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Abstract
We reexamined the efficacy of Pathways early autism intervention using generalized measures of social communication 
and language skills administered by an unfamiliar adult in a novel environment. Generalized measures improve on sources 
of measurement bias. Sixty-seven autistic children blocked on age (under versus over 3 years) were randomly assigned to 
15 weeks of Pathways or services-as-usual. Age moderated the effects of Pathways for social communication. Specifically, 
Pathways had a significantly large effect for children under 3 and a small effect that approached significance for children over 
3. Pathways also had a small effect on expressive speech/language skills. Results replicate previous findings of the efficacy 
of Pathways on proximal and distal skills and support the importance of early intervention.
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Introduction

Autism spectrum disorder (ASD) is a complex, heterogene-
ous, neurodevelopmental disorder that severely compromises 
the development of social relatedness, reciprocity, social 
communication, joint attention, and learning. The Centers 
for Disease Control and Prevention estimated that 1 in 44 
children are on the spectrum (Maenner et al., 2021). While 
a reliable diagnosis is possible between 18 and 24 months 
of age (Zwaigenbaum et al., 2015), the median age of diag-
nosis is between 3 and 4 years (Maenner et al., 2021). Early 
identification and intervention are crucial as the appropriate 
early intervention can support autistic children1 in develop-
ing competencies in joint attention, social communication, 
and adaptive functioning (Fuller & Kaiser, 2020; Nahmias 
et al., 2019; Reichow, 2012; Schertz et al., 2012).

Naturalistic developmental behavioral interventions 
(NDBIs) are a class of empirically supported interven-
tions appropriate for the needs of young autistic children. 
NBDIs blend social interactionist (Bruner, 1981; Snow, 
1999; Vygotsky, 1978) and transactional approaches of 

development (Sameroff, 2009) with the science of applied 
behavior analysis to facilitate developmentally informed 
skills (Crank et al., 2021; Schreibman et al., 2015). Par-
ent-mediated NDBIs, in which caregivers are coached to 
implement intervention strategies within the child’s daily 
interactions, are associated with positive effects for social, 
communication, and language skills (Brian et al., 2017; 
Kasari et al., 2015; Rollins et al., 2021; Siller et al., 2013; 
Wetherby et  al., 2018). Parent-mediated NBDIs can be 
delivered in a manner consistent with the Individuals with 
Disabilities Education Act (IDEA) Part C Early Childhood 
Intervention (ECI) programs (Rollins et al., 2021; Weth-
erby et al., 2018). Part C is a federal grant program that 
assists states in operating statewide community programs 
for infants and toddlers with disabilities. These programs 
necessitate the provision of family-centered and family 
capacity-building practices that enhance the family’s ability 
to promote the child’s development within authentic learning 
experiences (Adams et al., 2013; Division for Early Child-
hood of the Council for Exceptional Children [DEC], 2014; 
Schertz et al., 2011).

Recently, Rollins et al. (2016, 2021) examined the effi-
cacy of Pathways Early Autism Intervention (Pathways) on 
social development. Pathways is a parent-mediated NDBI 
that fits the service delivery model of IDEA Part C programs 
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1 Identity-first language will be used as it has been found to be gen-
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in Texas and other low-resourced states. Pathways is a low-
dose (1.5 h per week), manualized, parent-mediated NDBI. 
Pathways interventionists coach caregivers to follow their 
child’s lead, use wait time, limit distractions and demands, 
and engage in face-to-face positioning, mutual gaze, anima-
tion, and imitation. Many of these strategies are found in 
other researched-based NDBIs (Brian et al., 2017; Ingersoll 
& Gergans, 2007; Kasari et al., 2015; Koegel et al., 2009; 
Wallace & Rogers, 2010; Wetherby et al., 2018). However, 
Pathways differs from other interventions in that caregivers 
are coached to actively engage their child in mutual gaze. 
Mutual gaze is an essential component of early dyadic inter-
action in infants with typical development that may activate 
the social brain network (Johnson et al., 2015; Jones & Klin, 
2013; Mundy & Bullen, 2022; Senju & Johnson, 2009). 
Unlike infants developing typically, autistic infants exhibit 
a decline in eye gaze between two and six months, suggest-
ing they miss out on opportunities to engage in mutual gaze 
and fundamental social interactions. Interventions that target 
mutual gaze, such as Pathways, may adjust the pattern of 
brain activity toward a more social trajectory (Johnson et al., 
2015; Jones & Klin, 2013; Mundy & Bullen, 2022; Senju 
& Johnson, 2009).

