only

4.08 [-5.91,
14.07]
-3.45 [-7.90,
1.00]
-5.80 [-14.37,
2.77]

4

152

Mean Difference (IV, Random, 95% CI)

1

137

Mean Difference (IV, Random, 95% CI)

39

Mean Difference (IV, Random, 95% CI)

6.2 Vineland Communication: standard 1
score (caregiver-reported) at follow-up

Effect Estimate

151
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7 Social responsiveness (caregiver-reported social communication)
Outcome or Subgroup

Studies

7.1 Social Responsiveness Scale:
total score (caregiver-reported) at
postintervention
7.1.1 Randomised trials

4

Participants Statistical Method
Std. Mean Difference (IV, Random, 95% CI)

Effect Estimate
Subtotals only

2

117

Std. Mean Difference (IV, Random, 95% CI)

0.32 [-0.06, 0.70]

2

150

Std. Mean Difference (IV, Random, 95% CI)

0.14 [-0.88, 1.15]

7.2 Social Responsiveness Scale:
total score (teacher-reported) at
postintervention

1

68

Mean Difference (IV, Random, 95% CI)

4.80 [-8.09,
17.69]

7.3 Social Responsiveness Scale: total
score (caregiver-reported) at follow-up
7.4 Social Responsiveness Scale: total
score (teacher-reported) at follow-up

1

69

Mean Difference (IV, Random, 95% CI)

1

68

Mean Difference (IV, Random, 95% CI)

8.50 [-7.29,
24.29]
3.40 [-8.86,
15.66]

7.1.2 Non-randomised trials

8 Social responsiveness during parent-child interaction (direct or
independent assessment of social communication)
Outcome or Subgroup

Studies

Participants Statistical Method

Effect Estimate

8.1 Percentage of child social
responsiveness to parent social bids
(observed) at postintervention

1

21

16.70 [3.65,
29.75]

Mean Difference (IV, Random, 95% CI)

9 Adaptive socialization (caregiver-reported social communication)
Outcome or Subgroup

Studies

9.1 Vineland Socialization: standard
score (caregiver-reported) at
postintervention
9.1.1 Randomised trials

2

9.1.2 Non-randomised trials

Participants Statistical Method

Effect Estimate

Mean Difference (IV, Random, 95% CI)

Subtotals only

1

23

Mean Difference (IV, Random, 95% CI)

10.91 [2.42, 19.40]

1

130

Mean Difference (IV, Random, 95% CI)

-1.74 [-5.81, 2.33]

10 Pragmatic communication (caregiver-reported social
communication)
Outcome or Subgroup
10.1 Children’s Communication
Checklist: total score (caregiverand teacher-reported mean) at
postintervention
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Studies
1

Participants Statistical Method

Effect Estimate

30

13.17 [8.53,
17.81]

Mean Difference (IV, Random, 95% CI)

11 Receptive language (direct or independent assessment of social
communication)
Outcome or Subgroup

Studies

Participants Statistical Method

Effect Estimate

11.1 Peabody Picture Vocabulary
Test: standard score (individually
administered) at postintervention

1

23

37.63 [12.43,
62.83]

Mean Difference (IV, Random, 95% CI)

12 Receptive language (caregiver-reported social communication)
Outcome or Subgroup

Studies

Participants Statistical Method

Effect Estimate

12.1 Vineland Receptive
subscale (caregiver-reported) at
postintervention

1

47

2.60 [-3.77, 8.97]

Mean Difference (IV, Random, 95% CI)

13 Total language ability (direct or independent assessment of social
communication)
Outcome or Subgroup

Studies

Participants Statistical Method

Effect Estimate

13.1 Preschool Language Scale:
total standard score (individually
administered) at postintervention

1

23

17.78 [2.45,
33.11]

Mean Difference (IV, Random, 95% CI)

14 Child cognitive ability
Outcome or Subgroup

Studies

Participants Statistical Method

Effect Estimate

14.1 Mullen Early Learning: composite
score (individually administered) at
postintervention

2

66

7.83 [-16.37,
32.03]

Mean Difference (IV, Random, 95% CI)

15 Child restricted and repetitive behavior
Outcome or Subgroup

Studies

15.1 Standardized measures
(individually administered) at
postintervention
15.1.1 Randomised trials

3

2

15.1.2 Non-randomised trials

1

Participants Statistical Method

Effect Estimate

Std. Mean Difference (IV, Random, 95% CI)

Subtotals only

106

Std. Mean Difference (IV, Random, 95% CI)

0.18 [-0.36, 0.72]

23

Std. Mean Difference (IV, Random, 95% CI)

0.40 [-0.43, 1.23]
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16 Child behaviour problems
Outcome or Subgroup

Studies

Participants Statistical Method

Effect Estimate

16.1 Externalising behaviour problems: 2
standardized measures (caregiverreported) at postintervention
16.2 Internalising behaviour problems: 1
standardized measures (caregiverreported) at postintervention

141

Std. Mean Difference (IV, Random, 95% CI)

0.27 [-0.07, 0.60]

21

Mean Difference (IV, Random, 95% CI)

0.00 [-6.62, 6.62]

16.3 Total behaviour problems:
1
standardized measures (caregiverreported) at postintervention
16.4 Disruptive behaviour (observed) at 1
postintervention

21

Mean Difference (IV, Random, 95% CI)

3.10 [-2.35, 8.55]

30

Mean Difference (IV, Random, 95% CI)

6.90 [6.60, 7.20]

17 Child global clinical functioning
Outcome or Subgroup

Studies

Participants Statistical Method

Effect Estimate

17.1 Clinical Global Impression-Severity 3
scale (observed) at postintervention
17.2 Clinical Global Impression3
Improvement scale (observed) at
postintervention

161

Mean Difference (IV, Random, 95% CI)

0.17 [-0.02, 0.37]

161

Mean Difference (IV, Random, 95% CI)

0.56 [0.08, 1.04]

17.3 Clinical Global Impression-Severity 1
scale (observed) at follow-up
17.4 Clinical Global Impression1
Improvement scale (observed) at
follow-up

71

Mean Difference (IV, Random, 95% CI)

0.40 [-0.09, 0.89]

71

Mean Difference (IV, Random, 95% CI)

0.10 [-0.44, 0.64]

18 Child adaptive behaviour
Outcome or Subgroup

Studies

18.1 Vineland Adaptive Behaviour:
composite (caregiver-reported) at
postintervention
18.1.1 Randomised trials

2

18.1.2 Non-randomised trials
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Participants Statistical Method

Effect Estimate

Std. Mean Difference (IV, Random, 95% CI)

Subtotals only

1

23

Std. Mean Difference (IV, Random, 95% CI)

1.29 [0.37, 2.20]

1

127

Std. Mean Difference (IV, Random, 95% CI)

-0.29 [-0.64, 0.06]

19 Parent outcomes
Outcome or Subgroup

Studies

19.1 Parental stress (caregiverreported) at postintervention
19.1.1 Randomised trials

2
1

19.1.2 Non-randomised trials
19.2 Parental stress (caregiverreported) at follow-up

Participants Statistical Method

Effect Estimate

Std. Mean Difference (IV, Random, 95% CI)

Subtotals only

70

Std. Mean Difference (IV, Random, 95% CI)

0.20 [-0.30, 0.71]

1

21

Std. Mean Difference (IV, Random, 95% CI)

0.15 [-0.71, 1.01]

1

69

Mean Difference (IV, Random, 95% CI)

2.60 [-5.65,
10.85]

19.3 Parental happiness during
parent-child interaction (observed) at
postintervention
19.4 Parental interest during
parent-child interaction (observed) at
postintervention

1

17

Mean Difference (IV, Random, 95% CI)

0.94 [0.41, 1.47]

1

17

Mean Difference (IV, Random, 95% CI)

1.28 [0.35, 2.21]

19.5 Parental stress during parentchild interaction (observed) at
postintervention

1

17

Mean Difference (IV, Random, 95% CI)

0.76 [0.14, 1.38]

19.6 Parental communication style
during parent-child interaction
(observed) at postintervention

1

17

Mean Difference (IV, Random, 95% CI)

0.89 [0.21, 1.57]

19.7 Parental confidence (observed) at
postintervention

1

27

Mean Difference (IV, Random, 95% CI)

1.64 [0.67, 2.61]
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Protocol

To systematically review evidence on the effectiveness of PRT in individuals with ASD. Our specific
objectives are:
to assess the effect of PRT compared with treatment as usual or wait-list control on social
communication skills in individuals with ASD based on: 1. direct observation; and 2. parent/caregiver or
teacher report (or both);
to assess the effect of PRT compared to treatment as usual or wait-list control on: 1. a. intelligence;
b. restricted and repetitive behaviour; c. internalising and externalising behaviour; d. global clinical
improvement; e. the dose-response of PRT; and f. possible reported adverse effects; and 2. parenting
stress;
to examine differential effects of age, gender, IQ measure before treatment, and severity of ASD
symptoms on treatment outcomes; and
to examine differential effects of fidelity of PRT implementation, duration of intervention, intensity of
intervention, implementation setting and therapist involvement on treatment outcomes.

Section

Objectives

Additional Table 1.
Differences Between Protocol And Review

Supplemental Material

We provided a more detailed specification for each of the outcomes in the broad social communication
domain.
We changed “internalising and externalising behaviour” to “behaviour problems” since this also includes
total behaviour problems.
We included adaptive behaviour as an additional secondary.

Review
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Types of outcome measures

2. Social communication skills as measured by parent/
caregiver or teacher report, or both, using scales such as the
Social Responsiveness Scale (SRS; Constantino 2005), the Social
Communication Questionnaire (SCQ; Rutter 2003), the
Children’s Communication Checklist (CCC; Bishop 1998) or
the Socialization and Communication domains of the Vineland
Adaptive Behaviour Scales (VABS; Sparrow 2005)

1. Social communication skills based on direct observations,
including observational measures such as the Social and
Communication domains of the Autism Diagnostic Observation
Scale (ADOS; Lord 2000), or observed expressive
communication such as the Production Scale of the Reynell
Developmental Language Scale (RDLS; Reynell 1985), the
observed mean length of utterance (MLU), and observed
functional verbalisations

Primary outcomes

We included adaptive behaviour as an additional secondary outcome

We further specified our primary outcomes in the social communication domain:
ASD symptom severity (direct or independent assessment of social communication), measured at postintervention and follow-up with observational, individually administered measures such as the Autism
Diagnostic Observation Schedule-Generic (ADOS-G; Lord 2000) or second edition (ADOS-2; Lord 2012).
Expressive language: standardised measures (direct or independent assessment of social
communication), such as the Expressive Communication sub scale of the Preschool Language Scale fourth (PLS-4; Zimmerman 2002) or fifth edition (PLS-5; Zimmerman 2011), the expressive sub scale
of the Mullen Scales of Early Learning (MSEL; Mullen 1995), or th Production Scale of the Reynell
Developmental Language Scale (RDLS; Reynell 1985), measured at post-intervention and follow-up.
Expressive language: frequency of functional use of language (direct or independent assessment of
social communication) assessed or rated by observation post-intervention or follow-up
Expressive language: mean length of utterance (direct or independent assessment of social
communication) assessed or rated by observation post-intervention or follow-up
Expressive language: standardized measures (caregiver-reported social communication) such as the
MacArthur-Bates Communicative Developmental Inventories (CDI; Fenson 2007), administered postintervention or at follow-up.
Adaptive communication (caregiver-reported social communication) measured by standardized scales
such a the Communication domain of the Vineland Adaptive Behaviour Scales - Second edition (VABSII; Sparrow 2005) administered post-intervention or at follow-up.
Social responsiveness (caregiver-reported social communication) assessed with standardized measures
such as the Social Responsiveness Scale (SRS; Constantino 2005) or SRS-2 (Constantino 2012),
administered post-intervention or at follow-up.
Social responsiveness during parent-child interaction (direct or independent assessment of social
communication) assessed or rated by observation post-intervention or at follow-up.
Adaptive socialization (caregiver-reported social communication) measured by standardized scales
such a the Socialization domain of the VABS-II (Sparrow 2005), administered post-intervention or at
follow-up.
Pragmatic communication (caregiver-reported social communication), measured by standardized
scales such as the Children’s Communication Checklist (CCC; Bishop 1998) or CCC-2 (Bishop 2006b)
administered post-intervention or at follow-up.
Receptive language (direct or independent assessment of social communication), measured by
standardized, individually administered scales, such as the Auditory Comprehension sub scale of PLS-4
(Zimmerman 2002) or PLS-5 (Zimmerman 2011) and the Peabody Picture Vocabulary Test fourth edition
(PPVT-4; Dunn 2007), administered post-intervention or at follow-up.
Receptive language (caregiver-reported social communication), measured by standardized scales
such ass the Receptive sub scale of the VABS-II (Sparrow 2005), administered post-intervention or at
follow-up.
Total language ability (direct or independent assessment of social communication), assessed by
administration of a standardized measure, such as the total score on the PLS-4 (Zimmerman 2002) or
PLS-5 (Zimmerman 2011) post-intervention or at follow-up.
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If at least 10 studies are included in the meta-analysis, we will draw funnel plots (i.e. estimated
differences in treatment effects against their standard error) and test for funnel plot asymmetry, to
detect whether reporting bias is present. However, asymmetry in funnel plots can be caused by other
sources, such as differences in methodological quality and true heterogeneity in intervention effects
(Sterne 2017). We will also perform the Egger 1997 test for funnel plot asymmetry, as proposed
by Sterne 2017.

Assessment of reporting biases

We did not identify a sufficient amount of studies to allow assessment of reporting biases.

We did not identify enough studies to allow for subgroup analysis to explore potential causes of
heterogeneity.

We presented estimates of effect separately for each outcome measure and timing of effect (postintervention versus follow-up).

For studies that report multiple estimates of effect, we will use the estimate from the model that
adjusted for most covariates.

If heterogeneity is present, we will investigate potential causes of heterogeneity by means of a
subgroup analysis, provided that there are enough studies (see Subgroup analysis and investigation of
heterogeneity).

We did not identify cross-over designs.

We will screen studies with a cross-over design for information about the evaluation of the carry-over
or period effects. If neither carry-over nor period effects are thought to be a problem, we will calculate
the effect estimate of the difference measure in the meta-analysis, using the generic inverse-variance
method in RevMan 5 (Review Manager 2014). However, if carry-over or period effects are present or
insufficient information about these effects is available, we will base the analysis on the data from the
first period only.

Assessment of heterogeneity

We did not identify cluster-randomised designs.

Studies with a cluster-randomised design should report an intra-cluster correlation coefficient (ICC).
If the ICC is not reported, we will obtain external estimates from similar studies (Higgins 2011), and
then correct the analysis by reducing the size of each trial to its ‘effective sample size’. We will enter the
data into RevMan 5 (Review Manager 2014), and use the generic inverse-variance method for analysis.
When studies report outcomes from individuals of the same family (e.g. in multilevel models), we will
include effect estimates from analyses that properly account for the cluster design, if this information
is available. However, since we expect that this information will not be available for each study, we
can only account for the impact of including siblings on the effect estimates for studies that report this
information properly.

Unit of analysis issues

We did not identify studies that presented outcomes with dichotomous data without continuous data
on the same outcomes.

When dichotomous outcomes are reported (e.g. clinically significant response to a treatment versus
no clinically significant response), we will use the risk ratio (RR) with a 95% confidence interval (CI).
If study outcomes are not reported within a 2 x 2 table, we will contact the investigators for this
information. To calculate the RR, we will use the algorithm described in the Cochrane Handbook
for Systematic Reviews of Interventions (Deeks 2017). We have chosen the RR rather than
the odds ratio (OR) because the OR can be misleading when event rates (i.e. rates of clinically significant
improvement) are high, which is common in clinical trials and systematic reviews (Deeks 1998).

Measures of treatment effect

Additional table 1. continued
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We will explore possible causes of heterogeneity in study results by subgroup analysis, using metaWe did not identify enough studies to conduct subgroup analysis on participant characteristics and
regression, if there are at least 10 studies per outcome. Exploratory subgroup analysis will involve the
treatment characteristics.
following factors.
Participant characteristics:
age (pre-school (under 6 years of age) versus school-age (6 to 12 years of age) versus adolescents (over
12 years of age));
gender (male versus female);
IQ (below average IQ (less than 85) versus average IQ (85 to 115) versus above average IQ (more than
115)); and
severity of ASD symptoms based on scores on standardised tests such as the ADOS (Lord 2000) and ADI-R
(Lord 1994) (low versus moderate versus high).
Treatment characteristics:
reported fidelity of implementation of PRT techniques (insufficient (less than 80%) versus sufficient
(80% or more));
duration of intervention;
intensity or hours per week of intervention;
implementation setting (at a clinic, at home, at school or at a community setting);
therapist involvement (direct training versus indirect training (via parents, teachers, or peers) versus
both direct and indirect training of individuals with ASD); and
type of treatment used in the control group (ABA-based versus non-ABA-based versus not known).

Subgroup analysis and
investigation of heterogeneity

We prepared a “Summary of findings table” for the main comparison of the following outcomes:
ASD symptom severity (direct or independent assessment of social communication), measured at
post-intervention
Expressive language: standardised measures (direct or independent assessment of social
communication) measured at post-intervention
Expressive language: frequency of functional use of language (direct or independent assessment of
social communication) assessed or rated by observation post-intervention
Expressive language: mean length of utterance (direct or independent assessment of social
communication) assessed or rated by observation post-intervention
Expressive language: standardized measures (caregiver-reported social communication) administered
at post-intervention
Adaptive communication (caregiver-reported social communication) administered at post-intervention
Social responsiveness (caregiver-reported social communication) administered at post-intervention

We will prepare a ‘Summary of findings’ table in RevMan 5 (Review Manager 2014), for the main
comparison of the following outcomes:
social communication skills based on direct observation; and
social communication skills based on parent/caregiver or teacher report, or both.

Data synthesis

Additional table 1. continued

Sensitivity analysis

We will carry out sensitivity analyses to evaluate the robustness of the pooled effect sizes across the
following components of methodological quality.
Lack of blinding. We will re-analyse data, excluding data from studies with a high risk of blinding
bias (see Assessment of risk of bias in included studies). High risk of blinding bias is defined as a high
or unclear risk of bias in both the blinding of participants and personnel, and blinding of outcome
assessments, given that evidence supporting psychological interventions can be strongly influenced by
these study characteristics (Sonuga-Barke 2013).
Incomplete outcome reporting. We will re-analyse data, excluding data from studies with a high risk of
bias due to incomplete outcome reporting.
Dropout rate. We will re-analyse data, excluding data from studies with a high dropout rate (30% or
higher) or different distribution of dropout between groups within the study, or both.
Additionally, we will perform sensitivity analyses to evaluate the robustness of the pooled effect sizes
across the following two components related to medication use.
Lack of reporting on medication status. We will re-analyse data, excluding data from studies that do not
report on patients’ medication status.
Use of medication. We will re-analyse data, excluding data from studies in which patients use
medication.

Additional table 1. continued
Since point 2. and 3. are components of methodological quality and points 1. and 2. of the components
related to medication use referred to the same studies, we merged these points:
We carried out sensitivity analyses to evaluate the robustness of the pooled effect sizes across the
following components of methodological quality:
Lack of blinding. We re-analysed data, excluding data from studies with a high risk of blinding bias
(see Assessment of risk of bias in included studies). High risk of blinding bias was defined as a high
or unclear risk of bias in both the blinding of participants and personnel, and blinding of outcome
assessments, given that evidence supporting psychological interventions can be strongly influenced by
these study characteristics (Sonuga-Barke 2013).
Incomplete outcome reporting. We re-analysed data, excluding data from studies with a high risk of bias
due to incomplete outcome reporting.
Additionally, we performed sensitivity analyses to evaluate the robustness of the pooled effect sizes
across the following component related to medication use:
Lack of reporting on medication status. We will re-analyse data, excluding data from studies that do not
report on patients’ medication status
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Low

Low

2) Differences between
groups on (verbal) IQ
before intervention

3) Differences between
groups on comorbid
psychiatric conditions
before intervention

“none of the differences in demographics
(sex, age, total IQ, education mother,
education father, co-morbidity, medication)
between the two groups were significant at
pretest.” (quote, p 235, 9th paragraph)

“none of the differences in demographics
(sex, age, total IQ, education mother,
education father, co-morbidity, medication)
between the two groups were significant at
pretest.” (quote, p 235, 9th paragraph)

“before the interventions commenced,
children in the PRT group had higher total
scores on the ADOS (mean 14.8 ± 5.0) than
children in the TAU group (mean 7.3 ± 3.8)”
(quote, p 235, 10th paragraph)

Serious

1) Differences between
groups on ASD severity
before intervention

Support for judgement

One known important domain was not
controlled for

Risk of bias

Duifhuis 2017

Bias due to
Serious
confounding (overall)

Domain

Additional Table 2.
Risk of Bias’ Assessments Of Non-Randomised Trials

No information

No information

Critical

Critical

Risk of bias

Smith 2019

No information

No information, only differences between the groups in
‘adaptive functioning’ were reported

Differences existed between the group in severity of ASD
symptoms and diagnostic procedure for ASD (p669, 3rd
paragraph)

Child’s age differed between the groups, but was included
as a covariate in the analyses. However, differences in ASD
severity posed critical risk of bias, and IQ and comorbid
problems were not measured. There were differences
between the groups in time for diagnosis to start of
intervention.

Support for judgement

Serious

Low

No
information

Serious

Risk of bias

Stock 2013

Differences between two groups on eligibility criteria on
problem behaviour:
PRT: “children became eligible for the intervention
program based solely on a diagnosis of ASD and age
between 2 and 6 years.” (quote, p 1171, 1st paragraph)
Control: “a) an ASD diagnosis; b) a chronological age of
less than 6 years; and c) the absence of serious problem
behaviours that required 1:1 dedication support.” (quote,
p 1170, 5th paragraph)

Two groups were comparable on cognitive scores,
baseline scores used as covariate in some analyses:
“NS EIBI children were drawn from a pool of 45 children
to match the 14 GABA participants according to baseline
chronological age and cognitive scores.” (quote, p 1171,
2nd paragraph)
“there was no significant difference in cognitive scores”
(quote, p 1173, 7th paragraph)
“baseline cognitive scores were used as a covariate in the
expressive language, and adaptive behaviour analyses.”
(quote, p 1173, 8th paragraph)

No information

Two known important domains were not controlled for,
and one important domain with no information.

Support for judgement
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Low

Bias in classification
of interventions

Bias due to deviations Low
from intended
intervention - effect
of assignment to
intervention

Selection of participants into the study
or analyses was not based on participant
characteristics observed after the start of
the interventions and for each participant,
start of follow up and start of intervention
coincided.
Although it is stated that:
“PRT therapists were only available in one
location” (quote, p 240, 4th paragraph), all
locations are of the same hospital using the
same diagnostic and treatment protocols.
Thus, it is unlikely that this contributed to
differences in outcomes.

Low

Bias in selection of
participants into
study

No evidence for deviations from the intended No information
intervention beyond usual practice

For both the PRT and TAU group, intervention Low
status is well defined and intervention
definition is based solely on information
collected at the time of intervention.

Serious

percentage of medication use was higher
Serious
in TAU group (p 238, Table 3), although
difference was non-significant. Furhter,
“receiving other specific individual
therapies focusing on improving socialcommunication, for example speech and
language therapy” was an exclusion criterion
(quote, p 233, 2nd paragraph)

4) Presence of one or
Moderate
more pharm. or nonpharm. co-interventions
besides PRT or control

Additional table 2. continued
Serious

No information was provided on deviations form the
intended intervention beyond what would be expected
from usual practice.

Intervention groups were clearly defined in term of
used techniques or programs, intensity, duration and
implementation setting (p 670, 6th paragraph to p 671,
2nd paragraph).

Low

Low

Selection in the study was very strongly related to the
Serious
intervention. It is described that “service providers did not
offer research participation to all eligible families, and
“participation was offered to a higher proportion of families
in NS than NB” (quote, p 677, 4 paragraph). Also, baseline
measures were delayed, since “an average of 4 months
elapsed between children starting intervention and parents
completing Time 1 measures” (quote, p 676, 3rd paragraph).

There are differences in use of co-interventions among both
groups, reported in a subsample of the study (Ungar 2018).

Assignment to intervention reflects usual practice in the
community:
PRT: “children were selected for the intervention
program randomly from those eligible and constitute a
representative community sample.”
“NS EIBI children were drawn from a pool of 45 children
to match the 14 GABA participants according to baseline
chronological age and cognitive scores.” (quotes, p 1171,
1st and 2nd paragraphs)
Control: “The GABA participants represent a community
sample, since all children whose parents applied for them
to enter the program over two successive admission
cycles were included in the study.” (quote, p 1170, 5th
paragraph)

Both interventions are well defined, information based
on information at time of intervention:
PRT: “Children in the NS EIBI program received
intervention based on the PRT method” (quote, p 1172,
5th paragraph)
Control: “Participants in the GABA program...received
intervention based on the VB method” (quote, p 1172,
4th paragraph)

Selection into the study was related to type of
intervention (different population from which
participants were recruited in the two groups), but not
to outcome:
PRT: “The PRT program sample was comprised of 14
children who were drawn from a larger data set of 45
preschoolers enrolled in a government-funded autism
intervention program in Nova Scotia, Canada.” (quote, p
1170, 6th paragraph)
Control: “Children in the VB program were enrolled
in a private group applied behaviour analysis (GABA)
preschool program located in a large city in Western
Canada.” (quote, p 1170, 5th paragraph)

There were differences between two groups on reported
co-interventions:
PRT: “Problem behaviour was addressed using the
strategies of positive behaviour support” (quote, p 1172,
6th paragraph)
Control: none
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Bias due to deviations Moderate
from intended
intervention effect of starting
an adhering to
intervention

In both groups, three participants withdrew Serious
from therapy prior to the midpoint measures
(Figure 1, p 236); although this may impact
on the outcome, this reflects usual care and
intention-to-treat analysis was performed

Additional table 2. continued
A paper on a subsample, Ungar 2018, indicated that
Serious
important co-interventions were not balanced across
intervention groups.
No information is provided on implementation of and
adherence to the intended interventions.
“Differences in access to services prior to start of the
intervention: “prior to provincial EIBI initiation, a greater
proportion of NS (65%) families, compared to NB (29%)
families, accessed various services” (quote, p 172, 3rd
paragraph).
Also, differences between the groups existed on percentages
on use of resources at the end of the intervention (time
2), e.g. 30% in the NS (PRT) received additional early
intervention programs, while this was 8% in the NB
(control) intervention group. However, for other recourses
(e.g. medications) these percentages were more similar, i.e.
3% in NS group and 4% in NB group.

Differences between groups in deviations form intended
intervention and co-intervention, not controlled for in
the analyses.
1) Fidelity of treatment implementation was recorded
and sufficient for majority of therapists, procedure is
slightly different between the two groups:
PRT: “The majority of therapists (86.6%) met the fidelity
criteria (>80% accurate performance) within the first
4 months of working with the first child to whom they
were assigned. Additional training was provided to
the therapists who did not meet criteria, until fidelity
was achieved...each interventionist was monitored by
a clinical supervisor and received feedback on his/her
implementation of PRT on a bi-weekly basis...however,
formal fidelity checks were not recorded.” (quote, p 1173,
5th paragraph)
“The average fidelity score for therapists who taught
children in this study was 81% across all evaluations...
therapists whose evaluation scores were initially low
received additional weekly support and training from
supervisors until they met the criteria...each therapist
was monitored by or had access to a supervisor on a
weekly basis for ongoing skills training and support.”
(quote, p 1173, 3rd paragraph)
2) Differences within PRT group in intensity of
intervention, but not within control group:
PRT: “Children who entered the NS EIBI program in Year
1 (n=8 in the current sub sample) received 15h/week
of 1:1 intervention over a 12-month period. Children
who entered in Year 2 (n=6 in the current sub sample)
received 15h/week of 1:1 instruction for 6 months, 10h/
week for the next 3 months and 5h/week of a final 3
month period” (quote, p 1172, 6th paragraph)
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Moderate

Low

Serious

Moderate

Serious

Bias in measurement
of outcomes - outcome
group: observed

Bias in measurement
of outcomes - outcome
group: caregiver-rated

Bias in selection of
the reported result

Overall bias

Low

Bias in measurement
of outcomes

Bias due to missing
data
Critical

Serious risk of bias in one domain, but no
critical risk of bias in any domain

No pre-registered protocol is available;
however, all reported results correspond to
the intended outcomes

Caregiver-rated questionnaires were not
blinded

Primary observed outcome measure was
administered by a psychologist “blind to
treatment condition” (quote, p 235, 2nd
paragraph)

Critical

Moderate

Serious

No information

Measures used for the outcome assessment Moderate
were comparable across intervention groups.
The observed primary outcome was blinded,
caregiver-reported questionnaires were
not blinded.

Outcomes have none or low proportions
of missing data that were similar across
intervention groups

Additional table 2. continued
Low

Critical risk of bias in two domains: bias due to confounding
and bias due to missing data

No pre-registered protocol is available; however, all
reported results correspond to the intended outcomes

Caregiver-rated questionnaires were not blinded

No observed outcomes included

Serious

Moderate

Serious

Serious

Although the measures used for the outcome assessment
Serious
were comparable across intervention group, timing of the
outcome measures showed variation between groups:
“mean interval between Time 1 and Time 2 in NB was 53.5
weeks (SD = 9.22) and in NS, 48.3 weeks (SD = 6.74)”
(quote, p 670, 5th paragraph).
Furthermore, it is described that “an average of 4 months
elapsed between children starting intervention and parents
completing Time 1 measures” (quote, p 676, 3rd paragraph).

For all outcomes, there was a significant proportion of
missing values. Originally, “298 children from NB and
221 children from NS were enrolled” (quote, p 669, 3rd
paragraph). However, approximately half of the sample
was missing the time 2 measure (Table 1, p 672). Although
multilevel analysis (MLA) including also participants with
missing data showed the same pattern of results, these
showed slight differences (e.g. for the SRS-2, the time
parameter was significant for the sample that included
missing data, but only marginally significant for the sample
of participants with complete Time 1 and Time 2 data.

Serious risk of bias in four domains, but no critical risk of
bias in any domain.

No pre-registered protocol is available; however,
all reported results correspond with to all intended
outcomes, specified in the article and in an unpublished
thesis manuscript

“parent report measures were mailed to parents and were
returned either in person or through the mail at both
sites.” (quote, p 1173, 3rd paragraph)

PRT: “ NS EIBI data collection took place primarily in a
clinical research setting, or in some cases, in children’s
homes or preschools. Assessments were conducted by
research assistants (supervised by the third author) who
were experienced in testing children with ASD and were
not involved in the intervention.” (quote, p 1173, 3rd
paragraph)
Control “GABA data were collected in each child’s home or
at the program preschool by a certified speech-language
pathologist, registered psychologist (at baseline) or the
first author (who was one of the GABA supervisors).”
(quote, p 1173, 3rd paragraph)

Data collection methods differ per group for objective
measures and were not blinded.
Data collection methods for caregiver-reported measures
were comparable across groups. Caregivers were not
blinded for intervention status.

Outcomes have none or low proportions of missing data
that were similar across intervention groups
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Outcome

1.1 Standardized measures
(individually administered), at
postintervention

2.1 Expressive language subscales of
standardized measures (individually
administered), at postintervention

3.1 Number of functional utterances
(observed) at postintervention

4.1 Mean length of utterance in words
(observed), at postintervention

5.1 Vineland expressive sub
scale (caregiver-reported), at
postintervention

6.1 Vineland Communication standard
score (caregiver-reported), at
postintervention

7.1 Social Responsiveness Scale
total score (caregiver-reported), at
postintervention

Comparison

1. ASD symptom severity (direct or
independent assessment of social
communication)

2. Expressive language: standardized
measures (direct or independent
assessment of social communication)

3. Expressive language: frequency
of functional language use (direct
or independent assessment of social
communication)

4. Expressive language: mean length
of utterance (direct or independent
assessment of social communication)

5. Expressive language: standardized
measures (caregiver-reported social
communication)

6. Adaptive communication (caregiverreported social communication)

7. Social responsiveness (caregiverreported social communication)

Additional Table 3.
Outcomes of Sensitivity Analyses
Results excluding studies with high
risk of blinding bias

Results excluding studies with
high risk of attrition bias and
high dropout rate

RCTs: MD = 15.67 (95% CI 3.34 to 28.01; RCTs: MD = 15.67 (95% CI 3.34 to
2 studies, 90 participants)
28.01; 2 studies, 90 participants)

RCTs: MD = 15.67 (95% CI 3.34 to
28.01; 2 studies, 90 participants)

No analysis possible, risk of blinding
bias of caregiver-reported outcomes was
unclear or high for all studies

RCTs: MD = 4.08 (95% CI -5.91 to
14.07; 4 studies, 152 participants)

RCTs: SMD = 0.32 (95% CI
-0.06 to 0.70; 2 studies, 117
participants)

N-RCTs: no analysis possible

RCTs: MD = -1.03 (95% CI
-14.24 to 12.17; 2 studies, 86
participants)

RCTs: SMD = 0.45 (95% CI -0.13
to 1.03; 1 study, 47 participants)

RCTs: MD = 0.63 (95% CI 0.15 to
1.11; 1 study, 34 participants)

RCTs: MD = 13.10 (95% CI
-5.01 to 31.21; 1 study, 47
participants)

RCTs: SMD = 0.35 (95% CI
-0.32 to 1.02; 4 studies, 70
participants)

N-RCTs: SMD = 0.75 (95% CI -0.15 to N-RCTs: SMD = 0.75 (95%
1.64; 1 study, 21 participants)
CI -0.15 to 1.64; 1 study, 21
participants)

RCTs: SMD = 0.32 (95% CI -0.06 to
0.70; 2 studies, 117 participants)

RCTs: SMD = 0.32 (95% CI -0.06 to
0.70; 117 participants; 2 studies)
N-RCTs: SMD = 0.08 (95% CI -1.06 to
1.23; 2 studies, 150 participants)

N-RCTs: no analysis possible

N-RCTs: MD = -3.45, (95% CI -7.90 to
1.00; 1 study, 137 participants)
No analysis possible, risk of blinding
bias of caregiver-reported outcomes was
unclear or high for all studies

RCTs: SMD = 0.32 (95% CI -0.10 to
0.73; 2 studies, 90 participants)

No analysis possible, risk of blinding
bias of caregiver-reported outcomes was
unclear or high for all studies

RCTs: SMD = 0.32 (95% CI -0.10 to
0.73; 2 studies, 90 participants)

RCTs: MD = 4.08 (95% CI -5.91 to
14.07; 4 studies, 152 participants)

RCTs: MD = 0.52 (95% CI 0.21 to
0.83; 3 studies, 85 participants)

RCTs: MD = 0.52 (95% CI 0.21 to 0.83; 3 RCTs: MD = 0.52 (95% CI 0.18 to 0.85; 2
studies, 85 participants)
studies, 64 participants)

RCTs: SMD = 0.10 (95% CI -0.32 to
0.51; 4 studies, 152 participants)

RCTs: SMD = -0.04 (95% CI -0.38 to
0.31; 3 studies, 129 participants)

RCTs: SMD = 0.10 (95% CI -0.32 to
0.51; 4 studies, 152 participants)

RCTs: SMD = 0.36 (95% CI -0.18
to 0.90; 1 study, 63 participants)

Results excluding studies
with no reporting on
participants’ medication
status

N-RCTs: SMD = 0.76 (95% CI -0.09 to N-RCTs: SMD = 0.76 (95%
1.61; 1 study, 23 participants)
CI -0.09 to 1.61; 1 study, 23
participants)

N-RCTs: SMD = 0.76 (95% CI -0.09 to
1.61; 1 study, 23 participants)

N-RCTs: SMD = 0.76 (95% CI -0.09 to
1.61; 1 study, 23 participants)

RCTs: SMD = 1.03 (95% CI 0.25 to 1.80; RCTs: SMD = 0.85 (95% CI -0.14 to 1.84; RCTs: SMD = 1.03 (95% CI 0.25 to
3 studies, 129 participants)
2 studies, 106 participants)
1.80; 3 studies, 129 participants)

Results of all studies
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Appendices
1 Examples of Pivotal Response Treatment learning opportunities
In Pivotal Response Treatment (PRT), ‘learning opportunities’ are created with PRT
techniques that are based on the principles of ABC (i.e. antecedents, behaviour,
consequences).

