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Abstract

We investigated autistic children’s generalisation of social communication over time across three settings during a play-based
assessment with different adults and explore the potential moderating effects on generalisation of age, nonverbal IQ and level
of restricted and repetitive behaviours. The social communication abilities of 248 autistic children (211 years, 21% female,
22% single parent, 60% white) from three UK sites were assessed from 1984 video interactions in three contexts with three
different interaction partners (parent/home, teaching assistant/school, researcher/clinic) at baseline, midpoint (4+7m) and
endpoint (+ 12m) within the Paediatric Autism Communication Trial-Generalised (PACT-G), a parent-mediated social com-
munication intervention. Children’s midpoint social communication at home generalised to school at midpoint and to clinic at
endpoint. Generalisation was stronger from home to school and clinic than school to home and clinic. Generalisation was not
moderated by age, nonverbal IQ or restricted and repetitive behaviour. Broader child development did not explain the pattern
of results. The current study is the largest study to date to explore generalisation with autistic children and provides novel
insight into their generalisation of social communication skills. Further research is needed to gain a more comprehensive
understanding of facilitators of generalisation across settings and interaction partners in order to develop targeted strategies
for interventions to enhance outcomes for young autistic children.
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Generalisation in Early Autism Intervention
Studies

Demonstrating the transmission of targeted proximal interven-
tion effects into broader, generalisable functional change in
everyday contexts is a key current challenge for early autism
intervention research (Carruthers et al., 2020; Crank et al.,
2021; Fuller & Kaiser, 2020; Sandbank et al., 2021). In the
past decade multiple studies have demonstrated that interven-
tion effects sizes for naturalistic developmental behavioural
interventions are smaller for distal vs. proximal and for con-
text-bound vs. more generalisable outcomes (Crank et al.,
2021; Hong et al., 2018; Sandbank et al., 2021, 2023; Yoder
et al., 2013). The capacity to generalise acquired skills flex-
ibly across different situations, people and contexts—a central
feature of skill acquisition in neurotypical development—has
often been suggested to be a core difficulty for autistic chil-
dren. However, the robustness of the evidence for this view and
our understanding of the underlying processes that lead to lim-
ited generalisation remain uncertain (Carruthers et al., 2020;
Stokes & Osnes, 2016; Swan et al., 2016). A systematic review
of randomised controlled trials of early social communication
interventions for autistic children showed that eight out of nine
trials reviewed found some successful generalisation of skills
across people and/or setting (Carruthers et al., 2020).

Factors associated with intervention strategies, such as over-
prompting and artificial learning contexts dissociated from
real-world social-pragmatic contexts, may create barriers to
generalisation of child skills. One plausible approach to over-
come some of these difficulties is to embed interventions into
real-world social environments through parent- and teacher-
mediated learning, which may optimise the interpersonal cues
and continuity of learning across contexts (Schreibman et al.,
2015). This increases opportunities for incidental or naturalis-
tic teaching by weaving functional social and communication
learning into the child’s daily experiences where these skills
are required. Although most psychosocial interventions target
specific behaviours and skills, the underlying models work on
the assumption that there will be a generalised developmental
shift consequent on initial changes in the targeted domains.
Developmentally-informed interventions build on theories of
neurotypical development of the social mind (Carpendale &
Lewis, 2004; Johnson, 2011) in which there are progressive
cascades of impacts across a broadening range of behavioural
domains and settings (Green, 2022; Green & Garg, 2018).
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Mediators and Moderators of Generalised
Outcomes

Few parent-mediated autism intervention trials have
specifically examined the downstream effect of change
in parenting behaviours (i.e. the focus of the interven-
tion strategy) on generalised child social communication
skills. One study demonstrated that change in parenting
behaviour mediated the effect on the initial intervention
target (child initiations within parent—child communica-
tion) and that child initiations, in turn, mediated the effect
in the generalised social communication context with an
unfamiliar interaction partner during the Autism Diagnos-
tic Observation Schedule (ADOS; Pickles et al., 2015).
Follow-up of the same cohort six years later demonstrated
that a sustained increase in this child initiation with their
parent continued to mediate the treatment effect on ADOS
scores six years after the intervention period (Carruthers
et al., 2023). An educator-mediated social communication
intervention trial also demonstrated a downstream gen-
eralisation cascade in which child-initiated joint engage-
ment was related to joint attention initiations, which in
turn led to improvements in language outcome (Shih et al.,
2021). Few other intervention trials have explored possi-
ble moderators of generalisation effects of any skill type
among autistic children. However, in relation to interven-
tion outcomes in general, age and IQ have been proposed
as moderators of intervention effect, although the evidence
for this is mixed (Klinger et al., 2021). More broadly,
for autistic individuals, the flexibility required to adapt
behaviour to different social exchanges may be lower for
individuals with higher levels of restricted and repetitive
behaviour (D’Cruz et al., 2013).

A Framework for Testing Generalisation
Across Time, Context and People

Whilst interventions are one example of a learning envi-
ronment, most children’s learning comes from the family
and school environments within which they spend most
time. However, research exploring the relative contribu-
tion and dynamics of these two core learning environ-
ments for autistic children is rare. If we understood better
how different learning environments interact, we could
tailor interventions more precisely to support naturally
occurring learning dynamics across home and school
contexts. In order to advance our understanding of gen-
eralisation of social communication across different set-
tings and partners we need observational capture of social
exchanges across contexts that offer similar expectations
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and opportunities rated by a consistent coding framework.
Until recently, the autism field did not have an instrument
that was sufficiently flexible to be used as an observational
measure of social communication across different settings
and people. The Brief Observation of Social Communi-
cation Change (Grzadzinski et al., 2016) is a relatively
new, play-based assessment, designed to measure changes
in social communication skills over the course of inter-
ventions. Frost and colleagues (Frost et al., 2019) tested
whether the BOSCC could be used to assess similarities
and differences in social communication when a child
was interacting with their parent during a play context
and a snack context. The Social Communication subscale
exhibited strong psychometric properties and indicated
that similar information was captured across the different
contexts. In contrast, the second subscale, the Restricted
and Repetitive Behaviour (RRB) subscale was less consist-
ent in performance, with weaker psychometric properties
and a significantly different profile of scores across the two
settings. Other studies have also reported weaker psycho-
metric properties for the RRB subscale (Carruthers et al.,
2021; Kim et al., 2019).

The Current Study: Testing Generalisation
in the Context of the PACT-G Trial

The fact that the BOSCC can be used with different adult
interaction partners across different settings was central to
its use as a secondary outcome measure in the Paediatric
Autism Communication Trial-Generalised (PACT-G; Green
et al., 2022). Autistic children (aged 2-11) were assessed
with BOSCC on their social communication skills with a
parent at home, teaching assistant at school and a researcher
in a university environment at multiple time points over the
12-month trial duration. The PACT-G trial did not demon-
strate a greater effect than treatment-as-usual on measures
of autism symptoms (including the BOSCC), language or
social adaptation. However, it did result in greater improve-
ment in children’s dyadic social communicative initiations
during interactions with the parent and teaching assistant.
Mediation analysis showed that the increase in children’s
communicative initiations in both home and education set-
tings was a consequence of the adjusted communication
styles of parents and teaching staff, respectively (Green
et al., 2022).

Whilst no overall intervention effect was demonstrated on
the BOSCC, the longitudinal design of the trial offered an
opportunity to investigate, across the whole trial cohort, a
novel analysis of the comparison of acquired skills in autism
development across time, context and person. The current
study, therefore, is an investigation of overall developmen-
tal processes in the PACT-G cohort, not an investigation of

treatment effects or their mediation. We aimed to investigate
children’s generalisation of social communication over time
during a play-based assessment with three different adults in
three different settings, and to explore the potential moderat-
ing effects on generalisation of age, nonverbal 1Q and level
of restricted and repetitive behaviours.

