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Abstract
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This RCT study examined efficacy of a preschool peer social intervention (PPSI) in facilitating social engagement of pre-
schoolers with high-functioning ASD (HFASD; N=65). HFASD participants were randomly assigned by preschool to a
6-month intervention (play, interaction, or conversation) or a waitlisted-treatment-as-usual control group. Trained on-site
therapists led the PPSI in preschools, in small (n=3—4) mixed (HFASD/typical) groups. Results showed that all intervention
groups improved over time, each mainly in its own targeted peer-engagement domain, but the control group even deteriorated
on some measures. Intervention groups also showed generalization to untrained domains (adaptive skills) and settings (play
complexity during preschool activities). It is advised that individualized needs-based holistic peer intervention, comprising

all three domains, should be part of early ASD intervention.
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Peer relations are cardinal for children’s development of
ample cognitive, linguistic, and social skills (e.g., Hay
et al. 2009). Longitudinal evidence shows that individual
variations in behavior and in responding to peers’ behav-
ior at early ages predict later social competence (e.g., Hay
et al. 2009). Also, lower levels of peer engagement in early
childhood have been linked with indicators of poorer social
adaptation in the general population (Vaughn et al. 2016).
Yet, in the three key domains associated with efficient peer
interaction—namely, social interactive skills, play, and con-
versation (Coplan and Arbeau 2009)—young children with
autism spectrum disorder (ASD) do not appear to show the
same patterns as their typically developing (TYP) counter-
parts (e.g., Jordan 2003; Stefanatos and Baron 2011). The
early social engagement challenges experienced by young
children with ASD may limit their early peer relationship
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experiences and reduce later peer engagement across devel-
opment (Manning and Wainwright 2010; Schuler and Wolf-
berg 2000).

Although peer relations comprise a core social-communi-
cative deficit in ASD (e.g., APA 2013) relevant randomized
controlled trials (RCTs) of peer programs for young children
with ASD are scarce. The current study aimed to close this
research gap by evaluating the efficacy of the preschool peer
social intervention (PPS]) in facilitating peer engagement
among preschoolers with ASD.

Social Interaction in ASD and TYP

Social interaction is defined as a reciprocal process in which
children effectively initiate and respond to social stimuli pre-
sented by their peers in diverse social settings and situations
(Shores 1987). Abilities like joining a group, responding to
others, coping with conflict situations, and demonstrating
prosocial behaviors such as offering help and comfort are
examples of the joint interaction skills that are important for
developing adaptive peer engagement (Coplan and Arbeau
2009). In the TYP population, peer interactions gradually
become mutual and coordinated during the preschool years
(Hay et al. 2009).
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Research has shown that children with ASD tend to have
infrequent and low-quality peer interactions (i.e., behav-
iors that indicate social intention but with minimal social
enactment; see review in Bauminger-Zviely 2013). Among
some of the low-quality behaviors that children with ASD
may demonstrate are close proximity, vague gaze, imita-
tion of others’ social acts, functional behaviors (e.g., giv-
ing and requesting information), passive observation, and
solitary behaviors (see review in Bauminger-Zviely 2013).
The production of complex interactive prosocial behaviors
such as sharing, providing help, expressing positive affect,
making eye contact, cooperating, and comforting is often
challenging for many children with ASD. In older children
with high-functioning ASD (HFASD; IQ > 70), responding
to peer interaction is more intact than initiating interaction.
However, such responses’ quality may be poor (active but
odd), which can preclude the development and maintenance
of fruitful or extended social interactions with peers. To be
noted, most available knowledge to date is from observa-
tional data of older children and low-functioning children
with ASD. Nevertheless, a recent study from Bauminger’s
research laboratory also reported lower peer interaction
capabilities in preschoolers with HFASD versus preschool-
ers with TYP, substantiating former data. Greater difficulties
emerged in these preschoolers’ prosocial behaviors, social
conversation, and social and social pretend forms of play,
whereas functional communication was more intact (Baum-
inger-Zviely and Shefer 2019).

Social Play in TYP and ASD

Social forms of play involve active and enjoyable engage-
ment on the part of at least two players. Such play is char-
acterized as spontaneous and voluntary. It is also free from
means-end directiveness (i.e., playing is an end in and of
itself); is nonliteral (i.e., imaginative rather than strictly real-
istic); and should be flexible and dynamic (e.g., Bauminger-
Zviely 2013). During toddlerhood and the preschool years,
children with TYP gradually develop their capabilities for
both social play and social pretend play to form complex,
reciprocated peer play, based on peers’ shared concrete and
abstract play acts (Coplan and Arbeau 2009; Howes 2011).

In social play, toddlers engage in parallel play activities
in close proximity to peers. Young children (1.5 to 2.5 years)
begin simple social play that involves direct social behavior
with peers. Next (2.5 to 3 years), they move on to interactive-
complementary play skills, including role reversals in social
games such as run-and-chase or block building. During the
preschool years (3—5 years), such play becomes reciprocal
and involves joint planning so that the pair’s actions are inte-
grated (Howes 1980; Howes et al. 1992).
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In social pretend play, children learn to share meanings of
imaginary social acts and to negotiate and resolve conflicts.
In the second year, children move from engaging in soli-
tary pretend acts to those directed toward a partner through
simple unnamed scripts, with or without complementary
roles (e.g., bus driver and passenger). During the preschool
years (3-5), children learn to engage in complex social pre-
tend play during which they meta-communicate over roles,
scripts, and themes (“Let’s play doctor; I will be the doctor
and you will be the patient”).

Without explicit guidance, children with autism are fre-
quently at risk for being deprived of consistent social play
and social pretend play experiences. Compared to age-mates
with TYP, their play often manifests itself in less diverse and
complex forms and sometimes idiosyncratically (e.g., Camp-
bell et al. 2017; Hobson et al. 2013; Jordan 2003; Wolfberg
2016). The symbolic dimension of pretend play is often a
major challenge in ASD. Many of these children may exhibit
mere repetition of a peer’s pretending actions, fewer novel
play acts, and less elaboration on pretend play, compared to
age-mates with TYP (e.g., Murdock and Hobbs 2011). Par-
ticularly challenging for many children with ASD are free-
play situations involving peers. Difficulties in co-regulating
one’s own play behaviors with others’ has been highlighted
as a cardinal issue in the development of social play in many
young children with ASD (Jordan 2003).

Social Conversation in TYP and ASD

Peer talk is crucial for pragmatic and social development.
It offers children a wide range of opportunities for mutual
learning of social-interactive as well as linguistic skills
(Blum-Kulka and Snow 2004). The situational embed-
dedness of preschoolers’ talk varies greatly, differing in
its degree of connection to the activity at hand (“activity
talk) and in its conversational genre such as interpersonal
sharing of personal experience and feeling or argumentative
discourse while discussing a topic from different viewpoints
(e.g., Blum-Kulka et al. 2004). Children with TYP as young
as preschool ages are able to demonstrate fairly complex
forms of peer talk that are directed toward the listener.

The pragmatic deficit, reflected in deficient conversational
capabilities, is considered the hallmark of the language
deficit in ASD (see review in Stefanatos and Baron 2011).
Although spontaneous peer talk in ASD has rarely been
examined during preschool, two recent studies presented
such data. In Bauminger-Zviely et al. (2014), peer talk in
preschoolers with HFASD versus preschoolers with TYP
was examined during a 10-min free-play/snack time. The
main results demonstrated a more intact pragmatic profile in
TYP than in HFASD, with the HFASD group showing the
greatest difficulty on several Pragmatic Rating Scale-Young
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(Bauminger-Zviely et al. 2014) subscales. Namely, they
demonstrated little reciprocal conversation, unresponsive-
ness to conversational partners, out-of-context utterances (on
the “pragmatic” subscale); unusual intonation and stereo-
typic speech (“prosodic” subscale); and unusual eye contact,
inappropriate facial expression, and inappropriate gesture
(“paralinguistic” subscale). Bauminger-Zviely et al. (2017)
compared HFASD and TYP groups for children’s speech
acts (i.e., communicative intentions conveyed by utterances
in specific contexts) during peer talk in a free-play situation.
A higher number and diversity of speech acts emerged in
TYP than in HFASD, mainly in actively/assertively report-
ing facts, evaluating situations/conditions, stating rules,
conveying attitudes, and using organizational devices. The
latter meta-linguistic acts are used to regulate contact and
conversational flow.

These relatively rare data on young children with ASD
corroborate prior data on poor social conversational skills
among older children with ASD. What seem to be espe-
cially difficult are some of these children’s abilities to initi-
ate, develop, or expand an interaction by taking turns within
an ongoing conversation or by switching between topics to
accommodate the conversational partner’s perspective. Older
children’s talk has been reported as often focused on their
own areas of interest, with frequent difficulty conversing
about the partner’s interests, and at times some children may
leave conversations without coherently ending them (Miiller
et al. 2016; Paul et al. 2009, 2014; Rubin and Lennon 2004).
These pragmatic difficulties in conversational ability seem
likely to exert an impact on preschoolers’ ability to take part
in productive peer interactions.

Prior Interventions to Facilitate Peer
Interaction, Play, and Conversation in ASD

Although specific, focused, child—child interventions are
clearly needed to enhance the peer interactions, social forms
of play, and social conversation among young children with
ASD, interventions promoting these key domains at pre-
school ages have not yet received sufficient empirical atten-
tion. Reichow and Volkmar (2010) found that only 14% of
social skills interventions during preschool involved peers
as delivery agents. Likewise, in reviewing 14 articles that
examined peer-mediated interventions’ efficacy in ASD, Wat-
kins et al. (2015) found that only 3 articles (21%) referred
to preschoolers ages 4 to 5 years. Several ASD studies have
revealed improvement in complex forms of play and in con-
versational skills but mainly through child—adult interactions
(e.g., Chang et al. 2016; Conallen and Reed 2017; Koegel et al.
2014; Wilson et al. 2017). Indeed, most studies to date that
attempted to promote the conversational, interactive, and/or
play skills of children with ASD had different foci, such as

older school-age children/adolescents rather than preschoolers.
Also, adult—child engagement was more often at focus than
naturalistic child—child engagement. Furthermore, some stud-
ies were methodologically limited by small sample sizes, the
absence of randomization and control groups, and/or lack of
simultaneous separate delivery of interventions in all three key
domains within a comprehensive holistic model (e.g., Luckett
et al. 2007; Miiller et al. 2016; Reichow and Volkmar 2010;
Rogers 2000; Thiemann and Goldstein 2004).

