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Abstract
Younger siblings of children with autism spectrum disorders (HR-Sibs) are at elevated risk for social communication
deficits and language delays. One way to mitigate this risk early, before these deficits and delays become clear or
impairing, may be to equip parents to use the strategies taught through the Improving Parents as Communication
Teachers (ImPACT) intervention. In this randomized control trial, 97 HR-Sibs (mean age 14 months) and their primary
caregiver were randomized to either ImPACT or a business-as-usual control group. Our a priori, preregistered hypothesis
was that parents’ participation in ImPACT training would indirectly attenuate younger siblings’ social communication
challenges 9 months later by sequentially increasing parents’ use of ImPACT strategies immediately after the intervention
phase and by improving children’s midpoint proximal skills (e.g. motor imitation or intentional communication). Results
supported this prediction.
Lay abstract
Later born siblings of children with autism spectrum disorders (ASD) are at elevated risk for language delay or ASD.
One way to manage this risk may be for parents to use techniques taught in Improving Parents as Communication
Teachers (ImPACT) with the younger siblings during the period in which language delay and ASD may be too subtle to be
diagnosed. ImPACT targets children’s play, imitation, and communication skills. Improvement in these skills may reduce
the severity of language delays and social communication deficits associated with ASD. In this study, 97 younger siblings
of children with ASD and their primary parents were randomly assigned to ImPACT or a control group. We measured
whether parents used ImPACT teaching strategies and whether children used the skills that ImPACT targets. We also
measured children’s later language ability and social communication skills. The results confirmed our predictions that
parents’ use of ImPACT strategies improves language ability by improving children’s motor imitation and communication
skills. Use of ImPACT also had a positive effect on children’s language delay and ASD symptoms, supporting the clinical
value of the findings. The study’s methodological strengths make this one of the most rigorous tests of ImPACT and
supports one way to manage the risk of language delay and ASD in younger siblings of children with ASD.
Keywords
autism spectrum disorders, communication and language, family functioning and support, imitation, interventions—
psychosocial/behavioral
Thirty-three percent of younger siblings of children with
autism spectrum disorders (high risk or HR-Sibs) are likely
to meet criteria for a language delay or autism spectrum disorder (ASD) by 36 months. Fourteen percent of HR-Sibs
eventually meet criteria for a language delay, but not ASD
(Messinger et al., 2013). Another 19% meet criteria for ASD
(Ozonoff et al., 2011), which involves challenges with social
communication (American Psychiatric Association, 2013).
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While ASD diagnoses can be made as early as 14 to
18 months, for many children who ultimately meet criteria
for ASD, the symptom presentation manifests more slowly
such that diagnosis is not possible until much later (Ozonoff
et al., 2015; Pierce et al., 2019; Zwaigenbaum & Penner,
2018). These children miss the birth-to-three eligibility window for early intervention through the Individuals with
Disabilities Education Act (IDEA) Part C service system.
One way to reduce the severity of social and communication challenges in HR-Sibs may be to provide a preemptive intervention. Parent-implemented interventions
may serve this purpose because they are less expensive
than providing equivalent hours of therapist-implemented
intervention, and they are better able to infuse social and
communicative skill development into a variety of daily
routines and play contexts throughout the day. The two
studies of parent-implemented interventions for HR-Sibs
that have been conducted to date found positive effects
with regard to (a) parents’ non-directiveness and synchrony (Green et al., 2017), (b) child attentiveness/communication initiations with parents (Green et al., 2017), (c)
parent-reported infant adaptive functioning (Green et al.,
2015), and (d) parent-reported receptive and expressive
language (Whitehouse et al., 2019). Parents cannot be
blinded to treatment assignment when they are the implementers of the treatment. Thus, it is important to test the
efficacy of a parent-implemented treatment on outcomes
that cannot be influenced by the bias that can occur through
parental knowledge of treatment group assignment.
From a developmental psychopathology perspective,
parent-implemented intervention during the first few years
of life is likely to have a cascading effect on children’s
later social communication outcomes by first improving
their “pivotal skills” (e.g. Masten & Cicchetti, 2010;
Rogers & Pennington, 1991). Pivotal skills are central
building blocks that enable children to learn from or recruit
input from their natural social environment (Koegel et al.,
1998). When pivotal skills are elicited, modeled, and
rewarded in a treatment, they are proximal outcomes
(Yoder et al., 2013). Thus, we might expect that early
intervention will indirectly affect later child outcomes by
promoting the development of earlier proximal skills that
are pivotal in facilitating broader outcomes, such as language delay or social communication difficulties associated with ASD. For younger siblings at familial risk for
ASD, these proximal skills include (a) intentional communication (Yoder et al., 2015), (b) expressive vocabulary
level, (c) motor imitation (Ingersoll & Schreibman, 2006;
Rogers, 1999), and (d) object play (Lieberman & Yoder,
2012). All four proximal skills are malleable with intervention (McDuffie et al., 2012; Wainer & Ingersoll, 2013;
Yoder & Stone, 2006), have theoretical rationale for influencing future social communication, and empirically predict later communication ability in children with ASD
(Yoder et al., 2015).
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In order for parent-implemented interventions to impact
children’s growth, coaches must first foster parents’ ability
to independently use the intervention strategies they are
taught. This cascading model of intervention delivery (e.g.
Kaiser & Roberts, 2013) is an underemphasized precondition of parent-implemented intervention efficacy. Only
one group has demonstrated that for older children with
ASD, parent-implemented interventions affect child outcomes through parents’ use of the taught strategies (Aldred
et al., 2012; Pickles et al., 2015). To date, no study has
assessed the longitudinal, cascading effects of a parentimplemented intervention for HR-Sibs by using an indirect, or mediational, model to examine whether intervention
training first improves parent strategy use, which then
improves child proximal skills, which ultimately improves
child social communication outcomes.
A promising parent-implemented intervention is
Improving Parents as Communication Teachers (ImPACT;
Ingersoll & Dvortcsak, 2010). ImPACT is part of a class of
a naturalistic, developmental, behavioral interventions
(NDBIs; Schreibman et al., 2015), which employ behavioral strategies within a naturalistic, play-based setting to
address developmentally appropriate goals. ImPACT was
selected for the present study because it (a) seeks to
enhance dyadic mutuality, which has been found to predict
which HR-Sibs fail to receive an ASD diagnosis (Wan
et al., 2013); (b) focuses on teaching the above-mentioned
proximal skills; (c) uses guided practice in every session to
teach parents skills; (d) uses child teaching techniques that
are evidenced-based; (e) is liked by parents when they are
the implementers (Wainer & Ingersoll, 2013); and (f) has
preliminary data to support its efficacy in children with
ASD (Ingersoll & Wainer, 2013). A recent quasi-experiment testing the effect of parent-implemented ImPACT
conducted with young children at risk for ASD found positive effects on measures from parent–child interactions
(Stahmer et al., 2020). No internally valid test of the efficacy of ImPACT on generalized skills in HR-Sibs has been
conducted.