Methods
Participants

Two hundred and forty-eight (197 males, 51 female) chil-
dren, aged between 2 and 11 years, participated in PACT-G
(Green et al., 2022). PACT-G was a three-site, two-group,
randomised controlled trial of the PACT-G social communi-
cation intervention plus treatment as usual (TAU) compared
to TAU alone (ISRCTN Registration: 25378536). Children
included in the trial had clinical diagnoses of autism, con-
firmed using the Autism Diagnostic Observation Schedule-
2nd Edition (Lord et al., 2012) and Social Communication
Questionnaire (Rutter et al., 2003) at trial baseline. Children
were recruited from local clinical and educational services.
All children had nonverbal age equivalent scores of more
than 12 months as measured by the Mullen Scales of Early
Learning and those aged 5 years and older were between
P3 (beginning to use ‘intentional communication) and P8
(a language age equivalent of up to 4 years) on an English
National Curriculum assessment. Parents were required to
have sufficient English to participate in the PACT-G assess-
ments and intervention and needed to report speaking to
their child at home in English at least some of the time.
Neither children nor parents had any known severe hearing
or visual impairments; parents had no significant psychi-
atric conditions or learning disabilities. Exclusion criteria
included a sibling already in the trial, participation in the
pilot phase of the trial, a child having a non-verbal age-
equivalent level of <12 months, epilepsy not controlled by
medication, any safeguarding concerns or family situation
that would affect participation in the trial, or any child with
an identified genetic disorder that would impact on ability to
participate or affect validity of the data. For a family to par-
ticipate, the child’s school also had to sign up to the study.
Child and family characteristics are presented in Table 1.

Ethical Considerations

All procedures involving human participants were in accord-
ance with the ethical standards of the North West-Greater
Manchester Central Research Ethics Committee (REF: 15/
NW/0912). Parents provided informed, written consent
before participating in PACT-G. In addition, a delegated
representative from each school signed a Memorandum of
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Table 1 Summary of baseline participant characteristics by interven-
tion group

TAU PACT-G

M (SD) M (SD)

(n=127) (n=121)
Age (years) preschool (n=151) 3.9(0.7) 4.1 (0.6)
Age (years) school-age (n=97) 6.9 (1.4) 7.4 (1.6)

Female 27/127 21%)  24/121 (20%)
Ethnicity
White 73/127 (57%)  76/121 (63%)
Black 21/127 (17%)  19/121 (16%)
Asian 16/127 (13%)  13/121 (11%)
Mixed 171127 (13%)  6/121 (5%)
Other 0/121 (0%) 7/121 (6%)

No second parent in household 28/127 (22%) 27/121 (22%)

Languages spoken

English only 98/127 (77%)  99/121 (82%)

Other only 3/127 (2%) 1/121 (1%)

English and other 26/127 20%)  21/121 (17%)
ADOS-2

Module 1 n=95 n=92

Module 2 n=32 n=29
ADOS-2 total

Module 1 19.7 (3.51) 19.5 (3.10)

Module 2 15.1 (3.50) 16.4 (3.89)
RBQ

Module 1 n=90 n=89

Module 2 n=29 n=27
RBQ-Sensory Motor

Module 1 10.7 (5.16) 9.94 (4.77)

Module 2 11.4 (5.84) 7.44 (4.14)
RBQ-Insistence on Sameness

Module 1 7.47 (5.59) 7.77 (5.68)

Module 2 12.3 (7.46) 10.2 (6.18)
Non-verbal IQ age equivalent (months)

Module 1 24.04 (7.12) 24.74 (7.75)

Module 2 38.5(15.1) 37.0 (9.59)
MSEL Non-verbal IQ (VR T-score) 252 (11.7) 22.9 (8.0)
MSEL Non-verbal IQ age equivalent n=63/127 n=52/121

(months) below median (range 13-24)
MSEL Non-verbal DQ 48.8 (22.2) 46.5 (17.7)
Language scores n=57 n=46
Receptive one-word 29.4 (22.5) 32.1(19.3)
Receptive one-word (raw score) n=62 n=>58
Expressive one-word 28.2 (19.2) 32.0 (12.9)
Expressive one-word (raw score)
MacArthur CDI n=120 n=119
MCDI words understood 202.4 (128.4)  213.4(134.7)

MCDI words understood and said 139.1 (141.5) 152.1 (144.3)

TAU Treatment as Usual, Module 1 and Module 2 Modules on the
ADOS-2, ADOS-2 Autism Diagnostic Observation Schedule (2nd
version), RBQ Repetitive Behaviour Questionnaire, MSEL Mullen
Scales of Early Learning, VR Visual Reception, DQ Developmental
Quotient (Age Equivalent/Chronological Age x 100)

@ Springer

Agreement prior to their school’s participation in PACT-G.
Further details are outlined in Green et al. (2022).

PACT-G Trial

The PACT-G trial ran in London, Greater Manchester and
the North-East of England. Randomisation allocation was
stratified by intervention site, age strata (<5 years, 5 years
and older), and gender. Assessments took place at baseline,
midpoint (+ 7 months) and endpoint (+ 12 months).

PACT-G therapy was an adaptation of the original clinic-
based PACT therapy (Green et al., 2010) into a multicom-
ponent intervention delivered simultaneously in home and
school. The rationale of PACT is that synchronous, sensi-
tive and responsive communication from the adult increases
dyadic communication and social interaction skills in the
child, which then may generalise into functioning in other
contexts. This logic model is supported by mediation analy-
sis from two clinic-based PACT trials (Aldred et al., 2012;
Pickles et al., 2015), which demonstrated that improved par-
ent synchrony was associated with increased child dyadic
initiation, which in turn was associated with better generali-
sation of social communication in a research evaluation con-
text. PACT-G aimed to build on this evidence by implement-
ing features designed to further support the generalisation of
the child’s learning across contexts. For instance, the therapy
took place within the naturalistic settings of both home and
school with the child present, integrated the parental tech-
niques into daily routines and play, and included teaching
assistants as direct recipients of the therapy in parallel to
parents. Parents and teaching assistants were supported,
using video feedback, to interact with the child using evi-
dence-based strategies that facilitate social communication
development in the child. Further details of the clinic-based
PACT intervention can be found the supplementary materi-
als of Green et al. (2010). Description of the modifications
for PACT-G are reported in (Green et al., 2022).

Measures

Brief Observation of Social Communication Change
(BOSCC)

The BOSCC (Grzadzinski et al., 2016) is an outcome tool
designed to measure changes in children’s social com-
munication skills that can be used across different people
and settings. Behaviours are scored from a naturalistic
adult—child play-based exchange across items with a six-
point scale. In PACT-G, the BOSCC assessed each child’s
social communication during play with a parent at home,
a teaching assistant at school, and a researcher in the
research setting. Home and school BOSCC assessments
took place at baseline, midpoint and endpoint, whilst
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research BOSCCs occurred only at baseline and endpoint.
For PACT-G, Module 1 (75.4% of participants; Version
July 27,2017) and Module 2 (24.6% of participants; 2019
version) were used, consisting of 15 or 20 items, respec-
tively. The core items make up two subscales: social com-
munication and restricted and repetitive behaviour. In the
current analysis, only the social communication items are
used, comprising 8 items in Module 1 (maximum score
40) and 12 items in Module 2 (maximum score 60). Across
Module 1 and 2, BOSCC coding was conducted on two
video-recorded play segments, each made up of 4 min of
free play and 1 min of bubble play. Further details on the
administration, including the social communication behav-
iours rated for Module 1 and Module 2, can be found in
Supplementary Materials. As part of the trial design the
BOSCC Module was kept consistent across timepoints so
that children did not change from BOSCC Module 1 to
Module 2 across the study.

