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Abstract
School-age children on the autism spectrum who are minimally verbal (MVAS)
use a limited repertoire of spontaneous communicative spoken words and reveal
large heterogeneity in cognitive functioning. Despite the challenges to form peer
social engagement posed by their unique social-communicative profile, few inter-
ventions have targeted peer interactions in the MVAS population. This study
explored predictors of individual differences in treatment response among
54 school-age minimally verbal autistic children (8–16 years) following an RCT
“school-based peer social intervention” (S-PSI) that compared two peer-oriented
intervention modalities (conversation versus collaboration) versus a waitlisted
control group. We examined autistic-symptom severity, age, verbal and nonverbal
IQ, executive functions, and sensory-processing profile for their contribution to
children’s ability to form relevant spontaneous communication exchanges with a
peer partner. Main findings revealed that larger deficits in sensory-processing
(sensory-avoidance and sensory low-registration) and in executive functions con-
tributed to greater growth in “relevant” (i.e., adequately attuned, participatory,
reciprocal) communication following both interventions, but not for the waitlisted
controls. Additionally, older participants with lower verbal and nonverbal IQ
improved communication’s relevancy more after the conversation intervention,
whereas the collaboration intervention was more beneficial for younger partici-
pants. Lower autistic-symptom severity contributed to larger growth in relevancy
for all groups. By identifying individual-level predictors of spontaneous, attuned,
participatory, and reciprocal (i.e., “relevant”) communication exchanges with
peers, we optimized S-PSI personalization for this uniquely nonverbal, heteroge-
neous MVAS population. These new channels for tailoring peer interventions to
better meet individuals’ needs may result in reduced social isolation and loneliness
and enhanced well-being.

Lay Summary
We examined cognitive-developmental-sensory and diagnostic predictors of indi-
vidual differences in children’s ability to form relevant spontaneous peer commu-
nication exchanges, following “school-based peer-social intervention” (S-PSI)
targeting minimally verbal autistic children (<30 words). Unexpectedly, treated
children with greater sensory-processing and executive-function challenges made
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larger magnitude of progress. S-PSI may influence implicit cognitive/sensory
skills, thus increasing social engagement.

KEYWORDS
communication exchanges, individual differences, minimally verbal ASD, peer interaction, school-
based peer social intervention, treatment response

INTRODUCTION

Minimally verbal autism spectrum—Definition

School-age children on the autism spectrum who are
“minimally verbal” (MVAS) are characterized by difficul-
ties in spoken language, displaying a repertoire of 0 to
30 spontaneous words (Tager-Flusberg & Kasari, 2013).
This paucity in spontaneous speech poses ongoing chal-
lenges for children’s communication exchanges—their
initiations and responses toward peers—during social
engagement (Kasari et al., 2013; Pecukonis et al., 2019;
Tager-Flusberg et al., 2017). Prolonged difficulties in
cooperating and conversing with peers can often lead to
social isolation and lower well-being, which implies the
likelihood of poor long-term prognosis for social adjust-
ment (Howlin et al., 2000). Moreover, this minimally ver-
bal subgroup poses challenges to both theoreticians and
interventionists due to its heterogenous cognitive and lan-
guage profiles (Bal et al., 2016; Kasari et al., 2013;
Tager-Flusberg & Kasari, 2013). Cognitive functioning
in MVAS may range from profound impairment to aver-
age intelligence, with 16% showing a nonverbal IQ of
70 or more. Receptive language may also vary from
severe impairment to intact vocabulary, but most MVAS
children show nonverbal IQ scores (as measured by
Raven’s Colored Progressive Matrices; Raven
et al., 1998) that exceed their receptive vocabulary scores
(Peabody Picture Vocabulary Test-III; Dunn &
Dunn, 1997).

Prior peer-interaction intervention

Despite its clear importance, peer-to-peer interaction has
only rarely been targeted explicitly by interventions for
school-age MVAS children. To date, most interventions
on this population utilized child-adult rather than child–
child interaction—while targeting speech production
(with/without augmentative/alternative communication
devices), prompting requests, responses, questions, and
information sharing. In such child-adult interventions,
children’s speech-production improvement was associ-
ated with higher baseline levels of joint attention (Kasari
et al., 2014) and symbolic play skills (Chang et al., 2018),
as well as higher child-caregiver communication
exchanges (DiStefano et al., 2016) and lower severity of
autism (Chenausky et al., 2018). The few intervention
studies that focused directly on peer interaction in

school-age MVAS children yielded optimistic results such
as increased communication abilities (e.g., Bahrami
et al., 2016) and social skills like joining activities and
sharing experiences or information (Plavnick
et al., 2015). Children retained these gains from 2 weeks
to 4 months after treatment, but these two studies were
not RCTs and had relatively small sample sizes.

Recently, Bauminger-Zviely et al. (2020) conducted an
extensive RCT study for a sample of 54 school-age MVAS
children ages 8–16 years, investigating the effectiveness of
the “school-based peer social intervention” (S-PSI)
designed to increase social engagement in minimally ver-
bal peer dyads on the autism spectrum (Bauminger-Zviely
et al., 2015). Throughout the S-PSI intervention, children
were taught to engage with peers either by conversing or
collaborating in ways that offered alternatives to spoken
words. Children could use any available communication
channels including sign language, gestures, handwriting,
drawing, touch, facial expression, kinesthetic movement in
space, and digital tools. Efficacy of each intervention
modality—conversation and collaboration—was also
compared to a waitlisted (control) group.

At the group level, significant pretest-to-posttest
improvement emerged for both intervention groups’
spontaneous free conversation exchanges (mostly nonver-
bal) and for the collaboration group’s spontaneous free
play, showing increases in peer-dyad members’ key social
behaviors such as initiations toward the peer partner and
relevancy of peers’ communicative exchanges during
social-engagement situations (Bauminger-Zviely
et al., 2020). No such improvement emerged for the con-
trol group, highlighting the potential efficacy of peer-
oriented intervention for populations with MVAS.