Research aims
This study was designed to test the hypothesis that parents’ participation in ImPACT training will have cascading, indirect effects on HR-Sibs’ social communication
outcomes. We used serial mediation modeling to test the
hypotheses that ImPACT training would (a) increase parents’ generalized use of ImPACT strategies directly after
intervention, (b) indirectly improve HR-Sibs’ proximal
skills (intentional communication, expressive vocabulary
level, motor imitation, and object play) by 3 months postintervention, and (c) indirectly improve HR-Sibs’ social
communication and expressive language outcomes by
6 months post-intervention. We also address limitations
in the previous literature by (a) assessing children’s
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Table 1. Preintervention participant characteristics by intervention group for continuous variables.
Variable

ImPACT (n = 49)
M(SD)

Control (n = 48)
M(SD)

Between-group
effect sizea

Age in months
Mental age in monthsb
Expressive age in monthsb
Receptive age in monthsb
Cognitive standard score (M = 100, SD = 15)b
Expressive T score (M = 50, SD = 10)b
Receptive T score (M = 50, SD = 10)b

14(2)
12(3)
11(4)
11(3)
88(16)
41(12)
37(11)

14(2)
13(3)
12(4)
11(3)
91(15)
41(12)
37(10)

0.00
−0.33
−0.25
0.00
−0.19
0.00
0.00

ImPACT: Improving Parents as Communication Teachers; M: mean; SD: standard deviation.
All between-group contrasts are non-significant.
a
Cohen’s d.
b
Mullen Scales of Early Learning (Mullen, 1995).

Table 2. Preintervention participant characteristics by group for categorical variables.
Variable

Sex
Race

Formal education of
primary parent

Number of children
with ASD in home
Primary parent

Levels

ImPACT

Control

Between-group
effect sizea

Percentage of group

Percentage of group

Male
African American
Asian
White
Mixed
12 years or GED
1–2 years of college or technical school
3–4 years of college or technical school
1–2 years of graduate or professional
school
3 or more years of graduate or
professional school
1

55
2
8
79
10
6
16
39
16

58
7
8
76
11
9
13
49
13

0.07

22

17

0.07

92

94

0.07

Mother
Father
Other

88
10
2

92
8

0.07

0.08

ImPACT: Improving Parents as Communication Teachers; ASD: autism spectrum disorders.
All between-group contrasts were non-significant.
a
Effect size is Cramer’s V (sqrt(chi-square/(n × df)).

generalized skills by measuring behavior during their
interactions with blinded examiners, rather than their
interactions with parents (who also may serve as their
interventionists at home) and (b) measuring behavioral
outcomes using blinded coders rather than only through
parent report or interactions with parents, to avoid potential bias.

Method
Participants
Ninety-seven children and their primary parent at two sites
(Nashville n = 49, Seattle n = 48) participated in this study.

Inclusion criteria were (a) younger sibling aged between
12 and 18 months at study entry, (b) at least one full sibling
with diagnosed ASD in the home, and (c) English as the
primary home language. Tables 1 and 2 provide descriptive statistics for the participants. None of the descriptor
variables differed significantly between intervention
groups, p values: range = 0.12–0.95, M = 0.70, SD = 0.24.
All participants were consented and the study was
approved by the relevant institutional review boards.
Figure 1 indicates the number and dropout classification (i.e. no-shows vs discontinuers) for participants at
each stage of the study using the CONSORT conventions.
According to Deke and Chiang’s (2017) guidelines and the
measurement period at which attrition was at its maximum
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Assessed for eligibility (n=284)
Excluded (n=187)
Not meeting inclusion
criteria (n=134)
Declined (n=53)
Randomized (n=97)

Control (n=48)

ImPACT (n=49)

Number of children who received
T-1 Visits (n=48)

Number of children who received
T-1 Visits (n=49)

Number of children who received
T-2 Visits (n=43)
Didn’t Show: 2
Reason – Family Stress
Discontinued: 3
Reason – Study Burden

Number of children who received
T-2 Visits (n=47)
Didn’t Show: 0
Discontinued: 2
Reason – Study Burden

Number of children who received
T-3 Visits (n=43)
Didn’t Show: 2
Reason – Family Stress
Discontinued: 0

Number of children who received
T-3 Visits (n=46)
Didn’t Show: 1
Reason – Family Stress
Discontinued: 0

Number of children who received
T-4 Visits (n=44)
Didn’t Show: 0
Discontinued: 1
Reason – Study Burden

Number of children who received
T-4 Visits (n=47)
Didn’t Show: 0
Discontinued: 0

Figure 1. Flow diagram of the progress through the measurement periods of this two-group randomized trial.