For each child, there were eight BOSCC assessments:
three at school, three at home (each baseline, midpoint and
endpoint) and two with the researcher (baseline and end-
point), totalling 1,984 assessments. The Module 1 BOSCCs
were coded by 14 individuals based in the UK and the US,
whilst all Module 2 BOSCCs were coded by 6 US-based
individuals from the team developing the measure. All
coders were blind to group and timepoint. A random sub-
sample of BOSCC:s, stratified by rater, were multiple coded
for formal reliability analyses (63 Module 1 and 48 Mod-
ule 2 tapes). Intra-class correlations were calculated to be
0.87 (95% confidence interval [CI] 0.81, 0.91) for module
1, 0.86 (CI 0.76, 0.92) for module 2, and overall 0.86 (CI
0.76, 0.92).

Mullen Scales of Early Learning (MSEL)

The baseline visual reception age equivalent of the MSEL
(Mullen, 1995) was used to explore the moderating effect
of non-verbal 1Q. Given the overall low DQ of the sample
(see Table 1) a median split was used to transform the scores
into a binary variable dividing the sample into two near-
equal size groups (age equivalent 13 to 24 months vs. 25 to
69 months).

Repetitive Behaviour Questionnaire (RBQ)

The RBQ (Honey et al., 2012) is a parent-report measure
of repetitive and restricted behaviours, administered at
baseline. The two subdomains of Insistence on Sameness
and Sensory Motor Behaviours were used independently

to explore the moderating effect of restricted and repetitive
behaviour levels.

Data Analysis

The analyses presented were preregistered: https://aspre
dicted.org/blind.php?x=dw43ak. Minor alterations
between the preregistration and final analyses are outlined
in Supplementary Materials. While the current study set
out to explore generalisation using both subscales of the
BOSCC, the length and play-based setting was considered
to elicit too few RRBs to analyse these reliably as a dis-
tinct construct. The analysis reported therefore focuses on
only the social communication subscale.

Pearson correlations were calculated between context
and timepoint. Correlations are interpreted using r of >0.1
representing a small effect size (ES), > 0.3 a medium ES
and > 0.5 a large ES (Cohen, 1988).

Generalisation was examined by fitting models using
Mplus (Muthén & Muthén, 2017) of the form shown in
Fig. 1. The model was stratified by BOSCC module as
a two-group KNOWNCLASS model and estimated by
maximum likelihood. All available measurements were
included in the analysis under an assumption of a missing
at random missing data mechanism. Goodness of fit was
evaluated with RMSEA and CFI, where satisfactory fit is
indicated by values below 0.08 and above 0.90, respec-
tively (Kline, 2015). The results of Wald tests used to
confirm constraints are reported in Table S1 (See Supple-
mentary Material). Before the three-context model, models
were run for two contexts in order to explore results indi-
vidually for the (i) home and research and (ii) school and
research settings. Unless otherwise specified, parameters
were unconstrained across module.

Measurement Model

The three repeated measurements of home and school
BOSCC assessments permitted measurement error to
be accounted for through the use of latent variables, as
has been done with previous studies (Carruthers et al.,
2023; Pickles et al., 2015). Loadings of each latent vari-
able onto the respective observed variable were fixed to
1 and, within setting, residual variances were constrained
to be equal across timepoints and BOSCC module. As the
researcher-BOSCC only had two assessment timepoints
(and therefore insufficient to account for the measurement
error using a simplex model), these remained as observed
variables in the model. As the BOSCC ratings were made
blind from entirely independently recorded video, the
model did not include correlated errors, either within-
contexts over time or across-contexts.
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Fig. 1 Structural equation

models fitted to baseline (0 m), A

midpoint (7 m) and endpoint

(12 m) BOSCC data from

home, school and research

settings. A represents the initial

model tested. B represents the

second model tested with the Child’s sex
addition of a latent variable Age group
representing broader (unmeas- Site
ured) child development.

DEYV development, H home, R
research, S school. Numerical
suffix =month from start of
therapy. Circles represent latent
variables; squares represent
observed variables. Grey arrows
represent the paths account-

ing for baseline covariates and
whether the child was in the
PACT-G intervention or TAU
group. Red errors represent
generalisation paths. B the blue
lines represent the loadings for
the latent factor representing
child development. Covariation
paths are double headed curved
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Within-Context Observations First-order autoregressive
paths are added within the home, school or research con-
texts, unconstrained over time and Module.

Between-Context  Covariances Covariances across

BOSCC contexts at baseline and endpoint were uncon-
strained over Module, as were all intercepts.
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Same
TA

Trial Design Unconstrained paths are placed between the
dummy variables representing the stratifiers (child’s age
group, child’s sex and intervention site) and the three base-
line BOSCC measurements. Since therapists did not work
directly with the child and intervention was assigned at
random, no paths were included from the intervention vari-
able to the baseline BOSCC measurements and, for post-
baseline measures, only to school and home measurements.
Paths from intervention group to school BOSCC and from
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intervention group to home BOSCC are constrained equal
across Module.

Change in School Staff Partner Changes in the school-based
partner during the trial were modelled with paths from
dummy variables to the school context BOSCC assessments
to allow for a mean difference where a change in teaching
assistant had occurred, constrained equal across Module and
timepoint.

Cross-Lagged Cross-Context (Generalisation) Paths We
began with bivariate models testing separately home-
researcher and school-researcher context pairs. However, as
the generalisation arising from the omitted play partner may
be considered an omitted confounder in these bivariate mod-
els, a further model was developed including all three con-
texts. These models included reciprocal home-school paths
between midpoint factors which were explored as part of the
analysis. Following previous experience (Goldsmith et al.,
2018) that contemporaneous effects tend to be stronger than
lagged ones, the home-school/school-home paths between
midpoint and endpoint were left unexplored.

To explore generalisation across contexts, key paths
were added between contexts, namely (1) home midpoint
to school midpoint, (2) home midpoint to researcher end-
point, and (3) school midpoint to researcher endpoint. To
maximize power, these unstandardised generalisation path
coefficients were constrained equal across Module, though
standardised coefficients would not be expected equal.

Model Including Broader Development

To explore the potentially confounding role of unmeasured
development, a second model shown in Fig. 1B was tested
that included a latent factor representing unmeasured child
development over the duration of the trial.

Moderating Factors

We had pre-specified baseline age, nonverbal 1Q and level of
restrictive and repetitive behaviours and interests as poten-
tial moderators. We chose nonverbal IQ (Visual Reception
score on the Mullen) as a moderator in our analysis for both
pragmatic and theoretical reasons. Pragmatically, we admin-
istered only the nonverbal subscales of the Mullen at base-
line (as per Green et al., 2022) and considered the Visual
Reception subscale the best measure of nonverbal ‘cogni-
tive potential’ for the current sample of children. Theoreti-
cally, language abilities are most strongly associated with
BOSCC social communication scores (Grzadzinski et al.,
2016). Correlations among other key behavioural indicators
(Table S2—See Supplementary Material) suggested no addi-
tional candidates. We tested whether each of the three factors

Table2 BOSCC social communication subscale by timepoint, con-
text and ADOS module

Baseline Midpoint Endpoint
M (SD) M (SD) M (SD)
Research Module 1 30.9 (5.62) 28.3 (7.27)
n=186 n=180
Research Module 2 36.3 (10.9) 31.6 (13.0)
n=>51 n=>53
Home Module 1 27.9 (6.41) 27.1(7.26) 26.5 (7.67)
n=182 n=164 n=172
Home Module 2 31.6 (11.1) 28.6 (10.6) 27.1 (10.6)
n=>54 n=>52 n=>55
School Module 1 29.4 (6.93) 27.4(7.17) 27.3 (8.39)
n=183 n=172 n=170
School Module 2 33.0 (10.7) 30.4 (12.8) 30.5 (12.6)
n=>54 n=>53 n=>52

Higher BOSCC scores indicate higher levels of autistic characteristics

moderated the three generalisation paths using the XWITH
command and each moderating variable standardised across
groups (Klein & Moosbrugger, 2000; Maslowsky et al.,
2015). The main and interaction effects of the moderating
variable were constrained equal across Modules. The models
were estimated via maximum likelihood, with standard error
approximation using the first-order derivative (MLF).