Despite the limited scope of prior peer interventions
during preschool, the studies that did implement such peer-
engagement procedures revealed positive results. For exam-
ple, peer-mediated interventions utilizing peers with TYP as
mediators, to enhance social interactive skills among pre-
schoolers with ASD, resulted in increases in their initiations
and responses to peers (e.g., Kalyva and Avramidis 2005;
Kamps et al. 2015; Katz and Girolametto 2015). Some play-
targeted peer interventions were structured and included pre-
training of peers with TYP or siblings (Oppenheim-Leaf
et al. 2012; Neff et al. 2017) or utilized peers with TYP as
role models to enhance the social interaction and play behav-
iors of preschoolers with ASD (e.g., Ganz and Flores 2008).
Others used scripts and role-play to increase peer interaction
and play behaviors during interactive play groups (e.g., Mur-
dock and Hobbs 2011) or during structured outdoor activ-
ity (e.g., Morrier and Ziegler 2018). Some studies targeted
play behaviors in small mixed groups by offering naturalistic
free-play areas containing a range of developmentally and
age-appropriate play materials with high social and imagi-
native potential, such as Wolfberg’s (2016) integrated play
group model.

In all, the findings of these peer-oriented interventions
demonstrated increases in play complexity, play and inter-
action adequacy, and even generalization to situations with
unfamiliar peers (e.g., Watkins et al. 2019). In addition, an
advantage was noted for peer mediation versus adult media-
tion (Strauss et al. 2014). Integrating peers with TYP into
social intervention programs seems essential when the goal
is to promote social interactive skills. Overall, it appears that
the ASD field could benefit from more evidence-based RCTs
investigating manualized peer interventions in naturalistic
settings—targeting spontaneous peer interaction, social play
and social pretend play, and social conversation—to contrib-
ute to improvements in these preschoolers’ quality of life
by mitigating social-communicative symptoms associated
with disability.

The Current Study

This study’s major aim was to conduct an RCT to exam-
ine the efficacy of a novel, manualized, preschool-based,
child—child intervention (the PPSI) for increasing the ability
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of preschoolers with HFASD to socially engage (play, inter-
act, and converse) with peers. The PPSI’s design espoused a
holistic conceptual view of peer engagement encompassing
three key domains: play, interaction, and conversation. Thus,
each of three preschooler groups received a different inter-
vention: the “social interaction” (INTERACT), the “social
conversation” (CONVERSE), and the “social/social-pretend
play” (PLAY) intervention groups. A fourth group, the wait-
listed (WAIT) control group, received treatment as usual
while awaiting intervention.

The PPSI’s psychoeducational program in each of the
three intervention domains comprised a transactional
approach incorporating developmental features, principles
and methods taken from cognitive-behavioral therapy, and
a naturalistic ecological orientation. Developmentally, this
novel PPSI curriculum included age-appropriate play, inter-
action, and conversation skills while accounting for indi-
vidual differences in social communication abilities (Krasny
et al. 2003). Due to the young age of our participants, a
full cognitive-behavioral therapy model could not be per-
formed; however, we used age-appropriate adaptations such
as cognitive techniques like problem solving and concept
clarification for the learning of social constructs, combined
with behavioral techniques like role-play for practicing peer
engagement behavior within the peer group (Dobson and
Dobson 2009). Ecologically, the intervention was imple-
mented within the participants’ natural social environ-
ment (i.e., preschool) and included children’s social agents,
namely, their peers and teachers (Bronfenbrenner 1992).

More specifically, this study’s major questions were to
examine if each treatment program would be effective in
facilitating preschoolers’ peer engagement (pre—post dif-
ferences), if peer engagement would differ after treatment
between the four groups, and if trained skills would be gen-
eralized to other settings (i.e., everyday preschool activities)
and other contents (e.g., untrained domains; adaptive skills).
Thus, we aimed to examine the PPSI’s efficacy by evaluat-
ing changes in the targeted preschoolers’ social engagement
before versus after treatment, in each of three groups receiv-
ing a different intervention (INTERACT, CONVERSE,
PLAY). We assumed that comparing these three key treat-
ment modalities with one another would help delineate each
modality’s contribution to improvements in social engage-
ment among participants with HFASD. Our prediction was
that the targeted children with HFASD in each of the three
intervention groups would improve over time in their trained
social engagement domain. Namely, we expected increased
conversation quality in the CONVERSE group, increased
play complexity in the PLAY group, and some improvement
on both the conversation and play scales for the INTERACT
group.

With regard to generalization, we predicted that the pre-
schoolers would improve in spontaneously applying trained
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skills while engaging with other peers in untrained non-PPSI
contexts (outside the trained social group) during everyday
preschool activities. Based on some limited prior research
with older children, we also speculated that the participating
preschoolers would show some generalization to untrained
areas of social functioning (adaptive skills and socializa-
tion). In all these areas, we expected the three treatment
groups to improve to a greater degree than children in the
WAIT group.

Method
Participants and Procedure

Sixty-five children with ASD (four girls) ages 4.0-5.2 years
participated in the study. Inclusion criteria were: (1) ASD
diagnosis according to the Autism Diagnostic Observation
Schedule-Generic (ADOS-G; Lord et al. 2000), which veri-
fied previous clinical diagnosis by licensed psychologists
unassociated with the current study; (2) no comorbid diag-
nosis (e.g., ADHD, language disorder, sensory or motor dis-
abilities); and (3) IQ > 70 according to the Mullen Scales of
Early Learning (Mullen 1997) to denote sufficiently high
cognitive and language abilities to participate in the inter-
vention. To be noted, we defined our participants with ASD
as high-functioning based on their IQ level beyond intellec-
tual disability. This more conservative definition of function-
ing does not ignore recent discussion in the field striving to
reach a more exhaustive definition that goes beyond cogni-
tive abilities and includes other areas of functioning such as
adaptive behaviors (e.g., Alvares et al. 2019).

Recruitment Process

Children with ASD were recruited from 23 different spe-
cial education preschools located in middle-class, large,
urban areas throughout Israel. Over 2 years of recruitment,
74 candidates with ASD were identified, but nine were
excluded from participation (see Fig. 1). Altogether, the
study included 65 children with ASD, 43 recruited in the
first year and 22 in the second year, attending 23 special
education preschools. We then recruited children with TYP
to regularly meet with their peers in small groups. The latter
were recruited from regular preschools nearby the targeted
special preschools, based on regular preschool educators’
reports that these children had no identified disability of any
kind, similar chronological age as the nearby target children
with ASD, and adequate social and behavioral capabilities,
excluding children with behavioral difficulties. Data were
collected only on the targeted children with ASD due to
Ministry of Education policy. All permissions and informed
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Fig. 1 CONSORT flow chart illustrating sample selection of preschoolers with ASD

consents were obtained from governmental officials, pre-
school personnel, parents, and children.

Randomization

Using a randomized block design, the 23 participating spe-
cial education preschools were randomly assigned to the
four study groups (CONVERSE, INTERACT, PLAY, or
WAIT) along the two recruitment years, including a divi-
sion between three geographical regions in proportion to
the number of children with ASD and special education
preschools recruited per region. Thus, all four study groups
were allocated to each of three regions, comprising nine
preschools in northern Israel (n=24 children: PLAY-6;
CONVERSE-8; INTERACT-6; WAIT-4); eight preschools
in southern Israel (n =23 children: PLAY-5; CONVERSE-5;
INTERACT-7; WAIT-6); and six preschools in central
Israel (n=18 children: PLAY-9; CONVERSE-2; INTER-
ACT-2; WAIT-5). Each preschool received only one type of

intervention, provided by only one trained therapist, who led
1-3 study groups over the 2-year period, totaling 28 small
groups. Altogether, all children with ASD meeting the inclu-
sion criteria (n = 65; four girls) were assigned to one of three
intervention groups—INTERACT (n=15), PLAY (n=20,
two girls), or CONVERSE (n=15, 2 girls)—or to the WAIT
treatment-as-usual control group (n=15), based on their ran-
domly allocated preschool. As seen in Table 1, the four study
groups of children with ASD did not differ significantly on
chronological age, IQ scores, ADOS-G scores, or mothers’
education.

The PPSI Intervention
Setting/Structure
Trained on-site therapists in the special education preschool

led the manualized intervention over a 6-month period in
three 45-min sessions per week held in a quiet separate
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Table 1 Sample characteristics

. INTERACT CONVERSE PLAY WAIT Group Dif.
of preschoolers with HFASD (n=15) (n=15) (n=20) (n=15) F@3,61)
by group

CA (months)
M(SD) 52.26 (7.20) 58.53 (6.88) 54.45 (8.91) 56.60 (7.27) 1.86
Range 48.27-56.26 54.54-62.53 50.99-57.90 52.60-60.59

1Q*
M(SD) 98.80 (17.03) 96.13 (17.41) 96.50 (14.66) 103.40 (13.18) 0.72
Range 90.74-106.85 88.08-104.18 89.52-103.47 95.34-111.45

Verbal 1Q* 97.40 (16.80) 94.66 (17.95) 95.60 (18.26) 100.40 (14.28) 0.34

88.61-106.18 85.88-103.45 87.99-103.20 91.61-109.18

Nonverbal 1Q?
M(SD) 100.33 (21.19) 95.73 (19.98) 96.65 (16.10) 105.73 (15.48) 0.98
Range 90.94-109.72 86.34-105.12 88.52-104.77 96.34-115.12

ADOS-G*
M(SD) 10.40 (2.19) 9.40 (1.72) 10.68 (2.26) 11.26 (3.21) 1.59
Range 9.15-11.64 8.15-10.64 9.58-11.78 10.02-12.50

Mother’s education®
M(SD) 4.46 (0.83) 4.60 (1.18) 5.05 (0.99) 4.33 (0.97) 1.73
Range 3.94-4.98 4.08-5.12 4.60-5.49 3.81-4.85

“Mullen Scales of Early Learning

®Autism Diagnostic Observation Schedule-Generic social interaction + communication

“Education calculated on a 6-point scale from elementary school (1) to master’s degree and up (6)

room. One session per week comprised an experiential
learning activity for that week’s social construct, such as
short video clips or role-playing puppets demonstrating the
learned target behavior. The learning session was delivered
to the children with ASD in their special education setting.
The other two sessions per week enabled practice of that
week’s learned social construct in small mixed peer groups
(n=3-4) consisting of one or two children with HFASD
and two peers with TYP. Each week’s target behavior was
practiced via peer group play with toys, joint activity with
crafts, maintaining conversation while eating snacks, and so
on. The same children with TYP participated in all practice
sessions across the intervention, in line with former stud-
ies in the field showing that children with ASD show bet-
ter social functioning with familiar than unfamiliar peers
(Bauminger-Zviely 2013). Familiarity enables the develop-
ment of rapport during group work and thus may lead to
better treatment results. The 2 weekly practice sessions were
held consistently in a single setting: Of the 28 mixed small
groups, 17 met in the special education preschool and 11 met
in the regular preschool.