(Time 3), we judged that the overall (8%) and differential
attrition (4%) were unlikely to cause bias. Sixty-five percent of eligible families chose to participate, 95% confidence interval (CI) = 57%–73%. As a benchmark for
judging this level of self-selection, a meta-analysis of preventive parent-implemented interventions found a mean of
52%, SD = 26% (Finan et al., 2018).

Research design
This study used a randomized between-group experiment.
Parent–child pairs were randomly assigned (with computerized balancing) to either ImPACT (n = 49) or control
(n = 48) groups. Study assessors and coders of observational procedures were blind to intervention group assignment. Intent-to-treat analysis procedures were used (i.e.
including all participants in primary analyses, regardless
of attendance at intervention and assessment sessions).

Full information maximum likelihood (FIML) estimation
was used to address missing values. This study was registered at www.clinicaltrials.gov with clinical trials registration number 140924. Hypotheses dealing with mediation
are addressed in this report, while hypotheses dealing with
moderation are addressed in a separate report. We combined two hypotheses initially stated as separate simple
mediation models to one hypothesis stated and tested as a
serially mediated model to improve parsimony and reduce
the number of significance tests.
The variables in the mediated models were measured at
different periods to meet the assumption of temporal precedence. The four measurement periods were pre-intervention (Time 1); immediately after the 3-month intervention
phase ended (Time 2); 6 months after study entry (Time 3);
and 9 months after study entry (Time 4). Use of ImPACT
strategies was measured immediately after the intervention
phase ended, because parents were expected to show their
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strongest level of implementation at that period. In addition to Time 1, proximal skills were measured 3 months
after the intervention phase ended to provide sufficient
time for parents’ use of ImPACT strategies to have an
effect on these skills. In addition to Time 1, social communication abilities were measured 3 months after putative proximal skills to provide sufficient time for putative
proximal skills to have an effect on these outcomes.