However, a closer look at the RCT findings at the
individual level suggested that children’s outcomes varied
within each of the three groups. Namely, following peer-
oriented intervention or while waiting for treatment,
some individual MVAS children exhibited growth in
social engagement, while other individuals showed little
or no gain. This raises an important question that may be
linked to the inherent heterogeneity of the MVAS popu-
lation: What personal child characteristics may predict
better or poorer growth as a result of peer-oriented inter-
vention? Considering the vital importance of peer engage-
ment for child’s development and well-being, the present
study aimed to identify endogenous predictors of individ-
ual differences in children’s growth as a result of peer-
oriented S-PSI conversation and collaboration interven-
tions (Bauminger-Zviely et al., 2020).
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Individual differences contributing to social
engagement and functioning: Potential
endogenous factors

Individual differences in social engagement resulting
from peer-interaction interventions have rarely been
examined in the autism spectrum and even less so in
MVAS. The few endogenous factors that previous studies
did identify as contributing to social functioning have
mainly been investigated to date with preverbal toddlers
and verbally fluent children on the autism spectrum.
Additionally, only some of the rare prior research con-
ducted interventions, but most did not. In this section, we
review those identified endogenous factors, namely:
autistic-symptom severity, age, cognitive variables
(i.e., verbal IQ, nonverbal IQ, executive functions), and
sensory-processing profile. All of these have demon-
strated strong evidence as influencing the ability to
socially engage and communicate among children on the
autism spectrum (Bertollo & Yerys, 2019; Kojovic
et al., 2019; Ruble & McGrew, 2013; Strauss
et al., 2014). We will specify those cases referring to
MVAS participants or to treatment outcomes.

Elevated severity of autistic symptoms has been con-
sistently linked to poorer adaptive skills across ages and
cognitive abilities (e.g., Chan et al., 2017; Miranda
et al., 2020; Tillmann et al., 2019) and to lower progress
following child-teacher social-skills intervention
(Ruble & McGrew, 2013).

The contribution of development (i.e., age) to chil-
dren’s social engagement was less consistent. Younger
age was related with progress in social engagment
(Morrier & Ziegler, 2018) and in joint attention and peer-
interaction initiation (Strauss et al., 2014), following
treatment. But specific studies on MVAS showed that
social behaviors (eye contact, gestures, initiatives,
responses, etc.) were not related to age among 78 MVAS
children (M = 6.19 years, SD = 1.29) following child-
adult play-based social-skills intervention
(Grzadzinski, 2018). Likewise, age did not correlate with
adaptive skills (communication or socialization domains
on the Vineland adaptive scale) among 333 MVAS chil-
dren (M = 5.95 years, SD = 1.53) (Frost et al., 2017).
Thus, the role played by age in peer interaction among
MVAS requires further examination.

Verbal and nonverbal IQ—were found to predict lan-
guage development, adaptive social behavior, and social
impairment in individuals on the autism spectrum across
a wide range of ages and functioning levels (Ben-
Itzchak & Zachor, 2020; Chan et al., 2017; Charman
et al., 2017; Tager-Flusberg & Kasari, 2013). Several
studies looking mainly at MVAS children and adoles-
cents found that higher verbal IQ predicted better sociali-
zation skills (Zou et al., 2018), and higher nonverbal IQ
correlated with better adaptive skills (Bertollo &
Yerys, 2019; Frost et al., 2017), language development
(Kasari et al., 2013), and social skills like imitation and

play (Pecukonis et al., 2019). Notably, Plesa Skwerer
et al. (2016) found that in MVAS children and adoles-
cents’ (6–21 years), verbal IQ (i.e., Peabody) scores were
lower than nonverbal IQ scores (i.e., Raven). This calls
for their separate examination in the social-
communication context for MVAS.

Cognitive abilities may also contribute to social func-
tioning through children’s executive functioning skills.
Executive cognitive operations like initiation, planning,
working memory, self-monitoring, and environmental
organization enable children’s performance of purposeful
and socially acceptable behavior (Bertollo & Yerys, 2019;
Friedman & Sterling, 2019). Executive difficulties in
autistic persons have been linked with difficulties in lan-
guage, communication, mentalization of others’ feelings
and thoughts (i.e., theory of mind), social interaction,
collaboration during social play, imagination, and crea-
tivity (Bauminger-Zviely, 2013; Bednarz et al., 2020;
Friedman & Sterling, 2019; Kimhi et al., 2014; Pugliese
et al., 2015). Interestingly, in Bertollo and Yerys (2019),
executive deficits in self-monitoring, as well as older age
and lower nonverbal IQ, contributed to lower adaptive
skills (communication, socialization) in school-age chil-
dren with low IQ levels (IQ < 75).

Finally, sensory-processing challenges are considered
a defining symptom of individuals on the autism spec-
trum (American Psychiatric Association, 2013), with
50%–70% of them characterized by hyposensitivity,
sensory-seeking, and/or hypersensitivity and up to 90%
characterized by sensory-avoidance. These patterns may
appear in any of the senses (Dellapiazza et al., 2019,
2020; Hilton et al., 2010; Sanz-Cervera et al., 2017; Thye
et al., 2018).

Several studies demonstrated links between sensory-
processing and social functioning. For example, larger
impairments in sensory processing among children on the
autism spectrum (3–6 years) were correlated with greater
social difficulties, lower socialization skills, and poorer
adaptive daily living skills (Kojovic et al., 2019). Also,
children on the autism spectrum who had more sensory
issues in registration of sensory cues, sensation-seeking,
and auditory-filtering dimensions demonstrated more
divergent gaze patterns in dynamic visual exploration of
social scenes, compared to typically developing children.
Dellapiazza et al.’s (2019) study of 197 children on the
autism spectrum (3–11 years) found that those with diffi-
culties in sensory-seeking profile showed lower adaptive
functioning (socialization, communication) than those
with a typical sensory-seeking profile. Yet, interestingly,
children on the autism spectrum who had an irregular
sensory-avoidant profile showed higher adaptive commu-
nication skills than those with a typical sensory-avoidant
profile. This surprising finding may suggest that children
on the autism spectrum who are irregular in their sensory
avoidance may attend more to language and communica-
tion components. However, these associations diminished
when controlling for IQ. In their review, Williams et al.
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(2018) suggested that atypical sensory-processing along
with cognitive abilities may affect opportunities for sig-
nificant social experiences, thereby subsequently imped-
ing development of broader social-communicative
adaptive skills and behaviors.