Intervention Content
The PPSI intervention curricula were chosen based on typi-
cal play, interaction, and conversation development, and in

line with the social and communication deficits found to
characterize young children with HFASD in these domains,
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as described above. Specifically, the INTERACT cur-
riculum was adapted from Bauminger’s (2002, 2007a, b)
cognitive-behavioral ecological model for school-age chil-
dren. It focused on social interaction skills (e.g., joining a
group; implementing conflict resolution; prosocial skills
like encouraging, helping, comforting, expressing positive
affect). The PLAY curriculum followed Howes’s (1980)
Howes and Matheson 1992) stages of social play (parallel,
parallel aware, simple, complementary, and reciprocal) and
of social pretend play (isolated pretend acts, cooperative,
and complex involving meta-communication about play).
The CONVERSE curriculum focused on social conversa-
tion stages (e.g., initiating, developing, ending) and age-
appropriate conversational genres, including interpersonal
conversation, argumentative discourse, and activity talk
(Blum-Kulka et al. 2004). At the start of all three interven-
tions, preschoolers received instruction regarding basic lan-
guage concepts essential for all treatments (e.g., definition of
friend/group; same/different; sharing; listening). Appendix
A (Supplementary Material) presents some sample session
components for each of the three intervention groups.

Intervention Techniques
We used various techniques throughout the learning and

practice sessions including: concept clarification; problem
solving; role-play; doll play; various visual or audiovisual
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stimuli like illustrations, photos, and short video clips; fun
play activities like various games and creative crafts.

The Role of Peers with TYP

Children with TYP were asked to participate in all group
activities as social partners. Their participation provided
optimal modeling for adapting social behaviors to varying
social situations. They were asked to participate in all group
activities and engage with the other children in the group.
They were not provided with specific instructions other
than their cooperation around the sets of activities organ-
ized by the therapists, according to the various social goals
to converse, interact, or play, with an emphasis on fun group
activities.

Intervention Fidelity

Therapists underwent a full-day training seminar at the uni-
versity in three separate groups focusing on their assigned
INTERACT, CONVERSE, or PLAY intervention. All inter-
vention groups were supervised in preschools every 2 weeks
by the research team to ensure uniformity and consistency
in program delivery according to the manualized protocol.
The research team monitored the intervention implementa-
tion by observing the sessions, noting any deviations from
the assigned protocol, and providing feedback and guidance
to therapists. In addition, each therapist also completed a
2-page fidelity questionnaire once weekly (e.g., Skolits and
Richards 2010; Stein et al. 2008), reporting any changes they
made in implementing five components of the intervention
(equipment, activities’ arrangement and duration, instruc-
tions given to children, and other changes) and why. One
page referred to that week’s social construct learning activ-
ity, and the other page referred to the ensuing two mixed-
group practice sessions. The research team reviewed and
discussed these weekly fidelity questionnaires with each
therapist in their biweekly fidelity meetings, to monitor ther-
apists’ adherence to the assigned protocol. Fidelity percent-
ages were calculated for each week and then averaged for
the entire program, yielding the following ranges: INTER-
ACT—91 to 98% (M =93.3), CONVERSE—S86 to 100%
(M=97.0), and PLAY—82.5 to 100% (M =96.01). Finally,
each therapist completed a self-reported fidelity summary
questionnaire at the end of the intervention program. The
summary report included 9 statements (e.g., “I conducted
the program in the most precise way according to the pro-
tocol”) rated on a 5-point Likert scale (1 =do not agree at
all to 5 =strongly agrees), with a Cronbach a of 0.72. Mean
fidelity summary scores were high for all groups: INTER-
ACT—4.04 (SD=0.60), CONVERSE—4.30 (SD=0.45),
PLAY—4.74 (SD=0.43).

Assessment Measures

All assessments were collected both at Timel (T1—base-
line) and Time2 (T2—immediately after 6-month treat-
ment) for all four groups including the control group. Tri-
angulation of data sources (direct observations, assigned
therapist’s ratings, and uninvolved head educator’s ratings)
measured the targeted PPSI intervention’s impact.

Direct Observations to Examine T1-T2 Change in Targeted
Interactive Play and Conversation Behaviors as Manifested
in Social Engagement During Free Time Within Assigned
Groups

Pre—post improvement in trained areas was evaluated by
direct observation of participants’ spontaneous social
engagement during free-time situations. These free-play
and snack-time situations with assigned mixed-group
members were videotaped and coded to assess partici-
pants’ spontaneous display of the targeted interactive
conversational and play behaviors with the same group
of peers but outside of directly mediated PPSI activities.

Observed Hierarchical Stage of Play Development Based
on Howes’s (1980) and Howes and Matheson’s (1992)
Peer Play Scale assessing the complexity of peer play, par-
ticipants’ hierarchical-developmental stages of both social
play and social pretend play were coded. Coding was
based on a videotaped 15-min free-play situation within
their assigned small group. Groups received the same toy
set at both time points (T1, T2), including abstract toys
(e.g., rings, sticks, blocks) and concrete toys such as dolls,
animals, birthday party items (e.g., candles, cake), bath
items (e.g., mini hairbrush, shampoo, bathtub), kitchen
items (e.g., mini cooking pot, cutlery, vegetables, fruits),
doctor toys (e.g., plastic stethoscope, thermometer, band-
age), and transportation toys (e.g., cars, traffic signs).
Coders marked the highest social play stage and the high-
est social pretend play stage achieved by the participant
during the 15-min observation. Each scale was rated 1-5,
representing a developmental sequence from non-inter-
active parallel play with no social interaction, to contin-
gent social interaction, to reciprocal and complementary
interaction (see Appendix B in Supplementary Material).
Coders were masked to study aims and to participants’
group assignments. Interrater agreement was calculated
between the masked observer and the third author on 25%
of observations, randomly divided between study groups.
This yielded 90.00% agreement on the social play scale
and 94.44% on the social pretend play scale. This scale
has previously been used successfully in the study of ASD
(e.g., Sigman and Ruskin 1999).
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Observed Conversation Pragmatics and Quality Partici-
pants’ conversation capabilities within their assigned small
groups were evaluated during two videotaped social situa-
tions: the 15-min free-play session described above and a
10-min snack time when the group received snacks and a
set of toys (plastic food items, transportation toys, animals,
and plastic fences). Due to the lack of a significant situa-
tion effect, we combined both situations (totaling 25 min.)
in our pragmatics and conversational quality analyses. Par-
ticipants’ conversational acts were transcribed verbatim by a
speech therapist and coded using two scales, as follows. For
each of these two scales, two observers (the fourth author
and a trained assistant, both of whom are senior speech
therapists and experts in ASD) coded a randomly selected
sample of 25% of the participants along the various groups
and times. They obtained interrater agreement of 90.90% for
the pragmatic scale and 84.58% for the quality scale. The
second coder then worked independently on the remaining
data.

Observed Pragmatic Performance During Conversational
Acts The Pragmatic Rating Scale-Young (PRS-Y; Baum-
inger-Zviely et al. 2014) was utilized to code participants’
videotaped free-play and snack-time social situations to
assess 27 pragmatic behaviors that reflect abnormalities
reported to be characteristic of autism, based on theoreti-
cal and clinical reports of major pragmatic behaviors in
the literature (Landa et al. 1992). At the end of each situ-
ation (free-play/snack), each PRS-Y behavior was rated on
a 3-point scale: 0=almost never occurs; 1 =occurs some-
times but does not seriously interfere with conversational
flow; and 2=occurs almost always, seriously interfering
with conversational flow. Higher scores (the mean for the
entire 25-min interaction) indicated a more severe prag-
matic deficit. The PRS-Y items comprised three subscales:
(1) pragmatic behaviors, 15 items on topic management
and reciprocity (e.g., “overly talkative,” “unresponsive,”’
“vague;” a=0.79); (2) speech and prosodic behaviors, 8
items on the speaker’s production (e.g., “indistinct speech,”
“unusual intonation,” “unusual rhythm;” a=0.61); and (3)
paralinguistic behaviors, 4 items on physical behaviors that
accompany speech (e.g., gestures, facial expressions, physi-
cal distance, gaze; a=0.79).

Observed Conversation Quality Participants’ videotaped
free-play and snack-time social situations were assessed for
the five major conversational capabilities previously iden-
tified as significant social conversation components (e.g.,
Adams 2002; Paul et al. 2009): (a) attention—behaviors
to obtain listener’s attention (e.g., calling his/her name);
(b) initiation—behaviors to initiate new relevant or related
content; (c) responding—behaviors to appropriately join an
existing conversation (e.g., asking questions); (d) preserva-
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tion—behaviors to preserve/maintain an existing conver-
sational topic; and (e) expansion of current conversational
topic (e.g., adding relevant information). Each participant’s
conversational turn (utterance) was coded on a 5-point
scale from 1 (one or fewer conversational components) to
5 (inclusion of all 5 conversational components). A mean
score was calculated across both social situations to signify
the quality of the participant’s observed conversation, with
higher scores indicating better quality (a¢=0.93).