Intervention groups
ImPACT. This instantiation of the ImPACT intervention
involved staff offering parents 24 in-home teaching sessions over the course of 12 weeks. The ImPACT intervention is described in detail in the first edition of the
comprehensive manual (Ingersoll & Dvortcsak, 2010).
Examples of the ImPACT curriculum include (a) arranging materials and furniture to encourage productive child
engagement; (b) following the child’s lead; (c) using positive affect and animation; (d) modeling and expanding language and communication; (e) using communicative
temptations; (f) directly teaching expressive communication, receptive language, motor imitation, and object play;
and (g) integrating interactive and direct teaching methods. In general, the curriculum focuses on setting up jointaction routines around objects that enable modeling and
direct teaching of play, communication, and language
skills that are just beyond the child’s current production
level. Child imitation of adult models is encouraged as a
part of teaching all skills. Parents were asked to provide at
least 1 h of therapy per day, which could be dispersed
across the day, 5 days/week for the duration of the study.
The staff providing the parent teaching was a speechlanguage pathologist (SLP) who had been trained and certified by the originators of the ImPACT intervention at the
primary site. The SLP trained and monitored a staff member at the second site, using the methods she experienced
when she was trained by the originators of ImPACT. After
meeting criteria for implementation fidelity, the trained
staff member implemented ImPACT with participants at
the sister site. Using self-administered, session-specific
checklists on at least two sessions per parent–child pair,
staff adherence to the ImPACT protocol for teaching parents was estimated to average 91% (SD = 3%). Eighty-six
percent of parents assigned to the ImPACT group completed the program content.
Control. Like the ImPACT families, families assigned to
the control group were free to pursue intervention outside
of the research study. As indicated by parent report administered at all measurement periods, parents reported their
children received an average of one half-hour of non-project therapy per month, which was not significantly different between groups, ImPACT M(SD) = 0.6(1.6); Control
M(SD) = 0.5(1.4), p > 0.05.
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Procedures
The administration manuals and fidelity of implementation instruments are available from the first author. In all
examiner–child sessions, the interaction style, location,
examiner, and materials differed from those used in the
intervention sessions. Examiners were blind to group status. In the parent–child sessions, the materials and location
differed from intervention sessions. Parents were not
explicitly told to use ImPACT strategies during parent–
child assessment sessions to ensure that instructions would
be consistent between groups and to test whether parents
assigned to the ImPACT group would spontaneously generalize the use of ImPACT strategies when their coaches
were absent.
Parent implementation of ImPACT strategies procedures. To
measure parents’ use of ImPACT strategies in both groups
at Times 1 and 2, the parent–child free play (PCFP) and
parent–child snack (PCS) were administered. The PCFP is
a 15 min unstructured activity for which the parent was
instructed to “Play as you would at home if you had no
interruptions and had time to play with your child” (Yoder
et al., 2015). A standard set of developmentally appropriate toys was made available. The PCS is a 10 min unstructured session, for which the parent was told, “We want to
see how your child communicates during snack times
when you are interacting with him or her to elicit communication” (Yoder et al., 2015). Parents were given a standard set of materials, and child-preferred snacks and drinks
were available.
Motor imitation procedures. To measure motor imitation at
Times 1 and 3, the Semi-Structured Imitation Scale (SSIS)
and Adapted Legerstee Imitation Task (ALIT) were administered. The SSIS is an examiner–child session consisting
of 10 modeled actions with no accompanying verbal
instructions. It is a shortened version of a procedure
designed for use with toddlers and preschoolers with ASD
to measure spontaneous motor imitation in a playful context (Ingersoll & Meyer, 2011), as this type of motor imitation correlates most strongly with social reciprocity in
children with ASD (McDuffie et al., 2007). The ALIT is a
structured task adapted from work with 10 month olds
(Legerstee & Markova, 2008) and involves four items. The
examiner models putting an object in or taking an object
out of a container, giving the object or container to the
child, and waiting for child to imitate without verbal
instructions. The simple actions, structured format, and
prior use with infants supported the use of this procedure
to prevent a floor effect for motor imitation measurement.
Intentional communication procedures. To measure intentional communication at Times 1 and 3, the Communication and Symbolic Behavior Scales-behavior sample
(CSBS) and Brief Observation of Social Communication
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Change (BOSCC) were administered. The CSBS (Wetherby & Prizant, 2003) is a structured, interactive measure
of communication, early language, and play for children
with communication ages between 6 and 24 months; the
15-min behavior sample portion was used. The BOSCC
(also 15 min) was developed to measure change in communication over time in minimally verbal children with
ASD (Grzadzinski et al., 2016) and includes a standard set
of materials and procedures administered by an examiner.
Object play procedures. To measure object play at Times 1
and 3, the CSBS (above) and the Developmental Play
Assessment (DPA) were administered. The DPA is a
prompt-free, play-based interaction using a standardized
set of toys that was designed to measure exploratory to
multi-schema symbolic play in children with ASD from 6
to 36 months (Lifter, 1988).
Expressive vocabulary level procedures. To measure expressive vocabulary level at Times 1 and 3, the CSBS (above),
BOSCC (above), and MacArthur-Bates Communicative
Development Inventory (MCDI; Fenson et al., 2006) were
administered. The raw score from the MCDI expressive
vocabulary checklist was used. The infant version of the
MCDI was used for Time 1, and the toddler version was
used for Time 3.
Expressive language ability procedures. To derive a continuous measure of expressive language ability at Times 1 and
4, the percentile ranking from the expressive vocabulary
checklist on the MCDI (above) and the Mullen Scales of
Early Learning (MSEL; Mullen, 1995) were derived. The
MSEL is a commonly used cognitive assessment for children between birth and 68 months. It was administered by
licensed psychologists or trained research staff under the
psychologists’ supervision. At Time 1, the age equivalencies and T-scores for all MSEL subscales except the gross
motor scale were used to describe children’s mental ages
and cognitive delays.
Social communication procedures. To measure social communication at Times 1 and 4, the CSBS (above) was used
at both periods and the Autism Diagnostic Observation
Scale (version 2; ADOS-2) was used at Time 4. The
ADOS-2 (Lord et al., 2015) is a semi-structured measure
designed to inform the diagnosis of ASD. Research-reliable licensed psychologists and supervised staff administered the ADOS-2. In the current study, either the Toddler
Module or Module 1 was administered to all but one participant, who received Module 2. The social affect calibrated severity score was used to provide an interpretable
index of symptom severity that is comparable across modules (Esler et al., 2015; Hus et al., 2014). For the preparatory and primary analyses, the calibrated severity score
was reverse scored so that higher scores would convey
more adaptive functioning.
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ASD diagnosis. The diagnosis of ASD at Time 4 was determined by a licensed clinical psychologist on the basis of
information obtained from the ADOS-2, a parent interview
based on the ASD criteria in the Diagnostic and Statistical
Manual of Mental Disorders (5th ed.; DSM-5; American
Psychiatric Association, 2013), and other clinical assessments (e.g. Mullen Scales) as available. This variable was
used as a dependent variable in an exploratory analysis.