Study rationale and objectives

The importance of social interactions with peers for the
well-being and adaptive skills of children on the autism
spectrum has been well established, and initially promis-
ing results emerged at the group level from our recent
RCT study applying peer-oriented intervention to pro-
mote social interactions among a heterogeneous and
potentially vulnerable population of school-age MVAS
children (Bauminger-Zviely et al., 2020). However, as
seen in the review above, the frequent exclusion of
school-age MVAS children from prior research (Koegel
et al., 2020; Tager-Flusberg & Kasari, 2013) is not con-
ducive to drawing conclusions about possible child char-
acteristics that may contribute to children’s growth from
peer intervention. Predictors of social functioning may
manifest differently in this sub-population on the autism
spectrum, due to their unique characteristics reflected in
large heterogeneity of cognitive and language functioning
(Bauminger-Zviely et al., 2020), and, most noticeably,
their paucity of spontaneous speech (Koegel et al., 2020).

Thus, the present study conducted a novel examina-
tion of school-age MVAS children to determine whether
endogenous factors previously identified for other sub-
groups on the autism spectrum (e.g., preverbal toddlers,
verbally fluent) may contribute to these children’s vari-
ability in social engagement growth from peer-oriented
intervention. Identification of possible endogenous pre-
dictors of individual differences in children’s growth dur-
ing the S-PSI conversation and collaboration
interventions (Bauminger-Zviely et al., 2020) was
expected to expand existing empirical and clinical knowl-
edge about this population, thus promoting personaliza-
tion of intervention programs to better fit each child’s
unique profile and needs.

The S-PSI intervention included several observational
outcomes to evaluate spontaneous peer interaction in
MVAS. For the purpose of this study focusing on
individual-level progress in social engagement, we used
the “relevancy” measure, which reflects children’s ade-
quately attuned, participatory, and reciprocal
communicative-exchange behaviors. More specifically,
we explored five endogenous variables’ contribution to
positive pretest-to-posttest progress in the relevancy of
peer exchanges: (a) severity of autistic symptoms (social-
communicative, restricted/repetitive); (b) chronological
age; (c) verbal IQ (Peabody) and nonverbal IQ (Raven);
(d) executive functions; and (e) sensory-profile scales
(sensation-seeking, sensory-sensitivity, sensory-avoiding,
and sensory low-registration). We hypothesized that

younger age and higher verbal and nonverbal IQ would
predict higher change scores in exchange’s relevancy,
whereas high autistic-symptom severity, executive func-
tioning difficulties, and irregular sensory-processing
would predict smaller progress following S-PSI (lower
change scores in relevancy).

METHOD

This study was part of a broader RCT-based project
examining S-PSI efficacy. Appendix A describes the two
interventions’ principles and content. For full informa-
tion on methods and procedures, see Bauminger-Zviely
et al. (2020).

Participants

Participants were 54 school-age MVAS children recruited
from nine special-education schools. Inclusion criteria
were: (a) formal clinical ASD diagnosis, based on the
Diagnostic and Statistical Manual of Mental Disorders
criteria (4th ed., text rev.; American Psychological Asso-
ciation, 2000), given by a licensed psychologist unasso-
ciated with this study as mandatory for inclusion into
these special education schools according to Israeli Min-
istry of Education policy; (b) verification of the child’s
ASD formal clinical diagnosis (scores above the autism
cutoff) by a parent’s report on the Social Communication
Questionnaire (Rutter et al., 2003); (c) IQ ≥ 35 using the
Peabody (Dunn & Dunn, 1997) for verbal IQ and the
Raven (Raven et al., 1998) for nonverbal IQ; and (d) no
more than 30 spontaneously spoken words (reported by
teachers) per the MVAS definition (Tager-Flusberg &
Kasari, 2013). The study received permission from the
chief scientist of the Ministry of Education.

To create the sample, eligible children from 37 classes
in nine schools were randomly assigned into three groups:
two intervention groups (conversation, collaboration)
and one control (delayed-intervention) group. In six of
the schools, student numbers and teacher availability per-
mitted children’s initial random allocation to all three
conditions within each school. In the three schools where
student numbers or teacher availability were insufficient
to initially allocate children to all three conditions in the
same school, randomization was performed across
schools. Allocation continued randomly across schools
until all participants were assigned (for full details, see
Bauminger-Zviely et al., 2020).

Each of the three groups comprised 18 children in
nine fixed dyads, matched by their preferred minimally
verbal or nonverbal communication mode. At baseline
(Time1), participants were 8–16 years, with verbal IQ
score range of 37–101 (M = 56.26, SD = 16.22) and non-
verbal IQ score range of 41–125 (M = 62.56,
SD = 21.02). See Table 1 for pretest characteristics of
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study participants by group. Preliminary independent-
samples t-test revealed significantly higher nonverbal IQ
for the intervention groups than the control group, t
(52) = �2.143, p < 0.05, and significantly higher
restricted/repetitive behaviors in the conversation than
the collaboration group, t(34) = �2.17, p < 0.05. How-
ever, these endogenous factors had no significant correla-
tion with the S-PSI outcome measure: pre-post change
scores in exchanges’ relevancy.

Measures

Relevancy: The S-PSI outcome measure

This study on individual differences in treatment response
examined a change score of Time2 (after treatment)
minus Time1 (before treatment) regarding one outcome
measure for “relevancy.” As operationalized in the RCT
study, relevancy was the child’s adequacy of attunement
toward a peer partner and participation in reciprocal com-
munication chains. At each time for each child, relevancy
was rated during a 6-min videotaped free social “conver-
sation” situation within the same fixed peer-dyads. Dur-
ing the first 3 min of the free-“talk” situation, a familiar
teacher provided structured support to assist the fixed
peer-dyads to begin communicating interactively using
their preferred nonverbal/minimally-verbal channels. In
the ensuing 3 min, the teacher only encouraged the dyad
to continue their “conversation” exchange. For example,”
relevant” exchanges might include: Partner A listens and
looks at Partner B’s communication (e.g., board/gesture/
speech) while Partner B communicates (writes/gestures/
speaks) a question for Partner A; then Partner A replies
by showing a word/picture using their preferred channel.