Informant Ratings to Examine T1-T2 Change in Targeted
Interactive-Play and Conversation Skills as Manifested
in Everyday Social Engagement in the Preschool

Children’s pre—post improvement in trained skills was also
evaluated by two informants’ questionnaires. The assigned
intervention therapist and the preschool’s uninvolved head
educator each assessed participants’ spontaneous display of
the targeted interactive conversational and play behaviors
as manifested in everyday non-mediated indoor and out-
door peer social situations in the preschool. In addition, to
assess generalization of trained skills to untrained domains
and settings, we traced pre—post changes in the targeted pre-
schoolers’ spontaneous display of skills from the other two
treatment domains that had not been trained as manifested in
everyday preschool activities (e.g., the CONVERSE group’s
generalization from trained language-conversation skills to
untrained play skills in non-PPSI preschool social situa-
tions). Although both informants rated participants’ social
engagement at pretest and posttest, only the uninvolved head
educators were regarded as full informants on generaliza-
tion because they were masked to intervention protocols and
to the evaluated children’s intervention group assignment.
The therapists were an important additional data inform-
ant to complement the direct observations in order to assess
spontaneous peer engagement in the preschool beyond the
mediated PPSI activities.

Therapist-Rated Play Skills The Social Play Questionnaire
(SPQ) was developed for the purpose of the current study
to tap therapists’ evaluation of the social play and social
pretend play stages that their assigned participant(s) exhib-
ited during spontaneous non-mediated social situations in
the preschool (outside the study group). The 43-item SPQ,
based on Howes’s (1980) and Howes and Matheson’s (1992)
Peer Play Scale, therefore yielded 10 developmental stages,
5 each for the social play and social pretend play scales (see
Appendix B for developmental sequence, sample items,
and reliabilities). Items were rated on a 5-point Likert scale
from 1 (does not exist at all) to 5 (exists consistently in par-
ticipant’s play repertoire). Both for social play and social
pretend play, pre-analyses yielded only three developmental
stages due to mid-to-high correlations (0.44-0.93) between



Journal of Autism and Developmental Disorders

Stages 2 and 3 and Stages 4 and 5. Thus, all further analyses
utilized only the three developmental levels (Stages 1, 2-3,
and 4-5) for both the social play and social pretend play
scales (see grey columns in Online Appendix B).

Therapist-Rated Conversation Skills The Social Conversa-
tion Questionnaire (SCQ) was developed for the purpose of
the current study to tap therapists’ evaluation of the peer
social conversation skills that their assigned participant(s)
exhibited spontaneously during non-mediated social situa-
tions in the preschool. Development of the 23-item SCQ-T
was grounded in the main conversational capabilities that
were identified by (a) the Discourse Skills Checklist (Bed-
rosian 1985), focusing on topic initiation (frequency and
scope) and topic maintenance, and (b) the Conversation
Analysis Coding Scheme (Larson and McKinley 2003),
focusing on guiding elements such as “speaker roll” and
“listener roll.” Thus, the SCQ-T included three subscales:
speaker (8 items, e.g., initiates conversation topic, expands
and develops conversation, corrects communication flaws
during conversation, ends conversation; a=0.92); listener
(6 items, e.g., asks for clarification, responds to initiations,
maintains conversation, takes turns; a=0.89); and conver-
sation functioning (9 items, e.g., quality of participant’s
active participation via initiating/responding in peer conver-
sation during various preschool activities like meals, crea-
tive activities, play; a=0.89). Items were rated on a 5-point
Likert scale from 1 (behavior does not exist) to 5 (behavior
exists consistently).

Uninvolved Head Preschool Educator’s Ratings of Play
and Conversation Skills To assess generalization of treat-
ment efficacy, the uninvolved head educator of the pre-
school completed the SPQ regarding each participant’s play
stages and completed the SCQ regarding each participant’s
conversational skills as manifested in the child’s everyday
preschool behavior. See Appendix B for the educator-rated
SPQ reliabilities. The educator-rated SCQ yielded the fol-
lowing internal consistency scores: a=0.92 for speaker,
0.87 for listener, and 0.87 for conversational functioning.

Informant Ratings to Examine Generalization of Trained
Skills to Untrained Adaptive Behavior and Socialization
as Manifested in Everyday Social Engagement

in the Preschool

To assess generalization of trained skills to untrained areas
of social functioning, we traced pre—post changes in the
targeted preschoolers’ adaptive behavior and socialization
exhibited in the preschool, as reported by the uninvolved
head educators (as full informants on generalization) and
by the assigned therapists (as complementary informants).
We used the Vineland Adaptive Behavior Scales-II: Teacher

rating form (VABS-II; Sparrow et al. 2005) to assess partici-
pants’ change in adaptive behavior (composite score) and in
socialization level (using the standard score and its subdo-
mains of interpersonal, play, coping). Lower VABS-II scores
indicated more impaired social functioning.

Data Analysis

Within-group differences (T1/T2) and between-group dif-
ferences (INTERACT/CONVERSE/PLAY/WAIT) were
analyzed independently of each other within a generalized
estimating equations (GEE) framework (SPSS V.24.0).
Thus, for each participant, there were two repeats of each
measurement: before (T1) and after (T2) intervention. The
GEE is a generalization form of regression that allows an
alternative assumption for the normal distribution, and a test
for correlation between repeats, also known as the working
matrix (Hardin and Hilbe 2013). We performed our test for
group, time, and interaction effects.

The source of the time X group interaction was deter-
mined by using a post hoc pairwise comparison (LSD—Ieast
significant difference, subject to p <0.05 significance level).
We reported the marginal means’ difference (MD), signifi-
cance level (p), and confidence interval (CI) for our post hoc
T2 results. All CIs were based on two-tailed 95% cut-off.
We used the Benjamini—Hochberg correction (Benjamini
and Hochberg 1995) to correct for false discovery rates in
various research variables which represent the study’s major
experimental instruments for observed/reported peer engage-
ment and generalization outcomes. We used this corrected
version to verify our multiple test results. These corrected
tests resulted in similar rejection decisions as the original
multiple tests. The indicators included observations of social
play and pragmatics; head educators’ SPQ ratings on the
most complex levels of social play (complementary—recip-
rocal) and of social pretend play (cooperative—complex);
head educators’ ratings on the SCQ speaker dimension; and
head educators’ Vineland composite score. The corrected
decisions did not contradict the original decisions, thus we
presented the multiple test results with higher confidence.
To improve standard error estimation, we ran a three-level
model to include the preschool effect at level 3. For this
modeling approach, we used the HLM V.7.0 (Raudenbush
et al. 2013).

Results

Preliminary analysis of between-group differences at T1
yielded non-significant findings. In line with study aims,
and considering the non-significant T1 group differences, we
report only main effects of time and interaction effects. Main
group effect beyond time is seen in Tables 2, 3, 4 and 5.
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The relevant tables also present the preschool level’s intra  only. Below we report the two-level GEE results as they are
class correlation (ICC) coefficients from the unconditional simpler and clearer to interpret.
model. Commonly, a fraction above 0.05 is considered high
enough to include the level in the model. The unconditional
ICCs varied from as low as nearly zero to as high as 0.31  Time Effects and Group x Time Interactions
(see Tables 2, 3, 4 and 5). Thus, we ran all models as three  for Participants’ Play Skills
levels and received the same results regarding the main
effects (time and group) and the interactions (time X group).  Descriptive statistics and model results for play levels are
In these models, school varied randomly by the intercept  presented in Table 2.

Table 2 Generalized estimating equations (GEE) results for observed and therapist-rated social and social pretend play

Observation of free time in Therapist ratings in preschool
assigned group

Hierarchical Peer Play Scale ~ Social Play Questionnaire

Social play Social pretend Social play Social pretend play
play Parallel Parallel aware-  Complemen- Solitary Coordi- Cooperative-
simple tary-recip- nated- asso- complex
rocal ciative
Preschool ICC 0.04 0.02 0.26 0.11 0.15 0.13 0.09 0.07
Effects (Wald)
Group effect 421 10.84#* 18.90***  7.25 26.12%%* 7.82% 16.49%#* 17.86%**
Group diff. P>1 LCW>P P>LCW PC>W LCP>W  LCP>W
P>LCW
Time effect 14.00%** 225 3.17 6.19%%* 27.96%%* 11.32%%%  (.2]%** 29.33%%*
Group X time 7.92% 8.89* 14.98%%* 14.72%* 83.38##* 10.30%* 45.60%** 83.87##*
Before-after diff. 17=0-063 pr=0.002 P=0011 Cp=0.002 P=0:000 [P=0:005 1,pr=0.000 1,pp=0000
pr=0000 pr=0043 pr=0.001 pr=0000 pr=0.003 Wp=0.031
Group diff.—after P>C,W P>LCW LCW>P P>ILCW LCP>W LCP>W P>LCW  P>LCW
LC,W<P P>C LCP>W  W<ICP
Marginal means (and standard error)
Group
INTERACT  3.17 (0.13) 1.90(0.24) 2.61(0.11) 3.13(0.14) 2.09(0.18)  3.70(0.17) 2.53(0.15) 2.17(0.14)
@
CONVERSE 3.17 (0.21) 2.07 (0.27) 2.74 (0.18) 3.07 (0.16) 2.09 (0.11)  3.86(0.14) 2.54(0.15) 2.15(0.15)
©
PLAY (P) 3.37 (0.09) 2.60 (0.24) 2.22(0.12) 3.51(0.14) 2.82(0.13)  3.97(0.16) 2.86(0.12) 2.65(0.15)
WAIT (W) 3.10 (0.10) 1.63 (0.18) 3.17 (0.18) 2.92(0.23) 1.86 (0.18)  2.98(0.32) 1.94(0.19) 1.63(0.18)
Time
Before 3.02 (0.08) 1.90 (0.15) 2.77 (0.08) 3.03 (0.09) 1.83(0.09) 3.37(0.15) 2.13(0.11) 2.18 (0.10)
After 3.39(0.09) 2.20(0.16) 2.59 (0.09) 3.28 (0.10) 2.60(0.12)  3.89(0.10) 2.81(0.10) 2.50(0.10)
Group X time
[—before 3.00 (0.16) 1.87 (0.30) 248 (0.12) 3.16 (0.09) 1.84 (0.15)  3.26(0.27) 2.30(0.17) 1.87(0.14)
[—after 3.33(0.09) 1.93(0.29) 2.77(0.12) 3.07 (0.15) 231(0.22)  4.15(0.19) 2.76(0.16) 2.48(0.16)
C—before 3.13(0.25) 2.13(0.35) 2.88 (0.16) 2.85(0.19) 1.98 (0.18)  3.80(0.25) 2.48(0.24) 2.03(0.22)
C—after 3.20 (0.19) 2.00 (0.30) 2.61(0.12) 3.28 (0.16) 2.20(0.13)  3.93(0.06) 2.60(0.14) 2.27(0.13)
P—before 3.00 (0.07) 2.00(0.23) 2.43(0.19) 3.16(0.17) 1.70 (0.15)  3.51(0.29) 1.88(0.16) 1.77(0.16)
P—after 3.75(0.18) 3.20 (0.36) 2.04 (0.13) 3.79(0.16) 3.75(0.18)  4.40(0.13) 3.72(0.16) 3.42(0.17)
‘W—before 3.00 (0.09) 1.73 (0.26) 3.32(0.19) 2.94(0.21) 1.77 (0.15)  2.93(0.37) 1.87(0.20) 1.60 (0.18)
W—after 3.20(0.17) 1.53(0.31) 2.93(0.29) 2.74(0.29) 1.68 (0.22)  2.83(0.25) 1.80(0.19) 1.40(0.14)