Rollins et al. (2021) randomized ECI-aged toddlers into 
a Pathways, communication, or a services-as-usual group 
(SAU). The communication intervention was identical to 
Pathways, except caregivers were coached on strategies to 
facilitate communication instead of mutual gaze, and the 
SAU group received community-based early intervention. 
The comparison with the communication group found 
Pathways to have significant medium effects on social skills 
and adaptive functioning but no effect on communication 
(Table 1). These findings support that mutual gaze is piv-
otal for social development and has cascading influences 
on communication and adaptive functioning (Johnson et al., 
2015; Jones & Klin, 2013; Mundy, 2016; Mundy & Bullen, 
2022), at least in ECI-aged children. Compared to the SAU 
group, Pathways had significantly large effects on social and 
adaptive functioning and a medium effect on communicative 
synchrony. In addition, using an overlapping sample, Rol-
lins et al. (2019) found that Pathways had significantly large 
effects on improving caregiver responsivity and decreas-
ing caregiver stress compared with community-based early 
intervention (Table 1). The large effects on child and car-
egiver functioning suggest that Pathways may be an effective 
ECI intervention.

Unfortunately, the median age of diagnosis for autistic 
children is between 3 and 4 years (Maenner et al., 2021), 
when autistic children are no longer eligible for Part C ECI 
services. ECI capitalizes on experience-dependent neuro-
plasticity changing the quality and quantity of interactions 
that may be disrupted (Landa, 2018). The developmental 
processes involved in the social brain network may be less 

malleable over time (Johnson et al., 2015; Landa, 2018) sug-
gesting that as autistic children age, they may be less able to 
realize the benefits of intervention (Dawson, 2008; Landa, 
2018). Further, recent metanalyses have found that the effect 
of age on intervention may differ by outcome variable (Sand-
bank, Bottema-Beutel, Crowley, Cassidy, Feldman, et al., 
2020) with social outcomes being more susceptible to age 
effects (Fuller & Kaiser, 2020; Gabbay-Dizdar et al., 2021) 
than spoken language (Hampton & Kaiser, 2016). Therefore, 
it is essential to identify if Pathways continues to be effective 
for gains in social development for autistic children who are 
older than 36 months of age.

It is also important to note that all measures used in the 
Pathways studies were obtained during caregiver-child 
interactions (CCI) or by standardized caregiver inter-
views (Table 1), which may have inflated the intervention 
effects (Fuller & Kaiser, 2020; Yoder et al., 2013). First, 
caregivers in the intervention group had the advantage 

Table 1  Summary of results of pathways studies with ECI-aged chil-
dren reported in Rollins et al. (2019, 2021) by measurement type and 
effect sizes

ECI Early Childhood Intervention; Effect sizes are based on (Cohen, 
1992); SAU services as usual; VABS Social and VABS Communica-
tion = Social and Communication domain subscales of the Vineland 
Adaptive Behavior Scales, Second Edition (VABS-II), respectively; 
VABS Adaptive Adaptive Behavior Composite of the VABS-II; Total 
Stress = Total Stress on the Parenting Stress Index, Fourth Edition, 
short form (PSI); PCDI = stress from the parent–child dysfunctional 
interaction scale of the PSI; CCI caregiver–child interaction; CR car-
egiver report; n/a not assessed, this comparison was not made for this 
measure
a Results from Rollins et al. (2021)
b Results from Rollins et al. (2019)