Example of a learning opportunity for the target behaviour ‘three-word
sentence’ in a young child with ASD
1. The child chooses to play with a ball (PRT technique: following the child’s
interests)
2. The therapist holds the ball after the child rolls the ball (PRT technique:
catching the child’s attention)
3. The therapist prompts the child by saying a three-word sentence: ‘roll the ball’
(PRT technique: providing a clear learning opportunity with appropriate help)
4. If the child responds with ‘roll ball’, the therapist rolls the ball (PRT techniques:
providing a natural reward and rewarding attempts)
Example of a learning opportunity for the target behaviour ‘asking an
informative question’ in an adolescent with ASD
1. The adolescent enjoys playing different video games and the therapist brings
a new video game (PRT technique: following the adolescent’s interests)
2. The video game is on the table, but is still wrapped in paper (PRT technique:
catching the adolescent’s attention)
3. The therapist prompts the adolescent first by waiting on a response. If the
adolescent does not respond, the therapist prompts the adolescent again
by saying: “you can ask now: which game did you bring?’’ (PRT technique:
providing a clear learning opportunity with appropriate help)
4. If the adolescent says, “which game is it?”, the therapist answers the question
and unwraps the paper (PRT techniques: providing a natural reward and
rewarding attempts)

2 Ovid MEDLINE search strategy
1 	exp child development disorders, pervasive/ or exp Asperger syndrome/ or exp
autism spectrum disorder/ or exp autistic disorder/
2 	pervasive development$ disorder$.tw,kf.
3 	(pervasive adj3 child$).tw,kf.
4 	(PDD or PDDs or PDD-NOS or ASD or ASDs).tw,kf.
5 	autis$.tw,kf.
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6 	asperger$.tw,kf.
7 	kanner$.tw,kf.
8 	or/1-7
9 	pivotal$.tw,kf.
10 PRT.tw,kf.
11 Natural Language Paradigm.tw,kf.
12 NLP.tw,kf.
13 or/9-12
14 8 and 13

3 Study data to be extracted
Source
1. Study ID (created by review author)
2. Report ID (created by review author)
3. Review author ID
Methods
1. Study design
2. Total study duration
3. Random sequence generation
4. Allocation concealment
5. Blinding
6. Other concerns about bias
Participants
1. Total number
2. Setting
3. Diagnostic criteria
4. Diagnostic subtypes and number of participants per subtype
5. Age
6. Intelligence
7. Sex
8. Country
9. Co-morbidity
Interventions
1. Total number of intervention groups
2. Intervention details for treatment group and control group
3. Fidelity of implementation for treatment group
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Outcomes
1. Outcomes and time points
a. Collected
b. Reported
2. For each outcome of interest
a. Outcome definition
b. Measurement unit
c. For scales: upper and lower limits, and whether high or low score is good
Analysis
1. Method of analysis (e.g. intention-to-treat or per protocol)
Results
1. Number of participants allocated to each intervention group
2. For each outcome of interest
a. Sample size
b. Missing participants
c. Summary of data for each intervention group (e.g. 2 x 2 table for dichotomous
data; means and SDs for continuous data)
Miscellaneous
1. Miscellaneous comments from study authors
2. Miscellaneous comments by review authors
Footnotes
ID: identifier; SD: standard deviation.

4 Assessment of risk of bias for randomised studies
Random sequence generation
1. Low risk of bias: the investigators described a random component in the
sequence generation (e.g. referred to a random number table, using an
electronic random number generator)
2. High risk of bias: the investigators described a component in the sequence
generation process that was not strictly random or was non-random (e.g. by
date of birth, by judgement of the clinician or by preference of the participant)
3. Unclear risk of bias: there was insufficient information available regarding the
sequence generation process to make a judgement of high or low risk of bias
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Allocation concealment
1. Low risk of bias: both participants and investigators could not have foreseen
assignment (e.g. due to central allocation or sealed envelopes)
2. High risk of bias: participants or investigators could possibly have foreseen
the assignments (e.g. using an open random allocation schedule, alternation
on rotation)
3. Unclear risk of bias: there was insufficient information available regarding
allocation concealment to make a judgement of high or low risk of bias
Blinding of participants and personnel
1. Low risk of bias: blinding of participants and key study personnel was
ensured; or the outcomes were not likely to have been influenced by the lack
of blinding
2. High risk of bias: the lack of blinding was likely to have influenced the
outcome; or the blinding could have been broken
3. Unclear risk of bias: there was insufficient information available regarding this
issue to make a judgement of high or low risk of bias
Blinding of outcome assessment
1. Low risk of bias: blinding of outcome assessment was ensured; or it was
judged unlikely that outcome measurement could have been influenced by
the lack of blinding
2. High risk of bias: a lack of blinding was likely to have influenced the outcome
measurement; or the blinding could have been broken
3. Unclear risk of bias: insufficient information was available to make a
judgement of high or low risk of bias
Incomplete outcome data
1. Low risk of bias: there were no missing outcome data; it was unlikely that
missing outcome data were related to the true outcomes; and/or missing data
were imputed using appropriate methods
2. High risk of bias: it was likely that missing outcome data were related to
the true outcome because of, for example, imbalance in numbers, when
an ‘as-treated’ analysis was done with substantial differences between the
intervention received and the intervention assigned in the randomisation, or
when there was a potentially inappropriate application of imputation
3. Unclear risk of bias: there was insufficient information reported to make a
judgement of high or low risk of bias
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Selective reporting
1. Low risk of bias: the study protocol was available and all of the pre-specified
outcomes were reported in the pre-specified way; or the study protocol was
not available but the published reports included all expected or pre-specified
outcomes
2. High risk of bias: there were discrepancies between reporting of outcomes
that were pre-specified and the actual reported outcomes; or outcomes were
reported incompletely
3. Unclear risk of bias: there was insufficient information available to make a
judgement of high or low risk of bias
Other sources of bias
1. Low risk of bias: no additional sources of bias could be identified
2. High risk of bias: a potential source of bias was identified (e.g. related to study
design)
3. Unclear risk of bias: there was insufficient information available or there was
insufficient rationale or evidence that an identified problem would have
introduced bias

5 Assessment of risk of bias for non-randomised studies
Pre-intervention
Bias due to confounding
1. Low risk of bias: no baseline or time-varying confounding
2. Moderate risk of bias:
a. confounding, all known important confounding domains appropriately
measured and controlled for; and
b. 
reliability and validity of measurement of important domains were
sufficient, such that we did not expect serious residual confounding
3. Serious risk of bias:
c. at least one known important domain was not appropriately measured,
or not controlled for; or
d. reliability or validity of measurement of an important domain was low
enough that we expected serious residual confounding
4. Critical risk of bias:
e. confounding inherently not controllable; or
f. the use of negative controls strongly suggested unmeasured confounding
5. No information: no information on whether confounding might have been
present
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Bias in selection of participants into the study
1. Low risk of bias:
a. all participants who would have been eligible for the target trial were included
in the study; and
b. for each participant, start of follow-up and start of intervention coincided
2. Moderate risk of bias:
a. selection into the study may have been related to intervention outcome and
the authors used appropriate methods to adjust for the selection bias; or
b. start of follow-up and start of intervention did not coincide for all participants;
and
i. the proportion of participants for which this was the case was too low to induce
important bias; or
ii. the authors used appropriate methods to adjust for the selection bias; or
iii. the review authors were confident that the rate (hazard) ratio for the effect of
intervention remained constant over time
3. Serious risk of bias:
a. selection into the study was related (but not very strongly) to intervention and
outcome, and this could not have been adjusted for in analyses; or
b. start of follow-up and start of intervention did not coincide, and a potentially
important amount of follow-up time was missing from analyses, and the rate
ratio was not constant over time
4. Critical risk of bias:
a. selection into the study was very strongly related to intervention and outcome
and this could not have been adjusted for in analyses; or
b. a substantial amount of follow-up time was likely to be missing from analyses,
and the rate ratio was not constant over time
5. No information: no information was reported about selection of participants
into the study or whether start of follow-up and start of intervention coincided
At intervention
Bias in classification of interventions
1. Low risk of bias:
a. intervention status was well defined; and
b. intervention definition was based solely on information collected at the time of
intervention
2. Moderate risk of bias:
a. intervention status was well defined; and
b. some aspects of the assignments of intervention status were determined
retrospectively
171

Chapter 2 – Pivotal Response Treatment for autism spectrum disorder

3. Serious risk of bias:
a. intervention status was not well defined; or
b. major aspects of the assignments of intervention status were determined in a
way that could have been affected by knowledge of the outcome
4. Critical risk of bias: an extremely high amount of misclassification of intervention
status, e.g. because of unusually strong recall biases
5. No information: no definition of the intervention or no explanation of the source
of information about intervention status was reported

Post-intervention
Bias due to deviations from intended intervention
Effect of assignment to intervention
1. Low risk of bias:
a. any deviations from intended intervention reflected usual practice; or
b. any deviations from usual practice were unlikely to impact on the outcome
2. Moderate risk of bias: there were deviations from usual practice, but their impact
on the outcome was expected to be slight
3. Serious risk of bias: there were deviations from usual practice that were
unbalanced between the intervention groups and likely to have affected the
outcome
4. Critical risk of bias: there were substantial deviations from usual practice that
were unbalanced between the intervention groups and likely to have affected
the outcome
5. No information: no information was reported on whether there was deviation
from the intended intervention
Effect of starting and adhering to intervention
1. Low risk of bias: the important co-interventions were balanced across
intervention groups, and there were no deviations from the intended
interventions (in terms of implementation or adherence) that were likely to
impact on the outcome
2. Moderate risk of bias:
a. there were deviations from intended intervention, but their impact on the
outcome was expected to be slight; or
b. the important co-interventions were not balanced across intervention
groups, or there were deviations from the intended interventions (in terms
of implementation or adherence, or both) that were likely to impact on
the outcome, and the analysis was appropriate to estimate the effect of
starting and adhering to intervention, allowing for deviations (in terms of
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implementation, adherence and co-intervention) that were likely to impact on
the outcome
3. Serious risk of bias:
a. the important co-interventions were not balanced across intervention
groups, or there were deviations from the intended interventions (in terms
of implementation or adherence, or both) that were likely to impact on the
outcome; and
b. the analysis was not appropriate to estimate the effect of starting and
adhering to intervention, allowing for deviations (in terms of implementation,
adherence and co-intervention) that were likely to impact on the outcome
4. Critical risk of bias:
a. there were substantial imbalances in important co-interventions across
intervention groups, or there were substantial deviations from the intended
interventions (in terms of implementation or adherence, or both) that were
likely to impact on the outcome; and
b. the analysis was not appropriate to estimate the effect of starting and
adhering to intervention, allowing for deviations (in terms of implementation,
adherence and co-intervention) that were likely to impact on the outcome
5. No information: no information was reported on whether there was deviation
from the intended intervention

Bias due to missing data
1. Low risk of bias:
a. data were reasonably complete; or
b. proportions of and reasons for missing participants were similar across
interventions groups; or
c. the analysis addressed missing data and was likely to have removed any risk of
bias
2. Moderate risk of bias:
a. proportions of and reasons for missing participants differed slightly across
intervention groups; and
b. the analysis was unlikely to have removed the risk of bias arising from the
missing data
3. Serious risk of bias:
a. proportions of missing participants differed substantially across interventions,
or reasons for missingness differed substantially across interventions; and
b. the analysis was unlikely to have removed the risk of bias arising from the
missing data, or missing data were addressed inappropriately in the analysis,
or the nature of the missing data meant that the risk of bias could be removed
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through appropriate analysis
4. Critical risk of bias:
a. there were critical differences between interventions in participants with
missing data; and
b. missing data were not, or could not, be addressed through appropriate analysis
5. No information: no information was reported about missing data or the potential
for data to be missing

Bias in measurement of outcomes
1. Low risk of bias:
a. the methods of outcome assessment were comparable across intervention
groups; and
b. the outcome measure was unlikely to be influenced by knowledge of the
intervention received by study participants (i.e. is objective), or the outcome
assessors were unaware of the intervention received by study participants;
and
c. any error in measuring the outcome was unrelated to intervention status
2. Moderate risk of bias:
a. the methods of outcome assessment were comparable across intervention
groups; and
b. the outcome measure was only minimally influenced by knowledge of the
intervention received by study participants; and
c. any error in measuring the outcome was only minimally related to intervention
status
3. Serious risk of bias:
a. the methods of outcome assessment were not comparable across intervention
groups; or
b. the outcome measure was subjective (i.e. vulnerable to influence by knowledge
of the intervention received by study participants), and the outcome was
assessed by assessors aware of the intervention received by study participants;
or
c. error in measuring the outcome was related to intervention status
4. Critical risk of bias: the methods of outcome assessment were so different that
they could not reasonably be compared across intervention groups
5. No information: no information was reported about the methods of outcome
assessment
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Bias in selection of the reported result
1. Low risk of bias: there was clear evidence (usually through examination of a
pre-registered protocol or statistical analysis plan) that all reported results
corresponded to all intended outcomes, analyses and sub-cohorts
2. Moderate risk of bias:
a. the outcome measurements and analyses were consistent with an a priori plan,
or were clearly defined and both internally and externally consistent; and
b. there was no indication of selection of the reported analysis from among
multiple analyses; and
c. there was no indication of selection of the cohort or subgroups for analysis and
reporting on the basis of the results
3. Serious risk of bias:
a. outcomes were defined in different ways in the methods and results sections,
or in different publications of the study; or
b. there was a high risk of selective reporting from among multiple analyses; or
c. the cohort or subgroup was selected from a larger study for analysis and
appeared to be reported on the basis of the results
4. Critical risk of bias:
a. there was evidence or strong suspicion of selective reporting of results; and
b. the unreported results were likely to be substantially different from the
reported results
5. No information: there was too little information to make a judgement (e.g. only
an abstract is available for the study)
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Abstract
The aim of this study is to present a robot-assisted therapy protocol for children with
ASD based on the current state-of-the-art in both ASD intervention research and robotics
research, and critically evaluate its adherence and acceptability based on child as well as
parent ratings. The robot-assisted therapy was designed based on motivational components
of Pivotal Response Treatment (PRT), a highly promising and feasible intervention focused
at training “pivotal” (key) areas such as motivation for social interaction and self-initiations,
with the goal of establishing collateral gains in untargeted areas of functioning and
development, affected by autism spectrum disorders. Overall, children (3-8y) could adhere
to the robot-assisted therapy protocol (Mean percentage of treatment adherence 85.5%),
showed positive affect ratings after therapy sessions (positive in 86.6% of sessions) and high
robot likability scores (high in 79.4% of sessions). Positive likability ratings were mainly given
by school-aged children (H(1) = 7.91, p = .005) and related to the movements, speech and
game scenarios of the robot. Parent ratings on the added value of the robot were mainly
positive (Mean of 84.8 on 0-100 scale), while lower parent ratings were related to inflexibility
of robot behaviour.

Digital technology can support interventions and care for children with
psychiatric disorders (Fatori & Polanczyk, 2019) and the development and use
of new technologies within mental health care interventions is placed high
on the international agenda (Patel et al., 2018). Since demands from the social
environment can be challenging and confusing for children with autism spectrum
disorder (ASD; APA, 2013; Grynszpan et al., 2014) and their gains from high
predictability, the use of technology within intervention such as robotics can be
especially beneficial for them. Robots may be intrinsically appealing to children
with ASD and contribute to their motivation for social interaction (Ricks & Colotn,
2010; Robins et al., 2006) and the number of studies to the use of robots for
children with ASD increased markedly during the last decade (Ismail et al., 2019).
Despite the assumed benefits, thus far, pilot studies do not show unambiguously
positive results of using robots in interventions that target core symptoms (i.e.
deficits in social communication) of children with ASD (Anzalone et al., 2014;
Bekele et al., 2014; Duquette et al., 2008; Pop et al., 2014; Simut et al., 2016a).
Also, heterogeneity in findings is reported in studies examining the potential
value of adding a robot to existing interventions for ASD. In a study examining a
8-week robot-assisted intervention based on the principles of applied behaviour
analysis (ABA), Treatment and Education of Autistic and related CommunicationHandicapped Children (TEACCH) and the Picture Exchange Communication
System (PECS), no increases in joint attention were found (Srinivasan, Eigsti,
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Gifford, & Bhat, 2016). Moreover, although children showed more social attention
in the robot-assisted intervention condition, this attention was predominantly
not spontaneous and reduced during the mid and late sessions (Srinivasan et
al., 2016). Another study showed that spontaneous question asking increased
during a 6-session Social Story intervention with a robot (Simut et al., 2016b).
In contrast, other studies found no significant changes in verbal initiations,
responses and play behaviour during a 5-week intervention with a robot based on
Lego© therapy (Huskens et al., 2015) or a similar increase in self-initiated question
asking during a 4-session ABA-based intervention with a robot compared to a
human trainer condition in children with ASD (Huskens et al., 2013). Results of
these studies differ highly, which may reflect the use of different sample sizes and
research methodology (Begum et al., 2016). Furthermore, little is known about
how children with ASD and their parents rate the acceptability of using a robot
within existing interventions, with only one study reporting on this (Huskens et al.,
2015). Specifically, parents of children with ASD reported that their child enjoyed
the robot-assisted intervention and that components of the intervention were
rated as acceptable by children with ASD (Huskens et al., 2015), although only 3
children with ASD were included in the study. Currently, no studies are available
that elaborate on reasons for low or high acceptability and likability ratings
during a robot-assisted intervention for children with ASD. Additionally, while
treatment adherence is regarded as a core underlying assumption for evidencebased interventions (Gearing et al., 2012) it is remarkable that earlier studies to
newly developed protocols for robot assistance within established interventions
for ASD do not report on this.
Furthermore, it is unclear how the design of the robot-assisted intervention
relates to treatment adherence and acceptability of both children with ASD
and their parents. Specific features of robot-assisted interventions may only
be appropriate for subgroups of children with ASD, since a high heterogeneity
in responses towards a robot exists also within small study samples of children
with ASD; in eye contact, imitation, and touch behaviour (Robins et al., 2004) and
on approach and avoidance behaviour (Feil-Seifer & Matarić, 2011). Although
investigation of subgroups based on individual characteristics such as age,
(verbal) IQ, severity of ASD symptoms and psychiatric comorbidity is key for a
better understanding of which children with ASD benefit from robot-assisted
interventions (Pennisi et al., 2016; Simut et al., 2016b) this has not been done in
earlier studies.
In previous studies, specific design features are identified that may facilitate
the appropriateness of robot-assisted interventions for children with ASD: 1)
co-creation between researchers in psychopathology, neuroscience, robotics,
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and engineering in developing robot-assisted intervention protocols (Boucenna
et al., 2014; Huijnen et al., 2016; Scassellati et al., 2012), 2) using a robot within
established treatment models for ASD (Diehl et al., 2012; Huijnen et al., 2016) and
during multiple sessions (Begum et al., 2016), 3) using a robot that is roughly the
size of the child undergoing the therapy while balancing mechanical and humanlike robotic features (Cabibihan et al., 2013), 4) providing input for robot behaviour
by a human therapist (Diehl et al., 2012; Pennisi et al., 2016) while using movements
and sounds within the robot’s behaviour for attracting the child’s attention and
for use as positive reinforcements (Cabibihan et al., 2013), 5) incorporating child
choice and a high level of adaptability to each specific child within the robot’s
behaviour (Cabibihan, et al., 2013; Huijnen et al., 2016; Scassellati et al., 2012), and
6) emphasizing, throughout the intervention, the possibility of generalization of
skills learned during robot interaction to human interaction (Begum et al., 2016;
Dautenhahn & Werry, 2004; Diehl et al., 2012). However, little is known about
whether young children with ASD and their parents can adhere to a robot-assisted
intervention protocol that incorporates these promising design features.
Here, we aim to present a robot-assisted Pivotal Response Treatment (PRT)
protocol while exploring its treatment adherence and acceptability based on
both child and parent ratings for subgroups of children with ASD. As a highly
promising and feasible intervention, PRT aims at establishing collateral gains in
untargeted areas of functioning and development by training “pivotal” (key) areas
such as motivation for social interaction and self-initiations (Koegel et al., 2001).
In our design we combine specific motivational components for children with
ASD derived from both PRT and robotics research (see Methods). Incorporating
these, we hypothesize that children with ASD will show high likability and affect
scores towards the robot during a 20-session weekly intervention. Similarly, we
anticipate that parental ratings on whether the robot has an added value to the
PRT are high. Additionally, we aim to explore whether child and parent ratings of
using a robot within PRT differ by individual characteristics of age, IQ, severity of
ASD symptoms and psychiatric comorbidity. Lastly, reasons for child and parent
ratings are explored to obtain a comprehensive view on which features of the
robot-assisted intervention can be beneficial for children with ASD.
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Methods
Participants
Twenty-five participants received robot-assisted PRT. This group was part of a
larger randomised clinical trial to the effectiveness of PRT for children with ASD
(PicASSo project, registered at 01/08/2014 at the Netherlands Trial Register;
https://www.trialregister.nl/trial/4487; NL4487/NTR4712). Inclusion criteria were:
1) a clinical diagnosis of ASD, 2) meeting criteria for ASD based on DSM-IV (APA,
2000), 3) aged 3-8 years, 4) a total intelligence quotient (TIQ) of above 70, 5) ability
to speak with one-word sentences at minimum, and 6) at least one of the parents
speaks Dutch to the child. Additionally, an exclusion criterion was having received
PRT previously. Dosages of medication were stable at start of the intervention
phase and maintained so as much as possible during the intervention. Of the 25
participants, 23 (92%) scored above the cut-off for ASD on the Autism Diagnostic
Observation Schedule (ADOS-2; De Bildt et al., 2013) while two participants scored
one point below the cut-off. These participants were included in the study as they
had a very clear clinical ASD diagnosis, based on a thorough multidisciplinary and
multi-informant psychiatric examination. For mothers and fathers of participants
respectively, education level was low for 24% and 27%; average for 36% and 23%,
and high for 40% and 50%.

Procedures
Participants were recruited from clinical referrals to the outpatient departments of
Karakter, an expert center for child and adolescent psychiatry in The Netherlands.
Parents received verbal and extensive written information on the outline and
aims of the study and both parents signed an informed consent form prior to
inclusion. Eventual missing baseline measures were administered if these had not
been administered as part of the diagnostic procedure (see Measures). Prior to the
robot-assisted PRT, parents received psycho-education on ASD if not received in
the past, either individually or group-based. Robot-assisted PRT consisted of 20
sessions, once a week, by a certified PRT-therapist trained up until level III. The
study received ethical approval by the Dutch Research Ethical Committee (CMO
Arnhem-Nijmegen, NL50509.091.14) and all procedures were in accordance with
the 1964 Helsinki declaration and its later amendments.

Intervention protocol
The robot-assisted intervention was based on the treatment manual that was
developed by the original PRT developers (Koegel & Koegel, 2012) and translated
into Dutch. Within the study, a 20-session intervention protocol was used that
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involved training children pivotal behaviours such as motivation for social interaction,
self-initiations and multiple cues and training parents in using the PRT techniques
at home. Before the initial PRT session, the therapist discussed the treatment
procedures with parents, while child target behaviours were discussed. There were
14 parent-child sessions, in which the parents practiced the PRT techniques during
parent-child interaction. Four sessions were parent sessions, in which the progress of
the child was discussed, as well as the parental use of the PRT techniques at home.
In 2 sessions the child’s teacher (or day care attendant) was involved to discuss
and practice the use of the PRT techniques at school/daycare. The sessions were
held weekly, with two parent-child sessions followed by one parent-only session
throughout the intervention. Each PRT session had a duration of 45 minutes, except
for one 90-min visit for PRT implementation within the class- or day-care room.
A NAO robot, controlled by the PRT therapist, was used in the first 15-20 minutes
of each of the 14 parent-child sessions. Parents were seated close to the child and
were asked to observe how the PRT techniques were used to improve their child’s
communication. In this way, the therapist was able to model the PRT techniques for
the parents by controlling the robot. Although the game scenarios were primarily
designed for robot-child interaction, the parent was instructed to directly and
naturally reward the child when he or she showed an appropriate initiation towards
the parents. After the robot-assisted part of the session, parents practiced the PRT
techniques during a game with their child and the therapist provided feedback
during and after the session.
The following PRT motivational techniques (Koegel et al., 1999) were used in the
development of game scenarios for robot-child interaction:
Child choice. Nine different game scenarios for robot-child interaction were
created that are developmentally appropriate for children aged 3-8 years. Based on
parental information and child’s preferences during the therapy session(s), the type
of game (i.e. puzzles, Lego©, or cards) was chosen. The kind of game (i.e. type of
either puzzle, or Lego©, or cards) was chosen by the child during the interaction with
the robot. Furthermore, a text-to-speech module could be activated when the child
changed the subject of the robot-child conversation.
Child attending and providing a clear opportunity to respond. Learning
opportunities were included in the game scenarios for robot-child interaction by 1)
placing the desired materials in a closed box before start of the game, 2) providing
the child with only parts of the game materials at once, and 3) providing only
parts of information about a game. Learning opportunities were provided if the
child was interested in the robot and the game. If the child’s attention was drawn
to another game or subject, the therapist used the text-to-speech module to
respond accordingly.
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Interspersing maintenance tasks. A game scenario was selected that included
learning opportunities for both maintained (easy) and new (difficult) tasks for
each child. Nine different therapeutic game scenarios were created, each with
seven different levels of complexity. The level of prompting (i.e. the help that the
child received for showing appropriate behaviour) could be adjusted throughout
the game scenario and interspersed between easy (e.g. tell prompt) and difficult
(e.g. wait prompt).
Direct and natural reinforcement. In the pre-programmed game scenarios, direct
and natural reinforcement was provided upon the child’s behaviour. For instance,
when the child asked: “robot, can you open the box?” the therapist directly
controlled the robot in opening the box. Also, when a child took an initiative that
was not anticipated in the pre-programmed game scenario, the therapist used the
text-to-speech module to provide a direct and natural reinforcement.
Reinforcement of attempts. When the child showed the target behaviour or an
appropriate attempt, a direct and natural reinforcement was provided by the robot
(i.e. the therapist controlling the programming environment). However, when the
child did not initiate spontaneously or the attempt was deemed inappropriate,
the the text-to-speech module was activated to prompt the child.
Information on the type of robot and controlling of robot behavior and a
detailed description on the development of game scenarios for robot-child
interaction is described in the Supplemental Material.

Measures
Initial measures. Demographic information on participant’s age of inclusion,
gender, and psychiatric comorbidity was extracted from case files. Estimating
total intelligence quotient (TIQ) was based on either the Wechsler Intelligence
Scale for Children (WISC-III; Kort et al., 2005) Wechsler Preschool and Primary Scale
of Intelligence (WPPSI-III; Hendriksen & Hurks, 2009) or Mullen Scales of Early
Learning (MSEL; Mullen, 1995).
Severity of ASD symptoms was assessed by initial administration of the ADOS-2
(De Bildt et al., 2013), a semi-structured observation schedule measuring social
communication and repetitive, restricted behaviour. An ADOS-2 severity score
was calculated (Gotham et al., 2009). Scores 1-4, 5-7 and 8-10 represented low,
moderate and high severity of ASD symptoms respectively.
Treatment adherence. Treatment adherence was defined as the percentage of
therapy sessions in which both the child and parents accepted the use of the NAO
robot and in which the child showed sufficient motivation to complete the 15to 20-min robot-child interaction. For participants that were unable to complete
the protocol due to reasons that were unrelated to the use of the NAO robot (e.g.

183

Chapter 3 – Adherence and acceptability of a robot-assisted Pivotal Response Treatment

because of another indication for intervention), the percentage was calculated
over the number of sessions that were received. Reasons for incomplete treatment
adherence were documented.
Child affect and likability of robot. At the start and end of each robot-assisted
session, the child was presented with a 5-point Visual Analogue Scale (VAS)
measuring child affect (i.e. ‘how happy are you now?’, indicated with smilies).
At the end of the session child likability of the robot (i.e. ‘did you like the robot
today?’, indicated with thumps up and down) was measured. Additionally, when
possible, the child was asked to indicate a reason for their affect and likability
ratings. Reasons for child affect ratings were categorized into 1) related to the
robot’s movements and/or speech, 2) related to the game play with the robot, 3)
related to the therapy session, but not to the robot (e.g. game play with parents),
4) not related to therapy session, 5) no reason stated. Percentages were calculated
for negative (score 1 or 2), neutral (score 3) and positive (score 4 and 5) affect
ratings. Reasons for robot likability by the child were categorized into: 1) related
to robot appearance, 2) related to robot’s movements and/or speech, 3) related
to the game play with the robot, 4) not directly related to the robot, 5) no reason
stated. Percentages were calculated for negative (score 1 or 2), neutral (score 3)
and positive (score 4 and 5) robot likability ratings.
Parent ratings of robot-assisted sessions. Additional to the child ratings, parents
were asked to complete the Session Rating Scale (SRS; Duncan et al., 2003) after
each robot-assisted parent-child session. The SRS has been developed for clinical
use during different interventions and has been shown to have a high reliability
(Cronbach’s α = .93) and moderate concurrent validity (range of r = .37-.63 with
Working Alliance Inventory; Campbell & Hemsley, 2009). On a VAS line ranging
from 0 to 100, parents indicated 1) whether they felt heard, understood and
respected (Relationship), 2) whether the session worked on what parents wanted
to work on (Goals and Topics), 3) whether the therapist’s approach was a good
fit (Approach or Method) and 4) overall, whether today’s session was right for the
parent (Overall). For the purpose of this study, two VAS lines ranging from 0 to 100
were added to the SRS which were the main focus of this study: 1) whether the
communication of the robot towards the child was clear (Robot Communication)
and 2) whether the robot was an additional value to the current therapy session
(Robot Value). Higher scores on the VAS reflected a more positive attitude
of parents.
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Results
To explore whether child and parent ratings of using a robot within PRT differ
by individual characteristics, subgroups of participants were made based on
age (pre-school: 3-5 years versus school-aged: 6-8 years), gender (male versus
female), TIQ (below average: < 90, versus average: 90-109, versus above average:
> 109), severity of ASD symptoms (low versus moderate versus high severity) and
psychiatric comorbidity (co-morbid diagnosis of attention-deficit hyperactivity
disorder (ADHD) versus other co-morbid psychiatric disorder(s), versus no comorbidity).

Descriptive Statistics and Treatment Adherence
Table 1 shows descriptive statistics and percentages of treatment adherence
for the total group and for subgroups of participants based on individual child
characteristics with results of exploratory non-parametric Kruskal-Wallis tests
for between-group differences. Overall, the mean percentage of treatment
adherence was high and there were no differences in percentages treatment
adherence between the groups based on individual child characteristics (see
Table 1). The majority of participants showed either complete adherence with
the robot-assisted PRT protocol (34,8%) or did not show adherence for (only) 1
session (26,1%) or 2 sessions (26,1%) of the total number of sessions. Main reasons
for incomplete adherence were: 1) game scenario was inadequately adjusted to
the interests and/or skills of the child, 2) child lost interest for the robot-assisted
game scenarios during later sessions, 3) child showed anxiety towards the robot
during the first session, and 4) technical problems with robot hardware and/or
software. Exploration of outliers in the total group indicated that for three of the
25 participants (12%), treatment adherence was below 2 SDs of the mean.
Reasons for aborting the use of the robot in these participants were either that
the participant rejected the game scenario’s with the robot when noticing that
the therapist controlled robot’s behaviour (2 participants), or that the participant
showed anxiety towards the robot during multiple sessions (1 participant).
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Table 1. Descriptive Statistics of Treatment Adherence for Total Group and Subgroups of Participants
based on Individual Characteristics and Results of Exploratory Analyses
Descriptive Statistics

Treatment Adherence

M (SD)

N (% of Total)

M (SD)

25

85.5% (17.5)

Preschool

8 (32.0%)

91.1% (10.5)

School-aged

17 (68.0%)

86.2% (15.4)

Total group
Age

6.2 (1.3)

Gender
Male

20 (80.0%)

89.2% (12.6)

Female

5 (20.0%)

81.1% (19.4)

Below average

3 (12.0%)

86.8% (11.9)

Average

14 (56.0%)

88.8% (13.9)

Above average

6 (24.0%)

84.5% (17.7)

Missing

2 (8.0%)

Total IQ

ADOS severity

101.8 (14.2)

6.0 (1.5)

Low

3 (12.0%)

83.3% (28.9)

Moderate

17 (68.0%)

85.5% (12.5)

Severe

5 (20.0%)

95.6% (6.5)

3 (12.0%)

92.9% (7.1)

Other

2 (8.0%)

96.2% (5.4)

None

20 (80.0%)

85.6% (15.4)

Psychiatric comorbidity
AD(H)D

H (df)

p

0.04 (1)

.835

0.39 (1)

.532

0.59 (2)

.743

3.68 (2)

.159

1.80 (2)

.407

Note. AD(H)D = attention deficit (hyperactivity) disorder, ADOS = autism diagnostic observation
schedule, df = degrees of freedom, H = test statistic resulting from Kruskal-Wallis test, IQ =
intelligence quotient, M = mean, N = number of participants, p = p-value, SD = standard deviation.

Child and Parent Ratings
Table 2 shows the mean child affect and likability ratings for the total group and
for subgroups based on individual characteristics, with results of the exploratory
Kruskal-Wallis tests for between-group differences. For the total group and
for most subgroups based on individual characteristics, mean child affect and
likability ratings were (very) positive, between 4 (“happy”/”I liked the robot”) and
5 (“very happy”/”I very much liked the robot”). No significant differences in child
affect before the session where found between the groups based on individual
characteristics, but a significant difference was found on child affect after the
session for groups based on ASD severity (see Table 2). Specifically, a significant
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difference was found between the moderate and high ASD severity group (with
the high severity group showing lower affect scores) (H(1) = 4.54, p = .033), but
not between the low and moderate ASD severity group (H(1) = 2.74, p = .098), and
between the low and high ASD severity group (H(1) = 0.56, p = .456). Furthermore,
the preschool-aged group had lower mean robot likability scores compared
with the school-aged group (see Table 2). Additionally, further exploration of
robot likability ratings by preschool-aged participants indicated that 57.5% were
positive, 29.9% were neutral and 12.6% were negative, while 90.9% of ratings of
school-aged participants were positive; (only) 6.9% were neutral and 2.3% were
negative.
Similarly as parent ratings on Robot Communication and Robot Value (see Table
3) mean parent ratings on the other scales of the SRS were high for the total group;
88.8 (SD = 7.7) on Relationship; 87.9 (SD = 8.3) on Goals and Topics; 88.3 (SD = 9.0)
on Approach or Method; and 90.2 (SD = 7.6) on the Overall scale. Table 3 shows
that parent ratings on Robot Communication and Robot Value were also high in
each subgroup. Of Robot Communication ratings, 95.0% were above 50 (indicating
“robot communicated clearly to the child”) and of Robot Value ratings, 94.3%
were above 50 (indicating “robot was of additional value to the therapy session”).
There were no significant differences on parent ratings of Robot Communication
between subgroups based on individual child characteristics. However, in the
subgroup of females, parents showed significantly higher mean ratings of Robot
Value compared with the subgroup of males (see Table 3).
Exploring reasons for high ratings indicated that parents: 1) noticed that the
child was enthusiastic and motivated for the game scenario with the robot, 2)
noticed that the child initiated at home and at school by telling about the robot.
Furthermore, exploration of outliers indicated that 9.5% of parent ratings were
below 2 SDs of the mean on Robot Communication and 8.0% of parent ratings
were below 2SDs of the mean on Robot Value. Reasons for lower parent rating
scores could be categorized in: 1) parents noticed that the child could not fully
understand the robot speech (Robot Communication), 2) parents noticed that
there was a delay in robot’s response towards the child (Robot Communication)
and 3) parents noticed that the game scenarios were either too easy or too
difficult (Robot Value).
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Table 2. Child Affect and Likability Ratings and for the Total Group and Subgroups of Participants based
on Individual Child Characteristics and Results of Exploratory Analyses
Affect (before)
M(SD)
Total group

Affect (after)

H (df)

p

1.72 (1)

.189

4.3 (0.6)

Age

M(SD)

Likability (after)
H (df)

p

1.58 (1)

.208

4.5 (0.5)

M(SD)

3.9 (0.8)

4.1 (0.5)

3.5 (0.8)

School-aged

4.5 (0.5)

4.5 (0.5)

4.7 (0.4)

1.85 (1)

.174

0.26 (1)

.609

Male

4.2 (0.6)

4.4 (0.5)

4.3 (0.8)

Female

4.7 (0.3)

4.2 (0.7)

4.5 (0.6)

Total IQ

2.59 (2)

.274

0.26 (2)

.879

Below average

4.8 (0.2)

4.5 (0.1)

4.5 (0.5)

Average

4.2 (0.7)

4.4 (0.4)

4.3 (0.8)

Above average

4.4 (0.5)

4.2 (0.9)

4.3 (0.9)

ADOS severity

1.83 (2)

.401

6.23 (2)

.044*

Low

4.3 (0.6)

3.6 (0.9)

4.2 (1.1)

Moderate

4.4 (0.6)

4.6 (0.4)

4.5 (0.8)

Severe

4.1 (0.6)

4.2 (0.3)

4.1 (0.4)

Psychiatric comorbidity

0.77 (2)

.681

p

7.91 (1)

.005**

0.23 (1)

.629

0.21 (2)

.899

2.06 (2)

.357

0.70 (2)

.706

4.3 (0.8)

Preschool
Gender

H (df)

1.48 (2)

.476

AD(H)D

4.4 (0.7)

4.3 (1.0)

4.3 (1.2)

Other

4.2 (0.3)

4.1 (0.3)

4.1 (0.3)

None

4.3 (0.6)

4.4 (0.5)

4.4 (0.8)

Note. * p < .05, ** p < .01, AD(H)D = attention deficit (hyperactivity) disorder, ADOS = autism
diagnostic observation schedule, df = degrees of freedom, H = test statistic resulting from KruskalWallis test, IQ = intelligence quotient, M = mean, p = p-value, SD = standard deviation.