ICC for preschool-level intra class correlation coefficient from the unconditional three-level model
*p<0.05, *#p <0.01, ***p <0.001
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Table 3 Generalized estimating equations (GEE) results for observed and therapist-rated social conversation

Observation of free time and snack time in assigned group

Therapist ratings in preschool

Pragmatics Rating Scale-Youth (PRS-Y)

Quality scale Social Conversation Questionnaire

Pragmatic Prosodic Paralinguistic Speaker Listener Functioning
Preschool ICC 0.09 0.03 0.17 0.31 0.13 0.04 0.12
Effects (Wald)
Group effect 4.38 1.90 2.33 34.37#%* 3.92 3.40 6.53
Group diff. C>ILW
Time effect 6.09%* 0.002 0.27 0.11 15.50%** 25.98%%* 5.45%
Group X time 38.30%** 13.82%* 24.74%** 87.20%%%* 27.98%** 26.18%** 35.91%%*
Before-after diff. Pp=0:023 Wp=0003 Cp=0.000 Cp=0.000 CP=0.000 P=0045 Cp=0.000
Cp=0.000 Wp=0.001 pr=0033 pr=0.023 CPp=0.000 WP=0.050
Wp=0.001 Wp=0.050 pr=0.002
Group diff.—after W>ILCP W>C C>LPW LCP>W W<C,P C>LPW
W<ILCP
Marginal means (and standard error)
Group
INTERACT (I) 0.86 (0.08) 0.29 (0.05) 0.98 (0.09) 3.68 (0.17) 2.56 (0.14) 2.50 (0.15) 2.89 (0.20)
CONVERSE (C) 0.82 (0.09) 0.38 (0.06) 0.80 (0.09) 4.24 (0.06) 2.55(0.16) 2.60 (0.13) 3.20 (0.21)
PLAY (P) 0.73 (0.04) 0.36 (0.04) 0.89 (0.06) 3.84 (0.08) 2.61 (0.15) 2.64(0.14) 3.05 (0.19)
WAIT (W) 0.92 (0.08) 0.40 (0.11) 0.97 (0.12) 3.62(0.11) 2.16 (0.19) 2.27(0.16) 2.52(0.19)
Time
Before 0.88 (0.05) 0.35 (0.04) 0.93 (0.05) 3.86 (0.06) 2.30 (0.09) 2.28 (0.09) 2.79 (0.12)
After 0.78 (0.04 0.36 (0.04) 0.90 (0.05) 3.83 (0.08) 2.65 (0.09) 2.72 (0.08) 3.04 (0.10)
Group X time
I—before 0.95(0.11) 0.33 (0.05) 1.06 (0.09) 3.77 (0.14) 2.42(0.18) 2.31(0.19) 2.87 (0.26)
I—after 0.76 (0.07) 0.25 (0.05) 0.92(0.11) 3.61(0.22) 2.70 (0.19) 2.70 (0.17) 2.90 (0.17)
C—before 1.00 (0.12) 0.46 (0.08) 0.89 (0.09) 3.86 (0.08) 2.12(0.18) 2.11 (0.16) 2.65 (0.26)
C—after 0.65 (0.07) 0.30 (0.09) 0.72 (0.09) 4.63 (0.05) 2.99 (0.16) 3.10 (0.14) 3.74 (0.19)
P—before 0.75 (0.05) 0.31 (0.05) 0.92 (0.07) 4.02 (0.08) 2.45(0.15) 2.44 (0.16) 3.01 (0.22)
P—after 0.72 (0.08) 0.41 (0.06) 0.87 (0.09) 3.67 (0.14) 2.77 (0.17) 2.83(0.16) 3.12(0.21)
W—before 0.89 (0.09) 0.35(0.11) 0.83 (0.14) 3.75 (0.13) 2.18 (0.21) 2.27(0.18) 2.63(0.22)
W—after 0.98 (0.08) 0.46 (0.11) 1.10 (0.10) 3.48 (0.13) 2.15(0.18) 2.26 (0.16) 2.41(0.18)

Higher PRS-Y scores indicated a more severe pragmatic deficit; ICC for preschool-level intra class correlation coefficient from the unconditional

three-level model
*p<0.05, **p<0.01, ***p <0.001

Hierarchical-Developmental Play Stages (Peer Play Scale)
in Small-Group Observations

Results of the GEE for coding of observed play behavior
showed a main effect of time only for the hierarchical-
developmental social play stage, with significantly higher
T2 than T1 scores regardless of study group. A significant
time X group interaction was found for both social play and
social pretend play. The PLAY group demonstrated signifi-
cant T1-T2 improvement on both social play (p <0.000) and
social pretend play (p =0.002). Also, although not reach-
ing statistical significance, the INTERACT group showed
a tendency toward improvement (p =0.065) on social play.
At T2, the PLAY group scored significantly higher than the

CONVERSE group (MD=0.55, p=0.04, C1[0.025, 1.075])
and significantly higher than the WAIT group (MD =0.55,
p=0.028, CI [0.059, 1.041]) for their social play stage and
significantly higher than all three other groups for social
pretend play (INTERACT: MD=1.27, p=0.006, CI [0.37,
2.17]; CONVERSE: MD =1.20, p=0.01, CI [0.29, 2.12];
WAIT: MD=1.67, p=0.000, CI [0.74, 2.60]).

Therapist-Rated Play Stages (SPQ) in Preschool
A significant time effect was found in the expected direc-
tion (T1 < T2) for all therapist-rated SPQ play development

categories except for the lowest level of social play (parallel
play), beyond group. A significant time X group interaction
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Table 4 Generalized estimating equations (GEE) results for uninvolved head educators’ assessments of social/social pretend play and social con-

versation ratings in preschool

Social Play Questionnaire

Social Conversation Questionnaire

Social play Social pretend play Speaker Listener Functioning
Parallel Parallel aware- Complemen- Solitary Coordi- Cooperative-
simple tary-recip- nated- asso- complex
rocal ciative
Preschool ICC  0.36 0.09 0.15 0.21 0.19 0.10 0.09 0.12 0.10
Effects (Wald)
Group diff. 4.08 4.84 5.99 4.72 11.55%* 23.74%** 6.27 6.40 5.01
P>CW LCP>W
P>C
Time effect  0.42 2.87 36.90%** 2.34 24.17%%* 39.87%#%%* 21.44%*%  15.80*%**  9.06%*
Group X time ~ 12.89%* 5.13 25.30%%* 7.72 21.01%** 22.92%** 42.11%**  50.39%**  21.60%*
Before—after  PP=0-001 pr=0.005 p=0017 pr=0.011 P=0002 [P=0000 Cp=0.000 Cp=0.000 Cp=0.000
diff. Cp=0.002 Cp=0.035 Cp=0.000 PpP=0.000 pr=0.001
pr=0.000 pr=0.000 pr=0.000
Group diff— C>P - P>LCW LP>W P>ILCW ILCP>W W<LCP P>W CP>W
after I>W W<ILP P>LCW C>LW
Marginal means (and standard error)
Group
INTERACT 2.57 (0.17) 3.35(0.10) 2.40(0.17)  3.79(0.20) 2.75(0.20) 2.26 (0.19) 2.64 (0.16) 2.51(0.16) 3.10(0.17)
)
CONVERSE 2.76 (0.15) 3.11 (0.09) 2.30(0.16)  3.60(0.22) 2.41(0.13) 1.99(0.14) 2.56 (0.13) 2.63(0.15) 3.09 (0.17)
©
PLAY (P) 2.46(0.15) 3.33(0.17) 2.53(0.15)  3.66(0.17) 2.85(0.23) 2.43(0.12) 2.61 (0.17) 2.72(0.17) 3.35(0.19)
WAIT (W) 2.88 (0.18) 3.00 (0.16) 1.94(0.19)  2.93(0.34) 2.17(0.23) 1.55(0.14) 2.05 (0.20) 2.12(0.19) 2.62(0.26)
Time
Before 2.69 (0.08) 3.11 (0.08) 1.85(0.09)  3.34(0.16) 2.17(0.11) 1.64(0.09) 2.23 (0.10) 2.29(0.10) 2.86 (0.13)
After 2.64 (0.09) 3.29 (0.09) 2.73 (0.13)  3.65(0.15) 2.92(0.12) 2.47(0.10) 2.70 (0.09) 2.69 (0.09) 3.23(0.11)
Group X time
I—before  2.46 (0.21) 3.39(0.13) 2.11(0.19)  3.66(0.26) 2.49(0.21) 1.98(0.19) 2.62 (0.18) 2.50(0.16) 3.02(0.19)
[—after 2.69 (0.17) 3.29 (0.15) 2.68 (0.22)  3.93(0.32) 2.99(0.22) 2.53(0.20) 2.66 (0.21) 2.52(0.22) 3.19(0.22)
C—before 2.77 (0.15) 3.03 (0.14) 2.04(0.17)  3.60(0.29) 2.19(0.20) 1.65(0.18) 2.09 (0.17) 2.17(0.18) 2.59 (0.22)
C—after 2.74 (0.18) 3.18 (0.12) 2.55(0.19)  3.60(0.23) 2.62(0.12) 2.32(0.14) 3.03 (0.12) 3.10(0.13) 3.59 (0.17)
P—before  2.69 (0.16) 3.08 (0.15) 1.61 (0.11)  3.16(0.30) 2.02(0.16) 1.62(0.15) 2.23(0.23) 2.41(0.24) 3.19(0.25)
P—after 2.23(0.17) 3.56 (0.22) 344 (0.26)  4.16(0.19) 3.69(0.20) 3.25(0.19) 2.99 (0.15) 3.02(0.14) 3.51(0.19)
W—before 2.79 (0.16) 2.96 (0.20) 1.80 (0.16)  3.08 (0.33) 2.17(0.22) 1.48(0.16) 2.06 (0.11) 2.19(0.21) 2.70(0.30)
W—after  3.02 (0.25) 3.03 (0.25) 1.99 (0.27)  2.67(0.43) 2.08(0.29) 1.52(0.20) 2.05(0.20) 2.05(0.17) 2.56(0.25)

ICC for preschool-level intra class correlation coefficient from the unconditional three-level model
*p<0.05, *#p <0.01, ***p <0.001

emerged for all three social play levels and all three social
pretend play levels. T1-T2 differences revealed the PLAY
group’s significant improvement on five levels (p <0.003),
all except the lowest social play level, where T1 scores were
higher than T2 (p=0.043). Participants in the INTERACT
group likewise showed significant T1-T2 improvement on
five SPQ developmental levels (p <0.01), all except for the
middle social play level. The CONVERSE group showed
significant improvement only on the middle social play
level (p =0.002). By contrast, the WAIT group showed a
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significant decrease at T2 on the highest social pretend play
level (p=0.031).