Coding, coded variables, and their interobserver
reliability
Overview. All coding manuals are available from the first
author. Session-level, point-by-point agreement checks
were conducted on at least 20% of randomly selected sessions throughout the study to reduce observer drift. Primary coders did not know which sessions would be double
coded. Interobserver reliability was estimated using intraclass correlation coefficients (ICCs), a method in which
errors on unitizing and classifying are reflected in the same
reliability estimate. Reliability estimates for all variables
at all time points were greater than our accepted threshold
of ICC > 0.69, with the exception of communicative temptations at Time 1, which was 0.60. Thus, communicative
temptations were not used to measure parents’ use of
ImPACT strategies at Time 1.
Parents’ use of ImPACT strategies. Three approaches were
used by trained observers to quantify parents’ use of
ImPACT strategies at Times 1 and 2. First, observers used
Procoder for Digital Video (ProcoderDV; Tapp, 2003) to
implement a 5 s partial interval behavior sampling of parents’ use of modeling language (i.e. verbally mapping the
child’s focus of attention) during the PCFP and PCS. Second, observers used ProcoderDV to implement timedevent sampling of the number of instances the parent used
direct teaching techniques to elicit child communication
(i.e. expressive communication teaching) from the PCS.
Expressive communication teaching is a collapsed category comprising elicited production prompts, complying
with child communication, and expanding child communication. Third, observers used a 5-point, Likert-type-like
rating scale adapted from Frost’s Naturalistic Developmental Behavioral Intervention code to rate behaviors
from the PCFP (Frost, 2018). Some aspects of the original
rating system were not used because those behaviors were
not well elicited by the PCFP or PCS (e.g. direct teaching
of motor imitation). The adapted Frost rating scale was
used to measure aspects of the ImPACT strategies that
required qualitative judgments: (a) face-to-face positioning, (b) following the child’s lead, (c) positive affect and
animation, (d) response to child communication attempts,
and (e) use of communication temptations.
Intentional communication and expressive vocabulary
level. Two variables were derived from the CSBS and
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BOSCC procedures to measure intentional communication and expressive vocabulary levels. Each communication act was classified as non-symbolic (i.e. imitated words
or phrases, non-word vocalizations, and gestures; for a
weight of 1 point), single non-imitated word utterances (2
points), or multiple non-imitated word utterances (3
points). The weighted sum of instances of intentional communication was the metric used to quantify maturity of the
form and frequency of communication, which we referred
to as weighted frequency of intentional communication.
Our past research with HR-sibs has shown that weighted
intentional communication is a more construct valid measure (i.e. more predictive of later social impairment) than
unweighted intentional communication (Yoder et al.,
2009). The original CSBS coding system does not make
the needed distinctions nor weight scores in the manner
suggested by our past research. We used the same scoring
for the BOSCC as the CSBS because we wanted to measure weighted intentional communication from different
procedures for our composite intentional communication
variable. In addition, we were unable to attain sufficient
reliability with the rating system recommended by the
BOSCC originator. Using our own coding increased the
reliability of the resulting scores. When a communication
act was judged to include a non-imitated word approximation, the word was orthographically transcribed. Systematic Analysis of Language Transcripts (SALT; Miller &
Chapman, 1985) software was used to count unique word
roots (e.g. “ball” and “balls” are considered the same word
root). We derived the number of different words from the
BOSCC and CSBS because we wanted to measure expressive vocabulary from these procedures. Neither the CSBS
nor the BOSCC coding recommended by the originators of
those procedures derives this variable.
Motor imitation. Motor imitation was coded at Times 1 and
3. For the SSIS and ALIT, coders rated the presence and
extent to which the child accurately imitated the adult’s
action on a 0–2 scale. The total raw score was the metric
used for each motor imitation variable.
Object play. Object play was coded at Times 1 and 3. Using
the event behavior sampling method, observers coded play
behaviors from the CSBS using the instructions in the
CSBS manual for the play subscale (Wetherby & Prizant,
2003). On the DPA, timed-event sampling was used to
code the number of different toys touched and the number
of unique differentiated play actions.
Social communication. The social communication behaviors
coded were those that tend to be most difficult for children
with ASD (Wetherby et al., 2004). Trained observers identified the instances of four non-mutually exclusive categories
using a timed-event sampling method from the CSBS at
Times 1 and 4: (a) coordinated cues (the combined use of at
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least three of the following behaviors: smiles, word/vocalization, gesture, and eye gaze within 3 s); (b) positive affect
sharing (i.e. smile with a gaze); (c) showing or pointing; and
(d) sharing interest (use of gesture or vocalization for apparent declarative pragmatic function).

Results
Preparatory analyses
Data reduction. To improve validity and reduce the number of significance tests (Yoder et al., 2018), equally
weighted composite variables were computed by averaging z-converted scores when component variables posited
to measure the same construct at the same period were sufficiently associated with each other (i.e. correlation or factor loading of >0.39). If the results of factor analyses
indicated that two composite variables were needed to
quantify a construct and the two composite variables correlated >0.39, we computed a second-order composite. If
component variables posited to measure the same construct were not sufficiently associated, a single-component
variable was selected to measure this construct based on
relative convergent construct validity evidence or internal
validity issues. With regard to internal validity issues, if
preparatory analyses indicated the need to statistically
control one Time 1 measure of a construct but not another
measure of the same construct, the component variable
needing statistical control was selected in tests of research
aim. For example, the motor imitation estimate from the
SSIS was selected over that of the ALIT because motor
imitation at Time 1 differed between groups only for the
SSIS (see next section for details). Using these criteria, the
variables selected for the analyses that follow are indicated
in Table 3.
Testing the need for and assumptions of pretest covariates. The only Time 1 measure of a dependent variable
that differed significantly between groups was motor imitation from the SSIS, t(92) = 3.7, p < 0.001, favoring the
control group. In addition, motor imitation at Time 1 significantly and positively predicted all four proximal skills
at Time 3 and the two communication challenge variables
at Time 4. Finally, the data fit the assumption of homogeneity of slopes for models predicting all putative proximal
skills at Time 3 and both communication outcomes at Time
4. All other pretests were non-significantly different
between groups, p values: range = 0.06–0.70, M = 0.40,
SD = 0.21, Cohen’s d range = −0.21 to 0.39. Thus, motor
imitation at Time 1 was partialled out of the proximal
skills at Time 3 and communication ability at Time 4.
Intervention effects did not vary by site. No significant
effects occurred for site × intervention predicting (a) parents’ use of ImPACT strategies at Time 2, (b) putative
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Table 3. Constructs, procedures, measurement periods, and variables.
Constructs