Reasons for Child Affect and Likability Ratings
The majority of child affects ratings were positive, both before the session (83.1%,
see Figure 1) and after the session (86.6%, see Figure 2). The majority of reasons
for positive affect scores before the session were either not directly related to the
therapy session (35.0%) or no reason for the positive rating was stated by the child
(27.4%). Of the affect scores before the session, 11.0% were neutral and 5.9% were
negative and most participants either did not state a reason or reasons were not
related to the therapy session.
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Table 3. Parent Ratings of Robot Communication and Additional Value of Robot for Total Group and
Subgroups of Participants based on Individual Child Characteristics and Results of Exploratory Analyses
Robot communication
M(SD)
Total group

Robot value

H (df)

p

0.22 (1)

.641

83.6 (12.6)

Age

M(SD)

Preschool

80.8 (15.4)

81.5 (13.8)

84.9 (11.3)

87.0 (11.8)
2.66 (1)

.103

Male

81.5 (12.7)

83.1 (12.8)

Female

92.3 (5.8)

94.2 (3.6)

Total IQ

0.55 (2)

.761

Below average

88.5 (10.0)

89.8 (9.5)

Average

83.5 (12.2)

84.5 (12.8)

Above average

82.2 (14.8)

85.8 (13.8)

ADOS severity

1.48 (2)

.478

Low

82.5 (23.7)

83.7 (21.2)

Moderate

86.0 (8.8)

88.3 (8.3)

Severe

78.0 (14.6)

78.2 (16.2)

Psychiatric comorbidity

p

0.67 (1)

.415

3.88 (1)

.049*

0.71 (2)

.700

1.34 (2)

.513

0.04 (2)

.980

84.8 (13.4)

School-aged
Gender

H (df)

0.88 (2)

.643

AD(H)D

79.3 (22.2)

82.5 (20.7)

Other

78.7 (16.2)

78.4 (21.9)

None

85.2 (10.6)

86.8 (10.4)

Note. * p < .05, ** p < .01, AD(H)D = attention deficit (hyperactivity) disorder, ADOS = autism
diagnostic observation schedule, df = degrees of freedom, H = test statistic resulting from KruskalWallis test, IQ = intelligence quotient, M = mean, p = p-value, SD = standard deviation.

In contrast to ratings before the session, positive child affect ratings after the
session were mostly related to the therapy session, however not specifically to the
robot (45.7%). Of the positive affect ratings after the session, 6.5% was related to
the movements and/or speech of the robot and 9.0% was related to the game play
with the robot. Few affect ratings after the session were either neutral (10.1%) or
negative (3.4%). Similar to the reasons for positive affect scores, few reasons for
neutral or negative affect scores were directly related to robot movements and/or
speech (14.8% of neutral ratings; 22.2% of negative ratings) or the game play with
the robot (0% of neutral ratings; 11.1% of negative ratings).
Additionally, in 79.4% of the sessions, the child reported a positive robot
likability score (see Figure 3). The majority of reasons for a positive likability score
were either related to the robot movements and/or speech (33.8%) or related
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to the game play with the robot (27.5%). Of the robot likability ratings, 14.8%
was neutral and 5.8% was negative. The majority of reasons for neutral likability
ratings were either related to the game scenario with the robot (26.3%) or no
reason was stated (36.8%). Of the negative likability scores, 33.3% was related to
movements and/or speech of the robot and 20.0% was related to the game play
with the robot.
Figure 1. Reasons For Child Affect Ratings Before The Robot-Mediated Therapy Sessions, Displayed
Separately For Negative, Neutral And Positive Ratings

Figure 2. Reasons For Child Affect Ratings After The Robot-Mediated Therapy Sessions, Displayed
Separately For Negative, Neutral And Positive Ratings
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Figure 3. Reasons for Robot Likability Ratings, Displayed Separately For Negative, Neutral And Positive
Ratings

Discussion
Our aim was to present an intervention protocol for children with ASD, who
can highly benefit from the use of technology in their therapy, combining
motivational components of both PRT and robotics. The current protocol is the
first in designing specific game scenarios for a 20-week intervention based on
motivational techniques of PRT, an established intervention for children with ASD.
Moreover, with this protocol, we aimed to account for individual differences in
target behaviour and interests among children with ASD by using nine different
game scenarios with seven levels of complexity. Furthermore, as little is known
about treatment adherence and acceptability of robot-assisted interventions for
children with ASD, the current study adds to the state of the literature by exploring
both child and parent ratings with reasons.
Overall, children with ASD in our study could adhere to the treatment protocol,
showed positive affect after the robot-assisted therapy sessions and showed high
robot likability scores. Although affect ratings after the session where slightly
lower in the high ASD severity group compared with the moderate ASD severity
group, these ratings were also mainly positive. Most reasons for positive affect
ratings were categorized as related to the second part of the therapy session
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(i.e. without the robot), in which the child could play a self-chosen game with
the parent, while the parent implemented PRT techniques. This finding is in line
with an earlier study (Huskens et al., 2015) in which children with ASD reported
the parts of the therapy without the robot (but with a human trainer) as more
enjoyable compared with the parts including a robot. These findings suggest that
it is important to combine specific motivational features of robotics with those of
already established treatment models for ASD, as has been recommended earlier
(Begum et al., 2016; Diehl et al., 2012; Huijnen et al., 2016). Yet, within PRT as an
established treatment for children with ASD, the robot can be added when this is
desirable for following the child’s interests.
Within our sample, positive robot likability ratings as measures for robot
acceptability were obtained in most therapy sessions, with reasons related to the
robotic movements, speech, and game scenarios. This may indicate that the child’s
motivation can be enhanced when the interaction with the robot is meaningful to
the child by using game scenarios. Indeed, a previous study (Feil-Seifer & Matarić,
2011) found that vocalizations may increase more during an interactional task
with a contingent robot (i.e. responding to the child’s behaviour) compared with
a robot showing non-contingent reinforcement. However, not all robot likability
ratings were positive and preschool-age children had lower likability ratings,
which suggests that the game scenarios for robot-child interaction may fit less
well with the interests of younger children with ASD.
In line with child ratings, parent ratings of acceptability of the robot were
mainly positive, since parents noticed that the child was enthusiastic and
motivated during the sessions and showed initiations at home and at school by
talking to classmates about the robot. Parents of both girls and boys showed high
ratings of robot value, although parents of girls showed a slightly higher score.
Involvement of parents in the robot-assisted intervention is very important for
observing child’s behaviour outside the sessions and facilitating generalization of
learned skills (Boccanfuso et al., 2017). The use of a robot within PRT may facilitate
initiations in children with ASD within the natural environment, which are pivotal
skills for further social-communicative development (Koegel et al., 2001). However,
whether use of a robot within therapy facilitates initiations in children with ASD
beyond the effects of PRT, is yet unclear and currently under study.
One main reason for lower parent’s ratings was a delay in robot’s responses.
Indeed, some robotic responses may not be fast enough to assure contingent
reinforcement (Tapus et al., 2012). Although we attempted to design the game
scenarios to assure direct and natural reinforcement, there was a delay of a
few seconds between 1) the therapist initiating the reinforcement by clicking
a button and 2) the robot providing the reinforcement. Also, when the child
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showed an appropriate spontaneous initiation during the robot-assisted game
scenario (e.g. “robot, can you stand now”?), these could only be reinforced when
specific movements were pre-programmed. Since direct reinforcement is a key
PRT motivational technique, this issue limits the use of a robot in established
interventions for children with ASD. Furthermore, lower parental ratings of robot
value were mainly due to the game scenarios being either too easy or too difficult
for the child. Although we aimed to tailor the robot-assisted scenarios more to the
specific needs of each child compared to what has earlier been done (Cabibihan et
al., 2013; Huskens et al., 2015) nine different game scenarios with seven different
levels of complexity was insufficient for the needs of each individual child. Children
with ASD tended to reject the robot-assisted game scenarios when noticing that
the robot could not perform autonomously or when the scenarios became too
predictable. In contrast, the game scenarios may have been too challenging for
other children with ASD and the therapist could not easily amend the difficulty
during the robot-assisted session. This advocates increasing the flexibility of robot
behaviour by developing a larger library of game scenarios with a high diversity in
complexity, which can be easily upgraded or downgraded by the therapist during
the therapy session.

Limitations
Although it was meaningful to explore child affect ratings, we did not compare this
with a ‘PRT-only’ group. This may provide better insight in whether the effect of
motivational components of PRT on child affect can be significantly enhanced by
inclusion of a robot. Furthermore, the number of participants in some subgroups
within the exploratory analyses was low which limits conclusions that can be
drawn from this data. Also, the reliability of child’s self-reported ratings may have
been limited, since children with ASD show impairments in recognizing their own
mental states and intentions (Williams & Happé, 2010). In our study, about only
half of the robot likability scores were directly related to the robot in the preschool
age group, while this was over 66% of ratings by school-aged children. This may
reflect a predictive lack of understanding of one’s own mental state or preferences
in preschool-aged group, or an underdeveloped ability to verbally express reasons
for ratings. Yet, child affect and likability scales that were used in this study were
highly simplified and visual information was combined with verbal categorical
response options, which is preferable when asking children about likability or
emotional states (Van Laerhoven et al., 2004). Although many preschool-aged
children are able to provide reliable self-reported ratings when providing an
age-appropriate scale (Varni et al., 2007; Von Baeyer, 2006), validated self-report
scales that can be used to assess young children with ASD’s affect and likability
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ratings during therapy are currently lacking and should be developed in the
future. Moreover, we did not investigate how affect and likability differed over the
course of the intervention. Since child outcomes of robot-child interaction might
be affected by the number of trials (Zhang et al., 2019), it would be interesting in
future research to investigate whether affect and likability ratings differ related to
the duration of robot-assisted interventions.

Recommendations
In summary, we recommend that the following points should be taken into
account when developing robot-assisted interventions for children with ASD:
1) combine the use of a robot with motivational components of established
treatment models for ASD while emphasizing parent-child interaction in the
sessions besides robot-child interaction, 2) use game scenarios that fit well
with child’s interest in each session, especially for younger children with ASD, 3)
assure that the child can be directly (without delay) and naturally reinforced by
minimizing the robot’s response delay and the time the therapist needs to switch
between a pre-programmed scenario and text-to-speech module, and 4) increase
flexibility of the robot to match needs of each individual child by using a larger
library of game scenarios, that can be easily amended by the therapist during
the session. When incorporating these components, we are closer to effectively
design robot-assisted interventions that might be of benefit to a larger group
of children with ASD. This study contributes to the increased efforts to develop
new technologies for use in mental health care interventions for children with
psychiatric disorders.
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Supplemental Material
Type of robot
The NAO robot (see Figure S1) was used in the robot-assisted PRT. Currently,
the NAO robot is the most widely used robot in treatment for children with ASD
(Huijnen et al., 2016; Pennisi et al., 2016). The NAO robot is a humanoid robot,
developed by Aldebaran Robotics. The NAO robot is 58 cm in height and includes
25 degrees of freedom (i.e. motors to control the head, arms, hands and legs of the
robot and LEDs to control the lights in the eyes and ears). With these joints, the
robot can be programmed to perform human-like movements, such as cheering,
shaking a hand, nodding and eye-blinking. Additionally, the speech of the NAO
robot is produced by a speech synthesizer and played through speakers that are
integrated in the NAO robot. The NAO robot was used in the current study for
several reasons: 1) the appearance of the NAO robot is engaging for children with
ASD (Tapus et al., 2012), 2) it has highly simplified facial and bodily features, which
may lower the possibility of overstimulation in these children (Scassellati et al.,
2012), 3) the NAO robot is a humanoid robot, which has the greatest potential
of generalization of learned skills outside the robot-assisted therapy context
(Ricks & Colton, 2010), and 4) NAO was used in several previous studies evaluating
effects of robot-assisted therapy in ASD on similar social-communicational target
behaviors as those that we aim to target in our larger study (Huskens et al., 2013;
2015; Kaboski et al., 2015; Srinivasan et al., 2016).

Controlling robot behavior
In this study we chose to use the NAO robot in a tele-operated mode, meaning
that the therapist is (remotely) controlling the robot and that the robot had no
autonomous behavior, as this is done in most studies incorporating robots in
children with ASD (Huijnen et al., 2016). The advantage of this tele-operated mode
is that the therapist is able to sensitively read how a child acts and responses in
the therapy, and so can control the robot accordingly to provide an appropriate
action or response (Huijnen et al., 2016). To control the NAO robot, the visual
programming environment TiViPE (Lourens & Barakova, 2011) was used. With this
program, pre-programmed game scenarios have been developed through cocreation between therapists trained in PRT and robotics specialists.
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Figure S1. NAO Robot That Is Used Within Robot-Assisted PRT

In addition to the pre-programmed scenarios, a text-to-speech module was
developed that could be activated when prompting or reinforcement was needed
or the pre-programmed scenario did not match the child’s response in a specific
situation. The therapist could switch between the pre-programmed scenario
and the text-to-speech module at any time during the therapy session (see flow
diagram in Figure S2). The pre-programmed parts of the robot scenario included
: 1) a state that controlled the speech and/or movements of the robot (rectangleshaped boxes), and 2) a state that allowed the therapist to select the robot
behavior that was in accordance with the child’s behavior by pressing a key “y”
(yes) or “n” (no) (diamond-shaped boxes).
To increase the predictability of robot behavior, only a small sample of
movements was used, including 1) providing a hand and shaking the child’s hand
when saying “hello” and “bye” 2) blinking and/or cheering when the child showed
appropriate behavior, 3) raising arms slightly when asking a question, 4) nodding
when responding with “yes” and shaking head when responding with “no”, and 5)
behaviors that were functionally related to the game scenario, such as placing a
hand on the box, making a sliding movement when opening the box, and pointing
to a card. Additionally, the text files that provided input for the speech synthesizer
where adjusted to make the robot speech as natural and understandable as
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possible. This required adding small time delays between words within one
sentence (e.g. ‘I_(delay)_have_more_animal_puzzles’ rather than ‘I_have_more_
animal_puzzles’) or to include some words in the text files using phonetic spelling
rather than actual spelling (e.g. ‘zebraas’ rather than ‘zebra’s’ in Dutch). As a pilot,
typically developing children between 3-8 years old were asked to play different
game scenarios and based on these observations, small adjustments were made
in the text files prior to using the scenarios within the robot-assisted PRT for
children with ASD.

Game Scenario Development and Motivational Techniques of PRT
To optimize the game scenarios for use within the robot-assisted PRT sessions for
children with ASD, techniques of PRT are incorporated into the game scenario
development. Within PRT, procedures are used that have been shown to increase
the motivation for learning new tasks and behaviors in children with ASD, often
referred to as motivational techniques (Koegel et al., 1999; Koegel & Koegel, 2006).
These techniques will be described below in great detail.

Technique 1: Child choice
The motivation of children with ASD can be increased by the incorporation of
child-chosen and preferred materials and activities into learning opportunities
(Koegel et al., 1987; Koegel et al., 1999). Since robots may be intrinsically
appealing to many children with ASD (Ricks & Colton, 2010), we expected that
using a robot during PRT relates to the preferences of these children and may
increase their motivation. Additionally, robot scenarios have been developed
with nine different games that are developmentally appropriate for children
aged 3-8 years and were often used during PRT for young children with ASD in
the outpatient treatment facility of Karakter: three different puzzle games (i.e. a
puzzle with different animals, a puzzle with a magnetic boat, a puzzle with trucks),
three different Lego© games (building a plane, a car, or a house for older children;
building a plane, ducks or a house with Duplo© for younger children), and three
different card (“Quartet”) games (cars with Frog & Friends, cards with sea animals,
cards with fairytale characters). The type of game (i.e. puzzles, Lego©, or cards)
could be selected by the therapist before start of each therapy session, based on
parental information on child’s preferences during the first therapy sessions and
based on child’s choice during therapy in later sessions.
Additionally, the kind of game (i.e. type of either puzzle, or Lego©, or cards)
was chosen by the child during the interaction with the robot and the therapist
could select the robot scenario based on the choice of the child. Also, if the child
wanted to talk with the robot about a different subject during playing the game
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than that was pre-programmed in the game scenario, the text-to-speech module
could be activated by the therapist and the robot could respond accordingly.
Figure S2. Pre-Programmed Game scenario And Text-To-Speech Module
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Technique 2: Child attending and providing a clear opportunity to
respond
One of the main PRT techniques is providing a clear ‘learning’ opportunity for
the child to respond, related to the child’s interests (Koegel et al., 1987). Prior to
presenting a learning opportunity, the therapist must have the child’s interest and
attention. The child’s attention is often drawn by placing a desired item where the
child cannot obtain it, by breaking up preferred items or activities and by short
time delays (i.e. waiting for a child to initiate, instead of providing objects or help
immediately; Koegel & Koegel, 2006). Learning opportunities were included in
the game scenarios by 1) placing the desired materials in a closed box before the
game starts, 2) providing the child with only parts of the game materials at once
by using a box that the robot could slide open, and 3) providing only parts of
information about a game (e.g. robot says: ‘I know how we can play this game’ and
waits for the child to initiate by asking the robot to explain how the game is being
played). Learning opportunities were only provided if the child was interested
in the robot and the game at that moment. If the child’s attention was drawn to
another game or subject, the therapist tried to use the text-to-speech module to
respond accordingly. If the child lost attention to the robot during the game, the
game scenario was aborted to maintain child’s motivation for the therapy session.

Technique 3: Interspersing maintenance tasks
Another technique that has been shown to increase the motivation of children
with ASD is to intersperse previously learned tasks (i.e. maintenance tasks) with
new tasks (i.e. the target behavior in a specific therapy session) that the child
has not acquired yet (Koegel et al., 1999). Interspersing learning opportunities
for maintenance tasks with learning opportunities for new tasks often result in
the child experiencing a high degree of success, which in turn, may lead to more
attempts of the child (Koegel et al., 1999). For each child, target behavior was
defined based on information of parents and the coordinating therapist before
start of the PRT. Additionally, during the first PRT session, a 15-minute baseline
session was administered measuring levels of spontaneity on different behaviors
that are targeted by PRT (e.g. 2-or 3-word sentences, the use of multiple cues,
asking for an object/activity, requesting help, protesting, wh-question asking
(i.e. questions of what?, where?, who’s? which?), and conversational skills such as
asking through, making statements and initiating a conversation). Based on this
information, a game scenario was selected for each child that included learning
opportunities for both maintained (easy) and new (difficult) tasks. Since target
behavior and interests in game materials could differ highly between children
with ASD, 9 different therapeutic game scenarios were created, each with 7
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different levels of complexity. The game scenario and level of complexity could be
selected by the therapist before the robot-assisted PRT session was initiated. Table
4 provides an overview of the levels of complexity of the pre-programmed game
scenarios.
Besides combining different target behaviors, interspersing maintenance and
new tasks was also realized by adjusting the level of prompting (i.e. the help
that the child received for showing appropriate behavior) throughout the robotassisted game scenario. With the text-to-speech module, the therapist could
provide the child with 4 levels of prompting: 1) wait prompt (i.e. waiting for the
child to respond), 2) open question prompt (i.e. “what can you ask me now?”), 3)
fill-in prompt (i.e., “you can ask me: “what is...””), and 4) tell prompt (i.e. “you can
ask me: “what is inside the box?””). For each child, the level of prompting could
be interspersed between easy (e.g. use of tell prompt as a maintenance task) and
difficult (e.g. use of wait prompt as a new task) during the robot-assisted part of
the session. Parts of the prompts were pre-programmed in the text-to-speech
module and could be adjusted by the therapist to match the target behavior of
the child in each individual situation.

Technique 4: Direct and natural reinforcement
With the use of direct and natural reinforcement, children with ASD learn that
appropriate initiatives are tied to a consequence, which makes communication
functional (Koegel & Koegel, 2006). Direct reinforcement refers to immediately
providing the reinforcer contingent upon the child’s behavior (Koegel & Koegel,
2006).
Table S1. Levels of Complexity of Game Scenarios for Robot-Assisted PRT
Complexity level

Target behavior

1

2- or 3-word sentences, multiple cues

2

2- or 3-word sentences, multiple cues, asking for object/activity

3

asking for object/activity, requesting help, protesting

4

requesting help, protesting, questions of what?, where?, who’s? which?

5

protesting, questions of what?, where?, who’s? which?

6

questions of what?, where?, who’s? which?, supplementary questions

7

supplementary questions, making statements, initiating conversation

Natural reinforcers are directly and functionally related to a task (e.g. providing a
ball when a child asks “can I have the ball?”) and have shown to better facilitate
learning in children with ASD compared to arbitrary reinforcers that are unrelated
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to a task (e.g. providing candy when a child makes a puzzle; Koegel et al., 1999;
Koegel & Koegel, 1995; Koegel & Williams, 1980). The game scenarios within the
robot-assisted PRT are designed to provide a direct and natural reinforcement
upon the child’s behavior. For instance, when the child asks: “robot, can you open
de box?” the therapist directly controls the robot in opening the box by pressing
the appropriate key. Also, when a child takes an initiative that was not anticipated
in the pre-programmed game scenario, the therapist could use the text-to-speech
module to provide a direct and natural reinforcement.

Technique 5: Reinforcement of attempts
Reinforcing appropriate attempts for showing the target behavior has shown to
increase the responsiveness during teaching interactions in children with ASD
(Koegel et al., 1988; 1999; Koegel & Koegel, 2006). However, only attempts that
are free of self-stimulatory or disruptive behavior should be rewarded (Koegel
et al., 1988). In the programming environment that was used to control the
robot, the therapist pressed “y” (yes) within the game scenario when the child
showed the target behavior or an appropriate attempt, and a direct and natural
reinforcement was provided by the robot. However, when the child did not initiate
spontaneously or the attempt was deemed inappropriate, the therapist pressed
“n” (no) and the text-to-speech module was activated to prompt the child in
showing an appropriate attempt to the target behavior.
In Box 1, an example of a learning opportunity for the robot-assisted PRT is
provided.
Box S1. Robot-Assisted Learning Opportunity
Mark has chosen the lego game, building a lego helicopter in play with the
robot. He starts with a few lego blocks, with which he can build the first part of
the helicopter. When he has finished with the blocks, he looks at the robot, but
doesn’t initiate a question. The PRT therapist controls the robot in providing
an open question prompt: “what can you ask me now?”. Then, Mark shows an
initiation: “Can I have block?”. The PRT therapist immediately controls the robot in
providing a natural reward for the appropriate initiation attempt: the robot slides
the box containing more blocks further open and says: “you can take more blocks
from the box”. Mark takes the blocks and continues building the helicopter.
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Brian is 3,5 years old when concerns about his development are expressed in
kindergarten. Brian is focused on his own activities, not able to play together
with other children. He shows resistance when sudden changes occur during
daily routines. Brian does not initiate contact towards other children, nor does
he respond when other children try to engage him in play. Parents are concerned
about his delayed language development, diminished responses towards others
and problems in adjusting his behaviour during play dates with other children.
When Brian is 4 years old, he is referred to Karakter, a specialized facility for
child and adolescent psychiatry. Psychiatric assessment, clinical observation
in Kindergarten, psychological evaluation and an interview with his parents
document symptoms of ASD. Within the social-communicative domain, deficits
in initiating and responding towards others, diminished eye contact and use of
gestures, limited use of sentences for communicative purposes and echolalia
are observed. Within the domain of restricted, repetitive patterns of behaviour,
preoccupations with toy animals, insistence on sameness and inflexible
adherence to routines become apparent. Also, Brian has attentional problems
(maintaining and switching attention) and his fine and gross motor skills are
delayed. Protective factors are that Brian shows an overall positive affect,
shows sensitivity to compliments and both his parents and teacher show high
involvement and motivation to support Brian to the best of their actual ability.
Parents are advised to join the psycho-education group for parents of young
children with ASD and are provided information about enrolment in the
PicASSo project. Upon signing informed consent and completion of parents of
the psycho-education on ASD, Brian is assigned to the PRT+robot condition, in
which robot-assistance is provided within a 20-week PRT protocol with 45-min
therapy sessions planned weekly. During an initial meeting with parents, the PRT
intervention and use of a robot is explained by the PRT therapist and parents are
provided initial education on the motivational techniques in PRT. Together with
parents, the use of two-word utterances is defined as a maintenance task and
asking for an object/activity is defined as the target behaviour.
During the first parent-child therapy session, the social-communicative behaviour
of Brian is scored to support target behaviour which is defined being the focus of
the intervention in an initial meeting with parents. Brian talks spontaneously with
two- to three-word sentences and speaks with standard sentences such as “I don’t
know” and repeats sentences of parents. Asking questions on objects/activities
requires prompting, as well as protesting and other functional initiations. During
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the first session, Brian appears to be very interested in the robot, touches it and
shows high attention. However, he does not initiate towards the robot by asking
questions.
In the subsequent parent-child sessions, Brian interacts with the robot for 15
minutes. The robot says “hi” and places its arm on a box containing three games.
When Brian is not initiating spontaneously, the therapist controls the robot in
waiting 7 seconds (waiting prompt), and thereafter in providing a verbal open
question prompt: “what can you ask me now?”. When Brian does not initiate after
the open question prompt, the robot provides a partial model prompt: “asks me:
“can you..?””. When Brian does not initiate after the partial model prompt, the
therapist controls the robot in providing a full model prompt: “ask me: “can you lift
your arm?””. When Brian initiates after the model prompt, the therapist controls
the robot in providing a natural consequence: lifting its arm so Brian can access
the games that are placed in the box. Brian chooses to build a car with Duplo
and at first, only some of the Duplo blocks are provided. When Brian finished the
first part of the car, the robot makes a statement: “I have more blocks” and the
therapist controls the robot in waiting 7 seconds. Then, Brian says: “Need more
blocks”. Since this three-word sentence is a maintenance task, Brian is provided a
natural reward. The therapist controls the robot in sliding open a box containing
more blocks. The scenario for robot-child interaction is designed to provide one
learning opportunity every minute. During the robot-child interaction, parents
are asked to observe how the PRT motivational techniques were used to elicit the
target behaviour of Brian. After the robot-child interaction ended, the parents
practiced with implementation of the PRT motivational techniques, while being
coached by the PRT therapist. During the first parent-child sessions, providing
choice in materials and activities and providing clear opportunity to respond by
gaining the child’s interest and attention are emphasized. In later parent-child
sessions, increased attention is paid to varying tasks, providing direct and natural
reinforcements and reinforcing appropriate attempts.
Brian seems happy and is motivated to engage with the robot. However, during a
few sessions, parents notice that Brian has an “off” day, and he refuses to engage
with the robot after a few minutes since he is unable to understand the game. In
the next sessions, the PRT therapist chooses to present the game scenarios for the
robot-child interaction that Brian did like in earlier sessions and that he was able
to complete.
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During the parent-only sessions, video probes of the parent-child sessions are
evaluated and implementation of PRT techniques at home during daily situations
is discussed. Brian’s parents acknowledge that they want to play the game “by
the rules”, hereby sometimes not following Brian’s interest in choice of materials
and activities. Also, from the video probes, Brian’s parents notice that they are
used to always “solve problems” in Brian’s social communication by completing
his sentences when he is unable to express himself. The PRT therapist discusses
with parents why providing less help is important to elicit more self-initiations
from Brian. Over the course of the intervention, parents show improvement in use
of the PRT techniques and implement the techniques in more and more activities
at home. Parents provide video probes in which they practice with use of the PRT
techniques in daily situations and during play situations at home.
After 9 weeks, the intervention is evaluated with parents. Parents notice that
Brian is now able to spontaneously initiate questions on objects/activities, which
is confirmed by scoring Brian’s social-communicative behaviour during the 10th
session. Asking for an object/activity is now defined as a maintenance task, and
parents want to focus on protesting adequately as the new target behaviour
since this is important in arranging successful play dates with other children. The
level of complexity of the scenarios for robot-child interaction are adjusted to
include this new target behaviour and techniques are discussed with parents on
how they can elicit protesting adequately.
After 12 weeks, a session with both Brian’s parents and teacher is planned. In this
session, the PRT therapist provides information on the motivational techniques of
PRT and how these can be used within the school context for Brian. The teacher
watches a video probe of a therapy session to become more familiar with the
intervention. Thereafter, the teacher is asked to implement the techniques at
school for a few weeks, while the parent-child sessions and parent-only sessions
are continued. At 16 weeks of intervention, the PRT therapist visits Brain’s school
and coaches the teacher in implementing the PRT techniques in structured
and free-shaped school situations. For instance, when it is time to eat fruit, the
numbers of bowls are insufficient to provide each child with an own bowl. Brian
is provided an own bowl and the PRT therapist discusses with the teacher to let
Brian share one bowl with his classmate to provide more learning opportunities
for asking for objects. Also, when a classmate pushed Brian on the playground,
the PRT therapist discusses with the teacher to provide a verbal open question
prompt: “what can you say now?”. Then, Brian says: “don’t push me” and both
children are guided to engage in positive play behaviour as a natural reward.
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After 20 weeks, the PRT therapy is evaluated with parents and the coordinating
therapist of Karakter. Brian is now able to spontaneously ask for an object/activity
and to protest adequately. Also, parent’s use of the PRT motivational techniques
is improved: they are following Brian’s interests in choosing materials or activities
and they provide appropriate prompt levels for eliciting social communication.
Parents use the PRT motivational techniques in everyday situations and have
integrated these in their everyday communication with Brian. Parents notice
that Brian had now a more active role the social interaction with others. He is
more aware of others around him and can initiate towards other children in
daily situations at home or at school. He also make more use of eye contact and
gestures. Although he shows more flexibility in handling the material during
games with other children, Brian is still highly occupied with his own toy animals
and does not easily accept other toys when these are offered to him. Furthermore,
in “new” situations, such as visit to a new playground, Brian shows difficulty in
using the learned skills and parents are aware that he requires a higher level
of prompt from them in these situations. Despite these difficulties, parents are
highly satisfied with the progress of Brian and the intervention is finished.
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When Alice is 6,5 years old, her teacher expresses concerns about her behaviour.
At school, she shows attentional deficits, is less involved in the group and can
suddenly stand up from her chair to hug others, also unfamiliar people. On the
other hand, she is often involved in discussions with classmates and gets angry
and frustrated when others can’t follow her ideas. There is limited reciprocity in
social contact, Alice keeps asking questions to others but does not wait for the
response. Despite these issues, Alice enjoys going to school and plays with her
classmates during recess.
At 7 years, Alice is referred to Karakter. Parents recognize the concerns of the
teacher and tell that they have observed Alice developing differently from an
early age on. Alice has problems with communicating her wishes and needs
appropriately and to express properly what she does not like. They notice
that she was easily distracted since she was a toddler. Parents feel little stress
resulting from her behaviour, since she can easily entertain herself and is open
for instructions from her parents. During clinical observations and psychological
evaluations, symptoms of ASD and attention deficit hyperactivity disorder (ADHD)
are observed. Within the social-communicative domain of ASD, deficits are
observed in appropriateness of Alice’s initiations, in keeping up reciprocal social
conversations, in use of gestures and eye contact. Also, sensory abnormalities
are described by parents; she shows anxiety for hard noises, such as fireworks or
alarms and withdraws from contact in crowded environments. Also, she shows
resistance to change in routines and shows restricted interests in kittens and
pony’s. Further, it appears that she is easily distracted by sounds, she stands up
from her chair often, and she fidgets with all the material that is in her reach.
Parents are advised to start treatment on the ASD and ADHD symptoms and
parents choose to focus first on the ASD treatment by receiving individual
psycho-education and enrolment in the PicASSo project. Upon receiving
informed consent, Alice is randomised in the PRT group with use of the robot. In
the initial PRT meeting, asking for objects/activities is defined as a maintenance
task and protesting adequately is defined as the target behaviour. Furthermore,
the motivational techniques are explained as well as how the robot will be used
within the PRT.
The social-communicative behaviour of Alice is scored during the first parentchild therapy session. Alice is able to spontaneously ask questions for an object/
activity and needs prompting for protesting adequately. When a learning
opportunity is provided for protesting, she either does not initiate or initiates
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inadequately (i.e. by yelling towards the therapist or by stomping her feet on the
ground). During the first session, Alice shows interest in the robot and comes up
with a name that is similar to the name of her favourite kitten.
In the subsequent parent-child therapy sessions, Alice interacts with the robot for
15 minutes before practicing the target behaviour with her mother. Before start
of the session, the PRT therapist selects game scenarios for robot-child interaction
that provide learning opportunities for asking for object/activity as maintenance
task and protesting adequately as the new target behaviour. For instance, when
Alice has chosen which card game she wants to play with the robot (i.e. the game
with see animals), the “Quartet” game starts. After some rounds, the robot asks:
“can I have the card with the table and chair?”. Since Alice knows which cards are
in the game, this is a learning opportunity for protesting adequately. When she
does not initiate spontaneously, the robot waits for 7 seconds (waiting prompt).
Thereafter, the therapist controls the robot in providing an open question
prompt: “what can you say to me now?”. Then, Alice says: “this card does not
exist”. Then, the therapist controls the robot in immediately providing a natural
reward: “You are right, I was making a joke. Can I have the card with the yellow
fish?”. The scenario is designed to provide Alice with one learning opportunity
every minute. Parents are asked to observe how the learning opportunities
for Alice’s target behaviour are realized during the robot-child interaction.
During the next 30 minutes of the parent-child therapy session, the therapist
coaches Alice’s parents in using the PRT motivational techniques to elicit target
behaviour. While providing choice in materials and activities and providing clear
opportunity to respond are the focus in the first sessions, in subsequent session
more emphasis is placed on providing direct and natural reinforcements and
reinforcing appropriate attempts.
The parent-only sessions are focused on training parents in the motivational
techniques of PRT and how implementation of these techniques at home
can occur. Parents are able to provide choices and propose activities that are
unexpected for Alice, techniques for following interests and gaining attention.
Her mother acknowledges that it is difficult for her to provide less help and to
wait more. Mother asks Alice a lot of questions, which makes that Alice only has
to show a response. Over the course of the intervention, parents show progress
in providing natural and direct rewards for the target behaviour. Review of video
probes helps both parents to become aware of their strengths and learning
points related to the PRT implementation. In later parent-only sessions, parents
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are trained in how to plan successful playdates with other children and how they
can use the PRT techniques in these play dates.
At the evaluation at 9 weeks of treatment, parents notice that Alice shows a
growth in the use of appropriate initiations, although she still needs prompting
(by use of a waiting prompt or open question prompt) for protesting adequately.
At home, parents set up learning opportunities for protesting in daily situations,
but the protesting does not generalize yet to other contexts. Also, parents question
whether early conversational skills can be thaught, to enhance reciprocity.
Besides protesting, asking through was defined as the target behaviour and the
game scenarios for robot-child interaction that included learning opportunities
for both behaviours were selected.
In week 12, the teacher is informed on PRT techniques. The teacher notices
that she already sees some changes in openness of Alice to the other. However,
reciprocity in social interaction is limited. The teacher asks questions on
integrating the PRT techniques in daily school situations and practices with this
for a few weeks. The teacher notices that she is able to implement the techniques
during 1-to-1 situations (tasks in which Alice had to cooperate with another
classmate), but it is difficult to implement these in daily school routine. During a
school visit, the PRT therapist models the PRT techniques in daily school routines.
For instance, when the teacher gives Alice an assignment to complete a sum in
front of her classmates, the therapist trains the teacher in the use of an open
question prompt: “what can you say to me when the sum is too difficult?”. When
Alice initiates by saying: “this is too difficult for me”, the PRT therapist instructs the
teacher to directly and naturally reward Alice by giving the assignment to one of
her classmates while saying: “that is ok, better next time”. Despite improvements
in Alice’s communication at school, the teacher still expresses concerns about her
attentional deficits and restlessness during classes and high dependence on her
as a teacher for endorsements.
After 19 weeks, Alice has shown progress in both protesting adequately and
asking through. Parents notice an improvement in use of these communicational
skills during play dates with other children. Alice shows less difficulty in expressing
what she does and doesn’t like. For instance, during the last two sessions, Alice
expresses that she liked playing games with the robot. However, she likes to have
more time in practicing skills during game interactions with her parents. The
game scenarios for robot-child interaction have become too predictable for her
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and provide not enough challenges anymore. Therefore, Alice is provided a choice
in de remaining sessions: playing with the robot first or immediately playing with
parents, of which she chooses the latter in the two final sessions.
During the evaluation with parents and the coordinating therapist of Karakter
after 20 weeks, parents express that Alice is able to spontaneously show adequate
protests and to ask through towards her parents, but that she needs sometimes
prompting in using these skills towards other children and her brother. Parents
have improved their daily implementation of the PRT techniques over de course
of the intervention and use these automatically in different contexts at home.
Parents are highly satisfied with the progress of her social communication skills.
However, Alice is still easily distracted during tasks at home and at school, even
when she can choose the type of task and parents notice persevering restlessness.
Therefore, parents are advised to proceed with intervention focused on symptoms
of ADHD and the PRT is ended.
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Abstract
Pivotal Response Treatment (PRT) is a promising intervention focused on improving social
communication skills in children with autism spectrum disorder (ASD). Since robots potentially
appeal to children with ASD and may contribute to their motivation for social interaction, this
exploratory randomized controlled trial (RCT) was conducted comparing PRT (PRT and robotassisted PRT) with treatment-as-usual (TAU). Seventy-three children (PRT: n = 25; PRT+robot: n
= 25; TAU: n = 23) with ASD, aged 3-8 years were assessed at baseline, after 10 and 20 weeks of
intervention, and at 3-month follow-up. There were no significant group differences on parentand teacher-rated general social-communicative skills and blindly rated global functioning
directly after treatment. However, at follow-up largest gains were observed in robot-assisted
PRT compared to other groups. These results suggest that robot-assistance may contribute
to intervention efficacy for children with ASD when using game scenarios for robot-child
interaction during multiple sessions combined with motivational components of PRT. This trial
is registered at https://www.trialregister.nl/trial/4487; NL4487/NTR4712 (2014-08-01).