Raters of relevancy used Capps et al.’s (1998) Social
Conversation Scale, as adapted by Bauminger-Zviely
et al. (2020) to the MVAS population’s nonverbal com-
munication channels (e.g., gestures, social smile, eye con-
tact, initiations, responses). Two raters, experts in special
education (masked to participants’ group assignment)
counted each child’s frequency of relevant, adequate
communicative behaviors toward the communicative
partner during each 10-s interval across the 6 min. Rele-
vant behavior was scored 1, and nonrelevant behavior
was scored 0, yielding a possible total relevancy score
ranging between 0 and 36. This relevancy rating scale
showed high reliability (α = 0.88). Raters obtained high
intraclass correlation coefficients (ICC) on independent
coding of 25% of videotapes, randomly selected from the
three groups (ICC = 0.88 on free-conversation coding).

Endogenous factors: Individual difference
measures

Autistic-symptom severity. The Social Responsiveness
Scale (Constantino & Gruber, 2012), commonly used in
studies on the autism spectrum for ages 4–18 years (Chan
et al., 2017; Jones et al., 2017; Tillmann et al., 2019),
assessed teacher-rated severity of children’s autistic symp-
toms. Two subscales corresponded with DSM-5 symp-
tom domains (American Psychiatric Association, 2013):
social communication and interaction (SCI; 53 items)
and restricted interests and repetitive behaviors (RRB;
12 items). Higher scores indicated more severe impair-
ment. The scale showed high reliability (α = 0.97).

IQ. The Peabody and Raven IQ tests assessed chil-
dren’s verbal and nonverbal cognitive abilities,
respectively.

TABLE 1 Pretest characteristics of study participants (N = 54) with MVAS by group

Study group

Conversation
(n = 18)

Collaboration
(n = 18)

Control
(n = 18)

Group
differences

Boys/girls 15/3 16/2 13/5

Chronological age in months M (SD) 122.61 (18.61) 134.76 (28.56) 136.17 (22.52) ns

Range 96–162 92–181 94–182

No. of spoken words (Social Conversation Scale) M (SD) 6.44 (6.90) 10.33 (10.25) 8.22 (8.14) ns

Range 0–25 0–30 0–30

Communication channels
Limited speech only
iPad with/without limited speech
Communications board with/without limited speech
Sign language + limited speech
Sign language + writing

5
7
6
0
0

12
5
1
0
0

4
6
6
1
1

ASD diagnostic verification score (Social
Communication Questionnaire)

M (SD) 22.56 (3.57) 22.00 (4.10) 21.67 (3.38) ns

Mothers’ educationa M (SD) 3.16 (0.85) 3.44 (1.50) 3.00 (1.37) ns

aA 6-point scale ranging from elementary school (1) to graduate degree or higher (6).
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Executive function. Teachers assessed children’s exec-
utive functions using the behavior rating inventory of
executive function (BRIEF; Gioia et al., 2000). The
BRIEF, for children ages 5–18 years on the autism spec-
trum and/or intellectual disabilities (Bednarz et al., 2020),
has high test–retest reliability (Gioia et al., 2000). The
86-item generalized executive function score included
behavioral regulation (e.g., inhibition, shifting, emotional
control) and metacognition (e.g., planning, organization,
monitoring). Higher scores indicated more severe impair-
ment. The scale showed high reliability (α = 0.93).

Sensory profile. Teacher-rated Sensory Profile School
Companion Questionnaire (Dunn, 2006) assessed four of
children’s sensory patterns: sensory low-registration
(22 items; e.g., missing sensory cues that others notice
easily), sensation-seeking (19 items; e.g., needing more
sensory input, staying more alert), sensory-sensitivity
(19 items; e.g., putting hands over ears), and sensory-
avoiding (20 items; e.g., moving away from activities,
choosing to work alone). Higher scores indicated more
normative (typical) sensory-processing behavior. The
scale showed high reliability (α = 0.86) and suitability for
children with or without autism spectrum ages 3–12 years
(Brown & Dunn, 2010). Although some current partici-
pants were older, their mental age fit this age range.

Data analysis

To explore the endogenous factor set’s contribution to
explanations of individual growth in relevancy of sponta-
neous communication exchanges with the peer partner as
a result of the S-PSI, we calculated a change score
(Time2 minus Time1) for all study participants. Then, we
conducted comparisons for two analytic conditions. Con-
dition 1 (n = 54) examined the whole sample, comparing
those who did versus those who did not undergo an inter-
vention (i.e., the control group versus both the collabora-
tion and conversation groups together). Condition
2 (n = 36) compared the two intervention groups to one
another (i.e., collaboration vs. conversation), to under-
stand each modality’s possible differential contribution.

These comparisons were examined within a two-part
modeling approach using the Mplus V.8.3 statistical
package (Muthén et al., 2016). In this approach, a binary
(logistic or- probit) regression evaluates across all partici-
pants the probability of making positive progress (coded
as 1) or of making no progress or negative progress
(coded as 0). Simultaneously, a linear (continuous)
regression examines only those who made positive pro-
gress, calculating the extent of their progress based on
their actual change score, as controlled by their probabil-
ity of making positive progress (Farewell et al., 2017;
Sauzet et al., 2019). In this study of relevancy outcomes,
we expanded the two-part modeling to include the ran-
dom effect of dyads within the two-level analytical frame-
work (Blozis et al., 2020). Individual participants were

measured at the subject-level, while the dyadic level was
set for the peer-coupled response. Due to the small sam-
ple, the random effect was expressed in the dyadic inter-
cept, an intercept that varied by dyads. All analyses
included the following predictors (see Figure 1): baseline
relevancy score, group, each Time1 endogenous factor
score, and its interaction with group.