Results

Missing BOSCC data points across all available time points
were 5.2% for the researcher setting, 8.7% for the home set-
ting and 8.1% for the school setting. Mean scores, change
scores and standard deviations are reported in Table 2. Cor-
relations between each timepoint and context are reported in
Table 3. All correlations were large, ranging between 0.44
and 0.65. Our modelling examines how these measures
might be influencing each other over time across the whole
cohort, and thus though we adjust for possible intervention
effects, we are not concerned here with actual treatment
effects, mediated or otherwise.

Cross Lagged Analysis: Social Communication
Subscale

Initial Two-Context Models

First, we ran the model using only BOSCC social communi-
cation data from parent and researcher assessments. Model
fit was good with RMSEA =0.059 and CFI=0.964. The
path from home midpoint to researcher endpoint BOSCC
score, constrained equal across Module, was significant
(p<0.001) with a standardised coefficient of 0.72 (95% CI
0.55, 0.88) for Module 1 and 0.68 (0.51, 0.85) for Module 2.
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Table 3 Pearson correlations between the BOSCC assessment timepoints and contexts

Research  Research ~ Home baseline =~ Home midpoint ~ Home endpoint ~ School baseline  School midpoint
baseline endpoint

Research endpoint ~ 0.57

Home baseline 0.48 0.48

Home midpoint 0.54 0.65 0.58

Home endpoint 0.48 0.57 0.53 0.65

School baseline 0.58 0.47 0.50 0.54 0.51

School midpoint 0.56 0.51 0.55 0.65 0.56 0.58

School endpoint 0.47 0.61 0.50 0.62 0.56 0.44 0.60

All correlations were p <.001 with Bonferroni correction

Table 4 Results of structural
equation model for BOSCC

Model 1 without development factor

Model 2 with development factor

social communication subscale Standardised ~ 95% Confi- p value Standardised ~ 95% Confi- p value
across assessment with parent, Coefficient dence Intervals Coefficient dence Intervals
teaching assistant and researcher
(unstandardized effects Direct paths
constrained across module) Parent midpoint to teaching assistant midpoint
Module 17 0.99 0.63, 1.36 <.001 0.99 0.62, 1.36 <.001
Module 2° 0.75 0.56, 0.95 <.001 0.75 0.55,0.96 <.001
Parent midpoint to researcher endpoint
Module 17 0.85 0.46, 1.24 <.001 0.85 0.46, 1.24 <.001
Module 27 0.81 0.38,1.24 <.001 0.81 0.38,1.24 <.001
Teaching assistant midpoint to researcher endpoint
Module 17 -.20 -0.57,0.17 0.285 -0.20 —0.57,0.17 0.283
Module 27 - .25 -0.71,0.21 0.285 - 0.25 —-0.71,0.21 0.283
Indirect paths
Parent midpoint to researcher endpoint (via teaching assistant
midpoint)
Module 1 —-0.20 —0.56,0.17 0.285 -0.20 —0.56,0.16 0.283
Module 2 -0.19 —0.55,0.17 0.301 -0.19 —0.55,0.17 0.299
Total paths
Parent midpoint to researcher endpoint
Module 17 0.66 0.50, 0.81 <.001 0.65 0.50, 0.81 <.001
Module 27 0.62 0.48, 0.82 <.001 0.62 0.44, 0.81 <.001

Standardised estimates are reported

The significant paths (p <.05) remain significant after the Holm method is applied for multiple testing

Second, we ran a similar two-context model for the
teaching assistant (TA) and researcher assessments,
where the model fit was also good with RMSEA =0.031
and CFI=0.985. The path from TA midpoint to endpoint
researcher was significant (p <0.001) with standardised
coefficients of 0.41 (0.26, 0.56) for Module 1 and 0.42
(0.26, 0.58) for Module 2. Eighty-five (34.3%) children
experienced a change in TA between baseline and mid-
point, and 94 (37.9%) children between midpoint and end-
point. Twenty-two children (8.9%) experienced changes at
both timepoints. Therefore, 157 (63.3%) children experi-
enced at least one TA change. However, changing TA did
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not significantly alter the expected level of BOSCC-coded
autistic behaviour.

Three Context Model

For the model spanning all three contexts, the model fit
was good with RMSEA =0.023 and CFI=0.992. Direct
paths from home midpoint to researcher endpoint, home
midpoint to school midpoint, and school midpoint to
researcher endpoint are given in Table 4. In addition to
the direct path between home midpoint and researcher
endpoint, there is an indirect path between the two via
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Table 5 Estimates for the
interaction paths exploring

Log likelihood ratio test ~ Moderation

potential moderation of Moderator
generalisation from a familiar to
oo . Path
unfamiliar setting by non-verbal
1Q, age and restricted and
repetitive behaviours
Age

Midpoint home to midpoint school
Midpoint home to endpoint researcher
Midpoint school to endpoint researcher

Non-verbal IQ

Midpoint home to midpoint school
Midpoint home to endpoint researcher
Midpoint school to endpoint researcher

Coefficient for standard-  p
ized moderator (95%

Repetitive behaviours—insistence on sameness

Midpoint home to midpoint school
Midpoint home to endpoint researcher
Midpoint school to endpoint researcher

Repetitive behaviours—sensory motor

Midpoint home to midpoint school
Midpoint home to endpoint researcher
Midpoint school to endpoint researcher

CI
2 (1)=0.11p=0740  0.02 (= 0.10, 0.14) 0.772
2 (1)=0.52p=0471 - 0.05 (= 0.22, 0.12) 0.593
2 (1)=0.17p=0.684  —0.03 (- 0.22,0.16) 0.747
2 (1)=045p=0.504  —0.05 (- 0.34,0.23) 0.727
2 (1)=058p=0.810  —0.03 (- 0.36, 0.30) 0.845
2 (1)=0.15p=0.700  —0.07 (— 0.41,0.28) 0.696
2 (1)=137p=0.241 0.06 (— 0.11, 0.22) 0.507
2(1)=15Tp=0210  0.07 (- 0.12,0.27) 0.463
2 (1)=2.14p=0.144  0.08 (= 0.11,0.26) 0.410
2 1M=008p=0772 001 (- 0.14, 0.16) 0.858
2 (M=1.06p=0304  0.06 (- 0.12, 0.25) 0.509
2 (1)=053p=0465  0.04 (- 0.14,0.23) 0.635

school midpoint. The total path from home midpoint to
researcher endpoint is also provided in Table 4, which
incorporates the direct and indirect path.

We conducted sensitivity tests on the direction of
the midpoint paths. First, we reversed the path between
midpoint home and midpoint school which resulted in
a marked worsening of the goodness-of-fit (y*=11.20).
Secondly, we estimated the two paths simultaneously
(with the removal of the covariance between the end-
points), which gave standardised estimates of 1.00
(p=0.006) from parent to TA, and — 0.05 (p=0.919) for
TA to parent. Therefore, we fixed the path from school
midpoint to home midpoint at zero.

Model Incorporating Broader Development

General development during the course of the trial could
have been a source of unobserved confounding that would
have biased our estimates of generalisation paths. To
assess this risk, we fitted the model of Fig. 1B which
included a development factor with factor loadings all
equal at 7 months (fixed at 1 for identification) and all
equal at 12 months. The model likelihood improved as
the variance of the development factor was reduced to
zero, implying no evidence for such a factor operating for
the BOSCC outcome and leaving our generalisation path
estimates unchanged (Table 4).

Moderating Factors

As general development was not found to be a significant
factor in the model, moderation of generalisation was tested
using the initial model. Reported in Table 5, moderation
effect estimates for age, non-verbal IQ, insistence on same-
ness and sensory motor behaviours were all small and none
even nominally significant. In each case, the models contin-
ued to fit satisfactorily. This was the case for all three paths
of generalisation: (i) home midpoint to school midpoint,
(i1) home midpoint to researcher endpoint, and (iii) school
midpoint to researcher endpoint. The log likelihood ratio
tests show there was no significant improvement in model
fit when interaction terms were included.