Autism spectrum disorder (ASD) is an early onset neurodevelopmental disorder
characterized by deficits in social communication and interaction, and by restricted
repetitive patterns of behavior, interests, or activities (APA, 2013). Many children with
ASD face poor outcomes regarding social interaction and independent functioning
(APA, 2013). Providing appropriate intervention approaches for young children with
ASD is deemed important for obtaining optimal outcomes in later life (Boyd et al.,
2010; Corsello, 2015).
A systematic review identified 27 interventions for ASD that met the criteria for
evidence-based practice, of which the majority for (young) children are based on
techniques of applied behavior analysis (ABA; Wong et al., 2015). Pivotal Response
Treatment (PRT) is a widely known naturalistic (transfer-focused) and feasible ABAbased behavioral intervention. In PRT, the focus is on “pivotal” (core) areas that, when
targeted, can improve other untargeted areas of functioning and skills (Koegel &
Koegel, 2006). Pivotal areas include 1) motivation to engage in social communication,
2) responsiveness to multiple cues, 3) self-initiations and 4) self-management (Koegel
et al., 2001).
Implementation strategies of PRT include: following the child’s interests, gaining
the child’s attention, using clear instructions (prompts), providing immediate and
contingent reinforcement in response to a child’s initiation or good attempt, and
interspersing maintenance and acquisition tasks. Family involvement in the treatment
(i.e. parent training) and implementation in both home and school contexts are
important aspects of PRT since it facilitates generalization of acquired skills in daily life
(Koegel & Koegel, 2006).
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So far, reviews of more than 50 (mostly non-randomized) PRT studies for children
with ASD reported promising results on social communication and functioning
and self-initiations specifically (Bozkus-Genc & Yucesoy-Ozkan, 2016; Cadogan
& McCrimmon, 2015; Verschuur et al., 2014). In the few randomized controlled
trials (RCTs) available, high variability in dose ranging from 60/90 minutes a week
during 12 weeks (Hardan et al., 2015) to 600 minutes a week during 26 weeks
(Vernon et al., 2019) is reported. Results from these studies indicate that PRT for
children with ASD may enhance the child’s number and mean length of functional
utterances (both elicited and spontaneous; Hardan et al., 2015; Mohammadzaheri
et al., 2014; Nefdt et al., 2010) general social-communication skills (Hardan et al.,
2015; Mohammadzaheri et al., 2014), and global clinical functioning (Hardan et al.,
2015; Gengoux et al., 2019). Despite these promising results most of the currently
conducted trials are limited by small sample sizes (n < 50), a lack of an intentionto-treat approach, and limited follow-up measures. In addition, a gap exists in
studies investigating specific components or ways of delivery that may enhance
PRT effectiveness, while identifying these intervention-enhancing components is
key for achieving optimal outcomes for children with ASD (Fuller & Kaiser, 2019;
Schreibman et al., 2015).
In search of effective components of interventions for children with ASD,
the use of technology such as robots has received increasing interest during
the last decade (Cabibihan et al., 2013; Ismail et al., 2019). In contrast to other
technologies, robots provide embodied multi-modal features (speech combined
with gestures and other movements) that are important when training socialcommunicative behavior. Robots are appealing to many children with ASD,
which may contribute to more positive affect (Kim et al., 2015) and to a higher
motivation for social interaction (Scassellati, 2007). Additionally, children with ASD
may show more attention towards a robot compared to a human trainer, which
can positively affect their learning opportunities (Costa et al., 2018; Warren et al.,
2015). Also, since children with ASD show higher intolerance of uncertainty (Neil
et al., 2016), robots may be useful in showing higher behavioral predictability by
simplified social uses and more repetition (Dautenhahn & Werry, 2004; Thill et al.,
2012). The combination of the multimodal features and behavioral predictability
of robotics combined with eliciting more motivation and attention in children
with ASD can positively affect the learning opportunities within interventions for
this target group. Since focusing on motivation for social interaction and gaining
child’s attention are key elements of PRT, robot-assistance may further enhance
this intervention model. However, robot-assistance in PRT has not yet been
investigated. Single-case design studies on the use of other robot-assisted ABAbased interventions for children with ASD (using a small sample of n = 6) with a
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low dosage (e.g. six 15/20-minute sessions or four 10-minute sessions) suggested
increased communication and social interaction after the intervention (Huskens
et al., 2013; Simut et al., 2016) although no additional gains were found for a
robot-assisted condition compared to a non-robot condition (Huskens et al., 2013;
Huskens et al., 2015).
In conclusion, well-designed RCT’s on PRT for young children are limited.
Additional controlled trials are needed to examine the effects of PRT on targeted
and untargeted areas of functioning and to explore the role of robot-assistance
in this treatment model. Therefore, the present exploratory study was designed
to examine the efficacy of PRT (with and without robot-assistance) compared
to treatment-as-usual (TAU) in a clinical sample of young children with ASD (n
= 73). The study included a randomized controlled design with an intentionto-treat approach, blinded and non-blinded outcome measures, and a followup assessment. The main objectives were to assess the efficacy of PRT (with
and without robot-assistance) compared to TAU in 1) improving general socialcommunicative skills and 2) improving clinical global functioning. Secondary
objectives were to examine treatment outcomes on ASD symptom severity,
parenting stress, and self-initiations during PRT, and to explore the influence of
child-, parent- and intervention-related factors on treatment effectiveness. We
hypothesized treatment outcomes for all groups, with the largest improvement
for children who received robot-assisted PRT, and also more improvements for
children who received PRT, compared to TAU.

Method
Study design
This study involved an exploratory three-armed RCT and was conducted within
the context of clinical outpatient units of Karakter, a tertiary, multi-site centre for
complex child and adolescent psychiatry in The Netherlands.
Seven different outpatient sites of Karakter were involved in this study, all using
the same procedures and clinical protocols. We utilized an adaptive design to
measure the effects of clinical outpatient treatment of children with ASD in this
naturalistic sample. Participants were randomly assigned to either PRT, robotassisted PRT or TAU (1:1:1). Stratification was conducted based on age, total
intelligence quotient (TIQ), and site, since treatment outcomes in young children
with ASD may vary by age (Granpeesheh et al., 2009; Perry et al., 2013) and TIQ
(Perry et al., 2013). Participants were matched manually on these variables by an
investigator not involved in data collection and outcome assessment. The protocol
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of the study was registered in the Netherlands Trial Register (NL4487/NTR4712,
https://www.trialregister.nl/trial/4487, contact author for full trial protocol). The
study was approved by the Local Ethics Committee (CMO Arnhem-Nijmegen,
NL50509.091.14) and all procedures were in accordance with the 1964 Helsinki
declaration and its later amendments.

Participants
Participants were included when they met the following inclusion criteria;
1) a primary clinical diagnosis of ASD, according to the DSM-IV (APA, 2000)
classification; 2) aged 3-8 years; 3) a TIQ of 70 or higher; 4) ability to speak with
one-word utterances at minimum, and 5) at least one of the parents speaks Dutch
to the child. An exclusion criterion was having received PRT previously in order
to eliminate the impact of earlier intervention. Within our sample of children
with complex psychiatric problems, comorbid psychiatry disorders were allowed,
but the primary diagnosis (and intervention) of the child had to be focused on
ASD. For participants that were assigned to one of the PRT groups dosages of
medication must be kept stable before start of the intervention, but not for the
TAU group since pharmacotherapy is part of regular care for this complex target
group. However, participants were not excluded if dosages changed due to the
intention-to-treat (ITT) approach.
In the trial protocol, adherence to the ASD cut-off on the Autism Diagnostic
Observation Schedule – Second edition (ADOS-2; De Bildt et al., 2013) was defined
as an eligibility criterion. Of participants that were included in the analyses, 89%
scored above the ASD cut-off. In the remaining 11%, participants scored one
point (n = 4) or two points (n = 3) below the cut-off, or the ADOS-2 could not
be fully administered due to behavior problems that severely interfered with
administration (n = 1). These participants were included in the study as they had a
very clear clinical ASD diagnosis, based on a thorough multidisciplinary and multiinformant psychiatric examination. Children with an ADOS-2 score below cut-off
were equally distributed to treatment groups by randomization (Х²(2) = 0.24,
p = .886).

Procedures
Participants were recruited from clinical outpatient referrals to Karakter. The
authoritative caregivers (further called ‘parents’) of the participants received
verbal and extensive written information on the outline and aims of the study
and signed an informed consent form prior to inclusion. After screening for study
eligibility, the participants were randomly assigned to a group. Prior to enrolment
and baseline measures, parents received psycho-education on ASD if not received
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in the past. PRT and robot-assisted PRT consisted of 20 sessions of therapy, once
a week, by certified PRT-therapists who were trained to reach a fidelity score of
over 80% (level III). In total, 13 certified PRT-therapists were involved in this study.
Meetings with a certified PRT-trainer (level V) were held for additional training
and supervision. For participants that were randomly assigned to TAU, treatment
was indicated by a clinician based on ‘shared decision making’ with parents.

PRT protocol
The PRT and robot-assisted PRT protocols were based on the Dutch translation
of the PRT manual (Koegel & Koegel, 2012), focusing on implementing threeterm contingency learning trials in social communicative skills: 1) presenting
a clear opportunity (incorporating the child’s choice and gaining the child’s
attention), 2) target behavior (child’s initiation or prompting the child to initiate),
3) reinforcing the child’s initiation or attempt naturally and contingently. Target
behavior was in both the PRT and robot-assisted PRT group adjusted to the child’s
current level of social communication (e.g. two (or more)-utterances, asking for an
object/activity, asking for help, protesting, wh-questions, responding to multiple
cues). In treatment, the focus was mainly on teaching parents to implement PRT
principles in the natural environment of the child. Further, teachers were involved
in implementing PRT techniques at school. Both PRT and robot-assisted PRT
consisted of 14 parent-child sessions, four parent-only sessions, and two teacher
sessions. Each PRT session had a duration of 45 minutes, except for one teacher
session including a 90-min school/day-care visit.
PRT. In the parent-child sessions, the therapist modelled the PRT techniques
during therapist-child interaction, after which parents practiced the PRT
techniques during parent-child interaction while being coached by the therapist.
Dependent on parent and child characteristics and target goals, the focus was on
specific PRT techniques. These sessions were recorded on tape for later analysis. In
the parent-only sessions, the progress of the child on individual target behaviors
was discussed as well as the parental use of the PRT techniques at home. In the
teacher sessions, the child’s teacher was involved in discussing and practicing the
use of the PRT techniques at school.
Robot-assisted PRT. In the robot-assisted PRT, a NAO robot was added in the first
15 minutes of each of the parent-child sessions (but not in the teacher sessions).
Target behaviors were practiced during robot-child interactions, in which the
robot was controlled by the PRT therapist. Motivational techniques of PRT were
incorporated into game scenarios for robot-child interaction (see Van den BerkSmeekens et al., 2020 for a description of the development and protocol) using the
three-step contingency: 1) therapist controlled the robot in providing antecedent
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stimulus, 2) therapist controlled the robot in providing prompt(s) for child’s
target behavior, 3) therapist controlled the robot in reinforcing the (attempt to)
target behavior naturally and contingently. Supplementary Information 1 shows
details on how the robot behavior was controlled and on the game scenarios for
robot-child interaction. Parents were asked to observe how PRT techniques were
used and the therapist modelled the techniques to the parent by implementing
learning opportunities by use of the robot. After the robot-assisted part of the
session (i.e. 15 minutes), the session was continued as similar to the PRT condition:
parents practiced the PRT techniques during parent-child interaction and were
coached by the therapist. The parent-only sessions and teacher sessions were also
similar to the PRT condition.
Fidelity of PRT implementation. Parental Fidelity of PRT Implementation at
the end of the intervention was assessed using the partial interval recording
procedure as described by Verschuur et al. (2020). In this procedure, the fidelity is
based on a sequence of correctly implemented PRT components that constitute
a three-term contingency, instead of scoring each PRT component separately. In
the current study, 10-minute video probes of the last two recorded parent-child
sessions were used and a mean of these two was calculated to determine the total
percentage of fidelity for each parent. Videos were coded by a trained research
assistant, blinded to group assignment. Of the video probes, 20% was coded
by a naïve second rater resulting in excellent agreement (intraclass correlation
coefficient = 0.97).
Treatment-as-usual (TAU). The TAU condition consisted of guidance of parents,
intensive family therapy, treatment at school (e.g. mediation), social skill training
groups, pharmacotherapy, or a combination of these. These patient/familytailored treatments ranged in intensity and frequency (from 1,5h per week to 1h
per month). After an intervention period of 20 weeks, all participants in the TAU
group were offered the possibility to receive PRT (of which five actually received
PRT).

Measures
Demographic information. Demographics on participant characteristics (i.e. age,
gender, psychiatric comorbidity, and medication use) and parental characteristics
(i.e. presence of psychopathology, education level) were extracted from case files
and intake questionnaires of Karakter. TIQ of the child was estimated by either
the Wechsler Intelligence Scale for Children (WISC-III; Kort et al., 2005), Wechsler
Preschool and Primary Scale of Intelligence (WPPSI-III; Hendriksen & Hurks,
2009), or Mullen Scales of Early Learning (MSEL; Mullen, 1995). If TIQ could not be
estimated, approximate IQ was determined based on the child’s mental age and/
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or educational performance.
Primary outcomes. General social-communicative skills in the child’s natural
environment were assessed using the Social Responsiveness Scale, preschool
and child version (SRS; Constantino & Gruber, 2005; Roeyers et al., 2011). The 65item digitalized questionnaires, rated on a 4-point scale, were completed by the
parent and teacher/daycare attendant at all time points: baseline, intermediate
assessment point (week 10), endpoint (week 20), and follow-up (week 32).
Total raw scores were computed (based on the following subscales; Social
Awareness, Social Cognition, Social Communication, Social Motivation, and
Restricted Interests and Repetitive Behavior), with higher scores representing
lower general social-communicative skills. The change score compared to
baseline was used as a continuous outcome measure and the percentage of
clinical responders, defined as a reduction of >25% in total SRS scores compared
to baseline was used as a categorical outcome.
Change in clinical global functioning was assessed at week 10, endpoint, and
follow-up using the Clinical Global Impression-Improvement (CGI-I; Guy, 1976),
rated on a 7-point scale (very much improved – score 1 - to very much worse – score 7)
by experienced child- and adolescent psychiatrists who were unfamiliar with the
participants and who were blinded to treatment allocation. Ratings were based on
information about the clinical status of functioning, symptoms, and well-being in
major areas of the participants life (i.e. home, school, relations). This information
was provided by the coordinating therapist of the participant, who was instructed
not to provide details on their group assignment or treatment phase. A clinical
responder was defined as being much improved or very much improved on the
CGI-I.
Secondary outcomes. The severity of ASD-related symptoms was assessed
at baseline and endpoint with the Dutch version of the ADOS-2 (De Bildt et al.,
2013). The ADOS-2 was administered by a certified clinician who was blinded
to treatment allocation and baseline outcomes. Of the calibrated severity score
category (i.e. low: 1-4; moderate: 5-7; high: 8-10) based on Gotham et al. (2009),
a change score (endpoint-baseline) was computed. ADOS-2 Modules 1, 2, and
3 were used in 4.2%, 16.4%, and 78.1% of participants respectively at baseline
(with 1.4% missing), and in 1.4%, 11.0%, and 74.0% of participants respectively
at endpoint (with 13.7% missing). For 83.9% of participants, the same ADOS-2
module was used at baseline and endpoint.
Parenting stress was measured at all time points by the digitalized 34-items
Dutch “Opvoedingsbelasting vragenlijst” (OBVL; Vermulst et al., 2012). A reliable
clinical change on the OBVL was defined as a reduction of ≥ 4.03 points on the
total T-score (Vermulst et al., 2012).
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Specifically for both PRT groups, percentages of spontaneous appropriate
initiations of the child were calculated at all time points during a semi-structured
therapist-child interaction based on PRT guidelines (Koegel, 2014). A percentage
was calculated dividing the number of therapist-elicited opportunities in which
the child showed appropriate initiations without provided prompts (i.e. oneword sentences, two-word sentences, asking for object/activity, asking for help, whquestion asking (e.g. what, where, which, when), protesting, interrogating, making
statements and responding to multiple cues) by the total number of protocolized,
therapist-elicited opportunities.

Statistical analyses
Since this present exploratory study was the first in estimating the effect of
robot-assisted PRT and no research was available on comparing effects on the
SRS and CGI resulting from either PRT or TAU, no power analysis for this threegroup RCT could be performed. Measurements were continued after possible
early termination of the intervention in line with the adaptive study design and
intention-to-treat (ITT) analyses.
The ITT statistical analyses were conducted in accordance with the study
protocol (two-tailed, α = .05). To compare the effect of PRT in general, analyses
on primary and secondary outcomes were conducted comparing the two groups
(PRT total versus TAU) and the three groups separately. Chi-square statistics were
conducted for clinical responder analyses (SRS, CGI-I, ADOS, and OBVL). Sensitivity
analyses were conducted with different cut-offs for clinical responders on the SRS.
To examine group differences in SRS scores, analysis of variance (ANOVA) F-tests
were computed with estimated change scores (baseline-endpoint and baselinefollow-up). Additionally, to compare percentages of spontaneous initiations at
endpoint and follow-up between both PRT groups, independent sample t-tests
were conducted. For each primary outcome, Bonferroni-holm corrections were
implemented to account for multiple testing per reporter (i.e. parent, teacher or
blinded clinician) on each time point (i.e. accounting two- versus three-group
comparisons and use of both clinical responder measure and change scores for the
SRS; Haynes, 2013). Exploratory paired sample t-test (or Wilcoxon signed ranks test
when the assumption of normality was violated) were conducted for within-group
comparisons over time. All analyses were conducted using IBM SPSS Statistics
version 25 (IBM-Corp. 2017). Additional per-protocol analyses on the primary
outcomes were conducted for participants that adhered ≥75% to the treatment
protocol. To identify predictors of treatment response, clinical responders and
non-responders were compared on child-, parent-, and intervention-related
factors that were described in Table 1.
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Results
Study population
Figure 1 shows the participant flow throughout the study. Eighty-one participants,
recruited from June 2015 until December 2016 at seven different locations of
Karakter, were randomized to one of the three arms. Of these, eight participants
did not start with the allocated treatment, nor received baseline assessment,
because the primary intervention focused on comorbid problems (n = 4), referral
to another institution (n = 1), or parents declining intervention (n=3). This resulted
in 73 participants that initiated the treatment to which they were assigned. Nonadherence in the PRT intervention groups was related to comorbid psychiatric
or family-related problems, which required additional interventions for some
participants. Specifically, some participants either 1) discontinued PRT with no
initiation of other intervention (PRT; n = 6, PRT+robot; n = 3), 2) discontinued PRT
and initiated other intervention (PRT; n = 3, PRT+robot; n = 1), or 3) continued PRT
with a concomitant intervention (PRT; n = 0, PRT+robot; n = 5). This resulted in
32 participants in the PRT total group (PRT; n = 16, PRT + robot; n = 16) that were
included in the per-protocol analyses. In the TAU group, 17 participants received
TAU, and 6 participants received no additional treatment at Karakter after psychoeducation, resulting in 17 TAU participants in the per-protocol analyses. Missing
values were equally distributed across groups and not imputed.
Baseline descriptive characteristics and hours of treatment did not differ
between the groups (see Table 1). Change of medication dosages during the
intervention occurred in all groups and was equally distributed (16% PRT+robot,
12% PRT, 13% TAU respectively, p = .91). In both PRT groups, none of the parents
showed adherence to the 80% PRT Fidelity of Implementation criterion at the end
of treatment. The mean fidelity percentage for the PRT+robot group was 20 %
(SD=15 %) and for the PRT group 36 %, (SD=28 %), p = .04.

Primary outcomes
SRS continuous change score rated by parents and teachers
PRT total vs TAU. Change scores on the SRS rated by parents and teachers did not
differ significantly between the PRT total group and the TAU group from baseline
to endpoint (parents; F(1,69) = 1.14, p = .289, d = 0.28, teachers; F(1,65) = 0.30,
p = .585, d = 0.13) and from baseline to follow-up (parents; F(1,68) = 2.02, p = .160,
d = 0.41 teachers; F(1,65) = 0.19, p = .663, d = 0.11 ). There were no differences
in change in general social-communicative skills between the total PRT group
and TAU.
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Figure 1. Consort Participant Flow Diagram
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Table 1. Baseline Descriptive Characteristics and Hours of Treatment

Age in years
Gender
Male
Female
TIQ
CGI- Severity
Psychiatric comorbidity a
AD(H)D
AD(H)D + other
Other
Medication use a
Stimulants
Stimulants + antipsychotics
Antipsychotics
Other
Psychopathology mother a
Psychopathology father a
Education mother
Low
Average
High
Education father
Low
Average
High
Hours of treatment
(week 0-20)

PRT
(n=25)
6.43 (1.71)

Mean (SD)/ N (%)
PRT + robot
(n=25)
6.18 (1.31)

F(df), Х²(df)

p

0.61 (2)

.704
.739

19 (82.61)
4 (17.39)
99.74 (13.24)
4.52 (0.89)

1.12 (2,67)
0.59 (2,69)

.333
.560

1.46 (2,72)

.232

0.04 (2)

.982

0.06 (2)
1.69 (2)
3.17 (4)

.973
.429
.530

3.27 (4)

.514

0.78 (2,70)

.462

TAU
(n=23)
6.09 (1.30)

22 (88.00)
3 (12.00)
105.83 (15.18)
4.64 (1.22)

20 (80.00)
5 (20.00)
101.78 (14.18)
4.80 (0.82)

10 (40.00)

7 (28.00)

12 (52.20)

6 (24.00)
2 (8.00)
2 (8.00)
6 (24.00)
5 (20.00)
1 (4.00)
0 (0.00)
0 (0.00)
8 (32.00)
3 (12.50)

3 (12.00)
0 (0.00)
4 (16.00)
6 (24.00)
3 (12.00)
0 (0.00)
2 (8.00)
1 (4.00)
8 (32.00)
6 (24.00)

5 (21.70)
2 (8.70)
5 (21.70)
6 (26.09)
2 (8.70)
3 (13.00)
1 (4.30)
0 (0.00)
8 (34.80)
6 (27.30)

4 (16.70)
12 (50.00)
8 (33.30)

6 (24.00)
9 (36.00)
10 (40.0)

5 (21.70)
6 (26.10)
12 (52.20)

5 (22.70)
10 (45.50)
7 (28.00)

6 (27.30)
5 (22.70)
11 (50.00)

7 (31.80)
8 (26.40)
7 (31.80)

14.68 (4.92)

15.96 (6.20)

17.39 (9.30)

Note: a Number of presence and percentage. AD(H)D = Attention deficit (hyperactivity) disorder;
CGI = Clinical Global Impression; F = test statistic resulting from analysis of variance; N = number
of participants, p = p-value (two-tailed), PRT = group of participants who received Pivotal Response
Treatment; PRT+robot = group of participants who received robot-assisted Pivotal Response
Treatment; SD = standard deviation; TAU = group of participants who received treatment-as-usual;
TIQ = total intelligence quotient; Х² = test statistic resulting from chi-square analysis. Education level:
low = primary or secondary education, average = intermediate vocational education, high = higher
professional education/university.

PRT vs PRT+robot vs TAU. No significant differences were found between the three
groups in the change scores from baseline to endpoint on the SRS rated by parents
(F(2,69) = 2.55, p = .086). However, there were significant group differences in
the continuous change scores from baseline to follow-up (F(2,68) = 6.67, p =
.002, see Figure 2). Post hoc analyses indicated a larger improvement in general
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social-communicative skills at follow-up for the PRT+robot group compared to
the PRT group (F(1,48) = 9.38, p = .004, d= 0.88) and also compared to the TAU
group (F(1,43) = 7.91, p = .007, d= 0.87). For the SRS rated by teachers, there were
no differences between the three groups on SRS change scores (both baselineendpoint and baseline-follow-up p > 0.05).
Figure 2. Change In Total SRS Scores Rated By Parents In PRT And PRT+Robot And TAU From Baseline
To Follow-up.

SRS clinical responder rated by parents and teachers
PRT total vs TAU. Percentages of clinical responders on the SRS rated by parents
and teachers did not differ significantly between the PRT total group and the TAU
group at endpoint and follow-up (see Table 2).
PRT vs PRT+robot vs TAU. No significant differences were found between the
three groups in the percentage of clinical responders on the SRS rated by parents
at endpoint. However, a higher percentage of clinical responders was found for
the PRT+robot group compared with the PRT group and TAU group at follow-up
(χ²(2) = 9.66, p = .008). For the SRS rated by teachers, there were no differences
between the groups on the percentages of clinical responders at endpoint and
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follow-up, although the difference at endpoint showed a marginal trend towards
significance, with a higher percentage in the PRT+robot group compared with
the other groups (χ²(2) = 5.75, p = .050). Sensitivity analyses using Chi-square
with other cut-off percentages for clinical response on the SRS confirmed the
higher percentage of clinical responders in the PRT+robot group at follow-up (see
Supplemental Material 2).

CGI-I rated by blinded clinician
PRT total vs TAU. There were no significant differences between the groups on the
percentage of participants that showed a clinically significant response on the
CGI-I at endpoint and follow-up (see Table 2).
PRT vs PRT+robot vs TAU. As in the two-group comparison, there were no
significant differences between the three groups on the percentage of clinical
responders on the CGI-I at any time point (see Table 2).
Table 2. Percentages of clinical responders per group and results of chi-square analyses
PRT total
% Endpoint
PRT
Outcome

Comparison

SRS parents

2-group
3-group

SRS teachers

2-group

CGI-I

2-group

ADOS-2

2-group

OBVL

2-group

3-group
3-group
3-group
3-group

PRT
+robot

% Follow-up
PRT

20.8
13.0

28.0

12.0

42.9

16.7

44.0

48.0

13.6
73.9

56.0

64.0

62.5

p

Х²(df)

p

.797

0.80 (1)

.371

1.72 (2)

.419

9.66 (2)

.008**

18.2

21.7

0.66 (1)

.417

0.12 (1)

.729

5.75 (2)

.050

2.47 (2)

.291

36.4

45.5

2.13 (1)

.144

1.16 (1)

.282

3.74 (2)

.155

63.6
63.3

Х²(df)

0.06 (1)

22.2

64.6

Follow-up

20.0

70.8

38.6

Endpoint

18.2

36.8
59.2

66.7

%
%
Endpoint Follow-up

50.0
25.6

55.1

Chi-square analyses results

PRT
+robot
30.6

27.3
13.0

TAU

66.7

57.9

4.65 (2)

.098

1.54 (1)

.215

13.81 (2)

.009**

0.23 (1)

.867

0.17 (1)

.683

1.72 (2)

.423

0.18 (2)

.914

Note: p < .05, p < .01
ADOS = Autism Diagnostic Observation Schedule second edition; CGI-I = Clinical Global Impression
– Improvement scale; df = degrees of freedom; OBVL = Dutch Opvoedingsbelasting vragenlijst;
p = p-value (two-tailed); PRT = group of participants who received Pivotal Response Treatment;
PRT+robot = group of participants who received robot-assisted Pivotal Response Treatment; PRT
total = total group of participants that received PRT; SRS = Social Responsiveness Scale; TAU =
group of participants who received treatment-as-usual; Х² = test statistic resulting from Chi squared
analyses, 2-group = comparison between PRT total and TAU; 3-group = comparison between PRT,
PRT+robot and TAU.
*
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Secondary outcomes
ADOS-2 rated by blinded clinician
PRT total vs TAU. No significant differences in percentages of participants that
showed a decrease in ADOS-2 severity category were found between PRT total
group and the TAU group (see Table 2).
PRT vs PRT+robot vs TAU. A significant difference was found when comparing
the three groups (χ²(2) = 9.66, p = .008); more children in the PRT+robot group
showed a decrease in ADOS-2 severity category compared with both the PRT and
the TAU group. (see Table 2). No differences were found between the PRT group
and the TAU group.
OBVL rated by parents
PRT total vs TAU. No significant differences in percentages of participants that
showed reliable clinical change on the OBVL at endpoint and follow-up were
found between PRT total group and the TAU group (see Table 2).
PRT vs PRT+robot vs TAU. Although both the PRT+robot group and TAU group
showed a decrease from baseline to follow-up on the paired sample t-tests (see
Supplementary Information 3), there were no significant differences between the
three groups (see Table 2).
Spontaneous initiations
Although both PRT groups improved in percentages spontaneous appropriate
initiations (see Supplementary Information 3) there were no significant differences
between the groups at endpoint (t(36) = 1.05, p = .299) and follow-up (t(35) =
-1.02, p = .315).
Exploratory within-group analyses using paired-sample t-tests on the primary
and secondary outcomes are described in Supplemental Material 3.
Child-, parent- and intervention-related factors
A significantly higher proportion of females (45.5%) versus males (15.3%) were
clinical responders on the SRS rated by parents at endpoint in the total sample
(Х²(1) = 5.29, p = .036). This effect was specifically found for the PRT group (Х²(1) =
8.75, p = .034). Also, maternal education level marginally modified the percentages
of clinical responders on the CGI-I at follow-up (Х²(2) = 6.01, p = .050), with
children of mothers with higher and moderate education levels showing higher
gains. There were no effects of age, TIQ, ADOS severity, psychiatric comorbidity,
medication use, psychopathology of parents, educational level of fathers, and
amount of treatment hours on the SRS and CGI-I outcomes.
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Per-protocol analyses
After corrections for multiple testing, per-protocol analyses on the primary
outcome measurements indicated a similar pattern of results as the ITT analyses,
namely a larger improvement in general social-communicative skills at follow-up
for the PRT+robot group compared to other groups.

Discussion
This study is the first exploratory RCT of clinician- and parent-delivered PRT
with and without robot-assistance compared to TAU in a clinical sample of
young children with ASD. Strong points include blinded outcome measures and
the inclusion of a follow-up assessment. As hypothesized, positive treatment
outcomes in terms of improved general social-communicative skills were found
for all groups, with the largest improvements for children who received robotassisted PRT. However, the PRT total group and the TAU group did not differ in
change or percentage of clinical responders in general social-communicative skills.
This finding contradicts earlier RCTs that found larger gains for children receiving
PRT compared to controls (Hardan et al., 2015; Vernon et al., 2019; Nefdt et al.,
2010; Mohammadzaheri et al., 2014). However, our treatment-as-usual condition
included intensive patient- and family-tailored treatment for ASD focused on
a variety of individualized target behaviors. This is in contrast to prior RCTs that
used a standardized psycho-education group intervention besides communitybased treatments (Hardan et al., 2015), a structured one-to-one, clinician-led
ABA focused on few target behaviors (Mohammadzaheri et al., 2014; 2015), or a
waiting list control group (Vernon et al., 2019; Nefdt et al., 2010) as a comparison.
The higher gains in the robot-assisted PRT group on the parent-rated SRS and the
blindly-rated ADOS-2 suggest that robot-assistance may contribute to treatment
efficacy for children with ASD when combined with motivational components of
PRT, such as incorporating child-preferred activities, stimulus variation, directresponse-reinforcement relationships, and reinforcement of attempts. Robotassistance may enhance positive learning opportunities by contributing to higher
motivation and attention in children with ASD. Also, the multi-modal features of
robotics may be useful when training social-communicative behavior while more
consistent behavioral predictability may contribute to an attractive learning
environment for children with ASD. However, the mechanisms underlying these
treatment enriching effects of robot-assistance need further exploration.
Our findings are in contrast with other studies that used robotics in ABA-based
interventions for children with ASD, who found no additional gains of robot-
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assistance ... This may be explained by differences in design. In these previous
studies, the behavioral repertoire of the robot was limited by a low differentiation
of prompt levels, a technical assistant controlling the robot (Huskens et al., 2015),
very small samples (n = 3 to 6) and the robot-assistance being implemented in
only four or five sessions. In contrast, in our study, a variety of prompt levels was
used in a larger library of game scenarios, the robot was controlled by the PRT
therapist and was implemented in a much larger group of children during a 20week intervention. This suggests that implementing robot-assistance in more
sessions by using game scenarios that can be easily amended in complexity may
enhance established interventions for children with ASD.
Our results highlight the contribution of parent-related factors since the largest
gains on clinical global functioning were found in children of mothers with a
moderate or higher education level. However, it is unclear whether this is due
to further implementation of PRT techniques at home after the treatment was
finished or a combination with other interventions since a naturalistic follow-up
was used.
While parents reported increases in social-communicative skills, no increases
were found in teacher ratings. Low correspondence between parent and
teacher ratings of ASD-related symptoms has been reported earlier (Mayes &
Lockridge, 2018). Possibly, the sensitivity of teacher ratings was limited and the
implementation at school was rather an introduction to PRT (i.e. teachers were
included in only two sessions). Future studies should focus on how to better
embed PRT implementation at school.
In our study, exploratory results suggested a higher percentage of girls that
showed clinical improvement in social-communicative skills compared to boys,
while no effects were found for other child-related factors. Other PRT studies
found high non-verbal problem-solving skills (Hardan et al., 2015), or high
expressive language skills, positive affect, appropriate toy contact, low social
avoidance, and low stereotyped vocalizations (Fossum et al., 2018) as predictors
of treatment response. These findings warrant further study to investigate which
child-related factors serve as robust modifiers on outcomes of PRT.
This study included several limitations. Although the results of the perprotocol analyses were similar to those of the intention-to-treat analyses and
treatment intensity was not related to outcomes, it is notable that in both PRT
groups participants discontinued the intervention or started a concomitant
intervention. Due to the adaptive nature of our study design, we measured
the naturalistic flow of treatment in this clinical outpatient group. While the
PRT protocol was primarily focused on social communication goals, treatment
for other ASD-related, comorbid, or family problems was required for many
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families as well (based on thorough multidisciplinary deliberation during the
study). This study included children with complex psychiatric problems as is
represented by 1) the comorbidity rates (around 40%) while earlier PRT trials did
not include children with comorbidities (Hardan et al., 2015; Vernon et al., 2019;
Mohammadzaheri et al., 2014; 2015; Gengoux et al., 2019) and 2) high rates of
required psychopharmacological intervention use in this relatively young age
group of children with ASD. Although standardized protocols are viewed as a
strength of the PRT approach (Cadogan & McCrimmon, 2015), integrating patientand family tailored co-interventions may be necessary for many children with ASD
and their families due to the complexity and heterogeneity of the condition. The
similar results in the intention-to-treat analyses compared with the per protocol
analyses suggests that integrating co-interventions with PRT is as effective as
utilizing standardized protocols with no co-interventions. Furthermore, since we
did not find lower parenting stress after highly protocolized PRT (but did find
lower parenting stress at follow-up in the robot-assisted PRT and TAU groups),
it may also be important to study how integration of specialized family-tailored
interventions may contribute to lower stress and higher well-being. Although
not necessarily a limitation, the contrasts between the health care system in
The Netherlands and the United States of America and Canada contributed to
differences in intensity and delivery of the current intervention (low intensity and
outpatient orientated) compared to previous PRT trials that have been primarily
conducted in Northern America. Currently, evidence is growing for a lower PRT
intensity model that is more congruent with logistics of family routines and
educational attendance while stimulating parents to use the PRT techniques
also in between therapy sessions (Vernon et al., 2019). The results of the current
study also support that a relatively low-intensity intervention (20 weeks) may be
sufficient to improve the general social-communicative skills of children with ASD.
However, since significant differences between groups were demonstrated at
follow-up and not at earlier timepoints, further research is needed to get insight
into the optimal dose and treatment delivery.
Also, it is notable that none of the parents in our study achieved the 80%
Fidelity of Implementation criterion after the intervention. This may be due to 1) a
high emphasis on parent implementation of PRT techniques during daily routines
at home that were not recorded on video, rather than intensively during a videorecorded 10-minute parent-child interaction and 2) the use of a different (and
more stringent) fidelity coding system in this study, in which a correct sequence
of PRT skills are highly emphasized, compared to fidelity measures with a more
global calculation (scoring each PRT component separately) that are generally
used (Verschuur et al., 2020). More systematic training of parents with handing in
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video recordings for weekly review may facilitate faster acquisition of PRT fidelity
(Hardan et al., 2015). Also, no information is available on the validity of current
measures for PRT Fidelity of Implementation and future development of such
measures should incorporate the use of PRT techniques during daily routines.
Furthermore, the results of the study of Hardan et al. (2015) indicated that Fidelity
of Implementation of parents modified treatment effects for some, but not all,
targeted verbal communication outcomes. Therefore, whether and how PRT
Fidelity of Implementation modifies treatment effects is currently unclear and
should be subject of future study.
Due to pragmatic reasons, only one PRT therapist (IvdB-S, shared first author)
was trained to control the robot and use it within PRT, which may have induced
bias. However, PRT training, intervision and supervision were similar for therapists
in both PRT groups. Further studies should focus on training more therapists
to control the robot, using software that is more easily understood by nontechnically educated interventionists. Also, studies including the possibility
of child’s (and parents’) choice in (PRT) intervention with and without the
robot that systematically assesses reasons for choices, can provide insights in
perspectives of children and parents on the usefulness of robot-assistance in
interventions, for whom and why the robot is appealing to children with ASD. In
this way, patient-tailored interventions can be improved. Furthermore, long-term
follow-up measures should be included in future studies to assess whether PRT
may generate long-lasting positive effects on both targeted child behavior and
generalized outcomes
In conclusion, this first RCT to PRT with and without robot-assistance including
blinded raters suggests gains in general social communication in all intervention
groups, with the largest gains in the robot-assisted PRT group. The following may
be recommended for future research and clinical practice: 1) higher focus on childand parent-related modifiers of intervention efficacy, within a higher sample size
2) better embedding of PRT in the school context, 3) better integration of PRT
with co-interventions, 4) inclusion of long-term follow-up measures, 5) further
development of adjustable game scenarios for robot-child interaction using
software that is easily understood by non-technically trained therapists and 6)
exploration of the mechanisms underlying treatment enhancing effects of robotassistance. Together, these factors may contribute to further optimization of PRT
for children with ASD.
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Supplemental Material
1 Description of game scenarios for robot-assisted PRT and
implementation example
Type of Robot and Controlling Robot Behavior
In het robot-assisted PRT, a NAO robot was used in the first 15 minutes of
all parent-child sessions. The NAO robot is a humanoid robot, developed by
Aldebaran Robotics. The NAO robot is 58 cm in height and includes 25 degrees of
freedom (i.e. motors to control the head, arms, hands and legs of the robot and
LEDs to control the lights in the eyes and ears). With these joints, the robot can
be programmed to perform human-like movements, such as cheering, shaking
a hand, nodding and eye-blinking. Additionally, the speech of the NAO robot
is produced by a speech synthesizer and played through integrated speakers.
To control the robot, the visual programming environment TiViPe was used.
In collaboration with the department of Industrial Design of the Eindhoven
University of Technology, game scenarios were pre-programmed and a text-tospeech module was developed. These could be activated by the PRT therapist
(by pressing a key on a laptop) when prompting or reinforcement was needed
or when the pre-programmed scenario did not match the child’s response in a
specific situation.
Game Scenarios for Robot-Child Interaction Development
Game scenarios were created that included the following motivational techniques
of PRT:
1) Child choice and task variation: Robot scenarios have been developed with nine
different games that are developmentally appropriate for children aged 3-8 years
and were often used during PRT for young children with ASD in the outpatient
treatment facility of Karakter: three different puzzle games (i.e. a puzzle with
different animals, a puzzle with a magnetic boat, a puzzle with trucks), three
different Lego© games (building a plane, a car, or a house for older children;
building a plane, ducks or a house with Duplo© for younger children), and three
different card (“Quartet”) games (cars with Frog & Friends, cards with sea animals,
cards with fairytale characters). The type of game (i.e. puzzles, Lego©, or cards)
could be selected by the therapist before start of each therapy session, based on
parental information on child’s preferences during the first therapy sessions and
based on child’s choice during therapy in later sessions. Additionally, the kind of
game (i.e. type of either puzzle, or Lego©, or cards) was chosen by the child during
the interaction with the robot and the therapist could select the robot scenario
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based on the choice of the child. Tasks were varied to maximize motivation.
Also, the text-to-speech scenario could be activated when the child changed the
subject of the robot-child conversation.
2) Child attending and providing a clear opportunity to respond: Learning
opportunities were included in the game scenarios by 1) placing the desired
materials in a closed box before the game starts, 2) providing the child with only
parts of the game materials at once by using a box that the robot could slide open,
and 3) providing only parts of information about a game. Learning opportunities
were only provided if the child was interested in the robot and the game at that
moment. If the child’s attention was drawn to another game or subject, the
therapist used the text-to-speech module to respond accordingly. If the child
lost attention to the robot during the game, the game scenario was aborted to
maintain child’s motivation for the therapy session.
3) Interspersing maintenance tasks: For each child, a game scenario was selected
that included learning opportunities for both maintained (easy) and new (difficult)
tasks. Since target behavior and interests in game materials could differ highly
between children with ASD, 9 different therapeutic game scenarios were created,
each with 7 different levels of complexity. Also, the level of prompting (i.e. the
help that the child received for showing appropriate behavior) could be adjusted
throughout the game scenario and interspersed between easy (e.g. tell prompt)
and difficult (e.g. wait prompt).
4) Direct and natural reinforcement: The game scenarios were designed to provide
a direct and natural reinforcement upon the child’s behavior. For instance, when
the child asks: “robot, can you open de box?” the therapist directly controlled the
robot in opening the box by pressing the appropriate key. Also, when a child takes
an initiative that was not anticipated in the pre-programmed game scenario, the
therapist could use the text-to-speech module to provide a direct and natural
reinforcement.
5) Reinforcement of attempts: In the programming environment, the therapist
pressed “y” (yes) within the game scenario when the child showed the target
behavior or an appropriate attempt, and a direct and natural reinforcement was
provided by the robot. However, when the child did not initiate spontaneously or
the attempt was deemed inappropriate, the therapist pressed “n” (no) and the textto-speech module was activated to prompt the child in showing an appropriate
attempt to the target behavior.
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PRT techniques in robot-assisted implementation example
While the child enters the treatment room, the robot is placed on the table and
the child takes place in front of the robot. The therapist controls the robot in
saying “hi” and offering a hand to the child. The child grabs the hand of the robot
and the therapist controls the robot in shaking its hand and pull its hand back.
Then, the robot places his arm on a box while saying: “there are some games in the
box” (Child attending and providing a clear opportunity to respond). If the child does
not initiate spontaneously, the therapist controls the robot in providing prompts
(i.e. waiting prompt: waiting for 7 seconds; open question prompt: “what can you
ask me now?”; fill in prompt: you can ask me: “can you…” or tell prompt: you can
ask: “can you remove your arm?”). The child can access three boxes of Lego©, that
are placed in the larger box after providing an appropriate initiation. The child
can choose one of the boxes (Child choice and task variation) and the therapist
removes the other boxes from the table while placing a sliding box in front of the
robot. The child starts with building his/her preferred Lego© and notices that not
all the required blocks are in the box. The child asks the robot: “can I have more
blocks?” and the therapist controls the robot in opening the sliding box with its
hand (Direct and natural reinforcement). The child continues building with the Lego
and two more learning opportunities are provided on asking more blocks. When
the child is almost finished with building a Lego house, the therapist controls the
robot in saying: “you make a nice car” while blinking with its eyes. This is a learning
opportunity for protesting (Interspersing maintenance tasks with new tasks) and
when the child does not initiate spontaneously, the therapist controls the robot
in providing a tell prompt: you can say: “this is not a car”. When the child uses an
adequate protesting attempt towards the robot, the therapist controls the robot
in saying: “Haha, I have made a joke. Of course it is a house!” (Rewarding attempts).
And then the child continues building the house. When the house is finished,
the therapist controls the robot in saying: “I know a sound that you can hear in a
house”. When the child initiates by asking the robot to let him/her hear the sound,
the therapist controls the robot in making the sound of a doorbell. After a few
more learning opportunities for asking for an object/activity (maintenance task)
and protesting (new task), the robot-child interaction is finished by providing
giving the robot a hand, saying goodbye and turning the robot off. Then, the PRT
session is continued with parent-child interaction and coaching by the therapist.
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2 Sensitivity analyses on parent-rated SRS
Sensitivity analyses for 3-group comparisons on percentages of clinical responders
on the parent-rated SRS (see Table 3).
Table 3. Sensitivity Analyses On SRS Percentages Of Clinical Responders
% Endpoint
TAU
PRT
PRT+
robot
Cut-off
≥ 25% decrease
≥ 20% decrease
≥ 30% decrease
≥ 35% decrease
≥ 40% decrease