Examination of group differences at T2 revealed that, for
four of the six SPQ developmental levels, the WAIT group
had significantly lower therapist-rated scores compared to
all three intervention groups. They differed regarding the
highest social play level of complementary-reciprocal play
(INTERACT: MD=-0.62, p=0.04, CI [-1.23, —0.016];
CONVERSE: MD=-0.52, p=0.039, CI [-1.01, —0.025];
PLAY: MD=-2.07, p=0.000, CI [—2.63, —1.51]).They
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Table 5 Generalized estimating
equations (GEE) results for

Therapist ratings

Uninvolved educator ratings

therapists’ and uninvolved Composite  Socialization Play Composite  Socialization Play
educators’ ratings on Vineland
Adaptive Behavior Scale Preschool ICC 0.18 0.25 0.20 0.00 0.03 0.11
(VABS-II) Effects (Wald)
Group effect 4.95 6.21 11.74™ 5.23 2.90 6.84
Group diff. 3>4
Time effect 1.87 2.47 4.40* 5.97%** 1.26 3.63
Group X time 10.68%* 10.39%* 9.87* 10.93%* 5.55 14.31%%**
Before-after diff. pr=0.000 pr=0.006 pr=0.000 P=0021 pr=0.000
pr=0.004
Group diff.—after I>CW P>W P>LCW LP>CW LP>W
I>W
Marginal means (and standard error)
Group
INTERACT (I)  86.67 (2.46) 83.02(2.84) 11.74 (0.51) 87.48(2.39) 84.61(2.22) 11.84(0.41)
CONVERSE (C) 78.83(2.57) 80.96 (3.08) 11.16(0.58) 82.67 (2.27) 80.61 (2.34) 11.57 (0.49)
PLAY (P) 82.95 (2.19) 85.95(1.99) 12.40(0.34) 84.77 (1.62) 83.08 (1.56) 12.11(0.34)
WAIT (W) 82.10 (2.35) 78.33(2.42) 10.36(0.51) 80.44 (2.23) 79.24 (2.91) 10.30 (0.60)
Time
Before 81.86 (1.46) 81.05(1.51) 11.11(0.31) 82.52(1.38) 81.24(1.16) 11.19(0.26)
After 83.42 (1.18) 83.08 (1.41) 11.71(0.25) 85.16 (1.26) 82.52(1.40) 11.72(0.28)
Group X time
I—before 85.79 (3.51) 83.32(3.69) 11.75(0.71) 85.20 (2.45) 85.36(2.53) 11.84(0.49)
I—after 87.60 (2.26) 83.00(2.86) 11.73(0.50) 89.47 (2.75) 84.06(2.43) 11.86(0.41)
C—before 78.86(2.93) 79.93 (3.35) 10.73 (0.76) 83.50(2.15) 79.92 (2.16) 11.50 (0.52)
C—after 78.80 (2.65) 82.00 (3.24) 11.60 (0.62) 80.79 (2.61) 81.26 (3.29) 11.50 (0.82)
P—before 80.20 (2.25) 82.60 (2.09) 11.70(0.38) 81.96 (1.88) 80.65 (1.76) 11.20 (0.33)
P—after 85.70 (2.40) 89.30(2.55) 13.10(0.38) 87.28 (1.91) 85.16(1.92) 12.88 (0.47)
W—before 83.26 (3.03) 79.40 (2.76) 10.46 (0.60) 79.80 (2.58) 79.61 (2.39) 10.39 (0.66)
W—after 80.93 (1.94) 77.26 (2.27) 10.26 (0.49) 81.23 (2.38) 79.11(3.48) 10.28 (0.61)

ICC for preschool-level intra class correlation coefficient from the unconditional three-level model

*p<0.05, ##p <0.01, ***p <0.001

also differed regarding all three social pretend play lev-
els: Level I (INTERACT: MD=-1.32, p=0.000, CI
[-1.96, —0.68]; CONVERSE: MD=-1.09, p=0.000, CI
[-1.62,-0.58]; PLAY: MD=-1.56, p=0.000, CI [-2.13,
—1.001]); Level 2 ANTERACT: MD =-0.95, p=0.000, CI
[—1.45, —0.45]; CONVERSE: MD=-0.79, p=0.001, CI
[-1.27,-0.31]; PLAY: MD=-1.92, p=0.000, CI [-2.40,
—1.42]); and Level 3 (INTERACT: MD=-1.09, p=0.000,
CI [-1.50, —0.67]; CONVERSE: MD=-0.88, p=0.000,
CI [-1.25, —0.51]; PLAY: MD=-2.03, p=0.000, CI
[—2.47, —1.58]).

Also, the PLAY group’s SPQ scores at T2 were sig-
nificantly higher than the CONVERSE group on the low-
est social pretend play level (MD =0.60, p=0.035, CI
[0.42, 1.16]) and were significantly higher than all three
other groups on four of the play levels (middle and high-
est social play and social pretend play levels), as follows:
social play Level 2 INTERACT: MD=0.72, p=0.001, CI

[0.29, 1.15]; CONVERSE: MD=0.51, p=0.027, CI [0.06,
0.95]; WAIT: MD=1.05, p=0.002, CI[0.39, 1.71]); social
play Level 3 INTERACT: MD =1.44, p=0.000, CI [0.88,
2.01]; CONVERSE: MD=1.55,p=0.003, CI[1.11, 1.99];
WAIT: MD =2.07, p=0.000, CI [1.51, 2.63]); social pre-
tend play Level 2 (INTERACT: MD =0.96, p=0.000, CI
[0.51, 1.41]; CONVERSE: MD=1.13, p=0.000, CI [0.71,
1.55]; WAIT: MD=1.91, p=0.000, CI [1.42, 2.41]); and
social pretend play Level 3 (INTERACT: MD =0.93,
p=0.000, CI [0.47, 1.40]; CONVERSE: MD=1.15,
p=0.000, CI[0.72, 1.57]; WAIT: MD =2.03, p=0.000, CI
[1.58, 2.47]). In contrast, for the lowest social play level,
the PLAY group’s score at T2 was significantly lower than
all other groups. In sum, compared to all other groups after
treatment, the WAIT group showed significant disadvan-
tages, whereas the PLAY group showed more noticeable
improvement in several complex social play and social
pretend play stages.

@ Springer



Journal of Autism and Developmental Disorders

Time Effects and Group x Time Interactions
for Participants’ Conversation Skills

Descriptive statistics and model results for conversation
skills are presented in Table 3.

Interactive Social Conversation Skills (Pragmatics
and Quality) Observed in Small Groups

Results of the GEE showed a main effect of time for the
PRS-Y’s pragmatic category, where deficit scores decreased
from T1 to T2. A significant time X group interaction was
found for all three PRS-Y categories (pragmatic, prosodic,
and paralinguistic) and in the conversation quality score.
Regarding T1-T2 differences for the WAIT group, all the
PRS-Y deficit categories were significantly higher at T2 than
at T1 (p <0.003), and conversation quality was significantly
lower at T2 (p <0.05), meaning that on both conversation
measures the waitlisted participants deteriorated from T1
to T2. The opposite pattern was shown by the CONVERSE
group, with significantly lower pragmatic and paralinguis-
tic deficits (p =0.000) and higher conversation quality after
treatment than before treatment (p =0.000). A significant
reduction in the pragmatic deficit at T2 was also observed
for the INTERACT group (p=0.023). By contrast, the
PLAY group revealed a significant T1-T2 reduction in con-
versation quality (p =0.03). Significant between-group dif-
ferences on PRS-Y scores at T2 revealed the WAIT group’s
more severe pragmatic deficit compared to all intervention
groups (INTERACT: MD=0.22, p=0.041, CI [0.009, 0.43];
CONVERSE: MD=0.34, p=0.002, CI [0.13, 0.55]; PLAY:
MD=0.26, p=0.009, CI [0.06, 0.46]); and more severe
paralinguistic deficit compared to the CONVERSE group
(MD=0.39, p=0.005, CI [0.12, 0.66]); Lastly, between-
group differences on conversation quality at T2 showed
higher quality scores for the CONVERSE group than for any
of the other groups (INTERACT: MD =1.02, p=0.000, CI
[0.57, 1.47]; PLAY: MD=1.14, p=0.000, CI [0.85, 1.43];
WAIT: MD =0.96, p=0.000, CI [0.66, 1.25]).