Discussion

Our results build on existing evidence that autistic children
do, in fact, generalise social communication skills during
naturalistic development (Carruthers et al., 2020; Hong
et al., 2018). Whilst intervention studies have provided
evidence of generalisation by demonstrating gains in target
skills within the original intervention environment, as well
as a novel (generalisation) setting, the path from gains in one
setting to the other is most often assumed rather than tested
(see Carruthers et al., 2023; Pickles et al., 2015; Shih et al.,
2021, for exceptions). The current study explicitly tests this

@ Springer
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implied path across three contexts (i.e., from the familiar
settings of home and school to an unfamiliar setting), whilst
controlling for the previous skill level in each context. Initial
models that considered only two contexts at a time showed
that children’s social communication gains with a parent
between baseline and midpoint generalised to improved
social communication with a researcher at endpoint. Simi-
larly, children’s social communication gains with a teaching
assistant between baseline and midpoint also generalised to
improved social communication with a researcher at end-
point. In the final three-context model, the children’s gener-
alisation of social communication from parent to researcher
remained, both directly and overall, including the indirect
effect via the assessment with teaching assistant at midpoint.
In contrast, the generalisation effect from teaching assistant
to researcher was no longer significant, and with negative
point estimates. Generalisation was also shown to be sig-
nificant from home midpoint to school midpoint, but not the
reverse. The key generalisation paths from home and school
midpoint to research endpoint did not show moderation by
age, non-verbal IQ,1 or restricted and repetitive behaviours.
In other words, these factors did not determine the extent of
generalisation of social communication skills across home,
school and unfamiliar contexts for the children in this sam-
ple. Our results also suggest that overall development of
child behaviour across all contexts was not responsible for
the pattern of results we report. We thus infer here a gen-
eralisation of a specific domain of ability (i.e., social com-
munication skills) across context and time.

These results add new insight to the field’s growing
understanding of generalisation as it applies to autistic
children. Lack of a normative control group means that
we cannot say with certainty that autistic children do not
have difficulties with skill generalisation compared to their
neurotypical peers. However, these results establish that
autistic children can generalise, and should lead to recon-
sideration of widely reported beliefs to the contrary (Car-
ruthers et al., 2020). Using the temporal sequences afforded
by the longitudinal design, the current study also provides
a novel insight into the dynamics of influence during an
autistic child’s development of social communication. Gen-
eralisation of skills into the researcher BOSCC assessment
was stronger from the parent BOSCC at home than from
the teaching assistant BOSCC at school. When we tested
the bidirectional relationship between social communication
change that had occurred at home and school by midpoint,
the stronger direction was from home to school. Behaviour
learning accounts of generalisation hold that learning will
be more readily transferred to new contexts if there is greater

! Consideration of the estimated confidence intervals indicate that
some caution is warranted with regard to IQ.

@ Springer

similarity in contingencies between the original learning
context and the new one (see Swan et al., 2016 for review).
More contemporary accounts are based, instead, on theories
about the internalisation of procedural knowledge arising
from early dyadic interaction, which can then be applied
flexibly into different contexts (Carpendale & Lewis, 2004;
Tomasello, 2008). Our finding that the parent-home con-
text shows greater salience for generalisation into school
and research settings supports the latter model. Home is the
first occurring and enduring context in which children spend
more time than other settings and involves a relationship
intimacy that increases the likelihood of internalisation.
There is no a priori reason why the contextual contingences
of the home would be more similar to the research setting
than those of the school, indeed school and research settings
might be more similar.

Another factor that potentially affected generalisation
from school to research settings in PACT-G may be that
63% of the children in the cohort experienced at least one
change in teaching assistant at school during the study. This
rate was higher than originally expected and resulted from
staff turnover, staff reassignment, children changing schools,
and the therapy spanning a change in school year. Whilst
social communication skills do not start from scratch with
each new interaction partner, for the children in the current
sample who were in the midst of developing early stages of
social communication, consistency (which offers routine and
predictability) is likely be important (Lindsay et al., 2014).

The current study is the first to report the interplay
between home and school learning environments for autis-
tic children, though others have emphasised the importance
of alignment across settings (Azad et al., 2021). For autistic
children with limited verbal communication, our study sug-
gests that while both parents and educators play a significant
role in supporting learning and generalisation of skills, gains
within the home environment more strongly generalise to
novel environments than those from school. There are many
other aspects of the educational environment, including peer
relationships, group play and interaction, and the challenge
of novelty and difference, that are undoubtedly essential for
child social development beyond the immediate family. Fur-
ther research into the dynamics between home and school
learning, and their combined influence on autistic children’s
social communication development, could lead to better tar-
geted interventions.

Evidence that autistic children can and do generalise
social communication skills may dictate a shift of focus,
to ask what are the necessary support(s) for interventions
to facilitate maximum learning and generalisation (Chang
et al., 2016; Green et al., 2010). Research involving non-
autistic control groups will allow further insight into the
ways in which autistic generalisation may differ from ‘neu-
rotypical’ learning patterns. For example, understanding the
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ways in which cognitive conceptual processes (e.g., those
that underlie perceptual discrimination skills) and social-
context processes (e.g., incorporating a child’s interests to
facilitate peer engagement and inclusion) both interact and
independently influence learning for autistic children may
provide better insight into intervention strategies that pro-
mote skill generalisation.

Strengths and Limitations

Strengths of the study include rigorous data collection,
monitoring of reliability, low attrition and sample size—our
analysis of 2000 separate video assessments on 248 children
is substantially larger than any other study of cross-context
generalisation of any skill type among autistic individuals to
date. The ratings of social communication were made blind
from independently recorded video, with high reliability,
thus removing potential sources of confounding.

In addition to these strengths, a number of limitations are
noteworthy. The primary analysis measured generalisation
at the level of social communication subscale score, which
is comprised of eight behaviours in Module 1 and twelve in
Module 2. The resulting lack of granularity of the measure
limits our understanding of the detail of generalisation. A
more bounded test would have been to test generalisation of
single behaviours over the three contexts. A similar distinc-
tion may be usefully drawn between downstream develop-
ment and generalisation of skills (Sandbank et al., 2021).
The current measurement makes it impossible to differenti-
ate between what may have been single behaviour generali-
sation and a more general ‘domain’ generalisation of related
skills. For instance, some children may be learning particu-
lar social communication skills (e.g., eye contact, gesture)
at home and then expanding these skills into more advanced
social communication skills at school (e.g., integrated social
overtures); this could be more accurately described as down-
stream developmental effects than generalisation of specific
behaviours. These factors need to be carefully considered as
further tests of generalisation are designed.

The children in the PACT-G trial had high levels of
autism symptoms, and largely limited language ability
and low non-verbal IQ (see Table 1). These factors may
limit the extent to which our findings can be generalised
to the whole spectrum of autism. We administered only
the nonverbal subscales of the Mullen, so were not able to
control for global IQ, but the correlations between nonver-
bal IQ scores and language measures indicated they were
strongly associated (Table S2). Furthermore, awareness
of the research trial participation may have led children’s
parents and teaching assistants to think more about how
to develop their child’s communication, which may have
influenced the learning environments of the study children
in ways that may differ from children not participating in a

research trial. Finally, given the null results of the PACT-
G trial on the BOSCC, the current analyses were not able
to benefit from the more robust causal inference possible
from a successful experimental perturbation.