13.0
24.0
4.0
4.0
4.0

28.0
36.0
24.0
12.0
8.0

18.2
30.4
8.7
0.0
0.0

Chi-square analyses results
% Follow-up
PRT
PRT+
TAU
robot
12.0
24.0
12.0
12.0
8.0

50.0
52.0
40.0
36.0
32.0

20.0
21.7
4.3
4.3
4.3

Endpoint
Х²(df)
p

1.72 (2)
0.86 (2)
5.04 (2)
3.49 (2)
1.95 (2)

.419
.652
.081
.175
.378

Follow-up
Х²(df)
p

9.66 (2)
6.33 (2)
11.09 (2)
9.08 (2)
8.64 (2)

.008**
.042*
.004**
.011**
.013**

Note: * p < .05, ** p < .01
df = degrees of freedom; p = p-value (two-tailed); PRT = group of participants who received Pivotal
Response Treatment; PRT+robot = group of participants who received robot-assisted Pivotal
Response Treatment; SRS = Social Responsiveness Scale; TAU = group of participants who received
treatment-as-usual; Х² = test statistic resulting from Chi squared analyses, 3-group = comparison
between PRT, PRT+robot and TAU.

3 Results of exploratory within-group analyses
In Table 4, means and standard deviations (SD) per group and results of exploratory
paired-sample t-tests for within-group effects are shown.

SRS
All three groups showed lower SRS total scores, indicating higher generalized
social-communicative skills rated by parents from baseline to endpoint (p’s = .000
to .047). Significant improvements were also maintained at follow-up, except for
the PRT group in which change from baseline showed a marginal trend towards
significance (p= .053). At both endpoint and follow-up, large effect sizes were
found for the PRT+robot group (d = 0.75 and 0.80 respectively) and small effect
sizes were found for the PRT group (d = 0.34 and 0.23 respectively) and TAU group
(d = 0.30 and 0.23 respectively). On the SRS rated by teachers, no significant
differences were found between baseline and endpoint and between baseline
and follow-up for any of the groups (all p > .05).
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ADOS-2 by blinded rater
Exploratory paired-sample t-tests indicated no significant changes in ADOS-2
total scores or calibrated severity scores (CSS) from baseline to endpoint in any of
the groups.
OBVL
Exploratory paired-sample t-tests showed no significant change from baseline to
endpoint in any of the groups. However, the PRT+robot group and TAU group had
a lower OBVL score indicating lower parenting stress at follow-up compared with
baseline while the PRT group showed no significant difference.
Spontaneous self-initiations.
Wilcoxon signed ranks test for related samples indicated that both PRT groups
showed an increase in the percentage spontaneous self-initiations during a
semi-structured therapist-child interaction at endpoint and follow-up compared
with baseline.
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total score

ADOS-2

score

CGI-I

10.00 (2.45)

-

84.19 (22.56)

-

2.40 (1.10)

69.00 (24.59)

79.84 (24.08)

M (SD)

76.72 (24.26)

Week 10

M (SD)

parents – total score

68.74 (25.94)

59.92 (12.94)

5.91 (1.82)

9.77(3.44)

3.04 (1.40)

79.86 (24.17)

77.79 (22.81)

M (SD)

Endpoint

8.59 (3.38)

2.33 (0.76)

65.78 (20.66)

68.16 (20.31)

M (SD)

Endpoint

PRT + robot (n = 25)

63.43 (24.22)

61.77 (14.54)

-

-

3.32 (1.25)

81.42 (24.35)

83.63 (23.29)

Baseline

38.97 (25.05)

teachers – total score

SRS

% spontenous

Self-initiations

total score

60.40 (13.70)

5.91 (2.18)

CSS

OBVL

10.05 (3.42)

total score

ADOS-2

score

-

83.23 (25.90)

CGI-I

84.47 (22.03)

teachers – total score

M (SD)

M (SD)

parents – total score

SRS

Week 10

Baseline

PRT (n = 25)

-

2.21 (1.06)

70.87 (26.69)

63.38 (25.84)

M (SD)

Follow-up

76.67 (15.45)

59.40 (12.95)

-

-

2.21(1.06)

75.71 (23.34)

78.63 (26.63)

M (SD)

Follow-up

.004**

.311

1.000

.593

.567

.007**

1.97

2.05

.063

.054

<.001***

p

Baseline to Endpoint

5.22

t

-2.84a

1.04

0.00

0.54

0.58

p

Baseline to endpoint

2.97

t
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0.48

0.45

0.75

d

0.11

0.00

0.08

0.08

0.34

d

.002**

.612

.188

.053

p

1.37

5.27

t

.189

<.001***

p

d

0.32

0.84

d

0.08

0.24

0.23

Baseline to follow-up

-3.12a

0.51

1.36

2.97

t

Baseline to follow-up
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81.03 (26.25)

59.66 (17.73)

-

-

3.10 (1.09)

78.53 (19.31)

57.90 (17.38)

6.11(2.30)

10.94 (4.78)

2.67 (1.07)

77.63 (26.25)

77.33 (24.80)

M (SD)

Endpoint

56.76 (16.78)

-

-

3.10 (1.09)

76.93 (24.17)

79.70 (31.65)

M (SD)

Follow-up

71.59 (13.98)

48.86 (11.69)

-

1.76

1.43

1.62

.70

<.001***

.101

.125

.121

.491

.096

.167

.036*

p

Baseline to Endpoint

2.24

t

-3.88a

1.71

1.60

0.16

0.13

0.25

0.36

0.30

d

0.27

0.43

<.001***

.048*

2.17

1.75

2.58

t

.043*

.094

.018*

p

0.24

0.40

0.23

d

0.38

Baseline to follow-up

-3.72a

2.09

Note: * p < .05, ** p < .01, *** p < .001, a represents z-statistic resulting from Wilcoxon signed ranks test
ADOS-2 = Autism Diagnostic Observation Schedule second edition; CGI-I = Clinical Global Impression – Improvement scale; CSS = calibrated
severity score; d = effect size; M = mean; n = number of participants; OBVL = Dutch Opvoedingsbelasting vragenlijst; PRT = group of participants
who received Pivotal Response Treatment; p = p-value (two-tailed); PRT+robot = group of participants who received robot-assisted Pivotal
Response Treatment; RCI = reliable clinical improvement; SD = standard deviation; SRS = Social Responsiveness Scale; t = test statistic resulting
from paired-sample t-tests; TAU = group of participants who received treatment-as-usual.

total score

61.91 (16.23)

6.39 (1.98)

OBVL

12.17 (5.09)

total score

-

CSS

ADOS-2

score

CGI-I

85.51 (26.47)

M (SD)

86.69 (25.02)

Week 10

M (SD)

parents – total score

74.86 (14.89)

50.32 (11.32)

5.18 (2.06)

TAU (n = 23)

66.09 (17.71)

51.72 (12.10)

-

Baseline

44.31 (20.82)

53.56 (12.74)

5.95 (1.43)

teachers – total score

SRS

% spontenous

Self-initiations

total score

OBVL

CSS
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Abstract
The aim of this study was to investigate the effect of Pivotal Response Treatment (PRT)
versus robot-assisted PRT on self-initiations of children with ASD and to explore the
relation between self-initiations and collateral gains in general social-communicative
skills. Forty-four participants with ASD aged 3-8 years (PRT: n = 20, PRT+robot: n = 24), who
were recruited as part of a larger randomized controlled trial (number NL4487/NTR4712,
https://www.trialregister.nl/trial/4487), were included. Self-initiations were blindly coded,
assessing video probes of all parent-child PRT sessions using an event-recording system.
General social-communicative skills were assessed with the parent- and teacher-rated Social
Responsiveness Scale (SRS) during intervention and at three-month follow-up. Results
using linear mixed-effects models showed overall gains in self-initiations during both PRT
intervention groups (Estimate = 0.43(0.15), 95% CI [0.13,0.73]), with larger gains in functional
self-initiations in children receiving robot-assisted PRT (Estimate = -0.27(0.12), 95% CI
[-0.50,-0.04]). Growth in self-initiations was related to higher parent-rated social awareness
at follow-up compared with baseline in the total sample (r = -.44, p = .011). The clinical
implications of these findings, as well as directions for future research in the utility of PRT
and robot assistance in ASD intervention, are discussed.

Deficits in social communication form one of the core features of autism
spectrum disorder (ASD; APA, 2013) and have a profound negative impact on
various domains of functioning such as school performance, friendship, and
relationships (Bauminger & Kasari, 2000; Koegel et al., 1999a). Self-initiations (i.e.
the ability to spontaneously initiate a social interaction), such as question-asking
and commenting, occur infrequently or are absent in children with ASD (Koegel et
al., 2003). The results of a large-scale national survey of the Dutch Autism Society
(n=4068) demonstrated that diminished self-initiations in social contact are the
most frequently reported maladaptive behaviors in children with ASD (Begeer,
2013). Furthermore, self-initiation is suggested to be a “pivotal” (core) skill for
the development of other social-communicative skills, as lower self-initiations
are related to less naturally occurring opportunities for social communication
(Koegel et al., 2003). This pervasive problem highlights the need for appropriate
interventions promoting social communication for children with ASD.
Interventions integrating Applied Behavior Analysis (ABA) and developmental
principles have become the predominant approaches for treating the core
symptoms of children with ASD (Ona et al., 2019; Ospina et al., 2008). These
interventions involve a manualized approach that is balanced with the need to
individualize the intervention, naturalistic and motivational procedures, high
involvement of family members, and ongoing monitoring of progress (Fuller
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& Kaiser, 2019; Ospina et al., 2008; Rogers & Vismara, 2008). Pivotal Response
Treatment (PRT), derived from ABA, incorporates all of these intervention
components. This intervention is based on the assumption that targeting pivotal
areas of impairment in ASD, such as self-initiations and motivation for social
contact, will induce widespread gains in other areas of functioning and skills
(Koegel et al., 1999b). PRT include strategies to create learning opportunities
for self-initiations, such as following the child’s interests, gaining the child’s
attention, giving appropriate levels of help (prompting), providing immediate and
contingent reinforcement in response to the child’s initiation or good attempt, and
interspersing maintenance and acquisition tasks (Koegel & Koegel, 2006, 2019).
The involvement of parents is a key component to increase the generalization of
learned skills into daily routines.
A systematic review indicated the effectiveness of PRT in enhancing selfinitiations and collateral improvements in language and communication skills
such as increase in verbal utterances, social response and maintaining interactions
(Verschuur et al., 2014). However, previous studies did not examine growth in selfinitiations and gains in general social-communicative skills in direct relation to
each other but rather reported results on both outcomes separately. Furthermore,
most studies on PRT targeted self-initiations in general without distinguishing
between subtypes of communicative intentions such as functional initiations
(e.g. asking for objects, help, or information) and social initiations (e.g. requestion
social information and commenting;Verschuur et al., 2019). However, outcomes in
self-initiations may differ depending on the communicative intentions of the selfinitiations that are under study. Studies using single-subject designs indicated
that PRT may enhance self-initiations such as asking “what is it?”, “where is it?”
and “who is it?” (Koegel et al., 2014) and asking for an object/activity (Vernon et
al., 2012). Furthermore, mixed results were reported by studies that incorporated
a more comprehensive definition of self-initiations including, in addition to the
questions as mentioned above, question-asking about the other’s opinion or
previous experiences, commenting, and starting to talk about a new subject
(Huskens et al., 2012; Kuhn et al., 2008; Verschuur et al., 2019). Besides variation
in definitions in self-initiations, PRT studies vary widely in treatment duration
and intensity (ranging from 66 min to 60 hours) and implementation strategies
(Cadogan & McCrimmon, 2015; Ona et al., 2019; Verschuur et al., 2014). These
differences between studies complicate the understanding of how self-initiations
develop over the course of PRT, how this development is related to collateral
improvements in social communication and which components may contribute to
effectiveness of the intervention.
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The use of robot-assistance has been raised as a possible effective component
of interventions for children with ASD (Diehl et al., 2012; Dautenhahn & Werry,
2004). Robots are often appealing to children with ASD, because robot behaviour is
predictable, consistent and easy to adjust in different levels of complexity (Gillesen
et al., 2011; Scassellati, 2007a). This potentially contributes to a more enjoyable and
child-friendly learning environment in which children can practice self-initiations
and interchange without social pressures (Diehl et al., 2012). Among children
with ASD who received robot-assisted interventions increases in self-initiations
(Huskens et al., 2013) and general social-communicative skills (Boccanfuso et
al., 2017) were observed. However, due to limitations in study design, no firm
conclusions can be drawn on the additional value of robot-assistance on the
effectiveness of the intervention. In addition, many studies on robot-assistance
in ASD interventions are limited by small sample sizes, measuring outcomes over
a low number of therapy sessions and by methodological problems (Diehl et al.,
2012; Ismail et al., 2019). This highlights the need for rigorously-designed studies
on the effectiveness of robot-assistance in established interventions such as PRT,
investigating development in targeted behaviour (i.e. self-initiations) over the
course of intervention and how this relates to collateral changes in untargeted,
general social-communicative skills.
The current study aimed to address this need by (1) investigating the effect of
PRT versus robot-assisted PRT on self-initiations of young children with ASD over
the course of intervention in the Netherlands, distinguishing between functional
and social self-initiations and (2) exploring the relation between growth in selfinitiations and possible collateral gains in general social-communicative skills at
the end of PRT intervention and at three-month follow-up. We hypothesized that
both PRT and robot-assisted PRT would be effective in increasing self-initiations
and that growth in self-initiations would be related to gains in general socialcommunicative skills. Further, we expected that children receiving robot-assisted
PRT would show a larger growth in self-initiations and higher gains in general
social-communicative skills compared to children receiving PRT.

Methods
Study design
This study was part of a larger three-armed randomized clinical trial (RCT) to the
effectiveness of PRT, with and without the use of robot-assistance, compared
to treatment-as-usual (TAU) in the Netherlands (registered in Dutch National
Trial Register, number NL4487/NTR4712; https://www.trialregister.nl/trial/4487).
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Random assignment to 1) PRT, 2) robot-assisted PRT or 3) TAU was performed with
stratification by age, total intelligence quotient (TIQ) and site by an investigator
not involved in data collection and outcome assessment. The study was approved
by the Local Ethics Committee (Commissie Mensgebonden Onderzoek (CMO)
Arnhem-Nijmegen, NL50509.091.14) and written consent was obtained from all
families. The current in-depth study only used data from both PRT groups.

Participants
Participants were children with ASD referred for intervention at Karakter, an
expert multi-site centre for child and adolescent psychiatry in the Netherlands.
They were recruited with the following inclusion criteria: 1) a clinical diagnosis of
ASD, according to the DSM-IV-TR algorithm (APA, 2004); 2) age of 3-8 years; 3) a
TIQ of 70 or higher; 4) ability to speak with one-word utterances at minimum; 5)
at least one Dutch-speaking parent. An exclusion criterion was having received
PRT earlier. Comorbid psychiatric disorders of the child were allowed, but the
primary diagnosis had to be ASD (and subsequently the primary intervention
was focused on ASD). Before the start of the intervention period of PRT (with
and without robot-assistance), dosages of medication had to be stable. However,
participants were not excluded if dosages changed during the intervention due to
the intention-to-treat (ITT) approach.

Procedures
Parents of potential participants were approached by clinicians of Karakter. If
parents were interested, information letters of the study were provided. Parents
gave written informed consent when they agreed with the participation of their
child. If children met the inclusion criteria, participants were randomized. In each
condition, parents received psycho-education on ASD before the treatment,
individually or in a group. PRT and robot-assisted PRT consisted of 20 weekly
sessions in which self-initiations were targeted using the motivational techniques
of PRT (Koegel, 2014; Koegel & Koegel, 2012). Treatment was delivered by certified
PRT-therapists trained up until level III, with a reached fidelity score of over 80%.
A total of 13 PRT-therapists participated in this study. In both treatment groups,
frequency of learning opportunities during PRT sessions was in line with the
used PRT manual (Koegel & Koegel, 2012) and parent training, intensity and
duration of the intervention were similar across both groups. Of the PRT sessions
in both treatment groups, 14 were parent-child sessions, four were parent-only
sessions and in two sessions the child’s teacher was involved. Each session had a
duration of 45 minutes, except for one teacher session including a 90-min school/
daycare visit. Parent-child sessions were recorded on video for later analysis.
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PRT. In the PRT condition, parent-child sessions consisted of practicing PRT
strategies during parent-child play. The therapist modelled the techniques and
subsequently coached the parents in applying the techniques during interaction
with their child. During the parent-only sessions, the progress of the child was
discussed as well as the use of PRT techniques by parents. The child’s teacher was
involved by being briefed about PRT and how to practice it at school/day care.
Robot-assisted PRT (PRT+robot). In the robot-assisted PRT condition, the
programmable humanoid robot NAO, which can move its arms, legs, and head
and thus have expressive social gestures, was used in the parent-child sessions.
The TiViPE programing environment was used for developing the game scenarios
for robot-child interaction (Barakova et al., 2013). Two interfaces were developed,
one for creating the interactive robot behaviours and one text-to-speech module
for additional intervention during the interaction. The game scenarios were preprogrammed in a flexible way, so the robot could act according to the child’s
choice or following child’s initiation or response (see Supplemental Material 1 for
details). These game scenarios for robot-child interaction were controlled by the
PRT therapist and used in the first 15-20 minutes of each session for practicing
the target behaviour of the child. Parents were seated close to the child and were
asked to observe how the PRT techniques were practised by the therapist using
the robot. Specifically, the therapist modelled the techniques to the parent by
controlling the robot.
Game scenarios for robot-child interaction were developed based on
motivational techniques of PRT and a three-step contingency was used: 1)
the therapist controlled the robot in providing an antecedent stimulus, 2) the
therapist controlled the robot in prompting the child in showing target behaviour,
3) the therapist controlled the robot in reinforcing the (attempt to) target
behaviour naturally and contingently. Nine different game scenarios were created
with seven levels of complexity each. After the robot-assisted part of the session,
parents were coached by the therapist in practicing the techniques during
interactions with their child. The content of the parent sessions and sessions with
the involvement of the child’s teacher were similar to the PRT condition.
Fidelity of PRT implementation. Fidelity of PRT Implementation of parents at
the end of the intervention was measured using the partial interval recording
procedure as described in the study of Verschuur et al. (2019), in which fidelity
criteria are based on a sequence of correctly implemented PRT components,
instead of coding each PRT component separately. Ten minute-video probes of
the last two recorded parent-child sessions were coded by a trained research
assistant, blinded to group assignment. A mean of these two was calculated to
determine the total percentage of fidelity for each parent. Of the video probes,
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20% was coded by a naïve second rater resulting in excellent agreement (intraclass
correlation coefficient = 0.97).

Measures
Demographics and participant/parent characteristics. Demographics and participant/
parent characteristics (i.e. age, gender, total intelligent quotient (TIQ), psychiatric
comorbidity, medication use, psychopathology parents, educational level of
parents) were retrieved from electronic medical records. If TIQ was not assessed
within two years before start of the study, it was estimated by either the Wechsler
Intelligence Scale for Children (Kort et al., 2005), Wechsler Preschool and Primary
Scale of Intelligence (Hendriksen & Hurks, 2009) or Mullen Scales of Early Learning
(Mullen, 1995), depending on age. Participant ASD symptom severity at baseline
was retrieved from calibrated severity scores (CSS; Gotham et al., 2009) of the Dutch
version of the Autism Diagnostic Observation Schedule (De Bildt et al., 2013).
Self-initiations. The development of self-initiations of the participant was assessed
using videotaped parent-child play interactions of all parent-child PRT sessions. An
event-recoding scheme was developed to code the number of self-initiations, in
which only initiations considered as verbal, spontaneous (i.e. without prompting)
and appropriate within the context were scored. Play sounds, undirected verbal
utterances and echolalia were not scored. In order to distinguish different
communicative intentions, self-initiations were coded as either functional (related
to parent-child play context; requesting for object/activity, help, information, and
protesting) or social (early social conversational skills; asking for social information,
opinion, commenting). In Supplemental Material 2 examples of these subtypes of
self-initiations are listed. Total self-initiations were determined by summing the
spontaneous functional and social self-initiations. Six-minute video probes of each
parent-child session were used for coding, in which the starting point of the video
probe was defined as the moment the child had chosen a game to play. Two raters
(master level students), naïve to group allocation, were trained in PRT principles and
the coding scheme by the first authors of this study (MdK and IvdB), both certified
PRT level III therapists. After training, both MdK and IvdB served as second raters on
20% of the videos, resulting in excellent interrater reliability (intraclass correlation
coefficient = .92, .90 and .87 for total self-initiations, functional self-initiations and
social self-initiations respectively). Self-initiations change scores were computed
between baseline and endpoint for total, functional and social self-initiations.
Baseline scores were based on the mean amount of self-initiations in the first two
parent-child sessions and endpoint scores were based on the mean amount of selfinitiations in the last two parent-child sessions.
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General social-communicative skills. Collateral gains in general socialcommunicative skills were assessed with the Social Responsiveness Scale
(Constantino & Gruber, 2005; Roeyers et al., 2011) child version and preschool
version. The 65-item digitalized questionnaires, rated on a 4-point scale, were
completed by both the participant’s parent(s) and teacher/daycare attendant
at baseline, intermediate assessment (week 10), endpoint (week 20) and followup (week 32) as part of the larger randomized controlled trial. In the current indepth study, we only investigated change in general social-communicative skills
at endpoint and follow-up. The SRS consist of the following subscales: Social
Awareness, Social Cognition, Social Communication, Social Motivation, and
Restricted Interests and Repetitive Behavior. Scores for each subscale and total
raw scores were computed, with higher scores representing lower general socialcommunicative skills. SRS change scores were computed for the total score and
subscales between baseline and endpoint and between baseline and follow-up.

Statistical analyses
Between-group analyses using one-way analysis of variance (ANOVA) (or a
non-parametric equivalent) for continuous measures and chi-square analysis
of categorical measures were conducted to examine whether descriptive
characteristics, baseline self-initiations and total SRS scores and hours of
treatment differed between the groups. Outliers were identified with the use of
boxplots and, when necessary, adjusted to quartile (Q)1 – 1.5 * interquartile range
(IQR) and Q3 + 1.5 * IQR to obtain a normal distribution. For all analyses, α was set
on .05 (two-tailed).
The development of self-initiations over time for both groups (PRT and
PRT+robot) was assessed with linear mixed-effects models, using the lmer
function of the lme4 package (Bates et al., 2015) in R (version 3.4.0; R Core Team,
2017). Separate analyses were performed for total self-initiations, functional
self-initiations and social self-initiations. Data on self-initiations were available
on 14 measurement occasions (i.e. 14 parent-child PRT sessions, distributed
over 20 weeks of intervention). Because of heterogeneity among participants in
intercepts (number of self-initiations in session 1) and slope (change over time)
(see Supplemental Material 3), a per-participant random adjustment to the fixed
intercept as well as to the slope of time were included in the model besides
the fixed effects for time (weeks), group (PRT vs PRT+robot) and the interaction
effects between time and group. Confidence intervals (95% CI) were derived from
the function confint in R (R Core Team, 2017), with CI that do not include zero
indicating significant estimates.
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Change over time in general social-communicative skills was assessed with
paired-samples t-tests. Furthermore, to examine between-group differences
(PRT versus PRT+robot) in the change in general social-communicative skills,
independent sample t-tests were conducted on SRS change scores. Correlational
analyses on the total sample were conducted to explore the relationship between
change in self-initiations (total, functional and social) and change in general socialcommunicative skills after PRT intervention in general (baseline vs. endpoint and
baseline vs. follow-up).

Results
Study population
Fifty-two participants were assigned to either the PRT group or the PRT+robot
group. Two participants allocated to the PRT group did not start with the
intervention nor received a baseline assessment because of the need to switch to
another intervention for comorbid problems. As a result, 50 participants started
with the treatment to which they were assigned. Of these, six were excluded
from the analyses as they had video recordings of less than four PRT sessions,
due to early termination of the intervention or due to technical problems with
the recording of video data. This resulted in a total of 44 participants who were
included in this study, with 20 participants in the PRT group and 24 participants
in the PRT+robot group. Of the included participants, 91% scored above the ASD
cut-off of the ADOS-2, with 2 participants (4.5%) scoring 1 point below and 2
participants (4.5%) scoring 2 points below the cut-off. Participants scoring below
the ASD cut-off were equally distributed across groups (Fisher’s exact test: p =
1.00).
Table 1 shows descriptive statistics, baseline scores and hours of treatment
for both groups, with the results of between-group analyses. As expected due
to randomisation, no significant differences existed between the groups. The
mean number of PRT sessions was 17 and 18 in the PRT and PRT+robot group
respectively and did not significantly differ between the groups (t(42) = 0.96,
p = .345). None of the parents in both PRT groups showed adherence to the
80% fidelity of PRT implementation criterion at the end of treatment and this
differed significantly between groups (PRT: 36.3%; PRT+robot: 19.8%, t(31) = 2.19,
p = .037).
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Development of self-initiations over time
Figure 1 shows the linear growth in total self-initiations over time for both groups.
There were no significant baseline differences between groups. Mixed-model
analysis showed a significant main effect of time, Estimate = 0.43(0.15), 95% CI
[0.13,0.73]. For the interaction effect between time and group, a marginal trend
towards significance was found, Estimate = -0.19(0.10), 95% CI [-0.38,0.02].
For functional self-initiations a significant main effect of time was found,
Estimate = 0.44(0.18), 95% CI [0.09,0.79], as well as a significant interaction
effect between time and group, Estimate = -0.27(0.12), 95% CI [-0.50,-0.04]. Posthoc mixed model analyses per group showed a linear growth over time in the
PRT+robot group, Estimate = 0.17(0.07), 95% CI [0.03,0.31], but not in the PRT
group, Estimate = -0.10(0.10), 95% CI [-0.31,0.11].
For social self-initiations a significant main effect of time was found, Estimate
= 0.09(0.05), 95% CI [0.01,0.18], but no significant interaction effect between time
and group, Estimate = -0.01(0.03), 95% CI [-0.07,-0.05].
Figure 1. Linear Growth Of Total Number Of Self-Initiations Over Time For PRT and PRT+robot
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Table 1. Descriptive Characteristics, Baseline Scores And Hours Of Treatment In Both Groups
Mean (SD) / N (%)
PRT
Age in years

F(df) / Х²(df)

(n=20)

(n=24)

6.59 (1.67)

6.11 (1.28)

1.16 (1,42)

.287

0.02 (1)

.880

99.96 (11.81)

2.01 (1,41)

.164

Gender
Male

17 (85.00)

Female

3 (15.00)

TIQ

105.85 (15.42)

p

PRT + robot

20 (83.33)
4 (16.67)

ASD symptom severity

6.35 (2.18)

6.04 (1.52)

0.30 (1,42)

.585

Psychiatric comorbidity a

9 (45.00)

7 (29.17)

1.18 (1)

.277

Medication use

5 (25.00)

5 (20.83)

0.11 (1)

.743

Stimulants

4 (20.00)

3 (12.50)

Stimulants + antipsychotics

1 (5.00)

0 (0.00)
0.57 (1)

.450

a

Antipsychotics

0 (0.00)

2 (8.33)

Psychopathology mother a

8 (40.00)

7 (29.17)

Psychopathology father

3 (15.00)

5 (20.83)

a

Education mother
Low

4 (20.00)

6 (25.00)

Average

8 (40.00)

9 (37.50)

High

7 (35.00)

9 (37.50)

Missing

1 (5.00)

N/A

Education father

0.25 (1)

.617

0.13 (2)

.937

0.18 (2)

.673

Low

5 (25.00)

6 (25.00)

Average

6 (30.00)

5 (20.83)

High

6 (30.00)

10 (41.67)

Missing

3 (15.00)

3 (12.50)

Total

17.58 (6.50)

14.69 (5.63)

2.50 (1,42)

.122

Functional

16.95 (6.51)

14.04 (4.96)

2.83 (1,42)

.100

Social

0.63 (1.05)

0.65 (0.92)

-0.08 b

.939

Parent-rated

90.80 (18.60)

84.03 (23.03)

1.12 (1,42)

.296

Teacher-rated

84.74 (26.65)

78.25 (23.66)

0.70 (1,40)

.208

Baseline self-initiations
(Mean of session 1 and 2)

Baseline SRS total score

Hours of treatment
15.43 (4.06)
16.49 (5.71)
0.49 (1,42)
.487
(week 0-20)
Note: a Percentage of presence, b represents z-score resulting from Mann-Whitney test. df = degrees of freedom; F = test
statistic resulting from analysis of variance; N = number of participants, p = p-value (two-tailed), PRT = group of participants
who received Pivotal Response Treatment; PRT+robot = group of participants who received robot-assisted Pivotal Response
Treatment; SD = standard deviation; TIQ = total intelligence quotient; Х² = test statistic resulting from chi-square analysis.
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Change in general social-communicative skills and relation with selfinitiations
In Table 2 the mean and SD scores on self-initiations (total, functional, social),
parent-rated and teacher-rated SRS total and subscale scores are presented for
both groups separately and for the whole sample. The total score of the parentrated SRS decreased significantly from baseline to endpoint (t(42) = 5.68, p < .001)
and from baseline to follow-up (t(43) = 5.02, p < .001) in the total sample. The
total score of the teacher-rated SRS also decreased significantly from baseline to
endpoint (t(38) = 2.78, p = .009), but not from baseline to follow-up (t(37) = 1.64,
p = .110).
The change on the parent-rated SRS from baseline to follow-up (but not
from baseline to endpoint) was significantly larger (t(42) = -2.65, p = .011) in the
PRT+robot group compared with the PRT group. When examining between-group
differences on the subscales of the parent-rated SRS, a larger decrease was found
in the PRT+robot group on the Social Communication score from baseline to
endpoint (t(41) = -2.24, p = .030), and baseline to follow-up (t(42) = -2.88, p = .006).
Furthermore, a larger decrease from baseline to follow-up (but not from baseline
to endpoint) was found in the PRT+robot group on the Social Motivation (t(42) =
-2.11, p = .041) and Restricted Interests and Repetitive Behavior (t(42) = -2.50, p
= .016) subscales. No significant between-group differences were found for the
change scores on the Social Awareness and Social Cognition subscales of the
parent-rated SRS and on the total score and subscales of the teacher-rated SRS.
The relation between change in self-initiations (total, functional, social) and
change in general social-communicative skills after PRT was examined for the
whole sample. Only the change score from baseline to follow-up (but not from
baseline to endpoint) on the Social Awareness subscale of the parent-rated SRS
was significantly related to the change score on total self-initiations (r = -.44, p
= .011) and functional self-initiations (r = -.42, p = .016), but not to social selfinitiations (r = -.09, p = .638). No significant correlations were found between
change in self-initiations (total, functional, social) and the other parent-rated
SRS scales. There were also no significant correlations between change in selfinitiations (total, functional, social) and any of the teacher-rated SRS scales.
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Note. Means (SD) of self-initiations represent mean amount of session 1 and 2 (baseline) and mean amount of session 19 and 20 (endpoint); SRS = Social Responsiveness Scale with higher scores representing lower
general social-communicative skills.
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Table 2. Outcome Statistics On Self-initiations And General Social-communicative Skills Across Timepoints
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Discussion
The aim of this study was to investigate the efficacy of PRT versus robot-assisted
PRT on increasing functional and social self-initiations of young children with
ASD over the course of the intervention and to explore the relation with collateral
gains in general social-communicative skills at the end of the intervention and
at three-month follow-up. This study is the first to examine the effect of robotassistance during PRT on the development of self-initiations, using mixed-effect
models to account for individual differences in baseline self-initiations and
changes over time. We expected growth in self-initiations in both groups and
hypothesized that growth in self-initiations would be related to gains in general
social-communicative skills. Moreover, we hypothesized that children receiving
robot-assisted PRT would show a larger growth in self-initiations and higher gains
in general social-communicative skills compared to children receiving PRT.
The results indicated growth in total self-initiations over the course of a 20week intervention for both the PRT and robot-assisted PRT group. Regarding
the subtypes of communicative intention of self-initiations, children in the
robot-assisted PRT group showed a larger growth in functional self-initiations,
compared to the PRT group. There were no group differences in growth in social
self-initiations. Furthermore, the results showed that both PRT and robot-assisted
PRT interventions were effective in improving general social-communication
skills, with larger improvements for the robot-assisted PRT group. However, we
did not find significant correlations between change in self-initiations and change
in most of the scales for general social-communicative skills; we only found an
association between change in self-initiations and parent-rated social awareness.
The higher gains in both self-initiations and general social-communicative
skills in the robot-assisted PRT group may be explained by the intrinsic interest
in robotics of many children with ASD, which may be related to higher motivation
for treatment (Scassellati, 2007b). Motivation is considered a pivotal area in
treatment (Koegel et al., 2001) and contributes to a higher learning curve of the
child (Koegel & Koegel, 2019). Furthermore, the robot was a consistent factor in
treatment, because it was always added in the first 15 minutes of the parent-child
sessions and there was high similarity in robot behavior across sessions. Since
children with ASD show higher intolerance of uncertainty and this is related to
higher levels of anxiety in these children (Neil et al., 2016), predictability may have
lowered their anxiety and positively affected their learning curve.
However, in this intervention the enhancing effect of robot-assistance was
found for functional self-initiations and not for social self-initiations, i.e. early social
conversational skills. A possible explanation is that within the game scenarios for
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robot-child interaction, a higher focus may have been placed on eliciting selfinitiations related to the direct play context (i.e. the game that the child played
with the robot). Also, the reinforcements provided by the robot showed a short
delay, and this was particularly the case for reinforcement of social self-initiations
since these were mainly provided by a text-to-speech module (i.e. typing of the
reinforcement sentence caused a delay), and were not pre-programmed. This may
also have limited generalization of these types of self-initiations to the parentchild interaction.
Our results are in line with studies that reported increases in self-initiations
(Huskens et al., 2013) and general social-communicative skills (Boccanfuso et al.,
2017) among children receiving a robot-assisted intervention. Contrary to earlier
studies that showed design limitations, our study allowed the comparison of a
group that received robot-assisted intervention with a group that did not receive
robot-assistance in their intervention. Furthermore, this study involved 1) further
differentiation of self-initiations based on communicative intention, 2) a higher
number of intervention sessions, 3) higher differentiation in levels of prompting
and 4) a larger library of game scenarios for robot-child interaction with varying
levels of complexity.
Although we found improvements in self-initiations over the course of PRT
and also gains in general social-communicative skills after PRT, improvements
in self-initiations were not related to gains in most aspects of general socialcommunicative skills of children with ASD. As the underlying assumption of
PRT is that targeting the pivotal skill of self-initiation contributes to collateral
gains in other functioning areas (Koegel & Koegel, 2006; 2019), we expected
stronger relations between self-initiation and SRS change scores. On one hand,
the differences in measurement (observation vs. questionnaire) and rater
(trained observer vs. parent/teacher) between self-initiations and general
social-communicative skills may have complicated the possibility to find strong
associations. Moreover, it is possible that the SRS scores may not reflect the
collateral gains as mentioned in the underlying assumption of PRT. On the other
hand, while previous studies mainly focused on self-initiations as a pivotal skill
(Verschuur et al., 2014), other pivotal skills such as motivation, self-management,
multiple cues, and empathy are proposed (Koegel et al., 2016) but their relation
to other, more general and untargeted skills has hardly been studied. In light of a
variety of components that may be related to treatment efficacy (Fuller & Kaiser,
2019; Ospina et al., 2008; Rogers & Vismara, 2008), it is important to further study
the underlying working mechanisms that contribute to the effectiveness of PRT
and to optimize outcome measures.