RESULTS

Preliminary descriptive statistics

Groups’ pretest and posttest scores for relevancy (range:
0–36) were: Conversation—Time1: M = 6.49, SD = 1.89;
Time2: M = 12.91 SD = 2.17; Collaboration—Time1:
M = 11.25, SD = 2.08; Time2: M = 20.19, SD = 2.08;
and Control—Time1: M = 13.23, SD = 1.46; Time2:
M = 12.90, SD = 1.86.

The truncation procedure yielded 40 positive
responders to treatment (74% of the sample)—those par-
ticipants with positive pre-post change in peer exchanges’
relevancy. Table 2 presents percentages of positive
responders by group, for each analytic condition. Chi-
square goodness-of-fit test was performed to determine
whether the proportion of positive responders was equal
between groups. As seen in the table, the percentage of
positive responders was significantly higher in the inter-
vention groups than the control group (Condition 1),
without significant conversation versus collaboration dif-
ferences (Condition 2). In line with the linear model,
Table 2 also presents descriptive statistics for each
group’s extent of positive progress in relevancy scores, by
analytic condition, showing non-significant group differ-
ences in both conditions.

The two-part series of regression analyses (binary and
linear) examined endogenous factors’ effects on positive
progress in relevancy. Table 3 separately presents coeffi-
cients (β for linear and B for binary) for each endogenous
factor’s effects and interactions with group; see Figure 2
for only significant effects. Sensory-seeking and sensory-
sensitivity profiles did not contribute significantly to rele-
vancy in either model. The other effects are described
below.

Relevancy progress predictors in Condition 1
(intervention vs. control)

For Condition 1 comparing both interventions to con-
trols (n = 54), the binary regression model predicting
the odds of positive treatment responses (i.e., positive
relevancy change scores) revealed a significant negative
binary association with initial baseline relevancy
scores, after adjusting for dyad. The odds of being pos-
itive responders decreased by 14.7% for every 1-point
increase on baseline relevancy scores (b = 0.159,
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p < 0.01, Odds = 0.853). Namely, children who ini-
tially demonstrated more relevant spontaneous social
exchanges had lower odds of showing positive change
than children who initially showed lower relevancy.
The linear regression model for baseline relevancy was
non-significant (β = 0.065, p = 0.65). Also, study group
revealed a significant binary effect on relevancy pro-
gress (b = 2.85, p < 0.001, Odds = 17.29), beyond
endogenous predictors’ effects. Thus, intervention par-
ticipants were 17 times more likely to show positive
progress than waitlisted children. The linear regression
model for group was non-significant (β = 1.91,
p = 0.33).

Regarding endogenous predictors in Condition 1 (see
Table 3), binary and linear effects for relevancy progress
were nonsignificant for age, verbal IQ, and executive
functioning skills. As detailed next and presented in
Figure 2, five endogenous variables did contribute signifi-
cantly: both autistic-symptom severity scales (SCI,
RRB), nonverbal IQ, and two sensory-profile subscales
(sensory-avoidance, sensory low-registration).

Specifically, both autistic-symptom subscales revealed
significant negative linear effects. Namely, as hypothe-
sized, more intact social-communication/interaction abili-
ties and fewer restricted/repetitive behaviors predicted
participants’ larger growth in relevancy. Additionally, in

Progress in S-PSI 
outcome measure of 
social exchanges' 
relevancy

(Time2 minus Time1) 

Baseline level of 
relevancy 

(Time1) 

Group:

Condition 1:
0=Control; 1=Intervention

Condition 2:
0=Collaboration; 1=Conversation

Each endogenous Factor:

• Autistic-symptom severity
• Age
• IQ
• Executive functions
• Sensory profile

Interaction:

Group by endogenous 

Factor (G*F)

B

G

F

I (G*F)

F I GURE 1 Regression model for peer communication Exchanges’ relevancy outcomes. S-PSI, school-based peer social intervention

TABLE 2 Group differences for percentages of positive treatment responders (n = 40) and descriptive data for change scores by analytic
condition

Condition 1 (n = 54) Condition 2 (n = 36)

Both intervention
groups

Control
group

Collaboration
group

Conversation
group

Positive responders (showing positive
change in relevancy)

N 33 7 16 17

% of group 91.6 38.9 88.9 94.4

df 1 1

χ 2 17.40 0.36

p 0.00 0.55

Change scores (Time2 minus Time1) M (SD) 8.45 (5.56) 6.43 (4.72) 9.50 (5.51) 7.47 (5.58)

Range 1–24 2–15 3–24 1–22

df 38 31

t �0.09 1.05

p 0.38 0.30
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line with our hypothesis, nonverbal IQ showed a signifi-
cant positive binary effect; the odds of being positive
responders increased by 7.4% for every 1-point increase
on nonverbal IQ.

Sensory low-registration revealed a significant binary
effect; the odds of being positive responders increased by
4.0% per 1-point increase in adaptive sensory low-
registration scores. Moreover, examination of the signifi-
cant linear interaction effect between sensory low-
registration and group suggested that larger magnitude
of relevancy progress was demonstrated by intervention
participants with less adaptive sensory low-registration
(lower scores) and by control group participants with
more adaptive sensory low-registration (higher scores).

Sensory-avoidance showed significant interactions
with group in both binary and linear models. Interactions
indicated that these effects were nonsignificant for the
control group but significant for the intervention groups.
The significant binary effect for intervention participants
suggested that the odds of being positive responders
increased by 7.5% per 1-point increase in adaptive

sensory-avoidance scores. The significant linear effect
indicated that among intervention participants who were
positive responders, less adaptive sensory-avoidance
(lower scores) contributed to larger magnitude of
progress.