Therapist-Rated Social Conversation Skills (SCQ)
in Preschool

Results of the GEE revealed a main effect of time (T2>T1)
for all three therapist-rated SCQ categories (speaker, lis-
tener, conversational functioning). Likewise, a significant
time X group interaction effect was found for all three cat-
egories. Therapists’ ratings indicated significant T1-T2
improvement for the CONVERSE group in all categories
(»=0.000), for the PLAY group in the speaker and listener
categories (p=0.023, p=0.002, respectively), and for the
INTERACT group only in the listener category (p =0.045).
By contrast, therapists rated the WAIT group as showing
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a reduction from T1 to T2 in conversational functioning
(p=0.05). Between-group differences on the SCQ at T2
revealed that the WAIT group was rated significantly lower
than all three intervention groups on the speaker category
(INTERACT: MD=-0.55, p=0.040, CI [-1.07, —0.02];
CONVERSE: MD=-0.84, p=0.001, CI [-1.33, —0.35];
PLAY: MD=-0.62 p=0.014, CI [-1.12, —0.12]) and
on the functioning category (INTERACT: MD =—0.49,
p=0.05, CI [-0.98, —0.01]; CONVERSE: MD=-0.98,
p=0.01, CI[-1.85, —0.80]; PLAY: MD=-0.70, p=0.01,
CI [-1.25, —0.16]) and was rated significantly lower than
the CONVERSE and PLAY groups on the listener category
(CONVERSE: MD=-0.83, p=0.000, CI [-1.26, —0.41];
PLAY: MD=-0.57, p=0.012, CI [-1.001, —0.012]). In
addition, the post-intervention rating for the CONVERSE
group’s conversational functioning was significantly higher
than for all other groups INTERACT: MD=0.84, p=0.002,
CI [0.32, 1.35]; PLAY: MD=1.32, p=0.000, CI [0.80,
1.85]; WAIT: MD=0.62, p=0.030, CI [0.06, 1.17]).

Generalization: Uninvolved Educators’ Reports
on Extra-Group Play and Conversation

Descriptive statistics and model results for educator rat-
ings are presented in Table 4. A significant time effect
emerged-with higher scores at T2 than at T1—for three of
the six educator-rated SPQ play development levels (the
highest social play and middle and highest social pretend
play levels) and for all three educator-rated SCQ conversa-
tion categories (speaker, listener, functioning). Regarding
educator-rated play, a significant time X group interaction
emerged for four SPQ levels (all but the middle social play
level and lowest social pretend play level). Educators rated
significant T1-T2 improvement for all intervention groups
on three play levels: the highest social play (INTERACT:
p=0.017, CONVERSE: p=0.002, PLAY: p=0.000),
the middle social pretend play (INTERACT: p=0.002,
CONVERSE: p=0.035, PLAY: p=0.000), and the high-
est social pretend play (p =0.000 for all) levels. Only the
PLAY group was rated by educators as showing a reduction
from T1 to T2 on the lowest social play level (p =0.001),
alongside T1-T2 improvement in the lowest social pretend
play level (»p=0.01). Main findings for between-group edu-
cator-rated SPQ differences at T2 revealed that the PLAY
group surpassed all other groups on three ratings: social
play Level 3 AINTERACT: MD=0.76, p=0.025, CI [0.09,
1.43]; CONVERSE: MD=0.83, p=0.006, CI [0.25, 1.52];
WAIT: MD=1.45, p=0.000, CI [0.71, 2.19]); social pretend
play Level 2 INTERACT: MD=0.70, p=0.020, CI [0.11,
1.29]; CONVERSE: MD=1.07, p=0.000, CI [0.61, 1.53];
WAIT: MD=1.61, p=0.000; CI [0.90, 2.31]); and social
pretend play Level 3 INTERACT: MD=0.71, p=0.01, CI
[0.17, 1.27]; CONVERSE: MD=0.92, p=0.000, CI [0.44,
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1.40]; WAIT: MD=1.73, p=0.000, CI [1.18, 2.28]). Also,
the WAIT group was lower than the three intervention
groups on the highest social pretend play level INTER-
ACT: MD=-1.01, p=0.000, CI [-1.57, —0.45]; CON-
VERSE: MD=-0.80, p=0.001, CI [-1.29, —0.31]; PLAY:
MD=-1.73, p=0.000, CI [-2.28, —1.19]).

Regarding educator-rated conversation, the signifi-
cant time X group interaction found for all SCQ categories
revealed T1-T2 improvement for the CONVERSE group on
all three categories (speaker, listener, functioning, p=0.000)
and for the PLAY group on the speaker and listener cat-
egories (p<0.001). Between-group educator-rated SCQ
differences at T2 revealed that the WAIT group showed sig-
nificantly poorer speaker skills than all three intervention
groups (INTERACT: MD=-0.61, p=0.039, CI [-1.19,
—0.03]; CONVERSE: MD=-0.98, p=0.000, CI [—1.44,
—0.51]; PLAY: MD=-0.94, p=0.000, CI [-1.43, —0.44])
as well as poorer listener and functioning skills compared
to the CONVERSE group (Listener: MD=1.04, p=0.000,
CI [0.61, 1.48]; Functioning: MD=-1.03, p=0.001, CI
[—1.62, —0.43]) and the PLAY group (Listener: MD=0.97,
p=0.000, CI [0.53, 1.41]; Functioning: MD =—0.95,
p=0.003, CI [-1.57, —0.32]). Lastly, educators rated the
CONVERSE group as higher than the INTERACT group
on the SCQ listener category at T2 (MD =0.58, p=0.028,
CI[0.062, 1.09)).

Generalization to Participants’ Adaptive Behavior

Descriptive statistics and model results for participants’
adaptive behavior ratings are presented in Table 5. Results
of the GEE for the VABS-II revealed a time effect (T2 >T1)
for the educator-rated composite score and for the therapist-
rated play score. A significant time X group effect emerged
for the VABS-II composite and for the socialization play
sub-domain according to both therapists’ and educa-
tors’ reports and for the VABS-II socialization categories
according to only therapists’ reports. A post hoc pairwise
comparison to determine the interaction’s source revealed
the PLAY group’s significant improvement from T1 to
T2 based on the therapist-rated (p =0.000) and educator-
rated (p =0.004) composite as well as on the therapist-
rated and educator-rated play subdomain (p =0.000, each)
and the therapist-rated socialization scores (p =0.006).
Significant T1-T2 improvement also emerged for the
INTERACT group on the educator-rated composite score
(p=0.021). T1-T2 changes in the interpersonal and cop-
ing subdomains were not significant for either reporter.
Between-group differences at T2 showed a significantly
higher therapist-rated composite score for the INTERACT
group compared to the CONVERSE (MD=8.80, p=0.012,
CI [1.95, 15.64]) and WAIT (MD=6.67, p=0.026, CI
[0.81, 12.52]) groups. Therapist ratings at T2 for the PLAY

group also showed higher socialization compared to the
WAIT group (MD =12.03, p=0.000, CI [5.32, 18.74]) and
higher play subdomain scores compared to all other groups
(INTERACT: MD=1.37, p=0.03, CI [0.12, 2.61]; PLAY:
MD=1.50, p=0.039, CI [0.073, 2.93]; WAIT: MD=2.83,
p=0.000, CI[1.60, 4.06]). For the therapist-rated play sub-
domain at T2, the INTERACT group also surpassed the
WAIT group (MD=1.47, p=0.038, CI [0.85, 2.85]). For
the educator-rated composite score at T2, the PLAY and
INTERACT groups exceeded both the CONVERSE group
(PLAY: MD=6.48, p=0.045, CI1 [0.13, 12.82]; INTERACT:
MD=28.67,p=0.022, CI [1.24, 16.01]) and the WAIT group
(PLAY: MD=6.04, p=0.048, CI [0.048, 12.03]; INTER-
ACT: MD=28.23, p=0.024, CI [1.09, 15.36]). On the edu-
cator-rated play subdomain, both PLAY and INTERACT
groups outperformed the WAIT group (PLAY: MD =2.60
p=20.001, CI [1.09, 4.12]; INTERACT: MD =1.58,
p=0.032, CI[0.14, 3.02]).

Discussion

The major aim of this novel RCT investigating the holis-
tic ecological implementation of the manualized peer—peer
PPSI intervention was to increase social engagement of
preschoolers with HFASD during mixed interactions with
their peers with HFASD and peers with TYP. Strengthen-
ing these children’s ability to interact, play, and converse
more effectively with their peers, especially at early ages in
preschool, may mitigate the risk for poor social adaptation
later in life (Hay et al. 2009; Vaughn et al. 2016). Using
direct observations of spontaneous behavior and involved
therapists’ and uninvolved educators’ reports at baseline
and after intervention for three treatment groups versus a
control group, we aimed to demarcate each treatment modal-
ity’s efficacy beyond natural maturation, while examining
modalities’ generalization to preschool contexts outside the
small-group setting and to untrained domains (adaptive and
socialization capabilities).

Intervention Effects on Peer Engagement According
to Observation and Therapist Report

Overall, the target children in all three PPSI groups showed
improvement in various aspects of peer engagement after
the intervention, whereas the target children in the control
group did not progress over time and, on some measures,
even deteriorated. As expected, assessments of preschool-
ers’ spontaneous display of the targeted interactive conver-
sational and play behaviors in non-PPSI social situations
in the study group and in the preschool underscored that
the PLAY intervention group improved most on indices
of play, the CONVERSE group improved most on indices

@ Springer



Journal of Autism and Developmental Disorders

of conversation, and the INTERACT group showed some
improvement on both the play and conversation abilities.

More specifically, both direct observations as well as ther-
apist reports indicated a notable rise in the developmental
stage that the PLAY intervention group exhibited after treat-
ment, for both social and social-pretend forms of play. This
was the only group that revealed significant improvement
in the social type of play—shifting from the lowest social
play level of simple/aware parallel play before intervention
(M =3.00, range 2.86-3.14) toward the highest social play
level of interactive complementary play after intervention
(M=3.75, range 3.38-4.11). Likewise, only the PLAY group
improved so substantially on the social pretend play meas-
ure, from the lowest solitary pretend acts related to and coor-
dinated with peers at T1 (M =2.00, range 1.54-2.46) toward
the simple associated pretend play up to cooperative pretend
play at T2 (M =3.20, range 2.50-3.90).

Group differences in play skills at T2 provide additional
evidence of the PLAY group’s unique improvement. On the
hierarchical observation scale, this group outperformed the
CONVERSE and WAIT groups on social play and outper-
formed all other groups on social pretend play. Therapist
reports on the SPQ corroborated these observation results
well, showing higher T2 than T1 ratings of the PLAY group
on all play levels except for the most basic (parallel) level,
as well as higher therapist ratings at T2 on the middle and
highest developmental stages of social play and of social
pretend play identified for the PLAY group compared to all
other groups. Interestingly, although conversation was not its
explicit focus, the PLAY group also showed improvement in
speaking and listening skills over time (pre < post) according
to therapists’ questionnaires (SCQ) but not in the quality
of their conversation, according to both the therapist-rated
SCQ and the direct observations. This finding may indicate
the importance of language for social kinds of play, espe-
cially during the preschool period; indeed, active play-talk is
the most frequent type of conversation among preschoolers
(Blum-Kulka et al. 2004). However, to improve the quality
of such conversation during play, targeted training should
probably be undertaken.