Procedures

Measurement
periods

Variables

Parent’s use of
ImPACT strategies

PCFP, PCS

1

Parent’s use of
ImPACT strategies

PCFP, PCS

2

Intentional
communication
Expressive vocabulary
level
Motor imitation
Object Play

CSBS, BOSCC

1, 3

CSBS, BOSCC, MCDI

1, 3

SSIS
CSBS, DPA

1, 3
1

Object Play

DPA

3

Expressive language
ability
Social communication

MCDI, MSEL expressive

1, 4

Second-order composite of two first-order composites: (a)
positive affect and animation rating, modeling language count,
and expressive language teaching count and (b) face-to-face
rating, following the child’s lead rating, and response to child
rating
Second-order composite of two first-order composites: (a)
response to child rating, use of communication temptation
rating, modeling language count, and expressive language
teaching count and (b) face-to-face rating, following the
child’s lead rating and positive affect and animation rating
Composite of weighted frequency of intentional
communication across procedures
Composite of number of different words said across
procedures
Total raw score
Composite of CSBS play raw score, DPA number of different
toys, and DPA number of unique differentiated play actions
Composite of number of different toys and number of
unique differentiated play actions
Composite of percentile rankings across procedures

CSBS

1

Social communication

CSBS, ADOS-2

4

Second-order composite of two first-order composites:
(a) sharing interests, show, and point counts and (b)
coordinating cues and positive affect sharing counts
Second-order composite of two first-order composites: (a)
sharing interests, show, and point counts, the reflected social
affect calibrated severity score, and (b) coordinating cues and
positive affect sharing counts

ImPACT: Improving Parents as Communication Teachers; PCFP: parent–child free play and PCS: parent–child snack (Yoder et al., 2015); CSBS:
Communication and Symbolic Behavior Scale (Wetherby & Prizant, 2003); BOSCC: Brief Observation of Social Communication Change (Grzadzinski et al.,
2016); MCDI: MacArthur-Bates Communicative Development Inventory (Fenson et al., 2006); SSIS: Semi-Structured Imitation Scale (Ingersoll & Meyer,
2011); DPA: Developmental Play Assessment (Lifter, 1988); MSEL: Mullen Scales of Early Learning (Mullen, 1995); ADOS-2: Autism Diagnostic Observation
Scale-Version 2 (Lord et al., 2015).

proximal skills at Time 3, or (c) communication ability at
Time 4. The p values range from 0.36 to 0.80, M = 0.60,
SD = 0.13.

Primary analyses
ImPACT teaching’s total effects. The total effects of
ImPACT (i.e. not considering mediators) were tested controlling for Time 1 measures of the dependent variables to
increase the precision of effect size estimates. Table 4
provides the adjusted means, SDs, and between-group
effect sizes for the ImPACT intervention’s total effects.
The only significant total effect of ImPACT teaching was
a very large effect on parents’ use of ImPACT strategies,
Wald χ2(1) = 37, p < 0.001, favoring the ImPACT group.
ImPACT teaching’s indirect effects on children’s communication
challenges. MPlus (Muthén & Muthén, 2019) was selected
to test indirect effects because it allows FIML estimation
and bias-corrected bootstrapping to estimate CIs around
indirect effect coefficients (Enders, 2010; Hayes, 2017).

Table 5 provides the significant serially mediated effects.
ImPACT’s effect on children’s expressive ability at Time 4
and children’s social communication at Time 4 were both
serially mediated by parents’ use of ImPACT strategies at
Time 2 and then through HR-Sibs’ motor imitation at Time
3 (see Figure 2 for an example illustration). Finally,
ImPACT’s effect on social communication at Time 4 was
serially mediated through parents’ use of ImPACT strategies and then through HR-Sibs’ intentional communication at Time 3. All other serially mediated effects involving
other putative proximal skills were non-significant (i.e. the
CIs around the indirect effect coefficients were inclusive
of zero).

Post hoc analyses for clinical significance
Given the significant indirect effect of ImPACT on continuously measured communication abilities, we next
assessed the clinical importance of these indirect effects
for language delay and social communication through parents’ use of ImPACT strategies (i.e. ImPACT teaching).
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Table 4. Adjusteda means, SDs, and between-group effect sizes for ImPACT’s total effects.
ImPACT

Parents’ use of ImPACT strategies at Time 2
Children’s object play at Time 3
Children’s expressive vocabulary at Time 3
Children’s intentional communication at Time 3
Children’s motor imitation at Time 3
Children’s expressive language ability at Time 4
Children’s social communication at Time 4

Control

Cohen’s d

Adjusted M

SD

Adjusted M

SD

0.28
−0.03
0.18
0.05
6.2
0.09
−0.03

0.61
0.77
1.0
3.4
3.7
1.0
0.77

−0.33
0.03
−0.19
−0.06
6.1
−0.1
0.03

0.51
0.82
0.58
3.1
3.2
0.72
0.63

1.09***
−0.07
0.45
0.38
0.03
0.22
−0.08

ImPACT: Improving Parents as Communication Teachers; SD: standard deviation.
a
Means are adjusted for their Time 1 measures (and for motor imitation at Time 1 if correlated).
***p < 0.001.