The BOSSC is a naturalistic, play-based measure of
children’s social communication skills that can be used
across time, communication partner and setting. It has
strong psychometric properties and good predictive valid-
ity in relation to developmental outcomes in early inter-
vention studies (Carruthers et al., 2021; GrzadzinsKki et al.,
2016, 2023). Symptom-based social communication meas-
ures, such as the BOSCC, have been criticised for embody-
ing a ‘deficit-based’ formulation of autism and prioritis-
ing neurotypical vs. autistic preferences for socialising
(Timimi et al., 2019). For young children with significant
developmental delay and limited communication skills,
and in the context of a parent-and teacher-mediated social
communication intervention trial, the BOSCC provided
us with a suitable measure to test generalisation of social
communication skills, despite these limitations. A recent
model attempts to align traditional and neurodivergent
positions within a transactional approach. This proposes
that is autism an emergent entity formed through devel-
opmental processes over time between the neurodivergent
brain, mind and body interacting with the social and physi-
cal environment (Green, 2022). Collaboration is needed
between autistic people, their caregivers and researchers to
develop approaches to early intervention and support that
address the heterogeneous experiences and preferences of
people on the spectrum and their families, including in
the development of suitable outcome measures (Bal et al.,
2018; Manzini et al., 2021).

Conclusions

The current study builds on previous literature to add further
evidence that autistic children can and do generalise social
communication skills across contexts in the course of devel-
opment. Using robust methods, we add novel insight into
the relative contributions of different learning environments,
showing that generalisation of social communication behav-
iours was stronger from the home setting than the school
into an unfamiliar research environment when measured
by an observation of naturalistic free play. Generalisation
of social communication was also stronger from home to
school than the reverse. We did not find any moderation of
these generalisation effects by age, non-verbal 1Q or level
of restricted and repetitive behaviours. Future research is
needed to gain a more comprehensive understanding of
facilitators of generalisation in order to develop targeted
strategies for interventions.

@ Springer



Journal of Autism and Developmental Disorders

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10803-024-06370-x.

Acknowledgments We gratefully thank all families who participated
in the PACT-G trial. Our thanks also to Catherine Lord, Alison Hol-
brook, Sheri Stegall and WPS for their time and input into the BOSCC
measurement and to Sue Fletcher-Watson for providing training. A
special thanks to the BOSCC coders: Young Ah Kim, Nicole El Hawi,
Chloe Hayes, Leonie Luk, Laurie Preston, Rachel Randle, Owen Wad-
dington, Alex Francisco Aspuru, Niki Bahri, Nurit Benrey, Katherine
Byrne, Gabrielle Gunin, Alison Holbrook, Alapika Jatkar, Kassandra
Martinez, Allison Megale, Nicole Rosen and Maira Tafolla. The Paedi-
atric Autism Communication Trial-Generalised (PACT-G) Consortium
members are Catherine Aldred, Matea Balabanovska, Hilary Beach,
Claire Bennett, Sophie Carruthers, Tony Charman, Imogen Crook,
Hannah Danvers, Kate Dartnall, Ceri Ellis, Richard Emsley, Hannah
Foote, Jessica Graham, Vicki Grahame, Jonathan Green, Patricia How-
lin, Neil Humphrey, Kirsty James, Sarah Jamieson, Anna Kappa, Anna
Knight, Kathy Leadbitter, Ann Le Couteur, Jo Lowe, Sophie Lang-
horne, Ruth Madeley, Deborah Maskell, Olivia Mitchell, Helen McCo-
nachie, Francisca Monteiro, Heather L Moore, Catherine Papastavrou,
Jeremy Parr, Amelia Pearson, Andrew Pickles, Leanne Rogan, Jessica
Rose, Vicky Slonims, Carol Taylor, Lauren Taylor, Susanna Vosper and
Helen Wilson. For the purposes of open access, the author has applied
a Creative Commons Attribution (CC BY) license to any Accepted
Author Manuscript version arising from this submission.

Author contributions TC, CT, CA, VS, VG, PH, HMcC, JP, RE, ALeC,
JG, AP: Conceptualisation, Methodology, Supervision, Obtaining
funding. SC, KL, CE, LT, HM, MB, SL: Data collection, Data cod-
ing. SC, AP, KJ: Data analysis. SC, TC, AP: Drafting manuscript. All
authors read, reviewed and approved the final manuscript.

Funding PACT-G was funded by the National Institute for Health
Research (NIHR) Efficacy and Mechanism Evaluation (EME) pro-
gramme (13/119/18). SC was supported by the UK Medical Research
Council (MRC) (MR/N013700/1) and was a King’s College London
member of the MRC Doctoral Training Partnership in Biomedical
Sciences. AP is partially supported by National Institute for Health
Research (NIHR) NF-SI-0617-10120 and Maudsley Biomedical
Research Centre at South London and Maudsley NHS Foundation
Trust and King’s College London. JG is a National Institute for Health
Research (NIHR) Senior Investigator (NIHR NF-SI-0617-10168). RE
is supported by an NIHR Research Professorship, (NTHR300051) and
is a member of NIHR CTU Standing Advisory Committee and HTA
Clinical Evaluation and Trials Committee. The views expressed are
those of the author(s) and not necessarily those of the NHS, the NIHR
or the Department of Health and Social Care.

Declarations

Conflict of interest JG and CA receive Director’s fees from a not-for-
profit PACT training company IMPACT (CiC 10902031). TC has
served as a paid consultant to F. Hoffmann-La Roche Ltd. and Ser-
vier; and has received royalties from Sage Publications and Guilford
Publications. AP receives book and questionnaire royalties from WPS,
OUP and Imperial College Press. SC, KL, CE, LT, HLM, KIJ, CT, MB,
SL, VS, VG, JP, NH, PH, HMcC and ALC all declare no conflicts of
interest.

Pre-registration The analyses presented were preregistered (https://
aspredicted.org/blind.php?x=dw43ak) with departures noted in the
Supplement Materials. The analytic code necessary to reproduce the
principal analyses presented are also available from https://osf.io/

@ Springer

nxvum/. Data are available from the study PI (JG) upon reasonable
request.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Aldred, C., Green, J., Emsley, R., & McConachie, H. (2012). Brief
report: Mediation of treatment effect in a communication inter-
vention for pre-school children with autism. Journal of Autism
and Developmental Disorders, 42(3), 447—-454. https://doi.org/
10.1007/s10803-011-1248-3

Azad, G. F,, Minton, K. E., Mandell, D. S., & Landa, R. J. (2021). Part-
ners in school: An implementation strategy to promote alignment
of evidence-based practices across home and school for children
with autism spectrum disorder. Administration and Policy in Men-
tal Health and Mental Health Services Research, 48(2), 266-278.
https://doi.org/10.1007/s10488-020-01064-9

Bal, V. H., Hendren, R. L., Charman, T., Abbeduto, L., Kasari, C.,
Klinger, L. G., Ence, W., Glavin, T., Lyons, G., & Rosenberg, E.
(2018). Considerations from the 2017 IMFAR preconference on
measuring meaningful outcomes from school-age to adulthood.
Autism Research: Official Journal of the International Society
for Autism Research, 11(11), 1446-1454. https://doi.org/10.1002/
aur.2034

Carpendale, J. I. M., & Lewis, C. (2004). Constructing an understand-
ing of mind: The development of children’s social understanding
within social interaction. Behavioral and Brain Sciences. https://
doi.org/10.1017/S0140525X04000032

Carruthers, S., Charman, T., El Hawi, N., Kim, Y. A., Randle, R.,
Lord, C., Pickles, A., & PACT Consortium. (2021). Utility of the
autism diagnostic observation schedule and the brief observation
of social and communication change for measuring outcomes for
a parent-mediated early autism intervention. Autism Research:
Official Journal of the International Society for Autism Research,
14(2), 411-425. https://doi.org/10.1002/aur.2449

Carruthers, S., Pickles, A., Charman, T., McConachie, H., Le Couteur,
A., Slonims, V., Howlin, P., Collum, R., Salomone, E., Tobin, H.,
Gammer, 1., Maxwell, J., Aldred, C., Parr, J., Leadbitter, K., &
Green, J. (2023). Mediation of 6-year mid-childhood follow-up
outcomes after pre-school social communication (PACT) therapy
for autistic children: Randomised controlled trial. Journal of Child
Psychology and Psychiatry, and Allied Disciplines. https://doi.
org/10.1111/jcpp.13798