Measures Measure type Effect size

Pathways vs 
communica-
tion

Pathways vs SAU

Child  sociala

 Social orienting CCI Medium Large
 VABS Social CR Medium Large

Child  communicationa

 VABS communi-
cation

CR No effect No effect

 Synchrony of 
communicative 
behaviors

CCI No effect Medium

Child VABS 
 adaptivea

CR Medium Large

Caregiverb

 Total stress CR n/a Large
 PCDI CR n/a Large
 Caregiver 

responsivity
CCI n/a Large
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of implementing facilitative strategies learned during the 
intervention, whereas caregivers in the control group did not 
(Yoder & Crandall, 2019). Because the resulting measures of 
social and communication skills may be influenced by car-
egiver facilitative techniques, measurement constancy (i.e., 
measuring a construct the same way in both groups) was 
not attained (Sandbank, Bottema-Beutel, Crowley, Cassidy, 
Dunham, et al., 2020, Sandbank, Bottema-Beutel, Crowley, 
Cassidy, Feldman, et al., 2020; Yoder & Crandall, 2019). 
Second, because a caregiver provides the parent-mediated 
intervention, outcome measures are extracted from the same 
context as the intervention (i.e., context boundedness). It 
is unknown if the results generalize to other settings or 
unfamiliar adults interacting with the children (Yoder & 
Crandall, 2019). Third, caregivers may experience a posi-
tive emotional response to learning new skills and providing 
the intervention, which may bias caregivers’ ratings during 
interviews following the intervention (a placebo by proxy 
effect, Grelotti & Kaptchuk, 2011) and increase the cor-
related measurement error (Crank et al., 2021; Sandbank, 
Bottema-Beutel, Crowley, Cassidy, Dunham, et al., 2020, 
Sandbank, Bottema-Beutel, Crowley, Cassidy, Feldman, 
et al., 2020). It is essential to redress these measurement 
issues to understand Pathways’s effects on social develop-
ment in young autistic children.

The purpose of the present study is twofold. The first is 
to examine the efficacy of Pathways on social communica-
tion, expressive speech/language, and symbolic behaviors 
using a measure administered by an unfamiliar adult in a 
clinic environment. Unlike our previous studies, a general-
ized measure of social communication, expressive speech, 
and symbolic behavior will allow us to improve on corre-
lated measurement error, measurement constancy, context 
boundedness, and the generalizability of these skills. The 
second is to examine if the efficacy of Pathways differs in 
children 3–4 years of age who are eligible for part B services 
from toddlers who are younger than 3 years and eligible for 
ECI services from IDEA Part C.2 In the current study, the 
Pathways group is compared with a SAU control group that 
received services from public and private community organ-
izations. Of note, the participants in the present research 
are independent from participants from previous Pathways 
studies.

We anticipate replicating previous findings on the effi-
cacy of Pathways for children under 3 and thus hypothesize 
that children in the Pathways group will demonstrate sig-
nificantly greater gains in social communication skills and 
similar gains in expressive speech and symbolic behaviors 
compared to the SAU group. We further hypothesize that 

Pathways’s effect on social communication will not wane in 
3–4-year-olds. Although previous studies suggest the effi-
cacy of intervention on social outcomes may vary by age 
(Sandbank, Bottema-Beutel, Crowley, Cassidy, Dunham 
et al., 2020, Sandbank, Bottema-Beutel, Crowley, Cassidy, 
Feldman, et al., 2020), Pathways’s focus on incorporating 
mutual gaze within early developing dyadic interactions may 
continue to adjust the pattern of early social development 
towards a more social trajectory in 3–4-year-old children.

Methods

Participants

Caregivers and children aged 18 to 50 months were recruited 
through local infant toddler programs, community centers, 
advocacy groups, physicians’ offices, social media, and 
word of mouth. Eligibility criteria included: (a) having a 
chronological age of less than 50 months at the start of the 
study; (b) receiving an autism spectrum classification on the 
Autism Diagnostic Observation Schedule, Second Edition 
(ADOS-2; Lord et al., 2012), administered by an ADOS-2 
reliable examiner; (c) having no other known medical, neu-
rological, or genetic concerns or disorders; and (d) having a 
primary home language of English or Spanish.