Table 5. ImPACT’s effects on children’s communication abilities occurs through parents’ use of ImPACT strategies and children’s
proximal skills.
M1

M2a

Outcomea

Unstandardized coefficient (95% CI)

Parents’ use of ImPACT
strategies at Time 2
Parents’ use of ImPACT
strategies at Time 2
Parents’ use of ImPACT
strategies at Time 2

Motor Imitation at Time 3

Expressive language ability at
Time 4
Social communication at Time 4

0.05 (0.01–0.16)

Social communication at Time 4

0.06 (0.01–0.18)

Motor Imitation at Time 3
Intentional communication
at Time 3

0.06 (0.01–0.17)

ImPACT: Improving Parents as Communication Teachers; CI: confidence interval; M1: first mediator; M2: second mediator.
a
Controlling for Time 1 motor imitation.

T2 Parents’ use of ImPACT
strategies

.67(.12)***

T3 motor imitationa
1.0(.51)*

-.67(.74)

.18(.16)

.07(.03)*
T4 expressive language
delaya

ImPACT vs Control
.03(.22)

Figure 2. Path diagram of the ImPACT teaching’s indirect effect on expressive language ability at Time 4 through parents’ use of
ImPACT strategies at Time 2 and HR-Sibs’ motor imitation at Time 3.

Unstandardized coefficients (and their standard errors) are shown.
a
Residuals after controlling for motor imitation at Time 1.
*, ***p < 0.05 and 0.001, respectively.

“Expressive language delay” was operationalized as a
score at or below the 10th percentile ranking on the MSEL
expressive language scale. ImPACT teaching had a statistically significant simple indirect effect on Time 4 expressive language delay subgroup membership through
parents’ use of ImPACT strategies at Time 2, indirect
effect’s unstandardized coefficient = −0.13, 95% CI = −.26
to −0.003 (see Figure 3). ImPACT teaching also had a significant indirect effect through parents’ use of ImPACT
strategies at Time 2 on Time 4 ASD diagnostic status,

indirect coefficient = −0.10, SE = 0.06, and 95% CI = −0.21
to −0.01.

Discussion
Summary of the research findings
The current study examined ImPACT’s intervention effects
on children’s early communication abilities. Our preregistered, a priori hypotheses were partially confirmed. Parents’
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T2 Parental use of
ImPACT strategies

-.19(.09)*

.68(.12)**

.14(.11)
ImPACT vs Control

T4 Expressive delay
(< 10th%ile) group
membershipa

Figure 3. Path diagram of the ImPACT intervention’s indirect effect on expressive language delay group membership at Time 4
through parents’ use of ImPACT strategies at Time 2.

Unstandardized coefficients (and their standard errors) are shown.
a
Residual after controlling for motor imitation at Time 1.
*, **p < 0.05, 0.01, respectively.

participation in ImPACT had (a) a large total effect on parents’ use of ImPACT strategies and (b) an indirect effect on
continuous measures of HR-Sibs’ communication abilities
through parents’ use of ImPACT strategies and on HR-Sibs’
subsequent motor imitation or HR-Sibs’ subsequent intentional communication. Although total effects of participating in ImPACT training were non-significant on child
outcomes, indirect effects are interpretable without significant total effect (Hayes, 2017). In addition, we found that
the ImPACT intervention had an indirect effect on HR-Sibs’
categorical expressive delay group membership and diagnostic status through parents’ use of ImPACT strategies.
The latter analyses were exploratory because it is very difficult to detect effects of relatively short-term, low-intensity
interventions on categorical outcomes due to the loss of
information that occurs when continuous variables are
dichotomized. However, the indirect effects on the categorical outcomes provide evidence that parents’ use of ImPACT
strategies leads to clinically important language and diagnostic outcomes.
Importantly, this study examined parents’ generalized
use of ImPACT strategies (i.e. use of the ImPACT strategies outside of the coaching contexts in which they were
taught), which may explain in part why we found indirect
effects on children’s later social communication. That is,
ImPACT training appeared to be beneficial for children’s
later social communication for those children whose parents demonstrated relatively frequent use of the strategies
beyond the original treatment context. While this explanation might seem obvious, we could find no other studies of
parent-implemented interventions in the HR-Sibs literature that had the required research design elements and
statistical evidence to demonstrate this type of effect.
Mediation models using a design that provides the temporal precedence of causal variables prior to affected variables collected in the context of randomized controlled trial
(RCT) designs provide the evidence needed to test whether

parents’ use of taught strategies is partly responsible for
intervention effects on children.
The next question is why parents’ use of ImPACT strategies would specifically aid motor imitation and intentional communication. ImPACT strategies are designed to
help parents interact with their children in sustained turntaking interactions around objects. Such repetitive turntaking interactions are thought to reduce the information
processing load of interactions, which may in turn make it
easier for HR-Sibs to participate in exchanges using cutting edge skills, such as imitating adult models or intentionally communicating. As children become more fluent
with using new motor imitation and communication skills
in highly familiar interactions, parents are taught to introduce novelty into their turn-taking interactions. By practicing these new skills in a number of interactive contexts,
some of which are less routinized than others, children
may develop a broader understanding of the contexts in
which their new skills are functional, which may lead to
generalization to activities not used in treatment and to
examiners with whom the children are less familiar.
Generalized motor imitation is a learning strategy that
children may use to learn many new skills (Ingersoll &
Schreibman, 2006). Preverbal intentional communication
enables children to actively convey messages to others,
which will later will be conveyed by words and elicits
responses from parents and others that teach children new
words for the meanings they convey (Yoder et al., 2015).
Most previous efficacy studies on ImPACT have used
less rigorous research designs (e.g. multiple-baseline
across participants, non-randomized group comparisons).
That said, these past studies have (a) demonstrated that
parents of children with ASD learned to use the ImPACT
methods (Wainer & Ingersoll, 2013), (b) demonstrated that
ImPACT use is associated with prompted and spontaneous
language use and joint engagement episodes with interventionists (Ingersoll, 2012; Ingersoll & Wainer, 2013;
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Stahmer et al., 2020), and (c) provided preliminary evidence that greater gains in child communication skills
occurred for children with ASD in an ImPACT group than
in a non-randomized control group (Stadnick et al., 2015;
Stahmer et al., 2020).
The current study used a more internally valid research
design to replicate past study findings that ImPACT teaching had a total effect on parents’ use of ImPACT strategies
in parents of children with ASD. By increasing parents’
generalized use of ImPACT strategy use, parents’ participation in teaching had an indirect effect on HR-Sibs’ generalized (a) motor imitation, (b) intentional communication,
(c) expressive language ability (continuously and categorically measured), (d) continuously measured social communication abilities, and (e) ASD diagnosis.