Relevancy progress predictors in Condition 2
(collaboration vs. conversation)

Overall, the two-part regression analyses for Condition
2 comparing the two intervention types (n = 36) yielded
nonsignificant binary (b = �0.108, p = 0.13,
Odds = 0.898) and linear (β = 0.072, p = 0.56) effects for
baseline relevancy scores. In addition, intervention type
(collaboration versus conversation groups) also yielded
non-significant binary (b = 0.75, p = 0.535, Odds = 2.13)
and linear (β = �2.05, p = 0.26) effects on progress
(change score) in relevancy. Regarding endogenous pre-
dictors for Condition 2 (see Table 3), binary and linear
effects were nonsignificant for both autistic-symptom

TABLE 3 Coefficients from linear and binary modeling for endogenous predictors of relevancy outcomes by analytic condition

Endogenous factors

Condition 1 (n = 54): Control
(0) versus both interventions (1)

Condition 2 (n = 36):
Collaboration (0) versus
conversation (1)

Linear β Binary B (odds) Linear β Binary B (odds)

Autistic-symptom severity Social
communication/
interaction (SCI)

SCI �0.516* 0.041 (1.042) �0.110 0.018 (1.018)

Group* SCI 0.873 �0.042 (0.959) 0.441 �0.064 (0.938)

Restricted/repetitive
behavior (RRB)

RRB �0.517* 0.046 (1.047) �0.111 0.399 (1.491)

Group* RRB 0.556 0.124 (1.132) 0.396 �0.497 (0.608)

Chronological age Age 0.121 0.014 (1.014) 0.201 �0.053** (0.948)

Group* Age 1.261 �0.045 (0.956) 1.763** 0.067* (1.070)

Age* (Group = 1) — — 0.863*** 1.014***

Cognitive functioning Verbal IQ (VIQ) VIQ �0.446 �0.022 (0.979) �0.003 0.011 (1.011)

Group* VIQ 0.251 0.035 (1.035) �1.432** 0.019 (1.019)

VIQ* (Group = 1) — �0.747*** —

Nonverbal IQ
(NVIQ)

NVIQ �0.200 0.072* (1.074) �0.187 0.118 (1.125)

Group* NVIQ 0.037 �0.06 (0.942) 0.112 0.166** (0.847)

NVIQ* (Group = 1) — — — 0.953***

Executive functions
(EF)

EF �0.021 �0.178 (0.837) 0.485* �0.223* (0.800)

Group* EF 1.411 �0.028 (0.973) �0.350 0.107 (1.112)

Sensory profile Sensory low-
registration
(SLR)

SLR 0.336** 0.039* (1.040) �0.778*** 0.038 (1.038)

Group* SLR �1.478** �0.009 (0.991) 0.999* 0.035 (1.036)

SLR* (Group = 1) �0.325* — �0.314* —

Sensory-avoidance
(SA)

SA 0.538 �0.009 (0.991) �0.282 0.081* (1.084)

Group* SA �1.855** 0.082* (1.085) 0.058 �0.016 (0.984)

SA* (Group = 1) �0.337*** 1.075*** — —

Note: Values in bold are significant. The rejection criterion was adjusted using Holm-Bonferroni correction (Cangur et al., 2016), which relates to the p-value ranking of
the multiple hypothesis test results. The cases in which the null-hypothesis was rejected remained unchanged, except for two cases that were as close as 0.0002 to rejection.
Group = 1 in cases of significant interactions refers to: the additional endogenous factor effect (the simple slope) for the intervention group versus this effect for the
control group in Condition 1 and for the conversation group versus this effect for the collaboration group in Condition 2, both for binary and linear analyses.
*p < 0.05; **p < 0.01; ***p < 0.001.
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severity scales, but six endogenous variables did contrib-
ute significantly to relevancy progress (see Figure 2): age,
verbal and nonverbal IQ, executive functioning skills,
and two sensory-profile subscales (sensory low-registra-
tion, sensory-avoidance).

Children’s age showed a significant interaction with
group on both binary and linear models, indicating that
age effect on relevancy progress differed by intervention
type. Following the conversation intervention, older

participants made larger magnitude of progress than
younger ones, and the odds of being positive responders
increased by 1.4% per 1-month increase in age. In con-
trast, in the collaboration intervention, the odds of being
positive responders decreased by 5.2% per 1-month
increase in age.

Regarding IQ scores, the significant negative linear
interaction effect between verbal IQ and group suggested
that intervention participants with lower verbal IQ made

F I GURE 2 Linear modeling slopes for relevancy Progress by group as a function of endogenous factors. The nonverbal IQ predictor yielded
only a significant binary effect. *p < 0.05. **p < 0.01. ***p < 0.001
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larger magnitude of progress than those with higher ver-
bal IQ, but only in the conversation group. Furthermore,
the significant binary interaction effect of nonverbal IQ
with group indicated that the odds of being positive
responders decreased by 4.7% per 1-point increase on
nonverbal IQ, but again only in the conversation group.

Executive functioning skills showed a significant
binary effect for both intervention groups; the odds of
being positive responders decreased by 20% per 1-point
increase in executive dysfunction. A significant linear
effect indicated that among positive responders in both
interventions, larger executive dysfunction was associated
with larger growth in relevancy.

Sensory low-registration’s significant linear interac-
tion with group suggested that less adaptive registration
of sensory cues predicted larger growth in relevancy for
both groups, although this effect was stronger for the col-
laboration than the conversation group. Sensory-
avoidance revealed a significant binary effect; partici-
pants with more adaptive sensory-avoidance scores had
8.4% higher odds of being positive responders, beyond
intervention type.

DISCUSSION

This study’s findings identified individual-level predictors
of spontaneous, attuned, participatory, and reciprocal
(i.e., “relevant”) communication exchanges with peers
following S-PSI intervention applied to minimally verbal
school-age children on the autism spectrum, thereby
extending Bauminger-Zviely et al.’s (2020) group-level
RCT outcomes. Following discussion of each endoge-
nous predictor, we suggest implications for optimizing S-
PSI personalization for this uniquely nonverbal, widely
heterogeneous population.

Autistic symptoms

As hypothesized, for both intervention and control groups,
greater baseline social-communication impairment and
restricted/repetitive behaviors (based on the Social Respon-
siveness Scale) predicted poorer progress in peer exchanges’
relevancy. These results for our MVAS sample ages 8–
16 years with heterogeneous IQ scores extended previous
studies that correlated social-interaction symptoms with
pragmatic deficits (Miranda et al., 2020) and with shorter
eye-contact during adult-child conversation (Jones
et al., 2017), among children on the autism spectrum having
IQ > 70 ages 4–13 years old. The present data suggest that
severity of social-communication/interaction difficulties
contributed to communication relevancy even among these
children who all lacked adequate verbal speech, and even at
older ages. This highlights the importance of nonverbal
components in peer-communication exchanges across ages
and functioning levels.