Carruthers, S., Pickles, A., Slonims, V., Howlin, P., & Charman, T.
(2020). Beyond intervention into daily life: A systematic review
of generalisation following social communication interventions
for young children with autism. Autism Research, 13(4), 506-522.
https://doi.org/10.1002/aur.2264

Chang, Y.-C., Shire, S. Y., Shih, W., Gelfand, C., & Kasari, C. (2016).
Preschool deployment of evidence-based social communication
intervention: JASPER in the classroom. Journal of Autism and


https://doi.org/10.1007/s10803-024-06370-x
https://aspredicted.org/blind.php?x=dw43ak
https://aspredicted.org/blind.php?x=dw43ak
https://osf.io/nxvum/
https://osf.io/nxvum/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10803-011-1248-3
https://doi.org/10.1007/s10803-011-1248-3
https://doi.org/10.1007/s10488-020-01064-9
https://doi.org/10.1002/aur.2034
https://doi.org/10.1002/aur.2034
https://doi.org/10.1017/S0140525X04000032
https://doi.org/10.1017/S0140525X04000032
https://doi.org/10.1002/aur.2449
https://doi.org/10.1111/jcpp.13798
https://doi.org/10.1111/jcpp.13798
https://doi.org/10.1002/aur.2264

Journal of Autism and Developmental Disorders

Developmental Disorders, 46(6), 2211-2223. https://doi.org/10.
1007/s10803-016-2752-2

Cohen, J. (1988). Statistical power analysis for the behavioral sciences.
Routledge.

Crank, J. E., Sandbank, M., Dunham, K., Crowley, S., Bottema-Beutel,
K., Feldman, J., & Woynaroski, T. G. (2021). Understanding the
effects of naturalistic developmental behavioral interventions: A
project AIM meta-analysis. Autism Research, 14(4), 817-834.
https://doi.org/10.1002/aur.2471

D’Cruz, A.-M., Ragozzino, M. E., Mosconi, M. W., Shrestha, S., Cook,
E. H., & Sweeney, J. A. (2013). Reduced behavioral flexibility
in autism spectrum disorders. Neuropsychology, 27(2), 152—160.
https://doi.org/10.1037/a0031721

Frost, K. M., Koehn, G. N., Russell, K. M., & Ingersoll, B. (2019).
Measuring child social communication across contexts: Simi-
larities and differences across play and snack routines. Autism
Research, 12(4), 636-644. https://doi.org/10.1002/aur.2077

Fuller, E. A., & Kaiser, A. P. (2020). The eftects of early interven-
tion on social communication outcomes for children with autism
spectrum disorder: A meta-analysis. Journal of Autism and Devel-
opmental Disorders, 50(5), 1683—1700. https://doi.org/10.1007/
$10803-019-03927-z

Goldsmith, K. A., MacKinnon, D. P., Chalder, T., White, P. D., Sharpe,
M., & Pickles, A. (2018). Tutorial: The practical application of
longitudinal structural equation mediation models in clinical tri-
als. Psychological Methods, 23(2), 191-207. https://doi.org/10.
1037/met0000154

Green, J. (2022). Autism as emergent and transactional. Frontiers
in Psychiatry, 13, 988755. https://doi.org/10.3389/fpsyt.2022.
988755

Green, J., Charman, T., McConachie, H., Aldred, C., Slonims, V.,
Howlin, P., Le Couteur, A., Leadbitter, K., Hudry, K., Byford,
S., Barrett, B., Temple, K., Macdonald, W., & Pickles, A. (2010).
Parent-mediated communication-focused treatment in children
with autism (PACT): A randomised controlled trial. The Lancet,
375(9732), 2152-2160. https://doi.org/10.1016/S0140-6736(10)
60587-9

Green, J., & Garg, S. (2018). Annual research review: The state of
autism intervention science: Progress, target psychological and
biological mechanisms and future prospects. Journal of Child Psy-
chology and Psychiatry, and Allied Disciplines, 59(4), 424—443.
https://doi.org/10.1111/jcpp.12892

Green, J., Leadbitter, K., Ellis, C., Taylor, L., Moore, H. L., Carru-
thers, S., James, K., Taylor, C., Balabanovska, M., Langhorne,
S., Aldred, C., Slonims, V., Grahame, V., Parr, J., Humphrey,
N., Howlin, P., McConachie, H., Couteur, A. L., Charman, T.,
& Pickles, A. (2022). Combined social communication therapy
at home and in education for young autistic children in England
(PACT-G): A parallel, single-blind, randomised controlled trial.
The Lancet Psychiatry, 9(4), 307-320. https://doi.org/10.1016/
$2215-0366(22)00029-3

Grzadzinski, R., Carr, T., Colombi, C., McGuire, K., Dufek, S., Pickles,
A., & Lord, C. (2016). Measuring changes in social communica-
tion behaviors: Preliminary development of the brief observation
of social communication change (BOSCC). Journal of Autism and
Developmental Disorders, 46(7), 2464-2479. https://doi.org/10.
1007/510803-016-2782-9

Grzadzinski, R., Jatkar, A., Donovan, K., Truong, K., Holbrook, A.,
Lord, C., & Kim, S. H. (2023). Examining treatment outcomes
across contexts: How do child baseline characteristics impact
measurement of treatment response? Journal of Autism and
Developmental Disorders, 53(11), 4121-4131. https://doi.org/
10.1007/s10803-022-05655-3

Honey, E., McConachie, H., Turner, M., & Rodgers, J. (2012). Valida-
tion of the repetitive behaviour questionnaire for use with chil-
dren with autism spectrum disorder. Research in Autism Spectrum

Disorders, 6(1), 355-364. https://doi.org/10.1016/j.rasd.2011.06.
009

Hong, E. R., Neely, L., Gerow, S., & Gann, C. (2018). The effect of
caregiver-delivered social-communication interventions on skill
generalization and maintenance in ASD. Research in Develop-
mental Disabilities, 74, 57-71. https://doi.org/10.1016/j.ridd.
2018.01.006

Johnson, M. H. (2011). Interactive specialization: A domain-general
framework for human functional brain development? Develop-
mental Cognitive Neuroscience, 1(1), 7-21. https://doi.org/10.
1016/j.dcn.2010.07.003

Kim, S. H., Grzadzinski, R., Martinez, K., & Lord, C. (2019). Measur-
ing treatment response in children with autism spectrum disorder:
Applications of the brief observation of social communication
change to the autism diagnostic observation schedule. Autism,
23(5), 1176-1185. https://doi.org/10.1177/1362361318793253

Klein, A., & Moosbrugger, H. (2000). Maximum likelihood estimation
of latent interaction effects with the LMS method. Psychometrika,
65(4), 457-474. https://doi.org/10.1007/BF02296338

Kline, R. B. (2015). Principles and practice of structural equation
modeling. Guilford.

Klinger, L. G., Cook, M. L., & Dudley, K. M. (2021). Predictors and
moderators of treatment efficacy in children and adolescents with
autism spectrum disorder. Journal of Clinical Child and Adoles-
cent Psychology, 50(4), 517-524. https://doi.org/10.1080/15374
416.2020.1833735

Lindsay, S., Proulx, M., Scott, H., & Thomson, N. (2014). Explor-
ing teachers’ strategies for including children with autism spec-
trum disorder in mainstream classrooms. International Journal
of Inclusive Education, 18(2), 101-122. https://doi.org/10.1080/
13603116.2012.758320

Lord, C., Rutter, M., DiLavore, P., Risi, S., Gotham, K., & Bishop, S.
(2012). Autism diagnostic observation schedule, second edition
(ADOS-2). Western Psychological Services.