Of the 97 children initially assessed, sixty-nine children 
met inclusion criteria prior to the COVID-19 Pandemic 
(Fig.  1). Eight families who finished the intervention 
could not receive post-intervention assessments due to 
the COVID-19 pandemic (i.e., sheltering-in-place orders 
followed by cessation of human subjects research). An 
additional 12 families did not complete the intervention 
or receive post-assessment because they had a prolonged 
illness, death in the family, moved out of the area/coun-
try, or could not be reached to schedule post-intervention 
assessments. Two children were not included in the analy-
sis for the present study because they were functioning 
above the age at which the Communication and Symbolic 
Behavior Scales- Developmental Profile (CSBS DP; Weth-
erby & Prizant, 2002) is a valid measure (see CSBS DP 
measure below). Attrition analyses were based on What 
Works Clearinghouse (WWC) attrition standards (What 
Works Clearinghouse [WWC], 2020) for rating RCT with 
missing outcome data. The WWC attrition model evaluates 
potential bias as a function of overall and differential attri-
tion rates. Sample loss due to nature such as the COVID-
19 pandemic need not be counted as attrition, however, 
we included those children in the analyses. The attrition 
rates for both the Pathways and the SAU groups were 31%, 
yielding a differential attrition rate of 0%. Consequently, 
the combination of the overall (31%) and differential (0%) 
attrition rates generated a tolerable expected bias level. 

2 IDEA Part C (ECI) serves children until their third birthday; on and 
after their third birthday, children are served by IDEA Part B.
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Accordingly, WWC (2020) rates bias due to sampling 
attrition as low.

Baseline child and family characteristics are presented 
in Table 2. Notably, the sample is independent from the 
sample used in previous Pathways efficacy studies. Demo-
graphics (race/ethnicity and family income) show substan-
tial diversity relative to most existing autism research and 
are broadly representative of that of Dallas County, Texas, 
with the exception that our sample contains a larger per-
centage of Asian and a lower percentage of Black/Afri-
can American participants (United States Census Bureau, 
n.d.). Twenty-one participants reported speaking Spanish 
most or all of the time at home. The children, on average, 
had significant cognitive and linguistic delays and high 
levels of autism symptomatology. All caregivers consented 
to the study using an informed consent procedure approved 
by the university’s Institutional Review Board.

Study Design

This study used a stratified simple random sample with a 
waitlist control design and intent-to-treat (ITT) analyses. 
ITT models are based on group assignment and do not 
include corrections for participant loss due to attrition. 
Families were randomized in a 1:1 allocation by IDEA Part 
B and C eligibility groups (i.e., older than 3 years versus 
younger than 3 years). The principal investigator used a 
computer-generated list of random numbers to allocate par-
ticipants to treatment conditions and sealed envelopes for 
allocation concealment. Researchers opened the envelopes 
after families completed all baseline assessments. Clinical 
researchers administered the assessments and provided the 
intervention for the Pathways group. Consequently, inter-
ventionists were blind to group assignment at baseline but 
not post-intervention. An interventionist not familiar with 

Fig. 1  Diagram of study flow

Assessed for eligibility 
(n = 97)

Pathways (n = 22)
Received allocated 

interven�on + full post 
assessment (n = 17)

Received incomplete 
interven�on or no post 

assessment (n = 5)

SAU (n = 13)
Received allocated 

interven�on + full post 
assessment (n = 10)

Received incomplete 
interven�on or no post 

assessment (n = 3)

Excluded (n = 28)
Ineligible ADOS (n = 19)
Family conflicts (n = 9)

Alloca�on

Randomized from Block 1 
(<3 years) (n = 41)

Randomized from Block 2 
(>3 years) (n = 28)

Pathways (n = 15)
Received allocated 

interven�on + full post 
assessment (n = 9)

Received incomplete 
interven�on or no post 

assessment (n = 6)

SAU (n = 19)
Received allocated 

interven�on + full post 
assessment (n = 12)

Received incomplete 
interven�on or no post 

assessment (n = 7)