Interestingly, while previous research did not link
restricted/repetitive behaviors with peer-communicative
exchanges, in our study this association was even stron-
ger than for social-communication/interaction symptoms.
Perhaps such stereotyped, fixated, idiosyncratic, or ritual-
ized behaviors play a larger role for MVAS children, who
must rely more on body language and physical objects
compared with more verbal children on the autism spec-
trum. Possibly, restricted/repetitive behaviors may inter-
fere with the acquisition and exhibition of
communication behaviors.

Chronological age

Differently from our expectations, findings demonstrated
specific age patterns for each intervention. In the collabo-
ration group, as hypothesized, younger participants had
higher odds of making progress than older ones. Previous
studies also demonstrated the link between younger ages
and larger growth in physical proximity, joint attention,
and initiation of interaction following peer-oriented play-
based interventions for young children (2.0–6.5 years old)
on the autism spectrum and their typically developing
peers (Morrier & Ziegler, 2018; Strauss et al., 2014).
However, in the conversation intervention, older partici-
pants unexpectedly exhibited better odds for growth than
younger ones. This different age pattern may stem from
the two interventions’ differing contents and activities,
despite their shared format, principles, and aims. The
conversation intervention, targeting language-pragmatics
capabilities via board/memory games and visual symbols/
signs, was inherently more pedagogically structured than
the collaboration intervention targeting joint action and
companionship via motoric activities and musical games.
Perhaps the more structured, didactic pragmatics-based
conversation intervention offered more benefit to older
MVAS children, prompting better progress on communi-
cational exchanges based on social conversation, whereas
the more playful sensorimotor-based collaboration inter-
vention offered better fit with the needs of younger
school-age MVAS participants. This calls for further
examination.

IQ and executive functions

One unexpected finding was the negative association
found for executive functioning with children’s growth in
exchanges’ relevancy following each S-PSI intervention.
Both conversation and collaboration participants demon-
strated better progress when they began with larger exec-
utive functioning impairments.

Considering this trend for both interventions, the S-
PSI appeared not only to address cognitive deficits in
MVAS but also may have strengthened some executive
functioning abilities. Perhaps the interventions’
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demanding conceptual learning and social-interaction
skill practice (see Appendix A and Bauminger-Zviely
et al., 2020) helped children to organize, plan, and moni-
tor their thoughts and actions toward the self and others.
The same trend was found for IQ, but only for the con-
versation group, in which those participants that started
initially with lower verbal IQ manifested larger relevancy
growth and those with nonverbal IQ were more likely to
make progress in exchanges’ relevancy.

Previously, higher cognitive abilities (e.g., executive
functions, verbal and nonverbal IQ) were widely associ-
ated with better social-adaptive abilities, including specific
communication and social-engagement behaviors, among
individuals with ASD with diverse verbal, functional, and
cognitive abilities (Bertollo & Yerys, 2019; Frost
et al., 2017; Kasari et al., 2013; Pecukonis et al., 2019;
Ruble & McGrew, 2013; Soorya et al., 2015). However,
these prior findings mostly described child-adult interac-
tion and/or verbally fluent participants, and only two
reported treatment outcomes. This paucity of peer-
oriented social-skills intervention studies, alongside the dif-
ficulties in conducting reliable cognitive assessments for
school-age MVAS (Courchesne et al., 2015, 2019; Plesa
Skwerer et al., 2016), highlights the crucial need for further
investigation of the role played by verbal and nonverbal
IQ for social functioning in this population.

In addition, when comparing both interventions to
the control group, a group-independent binary effect
indicated that higher baseline nonverbal IQ increased the
odds of making progress in relevancy, beyond group.
This may partially reflect that, in the absence of interven-
tion, the control group participants’ progress in social
behavior depends on higher IQ, as expected.

Sensory-processing

Unexpectedly, in both intervention groups, children’s less
adaptive sensory-processing profiles (lower scores on
sensory-avoidance and sensory low-registration) contrib-
uted to larger growth in exchanges’ relevancy. However,
as hypothesized, control group participants’ smaller sen-
sory low-registration deficits contributed to larger
growth. Overall, this trend corresponds with that found
for executive functioning in both intervention groups and
for verbal and nonverbal IQ in the conversation group,
where higher baseline deficits predicted greater capitali-
zation on intervention alongside smaller progress in the
absence of intervention. Taken together, natural progress
in social-communication behavior among MVAS chil-
dren, without any intervention, appears to be hindered
by greater sensory and/or cognitive difficulties. Yet, more
importantly, we suggest that S-PSI intervention can lead
to progress in social-engagement behaviors by overcom-
ing sensory barriers as it offers diverse interaction modal-
ities that might address the different sensory channels of
school-age MVAS participants.

Furthermore, as with the cognitive predictors (execu-
tive functions, IQ), these findings are not in line with ear-
lier research including children on the autism spectrum
ages 3–12 years, which reported sensory-processing defi-
cits’ broad associations with greater social impairment,
poorer adaptive skills (Dellapiazza et al., 2019; Kojovic
et al., 2019), fewer joint play behaviors, and briefer coop-
erative play (Corbett et al., 2016; Williams et al., 2018),
although these were not intervention studies. The current
findings showing sensory difficulties’ contribution to
treatment progress suggest that our intervention promot-
ing regulation and organization may lead to more
socially adaptive behavior among those with larger sen-
sory barriers.

Who benefits from S-PSI?