261

Chapter 6 – Self-initiations in young children with autism during Pivotal Response Treatment

Furthermore, we only found associations between self-initiation change scores
and parent-rated scales of the SRS, though not for the teacher-rated scales SRS. The
fact that the majority of PRT sessions were focused on training parents (teachers
were involved in only 2 sessions), may have resulted in lower generalizability of
skills to the school setting.
Although this study showed considerable strengths in design compared
to earlier studies, some limitations should be considered. Our relatively high
sample size still resulted in insufficient power to examine child-parent- and/
or intervention-related modifiers of intervention efficacy. Moreover, we did not
account for multiple testing in this subsample of an exploratory RCT, which may
induced bias. Also, because we only included 3- to 8-year-old children with ASD,
it is unclear whether the findings of this study on the additional value of robotassistance generalize to other age groups. Besides, one may assume that the
development of social self-initiations is associated with age since these types of
self-initiations refer to early social-conversational skills. Furthermore, this study
only incorporated the assessment of self-initiations during the intervention
sessions, which limits insight in the generalization of self-initiations to other
settings. In addition, only the SRS questionnaire rated by parents and teachers
was used, to measure collateral gains of targeting self-initiations during PRT.
Additional measurements of a broader range of child’s functioning is warranted
to evaluate widespread improvements in children with ASD. Independent blinded
assessments on collateral gains would further strengthen the validity of results. In
the larger RCT from which the data for this study were drawn, additional blinded
measurements were included (van den Berk-Smeekens et al. 2021). Parental
fidelity of PRT implementation was low in our study, due to 1) the high emphasis
of daily implementation of PRT techniques at home (not recorded on video for
scoring), rather than intensively during a video-recorded 10-minute parent-child
interaction and 2) the use of a different (and more stringent) fidelity coding
system, in which a correct sequence of PRT skills are highly emphasized (Verschuur
et al., 2019). Although in both groups parental fidelity of PRT implementation did
not reach 80%, the fidelity rate in the robot-assisted PRT group was significant
lower than in the PRT group. It could be that the manner of modeling of PRT
techniques (i.e. directly by PRT therapist or via a robot) may have influence on
parental fidelity of implementation. However, it is remarkable that despite of
group differences in fidelity rate, largest treatment gains were observed in the
robot-assisted PRT group. Different intervention manuals stress the importance
of fidelity of implementation (Koegel & Koegel, 2006; 2012), but whether and how
this modifies treatment effects should be subject of future study.
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In conclusion, our results suggest that robot-assistance within an established
intervention, namely PRT for ASD may be a valuable treatment component,
particularly when targeting functional self-initiations. However, increases
in self-initiations were not robustly associated with gains in more general
social-communicative skills. These results highlight the importance of further
investigation of possible components and working mechanisms that contribute
to efficacy of PRT in optimizing both targeted and general social-communicative
skills. While robot-assistance may serve as such a component, more rigorous
studies are needed to further tailor interventions to individual needs of children
with ASD.

263

Chapter 6 – Self-initiations in young children with autism during Pivotal Response Treatment

References
APA. (2004). Diagnostic and statistical manual of mental disorders (4th ed., text rev.). Washington, DC:
Author.
APA. (2013). Diagnostic and statistical manual of mental disorders (5th ed.). Washington, DC: Author.
Barakova, E. I., Gillesen, J. C. C., Huskens, B. E. B. M., & Lourens, T. (2013). End-user programming
architecture facilitates the uptake of robots in social therapies. Robotics and Autonomous Systems,
61(7), 704-713.
Bauminger, N., & Kasari, C. (2000). Loneliness and friendship in high-functioning children with autism.
Child Development, 71(2), 447-456.
Begeer, S., Wierda, M. & Venderbosch, S. (2013). Allemaal Autisme, Allemaal Anders. De Bilt: Nederlandse
Vereniging voor Autisme.
Boccanfuso, L., Scarborough, S., Abramson, R. K., Hall, A. V., Wright, H. H., & O’Kane, J. M. (2017). A lowcost socially assistive robot and robot-assisted intervention for children with autism spectrum
disorder: Field trials and lessons learned. Autonomous Robots, 41(3), 637-655.
Cadogan, S., & McCrimmon, A. W. (2015). Pivotal response treatment for children with autism
spectrum disorder: A systematic review of research quality. Developmental Neurorehabilitation,
18(2), 137-144.
Constantino, J. N., & Gruber, C. P. (2005). Social Responsiveness Scale (SRS). Los Angeles, CA: Western
Psychological Services.
De Bildt, A., Greaves-Lord, K., & De Jonge, M. (2013). ADOS-2: Autisme diagnostisch observatieschema.
Handleiding. Amsterdam: Hogrefe.
Diehl, J. J., Schmitt, L. M., Villano, M., & Crowell, C. R. (2012). The clinical use of robots for individuals
with autism spectrum disorders: A critical review. Research in Autism Spectrum Disorders, 6(1), 249262.
Fuller, E. A., & Kaiser, A. P. (2019). The effects of early intervention on social communication outcomes
for children with autism spectrum disorder: A Meta-analysis. Journal of Autism Developmental
Disorders, 50, 1683-1700.
Gillesen, J. C., Barakova, E., Huskens, B. E., & Feijs, L. M. (2011). From training to robot behavior: Towards
custom scenarios for robotics in training programs for ASD. Paper presented at the Rehabilitation
Robotics (ICORR), 2011 IEEE International Conference on, Zurich.
Hendriksen, J., & Hurks, P. (2009). WPPSI-III-NL Wechsler preschool and primary scale of intelligence;
nederlandse bewerking. Amsterdam: Pearson.
Huskens, B., Reijers, H., & Didden, R. (2012). Staff training effective in increasing learning opportunities
for school-aged children with autism spectrum disorders. Developmental Neurorehabilitation,
15(6), 435-447.
Huskens, B., Verschuur, R., Gillesen, J., Didden, R., & Barakova, E. (2013). Promoting question-asking
in school-aged children with autism spectrum disorders: effectiveness of a robot intervention
compared to a human-trainer intervention. Developmental Neurorehabilitation, 16(5), 345-356.
doi: 10.3109/17518423.2012.739212
Ismail, L. I., Verhoeven, T., Dambre, J., & Wyffels, F. (2019). Leveraging robotics research for children
with autism: A review. International Journal of Social Robotics, 11(3), 389-410.
Koegel, L., Carter, C., & Koegel, R. (2003). Teaching children with autism self-initiations as a pivotal
response. Topics in Language Disorders - TOP LANG DISORD, 23, 134-145.
Koegel, L. K. (2014). Teaching the pivotal behavior of initiations to children with autism. Santa Barbara,
CA: Koegel Autism Consultants.
Koegel, L. K., Koegel, R. L., Shoshan, Y., & McNerney, E. (1999a). Pivotal response intervention II:
Preliminary long-term outcomes data. Journal of the Association for Persons with Severe Handicaps,
24(3), 186-198.

264

Koegel, L. K., Koegel, R. L., Harrower, J. K., & Carter, C. M. (1999b). Pivotal response intervention I:
Overview of approach. Journal of the Association for Persons with Severe Handicaps, 24(3), 174 – 185.
Koegel, R. L., Bradshaw, J. L., Ashbaugh, K., & Koegel, L. K. (2014). Improving question-asking
initiations in young children with autism using pivotal response treatment. Journal of Autism and
Developmental Disorders, 44(4), 816-827.
Koegel, R. L., & Koegel, L. K. (2006). Pivotal Response Treatment for autism. Baltimore, London, Sydney:
Paul H Brookes Publishing.
Koegel, R. L., & Koegel, L. K. (2012). The PRT pocket guide: Pivotal Response Treatment for autism spectrum
disorders. Baltimore, London, Sydney: Paul H. Brookes Publishing Co.
Koegel, R. L., & Koegel, L. K. (2019). Pivotal Response Treatment for autism spectrum disorders (Second
edition ed.). Baltimore, London, Sydney: Paul H Brookes Publishing.
Koegel, R. L., Koegel, L. K., & McNerney, E. K. (2001). Pivotal areas in intervention for autism. Journal of
Clinical Child Psychology, 30(1), 19-32.
Kort, W., Schittekatte, M., Dekker, P., Verhaeghe, P., Compaan, E., Bosmans, M., & Vermeir, G. (2005).
WISC-III NL Wechsler intelligence scale for children. Derde Editie NL. Handleiding en verantwoording.
Amsterdam: Harcourt Test Publishers/Nederlands Instituut voor Psychologen.
Kuhn, L. R., Bodkin, A. E., Devlin, S. D., & Doggett, R. A. (2008). Using pivotal response training with
peers in special education to facilitate play in two children with autism. Education and Training in
Developmental Disabilities, 43(1), 37-45.
Mullen, E. M. (1995). Mullen scales of early learning. Circle Pines, MN: American Guidance Service, Inc.
Neil, L., Olsson, N. C., & Pellicano, E. (2016). The relationship between intolerance of uncertainty,
sensory sensitivities, and anxiety in autistic and typically developing children. Journal of Autism
and Developmental Disorders, 46(6), 1962-1973.
Ona, H. N., Larsen, K., Nordheim, L. V., & Brurberg, K. G. (2019). Effects of pivotal response treatment
(PRT) for children with autism spectrum disorders (ASD): A systematic review. Review Journal of
Autism and Developmental Disorders, 7(1), 78-90.
Ospina, M. B., Krebs Seida, J., Clark, B., Karkhaneh, M., Hartling, L., Tjosvold, L., . . . Smith, V. (2008).
Behavioural and developmental interventions for autism spectrum disorder: A clinical systematic
review. PLoS One, 3(11), e3755. doi: 10.1371/journal.pone.0003755
Roeyers, H., Thys, M., Druart, C., De Schryver, M., & Schittekatte, M. (2011). SRS Screeningslijst voor
Autismespectrumstoornissen, handleiding. Amsterdam: Hogrefe Uitgevers.
Rogers, S. J., & Vismara, L. A. (2008). Evidence-based comprehensive treatments for early autism.
Journal of Clinical Child & Adolescent Psychology, 37(1), 8-38.
Scassellati, B. (2007a). How social robots will help us to diagnose, treat, and understand autism. In S.
Thrun, R. Brooks & H. Durrant-Whyte (Eds.), Robotics Research. Springer Tracts in Advanced Robotics
(Vol. 28, pp. 552-563). Berlin, Heidelberg: Springer.
Scassellati, B. (2007b). How social robots will help us to diagnose, treat, and understand autism
Robotics research (pp. 552-563): Springer.
Van den Berk-Smeekens, I. de Korte, M.W.P., van Dongen-Boomsma, M., Oosterling, I.J., den Boer,
J.C., Barakova, E.I., … & Buitelaar, J.K. (2021). Pivotal response treatment with and without robotassistance for children with autism: A randomized controlled trial. European Child & Adolescent
Psychiatry, 1-13.
Vernon, T. W., Koegel, R. L., Dauterman, H., & Stolen, K. (2012). An early social engagement intervention
for young children with autism and their parents. Journal of Autism and Developmental Disorders,
42(12), 2702-2717.
Verschuur, R., Didden, R., Lang, R., Sigafoos, J., & Huskens, B. (2014). Pivotal response treatment
for children with autism spectrum disorders: a systematic review. Review Journal of Autism and
Developmental Disorders, 1(1), 34-61.

265

Chapter 6 – Self-initiations in young children with autism during Pivotal Response Treatment

Verschuur, R., Huskens, B., & Didden, R. (2019). Effectiveness of parent education in pivotal response
treatment on pivotal and collateral responses. Journal of Autism and Developmental Disorders,
49(9), 3477-3493.
Verschuur, R., Huskens, B., Korzilius, H., Bakker, L., Snijder, M., & Didden, R. (2019). Pivotal response
treatment: a study into the relationship between therapist characteristics and fidelity of
implementation. Autism, 24(2), 499-514.

266

Supplemental Material
1 Description of game scenarios for robot-assisted PRT
Type of Robot and Controlling Robot Behavior
In het robot-assisted PRT, a NAO robot was used in the first 15 minutes of
all parent-child sessions. The NAO robot is a humanoid robot, developed by
Aldebaran Robotics. The NAO robot is 58 cm in height and includes 25 degrees of
freedom (i.e. motors to control the head, arms, hands and legs of the robot and
LEDs to control the lights in the eyes and ears). With these joints, the robot can
be programmed to perform human-like movements, such as cheering, shaking
a hand, nodding and eye-blinking. Additionally, the speech of the NAO robot
is produced by a speech synthesizer and played through integrated speakers.
To control the robot, the visual programming environment TiViPe was used.
In collaboration with the department of Industrial Design of the Eindhoven
University of Technology, game scenarios were pre-programmed and a text-tospeech module was developed. These could be activated by the PRT therapist
(by pressing a key on a laptop) when prompting or reinforcement was needed
or when the pre-programmed scenario did not match the child’s response in a
specific situation.
Game Scenarios for Robot-Child Interaction Development
Game scenarios were created that incorporated learning opportunities that are
line with the used PRT manual (Koegel & Koegel, 2012) and included the following
motivational techniques of PRT:
1) Child choice and task variation: Robot scenarios have been developed with
nine different games that are developmentally appropriate for children aged
3-8 years and were often used during PRT for young children with ASD in the
outpatient treatment facility of Karakter: three different puzzle games (i.e.
a puzzle with different animals, a puzzle with a magnetic boat, a puzzle with
trucks), three different Lego© games (building a plane, a car, or a house for
older children; building a plane, ducks or a house with Duplo© for younger
children), and three different card (“Quartet”) games (cars with Frog & Friends,
cards with sea animals, cards with fairytale characters). The type of game (i.e.
puzzles, Lego©, or cards) could be selected by the therapist before start of each
therapy session, based on parental information on child’s preferences during
the first therapy sessions and based on child’s choice during therapy in later
sessions. Additionally, the kind of game (i.e. type of either puzzle, or Lego©, or
cards) was chosen by the child during the interaction with the robot and the
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therapist could select the robot scenario based on the choice of the child. Tasks
were varied to maximize motivation. Also, the text-to-speech scenario could be
activated when the child changed the subject of the robot-child conversation.
2) 
Child attending and providing a clear opportunity to respond: Learning
opportunities were included in the game scenarios by 1) placing the desired
materials in a closed box before the game starts, 2) providing the child with
only parts of the game materials at once by using a box that the robot could
slide open, and 3) providing only parts of information about a game. Learning
opportunities were only provided if the child was interested in the robot and
the game at that moment. If the child’s attention was drawn to another game or
subject, the therapist used the text-to-speech module to respond accordingly.
If the child lost attention to the robot during the game, the game scenario was
aborted to maintain child’s motivation for the therapy session.
3) Interspersing maintenance tasks: For each child, a game scenario was selected
that included learning opportunities for both maintained (easy) and new
(difficult) tasks. Since target behavior and interests in game materials could
differ highly between children with ASD, 9 different therapeutic game
scenarios were created, each with 7 different levels of complexity. Also, the
level of prompting (i.e. the help that the child received for showing appropriate
behavior) could be adjusted throughout the game scenario and interspersed
between easy (e.g. tell prompt) and difficult (e.g. wait prompt).
4)Direct and natural reinforcement: The game scenarios were designed to provide
a direct and natural reinforcement upon the child’s behavior. For instance, when
the child asks: “robot, can you open de box?” the therapist directly controlled
the robot in opening the box by pressing the appropriate key. Also, when a
child takes an initiative that was not anticipated in the pre-programmed game
scenario, the therapist could use the text-to-speech module to provide a direct
and natural reinforcement.
5) Reinforcement of attempts: In the programming environment, the therapist
pressed “y” (yes) within the game scenario when the child showed the target
behavior or an appropriate attempt, and a direct and natural reinforcement was
provided by the robot. However, when the child did not initiate spontaneously
or the attempt was deemed inappropriate, the therapist pressed “n” (no) and
the text-to-speech module was activated to prompt the child in showing an
appropriate attempt to the target behavior.
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2 Examples of subtypes of self-initiations
Functional

Social

“ Can I have that card? ”

“ Do you like this game? ”

“ Can you throw the dice? ”

“ This reminds me of a film that I saw earlier. ”

“ Where is the red block? ”

“ What did you play with grandmother when you were young? ”

“ Can you help me? ”

“ I would like to play outside this afternoon.”

“ You forgot one piece! ”

“ Do you have new shoes? ”

“ What are the rules of this game?”

“ What are we going to do tomorrow? ”

3 Individual patterns of total spontenous self-initiations during PRT
and PRT+robot
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With the focus on “pivotal” areas of intervention, the aim of PRT is to promote
widespread, collateral improvements in different developmental areas and skills
(Koegel et al., 2001). Motivation for social communication, responsiveness to
multiple cues, self-initiations and self-management have been hypothesized as
pivotal behaviors in the PRT literature (Koegel & Koegel, 2006; Koegel et al., 1999).
Chapter 2 describes a Cochrane systematic review and meta-analysis aimed as
assessing the effects of PRT compared to control (treatment-as-usual or wait-list
control) on both directly targeted behavioral outcomes and more general, nondirectly targeted outcomes. In October 2019, 14 electronic databases, three trial
registers, two online library catalogues, nine scientific journals on ASD research,
and conference abstracts were screened for relevant paper and experts were
consulted. Both RCTs (n = 11) and non-randomised studies (N-RCTs, n = 3) were
included and results of 11 out of these 14 studies were synthesized using a
random-effects meta-analysis. Quality of evidence was evaluated by use of the
GRADE approach. Participants in the included studies were predominantly males
and in the preschool- or early school age. All RCTs were considered to have high
or unclear risk of bias in one or more domains, and all N-RCT had either serious
of critical risk of bias in at least one domain. Medium beneficial effects were
found on directly assessed frequency of functional language use, mean length
of utterance and numbers of words produced. Furthermore, large effects of PRT
were found on reduction of ASD symptom severity and improvement in global
clinical functioning as non-directly targeted outcomes. However, no evidence
was found for widespread collateral gains in different domains of functioning and
development resulting from PRT.
To date, it is unclear which specific intervention components can enhance the
effectiveness of PRT in improving social communication and functioning in other
areas in children with ASD, while there is a growing need for more research to
these intervention-enhancing components (Fuller & Kaiser, 2019; Schreibman et
al., 2015). Chapters 3, 5 and 6 of this thesis focused on whether and how the
use of robotics can serve as an intervention-enhancing component within PRT for
children with ASD. Chapter 4 included two case descriptions illustrating robotassisted PRT. Robot-assistance within interventions for children with ASD may be
valuable since these may raise motivation for social interaction (Ricks & Colton,
2010; Robins et al., 2006), may elicit more attention to the communicational
partner (Costa et al., 2018; Warren et al., 2015), increase responsiveness (Kumazaki
et al., 2019), show high behavioral predictability (Dautenhahn & Werry, 2004; Thill
et al., 2011) and may serve as an anchor for shared attention and interaction (Elias
et al., 2011). The effectiveness of PRT with and without the use of robot-assistance
was evaluated with data from the PicASSo-project, a three-armed RCT comparing
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1) PRT (n = 25), 2) Robot-assisted PRT (n =25) and treatment-as-usual (TAU) (n =
23). Participants were 73 children with ASD between 3-8 years old with a total
intelligence quotient (TIQ) of ≥ 70 who were speaking with one-word utterances
at minimum.
Chapter 3 described a protocol for integrating robotics into PRT and treatment
adherence and acceptability of the robot-assisted intervention was explored in
the robot-assisted PRT group. In this group, a NAO robot was used in the first 1520 minutes of each of the 14 parent-child PRT therapy sessions. Game scenarios
for robot-child interaction with seven levels of complexity each were developed
based on the motivational techniques of PRT (Koegel et al., 1999). The game
scenario and level of complexity was selected by the PRT therapist and the level of
prompts (i.e. the level of help required for the child to show the target behavior)
could be adjusted during the game scenario. In a group of 25 children with ASD
receiving robot-assisted PRT, treatment adherence was assessed and child ratings
of affect and likability towards the robot were obtained. Additionally, parent
ratings were obtained on the communication of the robot towards the child and
added value of use of the robot within the PRT session. Children showed a mean
percentage of adherence of 85.5%, positive affect ratings after the robot-assisted
PRT sessions (positive in 86.8% of sessions) and high likability scores (in 79.4% of
sessions). Positive likability ratings were mainly provided by school-aged children
and related to the movements, speech and game scenarios of the robot. Parent
ratings on the communication of the robot and the added value of the robot in
the PRT were mainly positive, with reasons for lower parent ratings being mainly
related to inflexibility of robot behavior. The use of the robot-assisted PRT protocol
in two children with ASD and their parents is illustrated in Chapter 4.
In Chapter 5 results were presented from the RCT of PicASSo-project. Seventythree children with ASD were assessed at baseline, after 10 weeks of intervention,
after 20 week of intervention (endpoint) and at 3-month follow-up with the
parent-rated and teacher-rated Social Responsiveness Scale (SRS), the blindly
assessed Clinical Global Impression-Improvement Scale (CGI-I) and the Dutch
Opvoedingsbelastingvragenlijst (OBVL). The Autism Diagnostic Observation
Schedule - 2 (ADOS-2) was administered by a blinded clinician at baseline and
endpoint. Children assigned to the PRT groups (PRT group and robot-assisted
PRT group were combined in a total PRT group) received 20 therapy session of 45
minutes, of which 14 were parent-child sessions, four were parent-only sessions
and two were teacher sessions. Children assigned to the TAU group received
patient- and family-tailored treatment based on clinical indication. Two-group
analyses were conducted comparing the total PRT group (combining the PRT
group and robot-assisted PRT group) with the TAU group and three-group analyses
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were conducted comparing the PRT, robot-assisted PRT and TAU groups. Although
all groups showed higher generalized social-communicative skills on parent-rated
Social Responsiveness Scale (SRS) after treatment, largest treatment gains were
found for children receiving robot-assisted PRT. In the PRT+robot group, a higher
percentage of clinical responders was found on the parent-rated SRS at 3-month
follow-up and on the ADOS-2 at endpoint compared to the other groups. No
significant changes in percentages clinical responders on the SRS, CGI-I, ADOS-2
and OBVL were found between the total PRT group and the TAU group. A higher
proportion of females (45.5%) versus males (15.3%) were clinical responders on
the parent-rated SRS at endpoint in the total sample.
Chapter 6 is based on a subsample of 44 children with ASD of the PicASSo
project, of the PRT group (n = 20) or the robot-assisted PRT group (n = 24). In
this chapter, the effects of PRT versus robot-assisted PRT on functional and social
self-initiations over the course of intervention were investigated and the relation
between growth in self-initiations and possible collateral gains in general socialcommunicative skills were explored. Both functional self-initiations (related to
parent-child play context; requesting for object/activity, help, information, and
protesting) and social self-initiations (early social conversational skills; asking for
social information, opinion, commenting) were blindly coded from videotaped
parent-child play interactions using an event-recording system. The parent- and
teacher-rated SRS was used as a measure for general social-communicative skills
at endpoint and 3-months follow-up. Linear mixed-effects models showed a main
effect of time, indicating overall gains in functional self-initiations over the course
of PRT in both intervention groups. A significant interaction effect between time
and group was found for functional initiations, indicating larger gains in the
PRT+robot group. As for functional self-initiations, a main effect of time was found
for social initiations, indicating growth in social self-initiations over the course of
PRT in both groups. No significant interaction effect between time and group was
found for social self-initiations, indicating no differences between the PRT group
and robot-assisted PRT group in growth in social self-initiations over time. Growth
in self-initiations was related to a higher change score on the parent-rated Social
Awareness subscale of the SRS but not to the other parent-rated SRS scales or any
of the teacher-rated SRS scales.
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Enhancing social communication skills though intervention in young children
with ASD is expected to contribute to better outcomes later in life (Ben-Itzchak
& Zachor, 2019). This thesis focuses on whether Pivotal Response Treatment (PRT)
in combination with the use of robotics, is effective in improving these core ASDrelated skills in this target group. The objectives of this thesis were 1) reviewing
the current state of the evidence on the effectiveness of PRT, 2) assessing the
effectiveness of PRT in comparison to TAU, and 3) investigating whether and
how robot-assistance can enhance the effectiveness of PRT. The chapters of this
thesis comprise a Cochrane systematic review and meta-analysis, case reports to
illustrate robot-assisted PRT and three empirical chapters that resulted from the
PicASSo project, a three-armed randomized controlled trial (RCT) conducted at
the outpatient departments of Karakter, expert center for child and adolescent
psychiatry. In the current chapter, the results of the chapters and their strengths
and limitations are discussed, as well as directions are given for future research.
Furthermore, this thesis suggests recommendations for clinical practice for young
children with ASD and is closed with a general conclusion.

Pivotal Response Treatment: what do we (not) know?
Brian is able to spontaneously ask for an object/activity and to protest
adequately after finishing the PRT. He is more aware of others around him and
can initiate towards other children in daily situations at home or at school. He
also makes more use of eye contact and gestures. Despite the improvements in
social communication, Brian is still highly occupied with his own toy animals and
does not easily accept other toys when these are presented to him. Furthermore,
in “new” situations, where implementation of PRT techniques has not taken place
such as visit to a new playground, Brian shows difficulty in using the learned
skills.

After ending the PRT, Alice is able to spontaneously show adequate protests and
asking through towards her parents, but she needs some prompting in using
these skills towards others with whom she has not practiced these before, such
as children from her neighbourhood and her older brother. Also, Alice still shows
attentional problems, high distractibility and restlessness after the PRT at home
and at school, although she showed marked progress on goals within the social
communication domain.
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Effects of PRT on social communication and other outcome domains
This thesis shows us that PRT may be useful in enhancing social communication
in preschool-aged and early school-aged children with ASD. Within our Cochrane
systematic review and meta-analysis, we found beneficial effects of PRT on
increased number of utterances and number of words and increased mean
length of utterance as directly targeted (semi-generalized) social communication
outcomes. However, within the social communication domain, we did not find
effects of PRT on more general measures of expressive language, caregiverreported adaptive communication, or social responsiveness. These mainly
represent generalized measures (i.e. outcomes that are measured with a person
uninvolved in the intervention and in a different context compared to the
intervention context) and lower effect sizes when using generalized versus
context-bound measures in ASD intervention research may represent difficulties
of children with ASD in generalizing newly trained skills to other communicational
partners and contexts (Fuller & Kaiser, 2019; Sandbank et al., 2020; Yoder et al.,
2013). Although clinical observations from cases enrolled in the PicASSo project
revealed some generalization of learned skills outside the direct therapy context
(as is illustrated by the case reports), this seems to be difficult for children with
ASD and may require continued support from parents and other caregivers. What
is promising, is that we did find large effects of PRT in our systematic review on
reduction of ASD symptom severity and improvement in global clinical functioning
as non-directly targeted, generalized outcomes. However, no evidence of an effect
of PRT was found on other generalized outcomes. Widespread collateral gains in
different domains of functioning and development by focusing on pivotal areas
in the intervention is key in the underlying theoretical hypothesis of PRT (Koegel
& Koegel, 2006; Koegel & Koegel, 2019). From the results of our meta-analysis, we
are unable to fully support this hypothesis. For instance, no evidence of an effect
of PRT is found on improving cognitive ability, adaptive behavior and reducing
repetitive and restricted behavior and behavioral problems in individuals with
ASD. Although the small number of RCTs and N-RCTs in our systematic review
that included each of these outcomes may partly account for lack of evidence,
clinical observations (as illustrated by the exemplary case reports) support the
assumption that effects of PRT can mainly be found in the social communication
domain. Previous assumptions on collateral effects of PRT are based on nonaggregated single study results from predominantly single case designs (SCD)
studies e.g. (Koegel & Frea, 1993; Koegel & Koegel, 1990). Our systematic review
included only studies that used a group design, namely RCTs and N-RCTs including
controlled before-and-after studies (CBAs). Since the body of PRT research include
predominantly SCD studies (see reviews of Bozkus-Genc & Yucesoy-Ozkan, 2016;
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Bozkus Genc & Vuran, 2013; Cadogan & McCrimmon, 2015; Verschuur et al., 2014)
it would be interesting to compare effect estimates resulting from these studies
with those of RCTs and CBAs. Unfortunately, it is still unclear whether and how
data from SCD studies and studies using a group design can be aggregated, which
complicates this issue.

Comparison of PRT to other intervention models for ASD
In our systematic review, it was not possible to directly compare effect estimates
of PRT to those of other intervention models for ASD due to the low number
of identified studies and the high variety in comparison conditions included.
However, the medium to large effect sizes found in our systematic review including
predominantly RCTs for semi-generalized partly blinded outcomes in the social
communication domain and the large effect size for one blinded generalized
outcome in the social communication domain are highly promising compared to
outcomes of Cochrane reviews to other non-pharmacological interventions for
ASD (see Table 1 for an overview). Specifically, these reviews either showed lower
effect sizes for a lower number of measures (Cheuk et al., 2011; Fletcher‐Watson
et al., 2014; Oono et al., 2013; Reichow et al., 2012), included a lower number of
semi-generalized or generalized measures (Geretsegger et al., 2014), included
outcomes with no or unclear blinding of outcomes (Reichow et al., 2018) or did
not conduct meta-analyses (Brignell et al., 2018; Sinha et al., 2011; Spain et al.,
2017). Evidence for efficacy resulting from (also) blinded outcomes is especially
important since caregivers that report on outcomes are often highly involved
or interact regularly with clinicians which makes blinding of participants and
personnel unfeasible and is likely inducing observer bias (Higgins et al., 2019).
It is yet unclear how the efficacy of PRT directly relates to the efficacy of other
established interventions for individuals with ASD. In our RCT, we compared
PRT with a TAU condition that included intensive child- and family-tailored
interventions focused on a variety of individualized target behaviors and did
not find larger gains for children assigned to the PRT condition. Other RCTs that
did indicate additional gains in the PRT condition used a standardized psychoeducation group (Hardan et al., 2015), an ABA-based intervention focused on
few target behaviors (Mohammadzaheri et al., 2014; 2015) or a waiting list group
(Nefdt et al., 2010; Vernon et al., 2019) as the comparison condition. Our recently
published RCT on the efficacy of PRT for late school-aged children and adolescents
with ASD indicated additional gains for those assigned to PRT compared to those
assigned to the comparison condition, that consisted of a mixture of outpatient
TAU and monitoring during waiting list placement (de Korte et al., 2021). These
findings suggest that the efficacy of PRT is comparable to highly individually280

tailored interventions focused on a variety of target behaviors and is higher
compared to standardized interventions focused on few target behaviors or
ongoing monitoring contacts. To-date, however, no meta-analysis has been
conducted on efficacy of PRT compared to other naturalistic, developmental,
behavioral interventions (NDBIs) that show a strong base in research (Sandbank et
al., 2020; Schreibman et al., 2015).

Possible modifiers and predictors of treatment response to PRT
We also do not yet know which individual- family- and intervention-related factors
contribute to and/or predict an optimal treatment response. In other words: who,
among the heterogeneous population of individuals with ASD can specifically
benefit from PRT that is provided in a specific way (i.e. dose, setting, implementer)?
Earlier studies on other interventions for children with ASD found that younger
age was associated with larger treatment gains in cognitive outcomes (Perry et
al., 2013) and in number of mastered target behaviors (Granpeesheh et al., 2009).
In contrast, another study showed that older age of participants was associated
with larger gains social communication outcomes (Fuller & Kaiser, 2019), although
this effect diminished as children approached eight years and optimal outcomes
were observed at age 3.8 years (Fuller & Kaiser, 2019). Also, the child’s intelligence
quotient (IQ) before the intervention may modify intervention effects, with larger
gains for children with a higher IQ (Perry et al., 2013). In our RCT, we did not find
effects of age or IQ on treatment gains, but did find that a higher proportion
of females versus males showed a clinical response on the SRS after PRT. These
results need to be interpreted with caution because of the low number of
females included. Furthermore, gender has not described earlier as a modifier of
treatment response of PRT and studies to PRT efficacy that do describe modifiers
of treatment response show inconsistent results (Fossum et al., 2018; Hardan et
al., 2015).
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Cheuk et al. (2011)

Parent-mediated early
intervention

Social skills groups

EIBI

AIT and other sound
therapies
Family therapy

Oono et al. (2013)

Reichow et al. (2012)

Reichow et al. (2018)

Sinha et al. (2011)

RCT (n = 11)
N-RCT (n = 3)

None included

RCT (n=7)

RCT (n=1)
N-RCT (n=4)

RCT (=5)

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Metaanalyses
conducted
No

ASD symptom severity (generalized)
Number of functional utterances (semi-generalized)
Mean length of utterance (semi-generalized)
Words produced out of 680 (semi-generalized)

-

Adaptive communication (semi-generalized)
Adaptive socialization (semi-generalized)
Expressive language (generalized)
Receptive language (generalized)
-

Joint engagement in mother-child interaction (semi-generalized)
Emotion recognition (generalized)
Social interaction outside therapy context (generalized)
Non-verbal communicative skills during therapy (context bound)
Verbal communicative skills during therapy (context bound)
Initiating behavior during therapy (context bound)
Social adaptation during therapy (context bound)
ASD symptom severity (generalized)
Receptive language (semi-generalized)
Joint attention in caregiver-child interaction (semi-generalized)
Social competence (semi-generalized)

Receptive language referential age (generalized)

-

1.03
0.51
0.69
0.51

-

0.52
0.44
0.51
0.55
-

0.55
0.75
0.71
0.57
0.33
0.73
1.15
0.30
0.33
0.41
0.47

0.39

-

Outcomes in social-communicative domain with evidence of an Effect size
effect resulting from pooling (meta-analysis)
(SMD)

Yes
Yes
Yes
No

No
No
Unclear
Unclear

Yes
Unclear
Partly
Yes
Yes
Unclear
Unclear
Unclear
No
Yes
No

Yes

Blinding of outcome

Note: 0.20 represent small effect, 0.50 represents medium effect, 0.80 represents large effect. AAC = alternative and augmentative communication, AIT =
auditory integration training, EIBI = early intensive behavioral intervention, N-RCT = non-randomized trial, PRT = Pivotal Response Treatment, RCT =
randomized controlled trial, SMD = standardized mean difference.