Analysis

Enrollment

Analyzed (n = 21)
CSBS-DP Total > 2 

years (n = 1)

Analyzed (n = 19) Analyzed (n = 14)
CSBS-DP Total > 2 

years (n = 1)

Analyzed (n = 13)
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the family conducted post-intervention assessments to mini-
mize bias. Recruiting, intake, and pre-and post-intervention 
testing procedures were identical for both conditions. The 
Pathways group received up to 12 project-related home visits 
within 15 weeks. The SAU control group received 15 weeks 
of services as usual from community-based early interven-
tion providers. Families in the SAU control group could elect 
to receive the Pathways intervention at no charge when they 
completed the study.

Interventionist Qualifications

Six clinical researchers were responsible for administering 
the assessments and providing the intervention. Three were 
bilingual (English/Spanish) and provided assessments and 
interventions in Spanish when Spanish was the primary lan-
guage of the home. Interventionist qualifications and training 
are detailed in Rollins et al. (2021). Interventionists were 
trained on Pathways to fidelity, using practice children prior 
to the start of the study. In addition, they participated in 
weekly supervision with the first author where they reviewed 

and discussed video recordings of treatment sessions. No 
other procedural fidelity measures were obtained.

Pathways Intervention

The Pathways intervention is a targeted, manualized pro-
gram with English and Spanish versions of the manuals 
available in print and digitized audio formats. Caregivers 
received family-centered coaching for 1.5 h per week, using 
adult learning methods that foster active learning within 
authentic settings to enhance the family's capacity to pro-
mote their child's development (DEC, 2014; Dunst & Triv-
ette, 2012; Friedman et al., 2012; Rush & Shelden, 2011). 
Coaching methods include multimodal methods to dissemi-
nate information, demonstration, practice, in vivo feedback/
guidance, self-reflection, and evaluation. The intervention is 
incremental, with each unit building on the preceding unit. 
Therefore, once a caregiver learns a strategy, they use it with 
the child for the remaining weeks of the intervention. The 
units focus in succession on following the child's lead, using 
wait time, limiting distractions and demands, face-to-face 

Table 2  Intervention group equivalencies at baseline for child and family characteristics (N = 67)

SAU Services-as-usual; d = Cohen’s d, effect size measure for which .2 = small effect, .5 = medium effect, and .8 = large effect; ADOS-2 Social 
CSS and ADOS-2 Total CSS = Autism Diagnostic Observation Schedule, Second Edition Social domain and Total Calibrated Severity Scores 
(Total CSS 8–10 = high levels of autism symptomatology), respectively; Receptive language age (months) = Mullen Scales of Early Learning 
Receptive Language age in months; Adaptive Behavior = Vineland Adaptive Behavior Scales, Second Edition, Adaptive Behavior Composite 
(M = 100, SD = 15); V = Cramer’s V, effect size for which .1 = small effect, .3 = medium effect, and .5 = large effect
a SAU n = 31
b Pathways n = 34, SAU n = 31

Characteristic Pathways (n = 35) SAU (n = 32) Pathways vs SAU

M SD M SD t(df) d

Maternal education (years)a 15.3 2.9 14.9 3.0 0.6(64) .14
Child age (months) 33.7 8.1 34.0 8.0 − 0.2(65) .04
Average non-project therapy hours (per 

week)b
7.9 10.0 11.7 12.1 − 1.4(63) .34

ADOS-2 Social CSS 8.2 1.8 8.1 2.3 0.3(65) .05
ADOS-2 Total CSS 8.1 1.7 8.3 1.8 − 0.5(65) .11
Receptive language age (months) 13.4 8.4 10.6 7.6 1.5(65) .35
Adaptive Behavior 73.3 9.4 70.6 8.5 1.2(65) .30

% % Fisher’s Exact Test (p) V

Child gender (male) 80 81 1.000 .01
Participating caregiver race/ethnicity .279 .25
Asian non-Hispanic 23 23
Black/African American non-Hispanic 3 16
Hispanic 51 48
White non-Hispanic 23 13
Annual family income .102 .28
< 50,000 46 41
$50,001–100,000 33 15
> 100,000 21 44



 Journal of Autism and Developmental Disorders

1 3

positioning, mutual gaze, animation, and imitation (Table 3). 
Caregivers are encouraged to use the interactional strategies 
throughout much of their child's day by utilizing play activi-
ties and social sensory and daily routines appropriate to each 
family's culture.