Overall, our findings suggest that untreated school-age
MVAS children (controls) seemed to best progress in
their social-engagement skills if initially they had lower
autistic-symptom severity and demonstrated higher non-
verbal IQ and more adaptive sensory low-registration
behavior. Among children who participated in one of the
two treatments, those having lower autistic symptomatol-
ogy and greater difficulties in executive functioning and
sensory processing made larger progress. Notably, pro-
gress in exchanges’ relevancy was affected by the endoge-
nous factors more for the conversation than the
collaboration group. Younger children seemed to benefit
most from the collaboration-based intervention, which
offered them physical-motor and musical activities and
games. This intervention may have been more age-
appropriate and motivational for the younger school-age
MVAS participants. Finally, children who were older
and who revealed lower verbal and nonverbal IQ seemed
to benefit most from the conversation-based language-
pragmatic intervention, which appeared to offer them a
more demanding didactic experience. Both interventions,
particularly the conversation one, appeared to influence
implicit cognitive and sensory skills that are associated
with conversational skills: regulation, planning, organiza-
tion, and monitoring.

Study limitations and implications

The original sample size was decreased by focusing on
positive treatment responders in the linear model, thus
possibly reducing potential associations between vari-
ables. Small sample size also precluded examination of
multiple endogenous factors in each regression analysis,
thereby limiting investigation of their more complex asso-
ciations and joint effects. Also, it prevented the ability to
account for nesting within schools in addition to the
dyadic design of the experiment. Further studies should
consider larger samples to enable such analyses. Also,
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due to the paucity of prior intervention studies for pro-
moting peers’ social engagement in this population, addi-
tional studies are needed to replicate the current novel
findings and their possible implications. It would also be
interesting to expand beyond the current fixed dyads by
examining peer interactions with an additional partner,
to elucidate interventions’ generalizability to other peer
relationships.

This study holds empirical and clinical implications.
First, some unexpected associations emerged between
endogenous factors in school-age MVAS children and
their ability to capitalize on the two S-PSI modalities that
offered alternatives to spoken words to improve commu-
nicational exchanges in peer dyads. Future researchers
should explore how specific intervention features directed
to this population’s core social-deficit and unique nonver-
bal characteristics may contribute optimally to treatment
outcomes. For example, perhaps the structured didactic
format of the conversational-pragmatic intervention
helps children compensate for executive and sensory diffi-
culties, thus achieving better social-engagement skills.

Moreover, growth in relevancy is related to the ability
to hold, maintain, and develop the chains of communica-
tion, which are important to enhance children’s capacity
to become involved in meaningful interactions thereby
potentially reducing the risk for social isolation. The real-
world meaning of these findings, then, is, that those chil-
dren who had more sensory challenges such as irregular
patterns of registration and/or avoidance, and those who
had executive issues such as lack of organization and
planning, were able to overcome their barriers and show
growth in their coordinated peer-to-peer interaction. This
is an optimistic finding about pathways toward develop-
mental growth despite personal barriers.

In addition, variability in treatment responses to the
various endogenous predictors indicate individual differ-
ences in participants’ needs, emphasizing the necessity to
maximize treatment–person fit and tailor intervention
modalities to children’s individual characteristics. Fur-
thermore, the current findings on this under-investigated
population (Tager-Flusberg & Kasari, 2013) suggest that
school-age MVAS children can make progress in social
engagement despite increasing age, cognitive and sensory
difficulties, and, most importantly, lack of spoken words.
Hence, these children need experiences promoting peer
engagement alongside their other training domains such
as academic and daily-living skills. In conclusion, person-
alizing interventions to better improve social-engagement
skills may result in reduced social isolation and loneliness
and enhanced well-being.
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APPENDIX A

S-PSI Interventions’ Principles and Content

Context shared
by both
interventionsa

Both of the manualized S-PSI treatment conditions (conversation and collaboration) included 60 lessons delivered to each
peer dyad separately by special education teachers. Dyads were extracted from class for 1-h lessons held four times per
week over 15 weeks in their educational settings during school hours. Interventionists were supervised and guided by the
research team every second week.

Principles shared
by both
interventions

Emphasis was on peer-peer interaction, with the special education teacher mediating the intervention.
The special education teacher presented the activity and then faded out while the two children interacted with each other.
Activities used many repetitions.
Contents comprised fun activities and games; visual stimuli and symbols; musical, rhythmic, and movement tasks/games,
Activities were chosen based on children’s chronological/mental age.
Every lesson included learning and practicing.
Gestures were taught, such as touching your partner’s arm to draw attention and pointing at an object.

Differing
contents
over 7
intervention
units

S-PSI: Conversation S-PSI: Collaboration

Units 1–2: Conceptual understanding (what is a social
conversation?) and rules for conversation (e.g., taking
turns, maintaining eye contact, listening)

Units 3–5: Conversational components: initiating a
conversation; topics of conversation; and developing and
maintaining conversation adequately (conveying
information, emotions, and content; switching between
topics)

Unit 6: Asking questions
Unit 7: Ending a conversation and closure activities

Unit 1: Creating “team spirit” (get-acquainted games, group
name, group rules)

Units 2–3: Experiencing and understanding shared tasks
with emphasis on mutual planning and joint action

Units 4–6: Developing prosocial skills: sharing, helping,
encouraging

Unit 7: Closure activities

Lesson
example

What is a conversation?
• Definitions were presented on the “communication board,”

in words/symbols/icons, which the adult read aloud and
explained in words/symbols.

• Students participated in various peer-dyadic activities to
learn the concept of conversation and differentiate
conversation versus non-conversation situations using
materials like film clips, puzzles, and memory games.

• Dyads practiced “talking to each other” by choosing and
exchanging cards with words/pictures/icons of things they
like to eat/do/watch or things they fear/dislike.

Gradually, each dyad expanded its communication board with
contents related to conversation (possible topics, opening
sentences, sentences to use for switching between topics,
WH-questions, elaborations, closure sentences).

What is collaboration?
• Definitions were presented on the “communication

board,” in words/symbols/icons, which the adult read
aloud and explained in words/symbols.

• Students were exposed to pictures describing situations of
working together versus working alone.

• Dyads practiced “collaborating with each other” by
creating joint artwork, playing musical or rhythmic
sequences together, and performing motor tasks that
required imitation and movement coordination.

Gradually, each dyad expanded its communication board
with contents related to collaboration (giving and
getting help, comforting, collaborating, and sharing).

aNote: Context for the control group: Peer dyads continued treatment-as-usual in their educational settings, which did not include any specific intervention targeted to
facilitate peer interaction.
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