Limitations
The most important limitation of the current study is that
we could not measure actual frequency or duration of bouts
of ImPACT parent’s use of ImPACT strategies throughout
the intervention period. In our opinion, the field has not yet
determined how to measure parents’ use of intervention
strategies when research staff are absent. With NDBIs such
as ImPACT, intervention use is ideally embedded in routines and short interactions throughout the day, making
representative sampling of intervention use difficult.
Methodology to capture day-long intervention use raises
privacy concerns as well as concerns about parent reactivity (e.g. having staff visit to record interactions) and bias
(e.g. self-reports of use). The lack of such measures limits
our understanding of the daily or cumulative intervention
intensity necessary for positive child outcomes. In addition,
our sample lacked diversity. Most of our participants were
non-Hispanic White and well educated. Although many
HR-Sibs studies suffer from the same issues, the racial and
educational homogeneity restricts external validity.
While our study found a total effect of ImPACT intervention on parent strategy use, we found no total effects on
proximal or distal child outcomes. This is may be because
an insufficient proportion of parents generalized their use
of ImPACT strategies to enable detection of a total effect
on child outcomes. However, when parents’ generalized
use of ImPACT strategies was included in the model, we
found that ImPACT does affect child outcomes, albeit
indirectly. In addition, ImPACT intervention may be more
effective for some parent–child dyads than others. In other
words, in a heterogeneous population such as HR-Sibs,
there are likely characteristics that moderate intervention
efficacy. This question is addressed in a separate report.
Finally, total effects of ImPACT may be detectable when
parents use the strategies for longer than 6 months. Future
study is required to test this hypothesis.
Although composites were used to reduce the number
of significance tests, no family-wise alpha adjustment was

11
made for the multiple mediation models fitted to answer
this study’s research questions. This study assessed significance of each model using M Plus, which does not provide
the exact p value for each test of indirect effects, thus preventing alpha adjustment methods. However, each model
fitted addressed an a priori prediction, which, when confirmed, reduces the likelihood that our results are sample
specific.

Strengths
This study has several strengths that increase its internal
and external validity. In addition to the research design
strengths enumerated in the design section, low attrition
(overall and differential) and low participation in non-project treatments contribute to the strong internal validity of
the current study. In addition, confirmation of a preregistered hypothesis increases the likelihood of replicability.
Possible concern that the difference between groups could
be due to differential staff attention to parents in the two
groups is addressed by showing that effects of participating in ImPACT staff-led sessions on child dependent variables are in part due to ImPACT parents’ greater use of
ImPACT strategies. Because blind raters and non-intervention contexts were used to measure ImPACT strategy use,
this study constitutes an advance toward determining
whether parents’ increased use of pre-emptive intervention
strategies generalizes outside of formal intervention sessions and improves generalized proximal skills (motor
imitation and intentional communication), which have
effects on clinically important child outcomes.

Practical implications and conclusions
ImPACT is an intervention that can be implemented by
parents during a period when it is not yet clear which particular HR-Sibs will develop a social communication–
related disorder. Knowing that parents’ use of ImPACT
strategies is partly responsible for effects on reduction of
HR-Sibs’ communication challenges improves the basis
for concluding the results are really due to ImPACT teaching. Future research might emphasize parents’ use of
ImPACT strategies in more interactive contexts or activities or provide more parent teaching sessions than those in
the current study to increase the number of parents who
show generalized ImPACT strategy use. Knowing that
motor imitation and intentional communication are partly
responsible for the reduction of communication challenges
strengthens the rationale for targeting these skills.
The results of this study might generalize to other naturalistic developmental behavioral interventions (NDBIs;
Schreibman et al., 2015). The ImPACT strategies that were
partly responsible for effects on motor imitation and intentional communication are used in virtually all NDBIs. These
strategies include expressive communication teaching,
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face-to-face positioning, following the child’s lead, positive
affect and animation, response to child communication
attempts, and use of communication temptations. Future
research will be needed to verify whether other NDBIs produce indirect effects on HR-Sibs’ communication challenges through increasing the use of these strategies.
In addition, future research is needed to evaluate the
scalability of ImPACT. Despite having a relatively low
delivery burden (i.e. two coaching sessions per week), Part
C early interventionists rarely have this amount of time to
spend with families or have training in interventions such
as ImPACT. As clinicians and families continue to use
evidence-based NDBIs such as ImPACT, future research
should focus on ways to better facilitate integration of
NDBI strategies into community-based settings and for
underserved families, such as by training Part C early
interventionists, addressing systemic barriers, and providing telehealth access.
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