Pathways differs from other interventions in that caregiv-
ers are coached to engage their child in mutual gaze. Inter-
ventionists typically introduce mutual gaze in week 3 or 4 
of the 15-week intervention. Initially, caregivers actively 
capture the child's eye gaze during a motivating social sen-
sory routine when the child is not socially orienting to the 
caregiver’s gaze. Once the caregiver establishes eye gaze, 
they provide the child with contingent natural reinforcement 
by continuing the routine. Notably, the strategy requires the 
caregiver to actively capture the child's eye gaze without 
verbal, visual, or physical prompts. As the practice becomes 
established, the caregiver uses wait time to allow the child to 
spontaneously social orient to continue the routine. Later, as 
the practice expands, caregivers are encouraged to hold the 
child's eye gaze for extended periods, pausing the routine 
when the child looks away. The interaction evolves with the 
child engaging in several rounds of social orienting followed 
by mutual gaze for all or most of the routine. See Rollins 

et al. (2021) for additional details regarding intervention and 
coaching.

Caregiver Implementation Fidelity

Each week, interventionists rated caregiver implementation 
fidelity for each strategy on a scale of 1 to 4 (3 = strategy 
implemented correctly; 4 = caregiver is natural at imple-
menting strategy). An average fidelity score was calculated 
for each caregiver. Overall average caregiver fidelity was 
high (M = 3.6, SD = 0.3, range = 2.95 – 3.96) and 96% 
of caregivers obtained an average fidelity rating of 3.0 or 
greater.

Measures

Clinical researchers collected assessments at baseline before 
randomization and again at post-intervention in either Eng-
lish or Spanish, depending on the child's primary language. 
Assessments were administered within two weeks of the 
start and stop of the intervention phase at a Callier Center 
for Communication Disorders location that was most acces-
sible for the family. Clinical researchers were blind to group 
assignment at baseline but not post-intervention. Instead, a 
clinical researcher not familiar with the family conducted the 
post-intervention assessments to minimize bias.

ASD Classification

The ADOS-2 was administered prior to randomization to 
confirm a research diagnosis of ASD. The ADOS-2 is a 
semi-structured evaluation of communication, social inter-
action, play, and restricted/repetitive behaviors for children 
suspected of having ASD. The ADOS-2 has been used suc-
cessfully with Spanish-speaking autistic children (Ohashi 
et al., 2012; Stronach & Wetherby, 2017). The ADOS-2 is 
available in five versions (modules) selected based on the 
child’s age and expressive language level. For the present 
study, a researcher who was trained on site to be ADOS-2 
reliable administered the ADOS-2. The Toddler Module, 
intended for children 12–30 months of age, was adminis-
tered to 26 children. Module 1 of the ADOS-2, intended for 
children aged 31 months and older whose language abilities 
range from no speech to simple phrases, was administered 
to 41 children. All ADOS-2 scores were converted to Cali-
brated Severity Scores (CSS) to allow comparisons across 
modules.

Receptive Language

The Mullen Scales of Early Learning (MSEL; Mullen, 
1995) was administered prior to randomization to esti-
mate receptive language. The MSEL is a standardized, 

Table 3  Interactional strategies by unit

ABCs of behavior = Antecedent, behavior, and consequences
a Mutual gaze strategy: Engage toddler in mutual gaze during motivat-
ing face-to-face routines, without verbal, visual, or physical prompts, 
followed by contingent natural reinforcement
Table 3 is adapted from Rollins et al. (2021) with permission (http:// 
creat iveco mmons. org/ licen ses/ by/4. 0/)