Indeed, preschoolers in the CONVERSE intervention
showed consistent and notable T1-T2 improvement in their
conversation quality, as observed in their smaller pragmatic
deficit and more adequate paralinguistic skills (on the PRS-
Y) after treatment. Higher conversation quality also denoted
better attending skills during interactions, greater abilities
to initiate conversation, more adequate responses to peers
and, most importantly, a better ability to maintain, expand,
and develop conversations with peers. This last skill is
considered to be very challenging even for young children
with TYP, and definitely for many children with ASD (e.g.,
Ying Sng et al. 2018). Therapists’ reports confirmed this
T1-T2 improvement in conversational qualities, and group
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differences at T2 showed higher gains on observed and
reported conversation qualities for the CONVERSE group
as compared to all the other groups.

Conversational and play skills are the building blocks of
an efficient social interaction with peers (Coplan and Arbeau
2009). Indeed, the INTERACT intervention group showed
improvement on both the play and conversation measures.
Therapists reported significant improvement for this group
on all but one of the six SPQ play development levels (all
but the middle social play level). Likewise, children in the
INTERACT group showed improvement in their pragmatic
conversation deficit (PRS-Y) as well as better listening
skills according to therapists’ SCQ reports. In addition,
on observed social play, pre—post scores showed a trend
toward improvement but only barely reached statistical sig-
nificance; thus, caution should be taken in considering this
result. All in all, children’s more general interactive skills
such as prosocial capabilities, as promoted in the INTER-
ACT intervention, led to better performance in some of their
social conversational and play capabilities. However, accord-
ing to both observations and therapists’ reports, this group
did not surpass either of the other intervention groups on
play or conversation measures at T2. These findings may
be related to our measurement procedure, which did not
include an observation of children’s spontaneous interac-
tions with their peers during ordinary preschool activities
(see “Limitations”).

This study’s most noticeable finding was the poor per-
formance of the treatment-as-usual control group. Consist-
ently over the various observed and reported measures, this
WAIT group did not show improvement over the 6-month
time period, and on several measures they even showed dete-
rioration over time (e.g., on all PRS-Y categories, observed
and reported conversational quality, highest reported social
play level). Moreover, for many measures, they performed
less well at T2 than all the other groups (e.g., on their high-
est social play level and all their social pretend play levels
on the therapist-rated SPQ, observed PRS-Y pragmatics, and
therapist-rated SCQ speaker and conversation functioning
capacities). The poor within-group (pre—post) and between-
group performance of the control group appears to suggest
that peer interaction skills may not develop spontaneously
in these preschoolers with HFASD, reinforcing the need to
undertake specific interventions.

Generalization to Untrained Domains and Settings

The reports by each preschool’s head educator (who was
not involved in the treatment and was masked to the evalu-
ated children’s intervention group assignment), aiming to
elucidate children’s transfer of learned peer engagement
skills, yielded several important findings. Overall, according
to reports by these senior educators, all three intervention
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groups showed significant T1-T2 increases in their play
complexity (both in social play and social pretend play)
as manifested during participation in various non-PPSI
preschool activities, but children in the control group did
not. Thus, learning and practicing of each of the PPSI’s
key domains helped children to develop important social
engagement skills that were relevant for everyday play situ-
ations with their peers. Educator-rated group differences at
T2 strengthened this conclusion, specifically for the middle
and highest levels of social play, for which all three inter-
vention groups outperformed the control group. Although
the educators’ evaluations of play skills were identical to
those of the PLAY and WAIT groups’ therapists, they varied
somewhat from those of the INTERACT and CONVERSE
therapists. Regarding conversation skill ratings, educators
resembled therapists in denoting progress in all SCQ catego-
ries (speaker, listener, and functioning) for the CONVERSE
intervention and some improvement in the speaker and lis-
tener categories for the PLAY group. This finding provides
more support for the important role of language within play
activities.

We further evaluated generalization of the PPSI by look-
ing at skills that were not explicitly trained, such as general
adaptive behaviors—as rated by therapists and uninvolved
educators on the VABS-II. Both therapists and educators
reported T1-T2 improvements in the PLAY group’s adaptive
scores, and educators also reported such improvement in the
INTERACT group. This may suggest the important contri-
bution made by interaction and social peer play to children’s
adaptive functioning during preschool. The therapists and
educators also gave higher T1-T2 evaluations to the PLAY
group on the VABS-II socialization score and play subdo-
main, indicating the major contribution of children’s peer
play capabilities to their socialization during the preschool
years. Interestingly, the improvement that was observed and
reported for the CONVERSE group in conversational skills
was not reported by either the therapists or educators as con-
tributing to better adaptive behavior or socialization. Perhaps
these VABS-II domains were not sensitive enough to capture
language improvement, calling for further study.

Limitations, Implications, and Future Research

Overall, the current outcomes were encouraging: the manu-
alized PPSI peer engagement intervention led to increases
in peer engagement among preschoolers with ASD. How-
ever, several study limitations should be considered. We
directly observed free-play and snack time within a small
group containing one or two children with HFASD and two
age-mates with TYP. The latter were chosen based on their
regular preschool educators’ report stating their lack of sig-
nificant social and behavior difficulties or a disability of any
kind. Yet, our coding system included only the children with

ASD because we were not permitted by the Ministry of Edu-
cation to collect data on the children with TYP. Thus, the
children with TYP may have exerted some influence on the
behavior of the children with ASD that we did not capture.
Hence, future studies would be well advised to look further
at dyadic ASD-TYP influences.

Another limitation relates to instrumentation. A special-
ized measure to assess children’s spontaneous interactions
with peers during breaks in the school day would help to
capture changes, mainly in the INTERACT intervention,
but also to more objectively assess the generalization of
children’s outcomes, beyond evaluations by the educator
and observations in the intervention group. Also, the SCQ
and the SPQ were developed for the current study to evalu-
ate children’s improvement in interactive play and conver-
sation skills; however, replication of those instruments in
future studies is recommended to strengthen their validity.
In addition, an important next step will be to examine chil-
dren’s progress following the PPSI interventions against
normative standards, to shed light on our results’ clinical
significance. Indeed, the consistent progress exhibited by
children in the treatment groups versus the consistent lack of
pre—post progress (and even regression) shown by the con-
trol group speaks to the value of the former. Nevertheless,
comparison of these improvements to normative standards
may strengthen the clinical significance of the PPSI’s results.

Moreover, collecting data throughout the course of the
treatment could provide us with a closer look at children’s
progress in real time over the months of the intervention,
to help make decisions about optimal intervention dura-
tion. Although the current study offered promising find-
ings regarding the feasibility of the PPSI intervention to
achieve meaningful change in young children with ASD,
future attempts to unpack its clinically effective components
and time requirements are important, considering the sub-
stantial resources needed for this intense 6-month treatment
involving the preschool environment and peers as delivery
agents. Specifically, further research should systematically
compare treatment protocols that combine multiple treat-
ment domains, simultaneously or sequentially. Also, future
researchers would do well to look at the role of possible
sex differences in understanding study outcomes, especially
regarding conversational skills, in order to optimally adapt
intervention goals to young boys’ and girls’ differing needs.

Overall, generalization and maintenance of study gains
should be further explored, and direct exposure of school
staff and parents to the intervention should further increase
generalization. In a like manner, future empirical examina-
tion of individual differences in social behavior outcomes
may be an important step toward personalizing the inter-
vention to create a better fit with each child’s needs. In that
regard, it is important to note that we defined our ASD sam-
ple as “high-functioning” based solely on their cognitive
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abilities (IQ > 70) as measured by the Mullen (1997) because
the intervention required language capabilities above the
intellectual disability cut-off. However, we are aware that
1Q as a sole criterion does not address the many social or
sensory challenges that may impact the way a child on the
spectrum navigates social engagement with peers, thereby
calling for future research to explore individual differences
in response to treatment.

Conclusion

As seen in the current study, 3 h per week dedicated specifi-
cally to peer engagement in preschoolers with HFASD pro-
duced significant changes, suggesting the value of integrat-
ing peer-delivered training into early intervention models
to reduce the risk of a poor social adaptation outcome (Hay
et al. 2009; Vaughn et al. 2016). Informal positive reports of
the therapists in their biweekly supervision sessions with the
research team spoke to the social validity of the intervention.
Furthermore, the peers with TYP seemed to enjoy taking
part in the fun group activities. Based on our PPSI results
that pinpointed the unique and crucial contribution of each
of the three areas of peer engagement—play, interaction, and
conversation—it appears that the incorporation of all three
training modalities into early ASD intervention may create
an optimal holistic peer program for supporting social and
play outcomes in this age group.

As recommended above, future research should system-
atically unpack the PPSI’s most effective components and
domains; however, the current results already appear to offer
some possible clinical implications. To increase feasibility
for this time-intensive holistic peer intervention, it is advis-
able for implementation of the three treatment modalities
(play, conversation, and interaction) to be individualized—
tailoring them sequentially or perhaps simultaneously to fit
each child’s specific needs. Thus, based on expertise in all
three key domains for effective peer engagement, the PPSI
therapist can generate treatment priorities, foci, and sequenc-
ing for each child. For example, intervention may begin with
the play curriculum if social play is identified as the most
challenging domain in a specific preschooler’s repertoire.
Alternatively, a child’s evaluation may lead the therapist
to combine domains, for instance to emphasize the child’s
quality of peer talk (conversation) and prosocial capabilities
(interaction) when working on play skills.

It is noteworthy that our first round of therapist training
enabled 50 early interventionists to successfully integrate
the PPSI into children’s individual psychoeducational
programs. Nevertheless, future implementation studies on
integrative PPSI protocols can shed more light on those
clinical-practical aspects in the real world. Taken together,
strengthening the ability of young ASDs to interact more

@ Springer

effectively with their peers may lead to a reduction in
social withdrawal, thereby increasing quality of life and
reducing the risk of poor long-term adjustment.
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