Manzini, A., Jones, E. J. H., Charman, T., Elsabbagh, M., Johnson,
M. H., & Singh, I. (2021). Ethical dimensions of translational
developmental neuroscience research in autism. Journal of Child
Psychology and Psychiatry, and Allied Disciplines, 62(11), 1363—
1373. https://doi.org/10.1111/jcpp.13494

Maslowsky, J., Jager, J., & Hemken, D. (2015). Estimating and inter-
preting latent variable interactions: A tutorial for applying the
latent moderated structural equations method. International Jour-
nal of Behavioral Development, 39(1), 87-96. https://doi.org/10.
1177/0165025414552301

Mullen, E. (1995). Mullen scales of early learning. American Guid-
ance Service.

Muthén, L. K., & Muthén, B. O. (2017). Mplus user’s guide (8th ed.).
Muthén & Muthén.

Pickles, A., Harris, V., Green, J., Aldred, C., McConachie, H., Slonims,
V., Le Couteur, A., Hudry, K., Charman, T., & PACT Consor-
tium. (2015). Treatment mechanism in the MRC preschool autism
communication trial: Implications for study design and parent-
focussed therapy for children. Journal of Child Psychology and
Psychiatry, and Allied Disciplines, 56(2), 162—170. https://doi.
org/10.1111/jcpp.12291

Rutter, M., Bailey, A., & Lord, C. (2003). The Social Communica-
tion Questionnaire (SCQ). Los Angeles: Western Psychological
Services.

Sandbank, M., Bottema-Beutel, K., Crowley LaPoint, S., Feldman, J.
1., Barrett, D. J., Caldwell, N., Dunham, K., Crank, J., Albarran,
S., & Woynaroski, T. (2023). Autism intervention meta-analysis
of early childhood studies (Project AIM): Updated systematic
review and secondary analysis. BMJ (clinical Research Ed.), 383,
e076733. https://doi.org/10.1136/bm;j-2023-076733

Sandbank, M., Chow, J., Bottema-Beutel, K., & Woynaroski, T. (2021).
Evaluating evidence-based practice in light of the boundedness

@ Springer


https://doi.org/10.1007/s10803-016-2752-2
https://doi.org/10.1007/s10803-016-2752-2
https://doi.org/10.1002/aur.2471
https://doi.org/10.1037/a0031721
https://doi.org/10.1002/aur.2077
https://doi.org/10.1007/s10803-019-03927-z
https://doi.org/10.1007/s10803-019-03927-z
https://doi.org/10.1037/met0000154
https://doi.org/10.1037/met0000154
https://doi.org/10.3389/fpsyt.2022.988755
https://doi.org/10.3389/fpsyt.2022.988755
https://doi.org/10.1016/S0140-6736(10)60587-9
https://doi.org/10.1016/S0140-6736(10)60587-9
https://doi.org/10.1111/jcpp.12892
https://doi.org/10.1016/S2215-0366(22)00029-3
https://doi.org/10.1016/S2215-0366(22)00029-3
https://doi.org/10.1007/s10803-016-2782-9
https://doi.org/10.1007/s10803-016-2782-9
https://doi.org/10.1007/s10803-022-05655-3
https://doi.org/10.1007/s10803-022-05655-3
https://doi.org/10.1016/j.rasd.2011.06.009
https://doi.org/10.1016/j.rasd.2011.06.009
https://doi.org/10.1016/j.ridd.2018.01.006
https://doi.org/10.1016/j.ridd.2018.01.006
https://doi.org/10.1016/j.dcn.2010.07.003
https://doi.org/10.1016/j.dcn.2010.07.003
https://doi.org/10.1177/1362361318793253
https://doi.org/10.1007/BF02296338
https://doi.org/10.1080/15374416.2020.1833735
https://doi.org/10.1080/15374416.2020.1833735
https://doi.org/10.1080/13603116.2012.758320
https://doi.org/10.1080/13603116.2012.758320
https://doi.org/10.1111/jcpp.13494
https://doi.org/10.1177/0165025414552301
https://doi.org/10.1177/0165025414552301
https://doi.org/10.1111/jcpp.12291
https://doi.org/10.1111/jcpp.12291
https://doi.org/10.1136/bmj-2023-076733

Journal of Autism and Developmental Disorders

and proximity of outcomes: Capturing the scope of change. Autism
Research: Official Journal of the International Society for Autism
Research, 14(8), 1536—1542. https://doi.org/10.1002/aur.2527

Schreibman, L., Dawson, G., Stahmer, A. C., Landa, R., Rogers, S.J.,
McGee, G. G., Kasari, C., Ingersoll, B., Kaiser, A. P., Bruinsma,
Y., McNerney, E., Wetherby, A., & Halladay, A. (2015). Naturalis-
tic developmental behavioral interventions: Empirically validated
treatments for autism spectrum disorder. Journal of Autism and
Developmental Disorders, 45(8), 2411-2428. https://doi.org/10.
1007/s10803-015-2407-8

Shih, W., Shire, S., Chang, Y.-C., & Kasari, C. (2021). Joint engage-
ment is a potential mechanism leading to increased initiations of
joint attention and downstream effects on language: JASPER early
intervention for children with ASD. Journal of Child Psychol-
ogy and Psychiatry, and Allied Disciplines, 62(10), 1228-1235.
https://doi.org/10.1111/jcpp.13405

Stokes, T. F., & Osnes, P. G. (2016). An operant pursuit of generali-
zation—Republished article. Behavior Therapy, 47(5), 720-732.
https://doi.org/10.1016/j.beth.2016.08.012

Swan, A. J., Carper, M. M., & Kendall, P. C. (2016). In pursuit of
generalization: An updated review. Behavior Therapy, 47(5),
733-746. https://doi.org/10.1016/j.beth.2015.11.006

@ Springer

Timimi, S., Milton, D., Bovell, V., Kapp, S., & Russell, G. (2019).
Deconstructing diagnosis: Four commentaries on a diagnostic tool
to assess individuals for autism spectrum disorders. Autonomy
(Birmingham, England), 1(6), AR26

Tomasello, M. (2008). Origins of human communication. MIT Press.

Yoder, P.J., Bottema-Beutel, K., Woynaroski, T., Chandrasekhar, R., &
Sandbank, M. (2013). Social communication intervention effects
vary by dependent variable type in preschoolers with autism spec-
trum disorders. Evidence-Based Communication Assessment and
Intervention, 7(4), 150-174. https://doi.org/10.1080/17489539.
2014.917780

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


https://doi.org/10.1002/aur.2527
https://doi.org/10.1007/s10803-015-2407-8
https://doi.org/10.1007/s10803-015-2407-8
https://doi.org/10.1111/jcpp.13405
https://doi.org/10.1016/j.beth.2016.08.012
https://doi.org/10.1016/j.beth.2015.11.006
https://doi.org/10.1080/17489539.2014.917780
https://doi.org/10.1080/17489539.2014.917780

	Generalisation of Social Communication Skills by Autistic Children During Play-Based Assessments Across Home, School and an Unfamiliar Research Setting
	Abstract
	Generalisation in Early Autism Intervention Studies
	Mediators and Moderators of Generalised Outcomes
	A Framework for Testing Generalisation Across Time, Context and People
	The Current Study: Testing Generalisation in the Context of the PACT-G Trial
	Methods
	Participants
	Ethical Considerations
	PACT-G Trial
	Measures
	Brief Observation of Social Communication Change (BOSCC)
	Mullen Scales of Early Learning (MSEL)
	Repetitive Behaviour Questionnaire (RBQ)

	Data Analysis
	Measurement Model
	Structural Model
	Within-Context Observations 
	Between-Context Covariances 
	Trial Design 
	Change in School Staff Partner 
	Cross-Lagged Cross-Context (Generalisation) Paths 

	Model Including Broader Development
	Moderating Factors


	Results
	Cross Lagged Analysis: Social Communication Subscale
	Initial Two-Context Models
	Three Context Model

	Model Incorporating Broader Development
	Moderating Factors

	Discussion
	Strengths and Limitations

	Conclusions
	Acknowledgments 
	References