Van den Berk-Smeekens et al. PRT
(under review)

Spain et al. (2017)

RCT (n=9)
N-RCT (n=1)

Music therapy

Geretsegger et al. (2014)

RCT (n=10)

RCT (n=22)

Fletcher-Watson et al. (2014) Theory of Mind model

RCT (n=10)

Acupuncture

Brignell et al. (2018)

Intervention

Design of
included
studies
Verbally based and ACC RCT (n=2)

Study

Table 1. Cochrane Reviews For Non-pharmacological Interventions Focused On Social Communication In Individuals With Autism Spectrum Disorder
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In our systematic review, we found a high variety of dosages of PRT among
studies, with studies that were conducted in Northern America reporting a
relatively high dose (up to 13.2h a week during 12 months), and studies outside
Northern America reporting a relatively lower dose (mostly one or two hours
a week during three to five months). In our recently published RCT, we did not
find differences in improvement of general social-communicative skills between
school-aged children and adolescents with ASD that followed either a 12-week
or 20-week PRT protocol (de Korte et al., 2021). No further studies have been
conducted so far that relate dose of PRT to intervention outcomes. Research to
other interventions for children with ASD indicated that response to specific
dosages may depend on the child’s age; for children younger than seven, more
hours of treatment contributed to more mastered target behaviors, while there was
no relation between intensity of the intervention and treatment gains in children
aged seven to 12 (Granpeesheh et al., 2009). On the contrary, other studies did not
find that dosage and duration were predictive of treatment effect sizes on social
communication outcomes (Fuller & Kaiser, 2019) or specific outcomes related to
spoken language (Hampton & Kaiser, 2016). In interventions for ASD, dosage is
often measured in total hours of therapy. However, measuring true dosages of
interventions is difficult since it is unclear how many hours parents implement
the intervention outside the therapy sessions (Hampton & Kaiser, 2016). Since the
baseline to follow-up effect sizes on the SRS in our RCT are comparable with those
from baseline to endpoint and the percentages of clinical responders on the SRS in
the PRT groups showed even a slight increase from endpoint to follow-up, parents
have likely continued with implementation of the PRT techniques at home after
finishing the PRT sessions. Although implementation at home was not formally
measured, we know from clinical observations and discussions with parents at revisitation for the three-month follow-up assessments that PRT implementation
continued in many (but not all) of the enrolled families. When caregivers use the
PRT techniques increasingly between therapy sessions, a lower dose of PRT that
is more congruent with logistics of family-related and school-related routines
may not lower efficacy of the interventions, while being more feasible for many
families.
Besides variety among studies in dose, variety in (combination of )
implementation agents has been reported as well. PRT can be provided by parents
and other caregivers, clinicians, teachers and peers. However, the PRT model
emphasizes the importance of parents as primary intervention agents (Koegel
& Koegel, 2019) and most RCTs use a combination of parent-implementation
and implementation by a clinician. Although it is unclear whether effect sizes
of PRT are dependent on the implementer of the intervention, a meta-analysis
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on interventions targeting social communication outcomes in ASD found no
significant differences in effect sizes based on the implementer with slightly higher
effect sizes for clinician-implemented interventions (Fuller & Kaiser, 2019). In our
systematic review, a low number of studies described teachers as implementers
of PRT. In our RCT, we informed teachers on the PRT, but this information was an
introduction rather than a full implementation at the school context similar to the
home context. Therefore, how effect sizes on social communication outcomes as
a result of PRT can be optimized by involvement of a variety of implementation
agents and contexts and how this relates to the cost-effectiveness is currently
unclear.

Pivotal Response Treatment: what are the clinical implications?
Taking potential biases of studies into account, PRT can be recommended for
increasing the use of functional language, the mean length of spoken utterances
and the produced numbers of words in preschool-aged and early school-aged
children with ASD and in reducing severity of (primarily social-communicative)
ASD symptoms and improving global clinical functioning in this group. However,
no recommendations can be given on the usefulness of PRT in improving adaptive
communication, social responsiveness, cognitive ability and reducing behavior
problems, restricted and repetitive behavior and sensory abnormalities based on
the results of this thesis. Also, although a growing number of studies suggest longterm positive effects of early intervention in children with ASD (Estes et al., 2015;
Frazier et al., 2021; Pickles et al., 2016), long-term beneficial effects of PRT have yet
to be studied. From a clinical perspective, it would be interesting to study effects
of sequentially or concurrently combining different interventions models for ASD.
For instance, a socialization program for adolescents with ASD that combines a
social cognition curriculum with active experimental learning opportunities and
self-management strategies may contribute to generalization of skills in natural
contexts (Vernon et al., 2018). Compared to studies on preschool-aged and
early school-aged children with ASD, the number of studies on efficacy of PRT
for late school-aged children and adolescents with ASD is highly limited and we
were unable to synthesize results on these age groups in our systematic review.
Therefore, we are unable to provide recommendations for use of PRT in these
groups, though results derived from single studies are promising (de Korte et al.,
2021; Rezaei et al., 2018).
Based on these findings, it is important to manage expectations of what can
be achieved as a result of PRT. For instance, handbooks on PRT (Koegel & Koegel,
2006; 2019) state that including motivational components of PRT can increase
the child’s academic performance, while these statements are based on two non-
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controlled studies with a very small (n = 3-4) sample size (Koegel et al., 2010;
Mancil & Pearl, 2008). Furthermore, we know from clinical observations that not
all children and adolescents with ASD benefit equally from PRT, possible due to
the large heterogeneity in clinical manifestations of ASD among individuals (Masi
et al., 2017). Also, the fact that intervention for other ASD-related, comorbid of
family problems was required besides PRT for many of the families included in
our RCT, suggests that it is important to integrate child- and family tailored cointerventions when providing PRT to children with complex psychiatric problems
and their families. From the results of our systematic review and RCT, we found
no evidence of PRT on lowering parental stress. Parents of young children
with ASD often experiences high levels of stress related to the behaviors and
characteristics of their child and to personal adjustment and family functioning
(Baker-Ericzén et al., 2005). As parents are regarded as the primary implementers
within interventions for young children with ASD, elevated parental stress
may impact delivery of the intervention and child outcomes (Estes et al., 2019;
Osborne et al., 2008). Therefore, strategies for lowering parental stress during
PRT (such as improving parent-clinician partnership, aligning the intervention
with family routines and ongoing education and skill training) are needed, as
well as concomitant interventions focused on improving parental well-being
and self-efficacy. Besides optimization of PRT for parent implementation, it is
also important to focus on how use of motivational techniques of PRT can be
integrated into the everyday school context. Classroom PRT has been developed
to facilitate this implementation by teachers (Stahmer et al., 2016).
To-date, accessibility of PRT is affected by low availability of specialized PRT
therapist and unbalanced availability related to the family’s geographical region
(see:
https://www.autismprthelp.com/find-a-professional-certified-in-prt®.php).
This calls for innovations in how PRT is delivered and how parents, other family
members and teachers can be trained in use of PRT techniques in everyday
situations. A recent study showed high satisfaction of families with a newly
developed online PRT training and improvements in child vocalizations, eye contact
and positive affect compared to baseline (McGarry et al., 2020). Although studies
are lacking that compare online PRT with face-to-face delivery of the intervention,
pilot investigations show comparable efficacy of online parent-mediated NDBIs
for ASD compared to traditional onsite interventions (Hao et al., 2021; Vismara et
al., 2009). Although blended or online training in PRT may serve as a cost-efficient
and easy accessible option for PRT delivery in the future, more insight is needed in
which parts of the intervention can be digitalized and what works for subgroups of
children with ASD and their families based on individual characteristics.
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Pivotal Response Treatment: what should be the focus in future
research?
A key priority in future ASD intervention research is knowledge on the usability
of particular ASD intervention models, the working mechanisms underlying their
effect and how these interact with child-related, context-related and interventionrelated factors (Vivanti et al., 2018). Steps towards more knowledge on these
working mechanisms and modifiers of PRT efficacy can be achieved in future
research by: 1) clear operationalization of directly targeted outcomes (e.g. pivotal
skills) and non-directly targeted, more generalized outcomes, 2) assessing the
relationships between change in pivotal skills and change in generalized skills in
different functioning domains over the course of PRT, 3) including an exhaustive
description on child-related features (e.g. age, level of language, IQ, severity of
ASD symptoms and comorbidity) and family-related features (e.g. education level,
socio-economic status, health-related problems), and 4) including information
on duration and intensity of the intervention, implementers and presence of
concomitant interventions.
Furthermore, more high-quality studies with low risk of bias and sufficient
sample size are needed to evaluate the efficacy of PRT compared to other
established intervention models for ASD with varying intensity. Pre-registration
of the study protocol in a trial register and the use of blinded assessors are
important aspects in reducing risk of bias in studies. Blinding can be achieved by
assessment of outcome measures or video observation by a person not involved
in the intervention and naïve to allocation. Both caregiver-reported outcomes
and blinded outcomes can be combined to obtain a comprehensive assessment
of outcomes resulting from a behavioral intervention for ASD. Moreover, there is
a pressing need for including more females and extending the age range to late
school age, adolescence and (young) adulthood in future PRT research in order to
understand the efficacy across a boarder population of individuals with ASD.

The use of robotics in interventions for children with ASD: what do
we (not) know?
Effects of using robotics within PRT
The results of this thesis show that the use of a robot may serve as an interventionenhancing component within an established intervention for children with ASD.
Identifying these components is important for achieving optimal outcomes in this
target group (Fuller & Kaiser, 2019; Schreibman et al., 2015). Specifically, we found
higher gains in functional self-initiations and generalized social communication skills
in children that received robot-assisted PRT. However, we did not find a strong relation
between growth in self-initiations and growth in generalized social communication. In
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the developed game scenarios for robot-child interaction, we placed more emphasis
on learning opportunities for functional initiations. Also, a robot may be more useful
when teaching functional versus social initiations, since early conversational skills
require more flexibility in responding from the communicational partner. Our study
was the first to use robot-assistance within a 20-week PRT protocol and therefore,
it is difficult to compare this study to previous studies with comparable underlying
framework, duration and intensity. Other studies that used a robot in an ABA-based
or non-ABA based short-term intervention also found within-group increases
in self-initiations (Huskens et al., 2013) and improvement in generalized social
communicative skills (Boccanfuso et al., 2017) over the course of the intervention.
However, studies that included between-group comparisons between a robotassisted ABA-based intervention condition and a similar intervention condition
without a robot, showed no additional gains in the robot-assisted group (Huskens
et al., 2013; 2015). These differences may be explained by the differences in how
the intervention was designed, the library of game scenarios used, the sample size,
duration of the therapy sessions and duration of the total intervention.

Exploration of possible working mechanisms of using robotics
Within our relatively large sample, we found that combining the motivational
components of PRT and the use of a robot during a 20-week protocol resulted in
the largest gains compared to providing PRT without robot-assistance or TAU.
Robot-assistance may enhance positive learning opportunities by contributing to
higher motivation (Ricks & Colton, 2010; Robins et al., 2006) and attention (Costa
et al., 2018) in children with ASD. Motivation for social interaction and gaining
the child’s attention before providing learning opportunities are core principles
underlying theoretical models of PRT (Koegel & Koegel, 2006; Koegel & Koegel,
2019). Although behavioral measurement of motivated learning likely comprises a
variety of variables such as responsiveness, latency of responding, rate of correct
responding and rate of disruptive and off-task behaviors, the child’s affect may be
one component that contributes to motivation (Koegel & Koegel, 2019). Results of
Chapter 3 show us that in most of the robot-assisted sessions, children showed high
positive affect. However, it was difficult for these young children to state a reason
for their positive affect, and in a large part of children that did provide a reason
of their positive affect, this was not directly related to the robot. When asking
children specifically whether they liked the robot, a positive robot likability score
was obtained in 79.4% of sessions which was mostly related to the movements
and/or speech of the robot or related to the game play with the robot. This may
indicate that interaction with a robot should be meaningful to the child to enhance
motivation. This suggestion is in line with the study of Feil-Seifer and Matarić (2011)
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that indicated that interaction with a robot that showed contingent reinforcement
(i.e. responded to the child’s behavior) contributed to more vocalizations compared
to interactions with a non-contingent robot. Besides the interaction with the robot,
appearance of the robot may also be related to interests of children with ASD. In a
small (n = 8) subsample of children that were assigned to the robot-assisted PRT,
we found that a more humanized bodily appearance contributed to more positive
affect and a higher interest in the interaction in children with ASD compared to a
more mechanical bodily appearance (van Straten et al., 2018). The use of a robot that
is roughly the size of the child while balancing mechanical and human-like features
of the robot is suggested earlier when designing robot-assisted interventions for
ASD (Cabibihan et al., 2013). The NAO robot is balanced between simplified facial
and bodily features which lowers the possibility of overstimulation in children with
ASD (Scassellati et al., 2012) on the one hand, and human-like features that have the
largest potential for generalization of learned skills on the other hand. Indeed, the
appearance of the NAO robot is engaging for children with ASD (Tapus et al., 2012)
and this type of robot is currently the most widely used type within interventions
for children with ASD (Huijnen et al., 2016; Pennisi et al., 2016).
Besides motivation, we did not formally compare the attention of children
towards a robot compared to a human trainer or parent during the PRT. However,
we did measure attention during the robot-assisted part of the therapy sessions
in a small (n = 6) subsample of children assigned to the robot assisted PRT. These
results indicated that attention towards the robot did not change over the course
of the intervention (van Otterdijk et al., 2020), suggesting that a “novelty effect” of
introducing a robot into therapy does not account for all attention and interest of
children with ASD towards the robot. Results of the same study also showed that
engagement with the robot did not change over the course of the intervention
(van Otterdijk et al., 2020). This is partly in line with clinical observations during the
robot-assisted PRT sessions. Indeed, clinical observations combined with results
from Chapter 3 indicated that most children could adhere to a 20-week robotassisted intervention protocol. Overall, children remained highly engaged with
the robot, also after the first few sessions. However, some children lost interest
in the robot-assisted game scenarios during later sessions and for other children,
the game scenarios were either too easy or too difficult. In our study, we aimed
to tailor the robot-assisted scenarios more to the specific interests and needs
of each child compared to what has earlier been done (Cabibihan et al., 2013;
Huskens et al., 2015). We developed nine different game scenarios with seven
levels of complexity each in co-creation between researchers from the robotics
field and clinicians working with children with ASD. Also, we included a textto-speech module in which the PRT therapist could control the robot in talking
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with the child on a subject that he or she preferred, outside the pre-programmed
game scenario. However, this appeared insufficient to meet the needs of all
children during all robot-assisted therapy sessions. As is illustrated by the case
reports, some of the developed games were too difficult for younger children, or,
on the contrary, too predictable for older children, especially in later intervention
sessions. Although high behavioral predictability may enhance usefulness of
robotics in interventions for children with ASD (Dautenhahn & Werry, 2004) due
to their higher intolerance of uncertainty (Neil et al., 2016), not all children with
ASD seem to benefic equally from this aspect of robotics within therapy sessions.
On the other hand, we found that pre-school aged children showed lower mean
robot likability ratings compared to the school-aged group, which suggest that
the developed game scenarios may fit less well with the interests of younger
children. Also, the children with higher severity of ASD symptoms showed lower
affect scores after the robot-assisted therapy sessions, although reasons for lower
affect scores in this group are unclear.
In our study on a subsample of children with ASD that received robot-assisted
PRT, we found an increase in attention towards and engagement with others,
especially parents, over the course of the intervention (van Otterdijk et al.,
2020). Within a triadic interaction, the robot may have served as an anchor for
shared attention and interpersonal interaction between the child, parent and the
therapist. From clinical experience, we know that many children who received
robot-assisted PRT showed initiations by telling spontaneously about the robot,
both within and outside the therapy sessions. Since the robot was highly new and
interesting to many children with ASD, this may have increased the motivation
of making statements and initiating a conversation towards others. However, we
did not formally measure frequency of initiations outside the therapy sessions
and we only compared initiations from children assigned to both PRT groups
(i.e. with and without use of a robot) during six-minute video probes of parentchild play interactions. Therefore, and since we did not test attention towards and
engagement with others in the whole sample of children receiving robot-assisted
PRT, these results need to be interpret with caution.
Moreover, exact working mechanisms underlying beneficial effects of the use
of robots in intervention for children with ASD are still unclear and may involve
an interplay of the earlier mentioned assumptions, which may work differently for
each individual child with ASD.

Limitations of use of robotics in PRT
Next to the low flexibility of robot behavior as mentioned earlier, the response
of the robot was often not fast enough to assure direct reinforcement, which
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is one of the core techniques in the motivational package of PRT (Koegel
& Williams, 1980). Specifically, there was a delay between 1) the therapist
initiating the reinforcement by clicking a button, and 2) the robot providing
the reinforcement (by movement, speech or both). Especially when the text-tospeech module was used (for providing a response outside the pre-programmed
game scenario), there was a large delay following a child’s initiations since the
PRT therapist was required to type in the response. Also, when children asked
the robot to perform a specific movement, this could only be reinforced if it was
part of the pre-programmed library. The challenges in delayed robotic responses
related to providing contingent reinforcement for children with ASD have been
described earlier (Tapus et al., 2012). Also, it was difficult for non-technically
trained therapists to use the robot in the therapy; the selection of an appropriate
game scenario among what was available, the setting up of the connection, the
impossibility of changing a game scenario for robot-assistance without further
delay once it was already started, or fixing technical issue with the hardware of
the robot (e.g. overheating, error messages). For reasons of feasibility, we were
only able to train one therapist in use of a robot, although we initially intended to
train more PRT therapists. These issues limit the use of a robot into usual therapy
sessions for children with ASD.
Furthermore, ethical concerns have been raised related to the use of robotics
for children with ASD, especially regarding making a robot instead of the child the
focus of research projects and replacement of social interaction with a therapist by
robot interactions (McBride, 2020). In our study, we developed the game scenarios
for robot-child interaction based on clinical experiences with children with ASD,
chose games that are developmentally appropriate for this age group and piloted
these scenarios on clarity, understandability and likability in aged-matched
children without ASD before introducing them into the sessions. Also, we chose
to use the robot in a fully tele-operated mode, as is mostly done in studies that
use robots for children with ASD (Huijnen et al., 2016). Although more autonomy
of robot behavior would be valuable from a technical robotics perspective,
uncontrollable or unpredictable robot behavior may be less appropriate for most
children with ASD. Further, the use of a robot into established interventions for
ASD, which is highly recommended (Huijnen et al., 2016; Scassellati et al., 2012),
puts the (ASD-specific) theoretical model of the behavioral intervention as highly
directive for the further design of the robot-assisted intervention. Next, input
for the robot’s behavior should be provided by a human therapist (Diehl et al.,
2012; Pennisi et al., 2016), which requires incorporation of robot-child interaction
within a therapy session with a therapist. Interaction between children and
communicative partners should not be replaced by robot-child interaction, rather
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it can add to a variety of practice situations for social interaction within a therapy
session. Finally, acceptability by both children and parents should be monitored
during these newly developed types of interventions, and reasons for higher or
lower acceptability and likability should be documented. We extensively assessed
acceptability during the robot-assisted therapy sessions which was generally
good for both children with ASD and their parents. Reasons for higher or lower
acceptability rating can provide guidance to clinical practice and future research
in this field.

The use of robotics in interventions for children with ASD: what are
the clinical implications?
The use of robots shows promise in enhancing the effect on social communication
outcomes of established interventions for children with ASD. Robot-assistance
may be particularly useful when targeted functional self-initiations; no additional
value has been found for teaching social initiations in children with ASD. However,
not all children with ASD may benefit equally from robot-assistance and decisions
in this regard should be made on a case-by-case basis, depending on the child’s
interest and target behavior. Most studies have been conducted with younger
children with ASD, and how the robot is used in the intervention may depend on
a child’s age and developmental level. When considering the use of a robot, game
scenarios should be selected that fit well with a child’s interest in each session,
especially for younger children with ASD. Also, steps need to be taken in light of
feasibility before robots can be used in interventions for children with ASD on a
larger scale. That is, handling the robot should be simplified for non-technically
trained therapists, robot’s response delay should be minimized to assure direct,
contingent reinforcement of target behavior and flexibility of robot behavior
should be increased by means of a larger library of game scenarios that can be
easily amended by the therapist during the therapy session. When these points
are taking into account, we are one step closer to effectively designing robotassisted interventions that are beneficial to a larger group of children with ASD.

The use of robotics in interventions for children with ASD: what
should be the focus in future research?
Although the results of our studies to robot-assistance in PRT are promising, this
is the first study that has been conducted to robot-assisted PRT and replication
is needed to further support these results. As most studies to robot-assistance in
established interventions for ASD use small samples and often lack a comparison
group without robot-assistance, more high-quality trials are needed in this
field. Moreover, it is important that future research focuses on unraveling the
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underlying working mechanisms of a possible intervention-enhancing effect
of robot-assistance for children with ASD. Also, perspectives of children and
caregivers on the usefulness of a robot in interventions should be further explored
and be related to child-related and family-related characteristics. This will increase
our understanding on whether, why and for whom use of robot-assistance within
intervention works in the heterogeneous population of children with ASD and
their caregivers.

General conclusion
Interventions focused on enhancing social communication skills in young children
with ASD can contribute to better outcomes later in life. PRT is an intervention for
individuals with ASD that is focused on teaching “pivotal” (core) skills, with the aim of
targeting collateral gains in different areas of functioning and development. While
we found evidence of an effect of PRT in improving social communication skills, we
did not find evidence for collateral gains in a large variety of other developmental
or functioning areas (i.e. improving cognition and adaptive behavior, and reducing
behavior problems and restricted and repetitive behavior). The use of a robot shows
promise in enhancing the efficacy of PRT on social communication outcomes, and
functional initiations in particular. However, exact working mechanisms underlying
these intervention enhancing effects are yet unclear and need further investigation.
Results of this thesis provide one step forward in how outcomes for children with
ASD and their families can be optimized, although more research is needed to
individual- family- and intervention-related modifiers that can further contribute to
efficacy of interventions for children with ASD.
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Box 1. Key Findings
• PRT is effective in improving frequency of functional language use, mean
length of utterance and numbers of words produced as directly targeted
skills.
• PRT is effective in reducing ASD symptom severity and improving global
clinical functioning as non-directly targeted outcomes.
• No evidence is found for widespread collateral gains in different domains
of functioning and development (i.e. improving cognition and adaptive
behavior, and reducing behavior problems and restricted and repetitive
behavior) resulting from PRT.
• The use of a robot may enhance the efficacy of PRT on social communication
outcomes, and functional initiations in particular in contrast to social
initiations.
• Children with ASD receiving robot-assisted PRT show high affect and
likability scores and parent’s rate of acceptance of the robot in the therapy
is high.
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Nederlandse samenvatting
Het onderzoek in dit proefschrift
In dit proefschrift wordt onderzoek beschreven naar interventies voor kinderen
met een autismespectrum stoornis (ASS). Specifiek richt het onderzoek zich
op het effect van Pivotal Response Treatment (PRT) en de inzet van robotica in
behandeling van kinderen met ASS. Het onderzoek in dit proefschrift had als doel:
1) de huidige stand van zaken onderzoeken wat betreft de effectiviteit van PRT, 2)
het onderzoeken van het effect van PRT ten opzichte van gebruikelijke zorg voor
kinderen met ASS en 3) onderzoeken of de inzet van robotica het effect van PRT
kan versterken.
Resultaten van een meta-analyse naar de effectiviteit van PRT worden
beschreven in hoofdstuk 2 en daarnaast worden de resultaten beschreven van
het PicASSo project in hoofdstuk 3, 5 en 6. Dit project omvat een randomized
controlled trial (RCT) die is uitgevoerd binnen de poliklinieken van Karakter,
expertisecentrum voor kinder- en jeugdpsychiatrie in Oost-Nederland, in
samenwerking met het RadboudUMC, de afdeling Industrial Design van de
Technische Universiteit Eindhoven en TiViPE. Aan het PicASSo project namen 73
kinderen met ASS tussen de 3-8 jaar en hun ouders deel, die at random (door
loting) werden toegekend aan een van drie groepen: 1) PRT, 2) PRT met inzet van
een robotje, 3) gebruikelijke zorg. De behandelfase had een duur van 20 weken
en metingen werden gedaan bij start van de behandeling (week 0), na 10 weken
behandeling (week 10), na afronding van de behandeling (week 20) en na een
follow-up van drie maanden. Binnen de PRT en PRT met inzet van een robotje
vonden sessies wekelijks plaats, waarvan 14 ouder-kind sessies, vier oudersessies
en twee sessies waarbij de begeleider of leerkracht van het kind betrokken werd.
In de PRT met inzet van een robotje werd een NAO robot (robotje van ongeveer
58 cm groot die geprogrammeerd kan worden om menselijke bewegingen
te maken en te spreken) de eerste 15 minuten ingezet binnen de 14 ouderkind sessies. Voor de interactie tussen de NAO robot en de kinderen met ASS
werden spelscenarios ontwikkeld waarin technieken van de PRT (beschreven
verderop in deze samenvatting) werden gebruikt. Er werden negen spelscenarios
ontwikkeld voor gebruik in de interactie tussen het kind en het robotje, elk met
zeven niveaus van complexiteit. Het robotje werd aangestuurd door de PRT
behandelaar, die de spelscenarios combineerde met een tekst-to-speech module
waarmee beweringen en spraak van het robotje konden worden aangepast als het
voorgeprogrammeerde spelsenario onvoldoende aansloot bij de reacties van het
kind binnen de behandelsessie. Voor deelnemers aan de gebruikelijke zorg groep
werd de inhoud van de zorg bepaald door de klinische indicatie, bijvoorbeeld
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ouderbegeleiding, intensieve psychiatrische gezinsbehandeling, behandeling op
school, sociale vaardigheidstraining, farmacotherapie of een combinatie hiervan.
In deze samenvatting worden voorbeelden vermeld van twee van de
deelnemers aan het PicASSo project die PRT met inzet van een robotje hebben
ontvangen. In hoofdstuk 4 van dit proefschrift wordt de inzet van een robotje
in de PRT uitgebreid geïllustreerd aan de hand van case reports van het
behandelverloop van deze deelnemers.

Brian is een jongen van vier jaar die de hele dag met zijn speelgoed dino’s
kan spelen. Soms reageert hij niet als de kleuterjuf hem een vraag stelt. De
juf moet de instructie meerdere keren herhalen. Andere kinderen uit zijn
klas spelen samen, maar Brian speelt liever alleen en neemt geen initiatief
tot sociaal contact met kinderen of volwassenen. Meestal spreekt Brian met
twee- of drie-woords uitingen en zijn ouders en juf hebben moeite om hem
te begrijpen. De motorische vaardigheden van Brian zijn wat onhandig en hij
bost vaak op tegen andere kinderen op het schoolplein.

Alice is een meisje van zeven jaar die de hele dag kan praten over kittens
en pony’s. Hierover vertelt ze ook tegen volwassenen die ze niet eerder
heeft ontmoet, ze gaat soms erg dicht tegen anderen aan staan en gaat bij
vreemden op schoot zitten. Alice vraagt anderen niet naar hun gedachten
of ervaringen en hierdoor is de wederkerigheid in het contact beperkt. In
onverwachte situaties of als een ander kind iets doet wat Alice niet leuk vindt,
kruist ze haar armen over elkaar en stampt ze met haar voet op de grond.
Alice heeft spelafspraakjes met haar broer en klasgenoten, maar deze moeten
plaatsvinden op haar voorwaarden.

Autisme spectrum stoornissen
Bij zowel Brian als Alice is sprake van een autismespectrumstoornis (ASS). Personen
met ASS laten beperkingen zien op het gebied van sociale communicatie en
sociale interactie en stereotiepe en repetitieve patronen in het gedrag. Daarnaast
kan er sprake zijn van sensorische onder- of overgevoeligheden, bijvoorbeeld
voor geluiden, licht of aanraking. Binnen de kinder- en jeugdpsychiatrie wordt de
classificatie ASS gesteld op basis van gedragskenmerken beschreven in de DSM-5
(APA, 2013). In een psychodiagnostisch en psychiatrisch onderzoek wordt bekeken
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of de huidige symptomen welke een persoon laat zien passend zijn bij ASS en
daarnaast wordt informatie verkregen over de ontwikkeling vanuit bijvoorbeeld
ouders en wordt informatie verkregen vanuit school (Constantino & Charman,
2016). Hoewel de eerste kenmerken van ASS vaak al zichtbaar zijn op een leeftijd
tussen de 12 en 24 maanden (Zwaigenbaum et al., 2019), is de gemiddelde leeftijd
waarop de diagnose wordt gesteld 60.5 maanden (5.0 jaar; van ’t Hof et al., 2020).
Aangenomen wordt dat ASS wereldwijd voorkomt bij ongeveer 1% van de
bevolking (Baxter et al., 2015). Echter vermelden onderzoeken naar de prevalentie
in Europa verschillende cijfers (tussen de 0.4% en 3.1%), afhankelijk van hoe
de diagnose ASS wordt gesteld en welke definities worden gebruikt (Chiarotti
& Venosi, 2020). ASS komt ongeveer drie keer zoveel voor bij mannen dan bij
vrouwen (Loomes et al., 2017). Steeds meer onderzoeken tonen verschillen in ASS
symptomen en gedrag aan tussen mannen en vrouwen. Bij vrouwen is er minder
vaak sprake van beperkte patronen van interesses en gedrag (Frazier et al., 2014;
Van Wijngaarden-Creemers et al., 2014) en vaker van emotionele problemen
(Mandy et al., 2012). Bij personen met ASS is vaak sprake van bijkomende
problemen zoals aandachtstekortstoornissen met hyperactiviteit (ADHD),
angststoornissen en depressie (Lecavalier et al., 2019; Simonoff et al., 2008) al dan
niet in combinatie met een verstandelijke beperking (CDC, 2012; Yeargin-Allsopp
et al., 2003).
ASS wordt beschreven als een neurobiologische ontwikkelingsstoornis, een
stoornis van de informatieverwerking in de hersenen waarbij afwijkingen zijn
gevonden in de structuur, functie en connectiviteit van het brein (Lord et al., 2020;
Varcin & Jeste, 2017). Echter bestaat er nog veel onduidelijkheid over de etiologie.
Een genetische component lijkt hierbij een sterke rol te spelen en er lijkt sprake
van een complexe interactie tussen genetische risicofactoren en risicofactoren
vanuit de omgeving (Bölte et al., 2019; Modabbernia et al., 2017).
Er is sprake van grote heterogeniteit in hoe de symptomen van ASS zich uiten bij
personen met ASS, variërend van lichte tot ernstige beperkingen in het dagelijks
functioneren (Masi et al., 2017). Hoewel er sprake is van een lagere kwaliteit van
leven gedurende de levensloop bij personen met ASS (van Heijst & Geurts, 2015),
worden er in de adolescentie minder symptomen van ASS en betere cognitieve
vaardigheden gezien als er sprake is van beter communicatieve vaardigheden in
de vroege kindertijd (Ben-Itzchak & Zachor, 2019). Dit toont het belang aan van
behandeling op jonge leeftijd gericht op verbetering van sociaal-communicatieve
vaardigheden bij kinderen met ASS.
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Behandelingen voor kinderen met ASS
Er zijn momenteel geen medicamenteuze behandelingen beschikbaar gericht
op de kernsymptomen van ASS (Lord et al., 2020). Richtlijnen voor behandeling
van kinderen met ASS bevelen gepersonaliseerde interventies aan gericht op
verbeteren van de sociale communicatie en brede ontwikkelingsstimulering, het
verminderen van probleemgedrag en stress bij het kind en opvoeders en het
versterken van kennis over ASS van belangrijke personen in het dagelijks leven
van een kind (NICE, 2013; Zorgstandaard Autisme GGZ, 2017). Het is belangrijk
om deze behandelingen zo vroeg mogelijk in te zetten gezien de flexibiliteit van
het brein bij jonge kinderen, wat de mogelijkheid om tot leren en ontwikkeling te
komen optimaal benut (Dawson et al., 2012). Daarnaast heeft vroege interventie
een positief effect op het verminderen van stress bij ouders van kinderen met ASS
(Weitlauf et al., 2020) en het verbeteren van de responsiviteit richting hun kind
(Rollins et al., 2019), wat kan bijdragen aan verbeteringen in de ouder-kind relatie
en het functioneren van het gezin als geheel.
De afgelopen tientallen jaren zijn verschillende behandelingen ontwikkeld
gericht op het verbeteren van sociale-communicatieve vaardigheden bij kinderen
met ASS (French & Kennedy, 2018; Wong et al., 2015). Hiervan is voor Naturalistic
Developmental Behavioral Interventions (NDBIs) momenteel de meeste
wetenschappelijke onderbouwing aangetoond vanuit RCTs (Sandbank et al.,
2020). Belangrijke onderdelen van NDBIs zijn het opzetten van leermomenten voor
nieuw doelgedrag dat nauw gekoppeld kan worden aan de vaardigheden die het
kind al beheerst, aandacht voor de koppeling tussen het gedrag van het kind en
diens omgeving en implementatie in natuurlijke, dagelijkse situaties (Schreibman
et al., 2015). Daarnaast wordt aangenomen dat het richten op kernvaardigheden
bij kinderen met ASS die kunnen bijdragen aan een verbetering in verschillende
ontwikkelingsdomeinen in plaats van het richten op verschillende, losstaande
gedragingen de tijd, moeite en middelen die een behandeling vraagt zou kunnen
verminderen (Matson et al., 1996). Dit principe heeft aan de basis gestaan van het
ontwikkeling van Pivotal Response Treatment (PRT) als behandelmethode voor
kinderen met ASS (Koegel & Koegel, 2006; Koegel & Koegel, 2019).

Pivotal Response Treatment
Pivotal Response Treatment (PRT) is een gedragstherapeutische behandeling
die is ontwikkeld in de Verenigde Staten en vanaf 2005 in Nederland wordt
aangeboden. Met “pivotal” wordt verwezen naar de focus op kernvaardigheden,
die, als ze gestimuleerd worden, kunnen bijdragen aan ontwikkeling van andere
vaardigheden die belangrijk zijn in de ontwikkeling van een kind in verschillende
domeinen. Kernvaardigheden waar binnen de PRT op wordt gericht zijn 1)
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motivatie voor sociale communicatie, 2) het kunnen reageren op meerdere
kenmerken, 3) initiatief nemen in sociaal contact en 4) zelfmanagement.
PRT is ontwikkeld om inzetbaar te zijn voor kinderen (en jongeren) met ASS
van verschillende leeftijden, niveaus van gesproken taal en ontwikkeling.
Het betrekken van personen in de omgeving van een kind, zoals ouders en
begeleiders/leerkrachten, is een belangrijk onderdeel van de behandeling (Koegel
& Koegel, 2006).
Binnen PRT wordt gebruik gemaakt van technieken die aansluiten bij de
motivatie van het kind met ASS en zo worden natuurlijke leermomenten die
in dagelijkse situaties voorkomen optimaal benut. Aangenomen wordt dat
deze natuurlijke leermomenten bij kinderen met ASS minder vaak voorkomen,
vanwege verminderde intiatiefname en zo minder mogelijkheden voor leren van
bijv. gebruiken van taal, emoties herkennen en sociale regels (Koegel & Koegel,
2019).
Technieken binnen de PRT om deze leermomenten optimaal te benutten zijn:
1) keuzes geven in (spel)materialen en activiteiten, 2) duidelijke leermomenten
opzetten die aansluiten bij de interesse en aandacht van het kind, 3) afwisseling
van bekende vaardigheden en nieuwe vaardigheden (bijv. variatie in “prompts”
of hulpniveaus), 4) onmiddellijke en natuurlijke bekrachtiging van doelgedrag
en 5) bekrachtiging van goede pogingen tot het doelgedrag (Koegel et al., 1999).
Doelgedrag kan meer functioneel zijn, zoals vragen om voorwerpen/activiteiten
of om hulp, of sociaal, zoals doorvragen en gesprekjes leren voeren. Hieronder
worden voorbeelden gegeven van leermomenten voor functionele en sociale
initiatieven binnen PRT.

Voorbeeld van een leermoment voor een functioneel initiatief
De vader van Brian is door de PRT behandelaar getraind om Brian twee keuzes
te geven: samen spelen met speelgoed dino’s of met autootjes. Brian kiest
ervoor om met de dino’s te spelen en wil deze op een rij plaatsen van groot
naar klein. Om en om plaatsen Brian en zijn vader de dino’s in de rij. Dan houdt
de vader van Brian de grootste dino vast. Als Brian zelf geen initiatief neemt
richting vader, prompt vader Brian: “Wat zou je me nu kunnen vragen?” Brian
zegt: “Mag dino hebben?”. Brians’ vader geeft hem meteen de grootste dino.
Hoewel de vraag van Brian niet grammaticaal correct is geformuleerd, wordt
dit voor Brian gezien als een goede poging voor een functioneel initiatief en
daarom beloont vader dit.
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Voorbeeld van een leermoment voor een sociaal initiatief
De PRT behandelaar overlegt met de moeder van Alice om haar twee keuzes
aan te bieden: kletsen over haar paardrijles van vorige week of over de kittens
van de buren, waarmee ze gisteren heeft gespeeld. Alice begint te vertellen
over hoe de kittens eruit zien. Dan zegt moeder: “Toen ik klein was, hadden
we thuis verschillende kittens.” Alice kijkt op naar haar moeder en lacht, maar
stelt aan haar geen vraag. Dan prompt moeder Alice: ‘Je kan me vragen: “Wat
voor kittens had je vroeger?”’. Alice vraagt: “Welke kittens had je vroeger?”.
Moeder beloont dit sociaal initiatief van Alice meteen door Alice te vertellen
welke kittens ze had als kind.

De inzet van robotica in behandeling van kinderen met ASS
Hoewel de wetenschappelijk onderbouwing voor behandelingen voor kinderen
met ASS groeit, is het nog onduidelijk wat factoren kunnen zijn die de effecten
van bestaande behandelingen vergroten (Fuller & Kaiser, 2019; Schreibman et al.,
2015). De inzet van robotica in de behandeling van kinderen met ASS zou kunnen
dienen als een dergelijke factor, vanwege 1) de interesse die kinderen met ASS
hebben voor robotica, die bijdraag aan de motivatie voor sociale interactie (Ricks
& Colton, 2010), 2) grotere aandacht voor een robot in de behandeling (Costa
et al., 2018), hoge voorspelbaarheid in gedrag van de robot wat aansluit bij de
behoeftes van kinderen met ASS (Dautenhahn & Werry, 2004), een snellere reactie
op gedrag van de robot (Kumazaki et al., 2019) en 5) de mogelijkheid die de robot
biedt als item voor gedeelde aandacht en interactie tussen ouder en kind (Elias
et al., 2011). De inzet van robotica binnen PRT zou veelbelovend kunnen zijn,
omdat belangrijke factoren binnen deze behandelmethode het vergroten van
motivatie voor sociale interactie en aandacht vangen van kinderen met ASS zijn.
Het is daarom waardevol om het effect van de inzet van robotica binnen PRT te
onderzoeken en daarnaast de ervaringen van kinderen met ASS en hun ouders
hiermee, waarop wordt gericht in dit proefschrift. Hieronder staan voorbeelden
vermeld van hoe technieken van de PRT (zoals eerder beschreven) kunnen worden
gecombineerd met de inzet van een robotje in de behandeling van kinderen
met ASS.

305

Appendices – Nederlandse samenvatting

Brian heeft ervoor gekozen om te spelen met de dierenpuzzel met de robot.
Hij begint met enkele puzzelstukjes. Als hij deze in elkaar heeft gezet, stuurt
de behandelaar het robotje aan om te zeggen: ‘Ik heb meer stukjes’ terwijl het
robotje naar zichzelf wijst. Brian vraagt niet spontaan om meer stukjes. De
behandelaar stuurt de robot aan om Brian te gaan prompten: ‘wat zou je nu
kunnen vragen?’. Brian zegt: ‘Mag stukje hebben?’. De behandelaar beloont dit
initiatief meteen door de robot aan te sturen een deel van de doos te openen
waar de resterende puzzelstukjes in zitten.

Alice heeft gekozen voor het spel kwartet met huisdieren in het spel met de
robot. Als Alice de robot een kaart vraagt, stuurt de behandelaar de robot aan
om de juiste kaart aan te wijzen op de houder en te zeggen: ‘dit is de kaart’.
Hierna pakt Alice de kaart van de houder. Dan stuurt de behandelaar het
robotje aan om Alice een leermoment te bieden voor het rustig protesteren:
‘Mag ik de kaart met de roze olifant?’ en wacht op het initiatief van Alice. Na de
wachtprompt protesteert Alice rustig en adequaat: ‘Er zijn geen roze olifanten
in dit kwartetspel’. De behandelaar stuurt de robot aan om te zeggen: ‘Haha,
ik maakte een grapje’ terwijl de lichtjes in de ogen van de robot aan en uit
gaan. Daarna stuurt de behandelaar de robot aan om een kaart te vragen die
wel onderdeel is van het spel.

De belangrijkste bevindingen
In hoofdstuk 2 van dit proefschrift wordt een Cochrane systematisch review en
meta-analyse beschreven gericht op de effectiviteit van PRT voor personen met
ASS ten opzichte van de gebruikelijke zorg of plaatsing op een wachtlijst. In
oktober 2019 zijn 14 wetenschappelijke databases, drie trial registers, twee online
catalogussen van bibliotheken, negen wetenschappelijke tijdschriften gericht op
onderzoek bij ASS en abstracts van conferenties doorzocht op relevante artikelen.
Daarnaast zijn experts op het gebied van PRT gecontacteerd voor aanvullende
artikelen. Elf RCTs en drie niet-gerandomiseerde onderzoeken (N-RCTs) werden
geïncludeerd en resultaten van 11 van deze 14 artikelen werden samengevoegd
in een meta-analyse. De GRADE methode werd gebruikt om de kwaliteit van
de artikelen te evalueren. Deelnemers beschreven in de artikelen waren met
name jongens in de voorschoolse of vroege schoolgaande leeftijd. Bij alle RCTs
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was sprake van een hoge risk of bias binnen één of meer van de onderzochte
domeinen en alle N-RCTs hadden een ernstige risk of bias in ten minste één
domein. Positieve effecten van PRT werden gevonden wat betreft verbetering in
functioneel taalgebruik, gemiddelde zinslengte en het aantal gebruikte woorden
door kinderen met ASS. Daarnaast werd een positief effect van PRT aangetoond
op het verminderen van de ernst van symptomen van ASS en het verbeteren van
het globaal klinisch functioneren. Er werd echter geen onderbouwing gevonden
voor positieve effecten van PRT op een breed scala aan ontwikkelingsdomeinen
en domeinen van functioneren bij personen met ASS, zoals verbetering van
cognitief functioneren en vermindering van stereotiepe en beperkte patronen
van gedrag en gedragsproblemen. Concluderend kan vanuit deze resultaten
geen volledige onderbouwing worden gevonden voor de hypothese dat met de
focus op behandeling van kernvaardigheden binnen de PRT de ontwikkeling in
een breed scala aan domeinen van functioneren en vaardigheden kan worden
gestimuleerd. Hoewel een directe vergelijking van de effecten van PRT met die
van andere specifieke behandelmodules niet mogelijk was vanwege een klein
aantal geïncludeerde artikelen die verschillende vergelijkingsgroepen hadden,
zijn de effecten van PRT wat betreft verbeteringen in sociaal-communicatieve
vaardigheden veelbelovend vergeleken met effecten beschreven in Cochrane
reviews naar andere gedragsmatige behandelingen voor personen met ASS.
Echter zijn meer onderzoeken van hoge kwaliteit met een voldoende aantal
deelnemers, een lage risk of bias, en een duidelijke beschrijving van metingen,
behandelmethodes en kenmerken van deelnemers nodig om het effect van PRT
te kunnen vergelijken met andere bestaande behandelmethodes.
Hoofdstuk 3 omvat een protocol voor combineren van PRT met de inzet een
robotje en de naleving van het protocol en de ervaringen van zowel kinderen met
ASS als hun ouders die deze behandeling ontvingen zijn onderzocht. Het affect
van het kind in de behandelsessies en de sympathie met het robotje werden
onderzocht en ouders werden bevraagd over de communicatie van het robotje
richting hun kind en in hoeverre de robot van meerwaarde was binnen de PRT
sessie. Het gemiddelde percentage voor de naleving van het protocol was 85.5%,
en kinderen met ASS rapporteerden een positief affect in 86.8% van de sessies
en positieve sympathie scores in 79.4% van de sessies. De positieve sympathie
scores werden met name gegeven door kinderen met ASS in de schoolgaande
leeftijd en hielden verband met de bewegingen, spraak en spelscenarios van
het robotje. Over het algemeen waren de beoordelingen van ouders wat betreft
communicatie van het robotje en meerwaarde in de behandelsessies positief.
Lagere beoordelingen van ouders hadden met name te maken met de beperkte
flexibiliteit in het gedrag van het robotje. Deze resultaten laten zien dat kinderen
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met ASS over het algemeen het protocol van PRT met inzet van een robotje
konden volbrengen (het protocol voor inzet van een robotje binnen de PRT is
uitgebreid geïllustreerd aan de hand van twee voorbeelden van casussen in
hoofdstuk 4). Over het algemeen waren ervaringen van kinderen met ASS en hun
ouders over inzet van een robotje in de PRT positief. Verder tonen de resultaten
aan dat het belangrijk is de gedragingen van het robotje richting het kind met
ASS van voldoende betekenis zijn en aansluiten bij het kind. Hoewel we hebben
geprobeerd om de spelscenarios zoveel mogelijk aan te laten sluiten bij elk kind
met ASS, boden negen spelscenarios met zeven niveaus van complexiteit soms
onvoldoende flexibiliteit. Daarnaast is het belangrijk dat de reactie van het
robotje op het initiatief van het kind wordt versneld om het kind direct te kunnen
bekrachtigen voor doelgedrag en dat gebruiksvriendelijkheid van het robotje
voor gebruik door meer therapeuten wordt vergroot.
In hoofdstuk 5 worden de resultaten beschreven van het PicASSo project,
waarbij de PRT groepen (met en zonder inzet van een robotje) zijn vergeleken
met de gebruikelijke zorg voor kinderen met ASS. Er werd een verbetering gezien
in gegeneraliseerde sociaal-communicatieve vaardigheden bij alle groepen,
gereflecteerd door een lagere score op de Social Responsiveness Scale (SRS)
ingevuld door ouders na afronding van de behandeling. Echter werd de grootste
groei in sociaal-communicatieve vaardigheden gezien bij kinderen met ASS die
PRT hadden ontvangen met inzet van het robotje. Vergeleken met de andere
groepen was er in deze groep sprake van een hoger percentage kinderen dat
een klinisch significante respons liet zien op de SRS bij de follow-up en op de
ernstscores van het Autisme Diagnostisch Observatie Schema (ADOS) direct
na de behandeling. Bij vergelijking van de hele PRT groep (met en zonder
inzet van een robotje) ten opzichte van de gebruikelijke zorg werden geen
verschillen gevonden op de SRS, ADOS, Clinical Global Impression (CGI) schaal en
Opvoedingsbelasting Vragenlijst (OBVL). Een hoger percentage meisjes (45.5%)
dan jongens (15.3%) lieten een klinisch significante respons op de SRS ingevuld
door ouders. Concluderend draagt zowel PRT als gebruikelijke zorg (individueel
aangepast aan de behoeftes van het kind en gezin) voor kinderen met ASS bij
aan verbetering van sociaal-communicatieve vaardigheden. De resultaten tonen
aan dat een relatief lage intensiteit van PRT, vergeleken met eerdere Amerikaanse
onderzoeken, kan bijdragen aan verbetering van sociaal-communicatieve
vaardigheden voor jonge kinderen met ASS. Inzet van een robotje kan het effect
van PRT op sociaal-communicatieve vaardigheden versterken, mogelijk vanwege
een verhoogde motivatie en aandacht binnen de behandeling en een verhoogde
voorspelbaarheid. Echter is dit werkingsmechanisme nog onvoldoende duidelijk
en moet meer onderzoek gedaan naar waarom inzet van een robotje het effect
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van bestaande behandelingen kan versterken. Daarnaast bleek uit de resultaten
dat bij veel gezinnen van kinderen met complexe psychiatrische problematiek
interventie nodig was naast PRT, gericht op andere, comorbide of systemische
problemen en dat deze combinatie vergelijkbare effecten aantoonde als
PRT zonder co-interventies. Meer onderzoek is nodig naar integratie van
behandelmethodes met PRT en ook naar hoe stress en opvoedbelasting van
ouders van kinderen met ASS verlaagd kan worden, omdat ouders cruciaal zijn
voor implementatie van PRT technieken in dagelijkse situaties.
Hoofstuk 6 beschrijft analyses over een subsample van het PicASSo project,
namelijk deelnemers aan de PRT groep en PRT groep met inzet van een robotje.
Groei in functionele en sociale initiaties van kinderen met ASS werden onderzocht
over het verloop van de behandeling. Daarnaast werd onderzocht of groei in
initiaties gerelateerd was aan groei in sociaal-communicatieve vaardigheden,
gemeten met de SRS. Functionele initiaties (bijv. vragen om voorwerpen/
activiteiten, vragen om hulp, adequaat protesteren) en sociale initiaties (bijv.
doorvragen, commentaar geven) werden blind gecodeerd vanuit video’s van
ouder-kind spelinteracties met gebruik van een event-recording systeem. De
mixed-effect analyses toonden een groei in functionele initiaties aan in beide
PRT groepen over het verloop van de behandeling, maar een groter effect in
de groep met inzet van een robotje. Ook wat betreft sociale initiaties werd een
groei gedurende het verloop van de behandeling gevonden en deze groei was
vergelijkbaar in beide groepen. De groei in initiatiefname was gerelateerd aan
een grotere verschilscore op de Sociaal Bewustzijn schaal van de SRS ingevuld
door ouders. Er werd geen verband gevonden tussen groei in initiatiefname en de
verschilscores op de andere ouder-gerapporteerde schalen van de SRS of op de
leerkracht-gerapporteerde schalen. Deze resultaten laten zien dat inzet van een
robot wellicht bruikbaar is voor het vergroten van functioneel initiatief nemen,
maar minder op het vergroten van het sociaal initiatief nemen bij kinderen
met ASS. Mogelijk is dit te verklaren doordat er binnen de ontwikkeling van de
spelscenarios voor de interactie tussen jonge kinderen met ASS en het robotje
voornamelijk was gericht op leermomenten voor initiatiefname binnen de directe
spelsituatie, wat meer functioneel van aard is. Daarnaast was groei in initiatiefname
slechts in beperkte mate gerelateerd aan groei in bredere sociaal-communicatieve
vaardigheden, wat de hypothese van een bredere groei in vaardigheden door
focus op kernvaardigheden binnen PRT niet volledig ondersteunt.
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Brian heeft na afronding van de PRT geleerd om spontaan te vragen om een
voorwerp of activiteit en om rustig en adequaat te protesteren. Daarnaast
is hij zich meer bewust van anderen en lukt het hem beter om initiatief te
nemen richting andere kinderen in de buurt of op school. Hij maakt meer
oogcontact en meer gebruik van gebaren. Ondanks deze verbeteringen in
de sociale communicatie, heeft Brian zijn beperkte interesse voor speelgoed
dino’s behouden en accepteert hij ander (spel)materiaal nauwelijks. Daarnaast
is het voor Brian moeilijk om het geleerde toe te passen in situaties waar dit
niet met hem geoefend is, zoals tijdens een bezoek aan een nieuwe speeltuin.

Na beëindiging van de PRT is Alice in staat om rustig te protesteren en
spontaan door te vragen als haar ouders een opmerking maken. Echter heeft
ze nog enige ondersteuning nodig in gebruik van deze vaardigheden richting
personen waarmee ze dit nog niet heeft geoefend, zoals kinderen uit de
buurt of haar oudere broer. Hoewel ze duidelijke verbetering heeft laten zien
in doelen binnen de sociale communicatie, is er bij Alice na afronding van
de PRT nog sprake van aandachtsproblemen, verhoogde afleidbaarheid en
hyperactiviteit op school en thuis.

Wat betekenen deze bevindingen voor de praktijk?
Vanuit deze bevindingen kan PRT worden aanbevolen ter verbetering van
functioneel taalgebruik, vergroting van de gemiddelde zinslengte, het
aantal gebruikte woorden, verminderen van de ernst van (met name sociaalcommunicatieve) symptomen van ASS en het verbeteren van het globaal klinisch
functioneren. Echter kunnen geen aanbevelingen worden gedaan wat betreft
bruikbaarheid van PRT ter verbetering van cognitief functioneren en vermindering
van stereotiepe en beperkte patronen van gedrag en internaliserende en
externaliserende gedragsproblemen. Deze aanbevelingen hebben met name
betrekking op kinderen met ASS in de voorschoolse of vroege schoolgaande
leeftijd, omdat er nog weinig onderzoek is gedaan bij oudere kinderen en
adolescenten. Hoewel steeds meer onderzoeken het positief effect van vroege
interventie benadrukken (Estes et al., 2015; Frazier et al., 2021; Pickles et al.,
2016) zijn de lange termijn effecten van PRT (vooralsnog) onbekend. Daarnaast
suggereren de resultaten van het PicASSo project dat het belangrijk is om andere
interventies in te zetten gericht op comorbide en/of systemische problematiek
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naast PRT als behandelaanbod voor kinderen met ASS en complexe psychiatrische
problemen en hun gezinnen. Omdat we geen effect vonden van PRT op het
verlagen van ouderlijke stress en dit belangrijk kan zijn voor implementatie van
de interventie thuis, is het nodig om co-interventies specifiek te richten op het
verlagen van stress en verhogen van welbevinden van ouders.
Hoewel de inzet van een robotje in bestaande behandelingen zoals PRT
veelbelovend kan zijn als het gaat om verbeteren van sociaal-communicatieve
vaardigheden, is er nog veel onduidelijk over hoe en waarom inzet van een robotje
werkt voor kinderen met ASS. Binnen de klinische praktijk is het belangrijk dat
er per casus wordt bekeken hoe motivatie van het kind met ASS voor interactie
vergroot kan worden en of inzet van een robotje hieraan zou kunnen bijdragen.
Het is belangrijk dat de spelscenarios voor interactie met het robotje aansluiten
bij de interesse van het kind, dat de spelscenarios voldoende flexibel zijn (bijv. het
kunnen aanpassen in complexiteit gedurende een sessie als blijkt het kind meer
of minder vooruitgang boekt in het spontaan laten zien van het doelgedrag) en
dat directe bekrachtiging wordt gewaarborgd in de behandeling voor kinderen
met ASS.

Conclusie
De onderzoeken die zijn beschreven in dit proefschrift hebben inzicht gegeven in
de effectiviteit van PRT en de inzet van een robotje in de behandeling van kinderen
met ASS. Hoewel er nog veel onderzoek nodig is naar de werkingsmechanismen en
factoren die bijdragen aan de effectiviteit van behandelingen voor kinderen met
ASS, bieden de huidige resultaten richting voor toekomstig onderzoek en inzichten
die bruikbaar zijn voor de klinische praktijk. PRT blijkt effectief in het verbeteren
van sociaal-communicatieve vaardigheden bij kinderen met ASS in de voorschoolse
of vroege schoolgaande leeftijd. Echter is geen effect van PRT gevonden op het
verbeteren van cognitief functioneren en vermindering van stereotiepe en beperkte
patronen van gedrag, internaliserende en externaliserende gedragsproblemen en
ouderlijke stress voor deze groep. De inzet van een robotje kan het effect van PRT op
sociaal-communicatieve vaardigheden versterken, en specifiek op het functioneel
initiatief leren nemen bij kinderen met ASS. Daarnaast waren de ervaringen van
kinderen met ASS en hun ouders met inzet van het robotje binnen de PRT positief,
met name van kinderen in de schoolgaande leeftijd. Hoewel er nog veel werk te
verrichten is in dit gebied, wordt met de resultaten van dit proefschrift een stap
vooruit gezet in inzicht in hoe interventies voor kinderen met ASS en hun gezinnen
kunnen worden geoptimaliseerd.
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Dankwoord
Het is af! Na een mooie, bijzondere, maar ook intense periode kan ik nu zeggen
dat mijn proefschrift klaar is. Er zijn veel mensen die hebben meegewerkt aan en
meegeleefd met dit proces, die ik graag wil bedanken.
Allereerst alle kinderen, ouders, overige familieleden, leerkrachten en
begeleiders die hebben deelgenomen aan de PRT onderzoeken. Zonder hen
hadden we het project niet kunnen doen! Alle gezinnen die ik ontmoette als
behandelaar bij Karakter, expertisecentrum voor kinder- en jeugdpsychiatrie,
gaven me inspiratie om weer een stapje verder te gaan in het onderzoek en me te
blijven inzetten voor deze mooie doelgroep.
Jan, mijn eerste promotor. Wat vond ik het bijzonder toen ik bij jou op
sollicitatiegesprek mocht komen voor een functie als onderzoeksassistent en
dat we meteen samen konden brainstormen over innovaties in behandeling van
kinderen met ASS. In het hele proces wat volgde merkte ik het vertrouwen dat
in mij werd gesteld en waardoor ik erg kon groeien als onderzoeker binnen de
klinische praktijk. Bedankt voor je inspirerende ideeën en blik, je doortastende
en soms kritische houding wat ervoor zorgde het project en de papers die daaruit
volgden weer naar een hoger niveau konden worden getild, en je steun en
vertrouwen bij bijzondere, maar ook spannende momenten zoals de presentatie
op de INSAR.
Wouter, ik vond het erg bijzonder om jou eerst als co-promoter te hebben
gedurende mijn promotietraject en daarna ook als promotor! Vanaf de eerste
keer dat we elkaar spraken merkte ik onze sterk gedeelde interesse op naar
wetenschappelijk onderzoek bij mensen met ASS en de combinatie tussen werken
in de klinische praktijk en het doen van onderzoek. In onze begeleidingsafspraken,
face to face of per telefoon, hielpen jouw enthousiasme en scherpe opmerkingen
me na te denken over de juiste keuzes binnen mijn onderzoeksproject. Ik wil je
bedanken voor al je ondersteuning in mijn promotietraject.
Jeffrey, thank you for your support as my co-promotor throughout different
stages of the project. I felt that I could talk to you very easily on issues that raised
during my project and also on topics related to personal experiences. I smile when
I think back on our joint train rides to Eindhoven on Fridays to discuss the progress
of the project, and of course our drinks on the campus afterwards! I always felt the
confidence that you had in me as a researcher.

316

Martine, wat ben ik blij dat jij betrokken raakte bij het PicASSo project en daarna
als mijn co-promotor. Ik had het gevoel altijd bij jou terecht te kunnen met mijn
ideeën, maar ook met mijn twijfels en vragen. Jouw meedenkende, ondersteunende
en pragmatische houding zorgde ervoor dat er snel een oplossing kwam voor
elk probleem en dat we het onderzoek optimaal konden implementeren binnen
de verschillende zorglijnen van Karakter. Daarnaast delen we de interesse in het
combineren van wetenschappelijk onderzoek en werken in de klinische praktijk.
Als zorglijnmanager van Centrum Jonge Kind (CJK) ben je continu bezig met
innovaties om diagnostiek en behandeling voor deze doelgroep weer naar een
hoger niveau te tillen. Ik vind het dan ook ontzettend leuk en inspirerend dat ik na
mijn promotie deel uit ging maken van CJK als behandelaar en dat we zo intens
kunnen blijven samenwerken op het gebied van klinische zorg voor jonge kinderen
en hun gezinnen, behandelinnovaties en wetenschappelijk onderzoek. Daarnaast
heb ik veel bewondering voor hoe je verschillende rollen: manager, behandelaar
en onderzoeker combineert en dat ook nog met 3 kids. Ik heb enorm veel van je
geleerd de afgelopen jaren, en leer elke dag nog meer bij!
Prof. dr. H. C. M. Didden, Prof. dr. M. V. de Jonge en Prof. dr. T. Belpaeme,
hartelijk bedankt voor het zitting nemen in de promotiecommissie, de kritische
beoordeling van het manuscript en voor het voeren van de oppositie. De overige
leden van de promotiecommissie, Dr. J. C. Visser, dr. N. Peters-Scheffer en dr.
C. Dietz, bedankt voor het bestuderen van het manuscript en het opponeren.
Janne, je expertise in gezamenlijke casussen binnen het PicASSo project vond
ik zeer waardevol. Claudine, erg waardevol om nu collega’s te zijn binnen CJK,
ik kan veel leren van jouw kennis en kunde wat betreft het jonge kind met
psychische kwetsbaarheden! Nienke, jouw begeleiding in de eerste fase van het
PicASSo project vond ik erg waardevol, waarbij we samen flowcharts opstelden
en bespraken hoe prompts en bekrachtiging te integreren binnen de spelscenarios
voor de interactie tussen kinderen met ASS en het robotje. Erg leuk ook dat ik op
de school van Mark en Gyuri de try-outs met het robotje kon doen, dank voor al je
ondersteuning hierin en de prettige samenwerking.
Dear dr. E. I. Barakova en dr. T. Lourens, Emilia and Tino. I could not have
conducted this study without your help on the robotics part and programming of
the NAO robot. It was inspiring to discuss the project from different perspectives:
robotics, technical and clinical. It helped me to step outside my comfort zone and
to learn about other research fields as well. Thank you for the collaboration in
different phases of the project and for your help when I did not know what to do
as a non-technically trained clinician.
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Dr. I. J. Servatius-Oosterling, beste Iris. Wat was het prettig dat jij betrokken was
bij het PicASSo project en dat we intensief hebben kunnen samenwerken aan het
Cochrane review. Jouw expertise betreffende het jonge kind met ASS en jouw
ervaring in het implementeren van wetenschappelijk onderzoek in de klinische
praktijk is erg waardevol geweest. Ondanks dat je geen deel uitmaakte van mijn
promotieteam, was je steeds erg betrokken bij mijn ontwikkelingen op zowel
persoonlijk als professioneel vlak en kon ik goed met je praten over uiteenlopende
zaken. Erg bedankt voor je warme betrokkenheid bij mijn promotietraject en voor
je ondersteuning, ik hoop nog veel met je samen te werken aan toekomstige
projecten!
Jenny, drs. J. C. den Boer, erg bedankt voor de intensieve begeleiding wat betreft
opstellen van de spelscenarios met technieken van de PRT, toen ik zelf nog niet
hierin geschoold was. Door jouw input werd ik gesterkt in mijn nieuwsgierigheid
naar PRT en ik vond het erg leuk dat je daarna deel uit bleef maken van het
onderzoekteam binnen het PicASSo project en het Cochrane review. Bedankt voor
al je ondersteuning en input, en leuk dat je nu zelf ook een onderzoeksproject
over behandeling van kinderen en jongeren met ASS leidt.
Manon en Michelle, mijn paranimfen. Manon, wat ben ik blij dat jij destijds de
baan als onderzoeksassistent binnen het PicASSo project accepteerde en dat
we daarna heel intensief konden blijven samenwerken aan de PRT projecten.
Deze samenwerking heeft de projecten tot een succes gemaakt! Erg bedankt
voor het samen sparren (en soms spuien), taken verdelen, stagiaires begeleiden,
congressen voorbereiden en bezoeken, analyseren van resultaten, schrijven, en
al het andere. De rol als paranimf komt jou zeker toe. Naast een hele bevlogen,
betrokken en doortastende collega ben je ook een lief en warm persoon en ik
vind het erg tof dat we nu ook collega’s blijven binnen CJK na afronding van
de projecten. Michelle, erg leuk dat we allebei eerst bij het Dr. Leo Kannerhuis
stage hebben gelopen en nu al een aantal jaar collega’s zijn binnen Karakter. Het
was waardevol om ervaringen uit te wisselen in de verschillende fases van onze
projecten en het was erg inspirerend en leuk om samen in Nice te zijn voor het
Autism Europe congres. Je bent een toffe, betrokken collega en het is altijd heel
gezellig met jou, fijn om jou als mijn paranimf te mogen hebben!
In mijn promotietraject heb ik mogen samenwerken met veel bevlogen collegaonderzoekers. Ik wil alle junior onderzoekers van “het kippenhok” bedanken
voor de fijne periode met inspirerende research meetings, pep-talks, lunchwandelingen, en heel gezellige borrels, etentjes, en een mooie schrijfweek waarin

318

we veel op papier kregen maar ook buikpijn van het lachen door hilarische
spellen in de avond. Corina en Nanda, erg bedankt voor het meedenken over
mijn promotietraject in de research meetings en daarbuiten en waardevolle
feedback op het onderzoeksproces en de inhoud. Helen, bedankt voor je hulp met
datamanagement en vragenlijsten, en snelle reactie als ik weer eens een uitdraai uit
questmanager nodig had. Mariëlle, dank voor je ondersteuning op verschillende
vlakken, van het zorgen dat de verhuizing van het RadboudUMC naar Karakter
voorspoedig verliep tot het aannemen van stagiaires en onderzoeksassistenten.
Alle andere onderzoekscollega’s van Karakter, die elk op hun eigen manier een
bijdrage hebben geleverd aan het project, bedankt. Dr. Joanna in ’t Hout en
dr. Rogier Donders van de afdeling Biostatistiek van het RadboudUMC, voor
de waardevolle feedback en ondersteuning bij de analyses voor het Cochrane
review en de analyses met gebruik van mixed effect models. Alle stagiaires en
onderzoeksassistenten die hebben ondersteund in de verschillende fases van het
PicASSo-project, jullie hulp was onmisbaar en erg waardevol.
Daarnaast was uitvoer van het PicASSo-project niet mogelijk geweest zonder
alle betrokken collega’s van de verschillende zorglijnen binnen Karakter, van
de werving van deelnemers tot aan het doen van metingen en monitoren van
voortgang van behandeling en gezamenlijke behandelevaluaties. In het bijzonder
wil ik mijn collega PRT-behandelaren bedanken voor het implementeren van het
onderzoek over de verschillende zorglijnen en locaties van Karakter heen en de
afstemming over het onderzoek en behandelverloop bij alle cliënten. Marloes,
erg bedankt voor het meedenken over het PRT protocol voor de verschillende
onderzoeken. Annuska en Annemieke, erg fijn dat ik als beginnend behandelaar
bij jullie kon meekijken en oefenen en erg bedankt voor jullie betrokkenheid in de
verschillende fasen van het PicASSo project. Heel waardevol en inspirerend om nu
samen de opleiding tot PRT trainer te doen en te brainstormen over hoe PRT in te
zetten en andere behandelaren op te leiden in de toekomst. En natuurlijk dank
aan alle andere PRT collega’s voor de nuttige intervisies, leuk dat we elk jaar weer
met een grotere groep mogen zijn en elkaar blijven inspireren.
Veel dank aan mijn huidige collega’s binnen CJK van Karakter, waarmee ik de
gedeelde passie voel om de beste diagnostiek en behandeling te bieden aan
jonge kinderen met psychische kwetsbaarheden en hun ouders en breder
systeem. Ik wordt dagelijks door jullie geïnspireerd en leer dagelijks bij. Als team
zetten we elke keer weer een nieuwe stap in het innoveren en optimaliseren van
het behandelaanbod. Ook jullie betrokkenheid met mijn onderzoeksprojecten
(‘ben je al bijna klaar?’) heb ik als heel prettig ervaren, ik ben blij om in zo’n warm
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en inspirerend team te mogen werken. Eric, bedankt voor je betrokkenheid en
het meedenken over hoe ik het afronden van mijn promotietraject het beste kon
combineren met mijn huidige klinische werkzaamheden.
Tijdens mijn promotietraject was het erg fijn om lieve vrienden en familie achter
me te hebben staan, waarbij ik mijn verhaal kwijt kon in leuke en lastigere fases,
en voor de nodige ontspanning en relativering. Vriendinnen van de Research
Master, Hilde, Joyce, Laura, Lieke, Marike en Milou, erg leuk dat we allemaal op
onze eigen manier in ons vakgebied gegroeid zijn, maar dat de stappen in onze
carrières en op persoonlijk vlak ook veel overlap vertonen, van huizen kopen tot
trouwerijen en babyshowers. Bedankt voor de gezellige etentjes, weekendjes
weg en bijklets-dates, waarvan ik hoop dat er nog veel mogen volgen! Carlijn,
Roel, Aimee, Sven en Nora, bedankt voor alle gezellige afspraken, in-person of
online in de corona-periode. Hoewel ik inmiddels meer weet van fysiotherapie als
patiënt dan als therapeut, voel ik altijd dat ik veel met jullie mag en kan delen,
bedankt voor jullie vriendschap. Didi, wat hebben we veel meegemaakt in de
afgelopen 25 jaar, we hebben lief en leed, ups en down en veel leuke momenten
op vakanties en festivals met elkaar mogen delen. Mooi en bijzonder dat we al zo
lang vriendinnen zijn, we zo’n hechte band hebben, we alles tegen elkaar kunnen
zeggen en we nu tegelijkertijd toe zijn aan de volgende grote stap in ons leven!
Niek en Claire, ik zou iedereen zo’n lieve en fijne vrienden als jullie gunnen. Onze
bios-uitjes, spelletjes-avonden, etentjes, en andere gezellige momenten geven
veel ontspanning en hilariteit, maar ook veel steun en warmte. Na een lange
werkweek keek (en kijk) ik hier altijd erg naar uit. Bedankt voor wie jullie zijn.
De families Boeren en Smeekens, voor hun warmte, betrokkenheid en
interesse, zowel op persoonlijk vlak maar ook op werkgebied en de gezellige
familiebijeenkomsten. De familie Van Den Berk, mijn schoonfamilie, waarin ik me
erg welkom voel. Miranda en Martine, mijn schoonzussen. Hoewel we nu aan de
andere kant van het land wonen dan jullie, voel ik hoe sterk onze band is steeds als
we elkaar weer zien. Onze logeerweekenden zorgen voor de nodige ontspanning
en dat we steeds over en weer op de hoogte blijven van alle bijzondere, mooie,
pittige, enerverende en memorabele momenten die we meemaken. Bedankt voor
jullie steun en warmte. Branna, het is elke keer een feestje om te zien hoe snel jij
je ontwikkelt lief nichtje! Ik vind het erg leuk om jouw bonus-tante te mogen zijn.
Henk en Ria, mijn schoonouders, bedankt voor jullie onvoorwaardelijke steun en
hulp die jullie de afgelopen jaren hebben geboden en nog steeds blijven bieden
en voor jullie liefde. Vanaf het begin heb ik me onderdeel van de familie en het
gezin gevoeld. Ik had me geen betere schoonouders kunnen wensen.
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Stijn, aan wie ik het te danken heb om in dit mooie werkveld terecht te zijn
gekomen. Jij bent en blijft mijn belangrijkste inspiratie om een zo groot mogelijke
bijdrage te leveren aan de kennis rondom zorg en behandeling voor mensen met
ASS. Ik hou van jou lieve broer en hoop dat je al het geluk van de wereld mag
vinden! Mijn lieve zus Evelien. Onze band wordt hechter en hechter over de jaren
heen, wat heb ik een geluk met jou. We kunnen lief en leed met elkaar delen en
je bent een enorme steun een grappige, enthousiaste en gezellige zus. Bedankt
dat jij bent zoals je bent. Mijn ouders, die mij hebben ondersteund in alle keuzes
die ik in mijn werkzame en persoonlijke leven heb gemaakt. Jullie zagen dat ik
steeds zelf verder wilde groeien, al hebben jullie me steeds duidelijk willen maken
dat het ook goed is wat ik al bereikt had en dat ik daar ook van mocht genieten.
Toch stonden jullie met trots achter me bij elke nieuwe stap in mijn leven. Ik had
deze stappen niet kunnen zetten zonder jullie onvoorwaardelijke belangstelling
en liefde.
En dan jij, Patrick, de liefde van mijn leven. Wat hebben we samen een groei
doorgemaakt op alle vlakken. Je hebt intensief alle fases van mijn promotietraject
mee beleefd, van het verzinnen van een passende naam voor mijn
onderzoeksproject, meereizen naar congressen en daar naar binnen glippen om
mijn presentatie bij te kunnen wonen, het meedenken bij lastige keuzes, tot aan
delen van vreugde en teleurstelling bij het proces van publiceren van artikelen.
Dit promotietraject had ik zonder jou niet kunnen volbrengen. Op alle vlakken
haal jij het beste in mij naar boven. Ik prijs me elke dag gelukkig jouw vrouw te
mogen zijn en heb enorm veel zin in december, onze bijzondere nieuwe stap, ik
kan me geen betere papa voor onze “kleinie” wensen!
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Curriculum Vitae
Iris van den Berk-Smeekens was born in
Breda (16th of April, 1988) and moved
to Nijmegen after finishing secondary
education. There, she completed her
bachelor and master Pedagogical
Science and developed her interest
combining clinical work with research.
After her clinical master, Iris started the
Research Master Behavioural Science
in Nijmegen, which she completed in
2012 (cum laude). During her master
Iris did a research internship at the Dr.
Leo Kannerhuis to study physiological
stress responses in relation to social
skills in adults with autism spectrum
disorder (ASD). After finishing her
master Iris continued working as
a junior researcher and clinician at the Dr. Leo Kannerhuis. In 2014, she started
as a research assistant at the RadboudUMC and at Karakter to study the use of
robotics as an innovation in interventions for children with ASD and in 2015 she
started her PhD trajectory on this subject, of which the results are described in
this thesis and are presented on several national and international (INSAR, Autism
Europe Congress) conferences. During her PhD trajectory, Iris was trained as a
PRT therapist (Level III) and in administering the Autism Diagnostic Observation
Schedule (ADOS) and intelligence tests for young children. After her PhD, Iris
continued working at the TOPGGZ labelled Centre for Young Children at Karakter
University Centre. She currently works in this centre and follows an educational
trajectory to become a PRT trainer (level V).
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