Unit Pathways interactional strategies

1 Follow child’s lead
Limit talking and demands
Use wait time

2 Limit distractions
Organize toys
Use face-to-face positioning
Join in and play
Engage in social sensory, family, and daily routines

3 Facilitate mutual  gazea

ABCs of behavior
Contingent natural reinforcement
Practice new skills in different activities and environments
Practice new skills with different people

4 Use of animation
Exaggerate gesture
facial expressions
voice quality

5 Encourage Imitation
Imitate toddler’s vocalizations and actions
Put it all together in daily routines

6 Balancing Interaction
Add something new to the interaction
Create opportunities for reciprocal imitation

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
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direct assessment of development for young children (aged 
0–68 months) that yields age-equivalency scores for gross 
and fine motor skills, visual reception, and receptive and 
expressive language. Age equivalency scores were used to 
measure receptive language. These scores are commonly 
reported in studies on ASD, which enhances comparabil-
ity across studies (Sandbank, Bottema-Beutel, Crowley, 
Cassidy, Dunham, et al., 2020, Sandbank, Bottema-Beutel, 
Crowley, Cassidy, Feldman, et al., 2020). Notable, there is 
not a Spanish version of the MSEL. Consequently, develop-
mental quotients were not calculated for this study. We found 
high correlations for language scores between the MSEL 
and the Spanish version of the Vineland Adaptive Behavior 
Scales, Second Edition (VABS; Sparrow et al., 2005) for 
the children whose primary language was Spanish (r = 0.85 
p < 0.001 for receptive language) thereby increasing the 
criterion validity of the MSEL receptive language scores 
for these children.

Adaptive Functioning

The English or Spanish version of the caregiver interview 
form of the VABS was administered prior to randomization 
and post-intervention to measure child adaptive functioning 
skills. Only pre-intervention scores were used in the current 
study. Pre-intervention scores are less subject to placebo by 
proxy effects as participants have not yet been randomized 
to an intervention group. The VABS is a standardized test 
of adaptive functioning for individuals from birth to age 90. 
The test yields an adaptive behavior composite score and 
domain scores for communication, daily living, socializa-
tion, and motor development and has good test–retest reli-
ability (0.88–0.92).

Social Communication, Expressive Speech/Language, 
and Symbolic Skills

The CSBS DP was administered prior to randomization and 
at post-intervention. The CSBS DP is a direct assessment 
designed to assess early social communication, expres-
sive speech/language and symbolic behaviors in children 
6 months to 6 years whose functional communication and 
symbolic behavior is commensurate with typically develop-
ing children aged 6 months to 2 years. Children in the cur-
rent study all scored within or below the average range for 
two-year-old children on the CSBS DP total score, confirm-
ing functional communication and symbolic behavior was 
within the range appropriate for this assessment. The CSBS 
DP yields composite scores for Social, Speech, and Sym-
bolic skills (raw scores were used in the present analyses 
because they are strictly comparable across time points). The 
Social Composite measures social communication and is 
comprised of three subscales: social emotional signaling and 

joint attention, gestures, and communication. The Speech 
Composite measures expressive speech/language and is 
comprised of two subscales: sounds and words. Finally, 
the Symbolic Composite measures symbolic skills and is 
comprised of two subscales: understanding and object use. 
The CSBS DP has good internal consistency (0.86 to 0.89) 
and test–retest reliability (0.77 to 0.93; Wetherby & Prizant, 
2002) and has been used successfully with Spanish-speaking 
autistic children (Stronach & Wetherby, 2017).

Data Analytic Strategy

IBM SPSS statistical package version 27 and SAS OnDe-
mand release 9.04.01 were used to analyze the data. First, 
we provide descriptive statistics and preliminary analyses to 
establish pre-intervention group equivalencies on all base-
line characteristics found in Table 2. T-tests were used to test 
for group equivalencies for the continuous measures, and 
Chi square analyses were used for the categorical variables.

Attrition analysis (described above) found the bias due to 
sampling attrition is rated as low (WWC, 2020). Therefore, 
multiple imputations is considered an appropriate method of 
handling our analyses (WWC, 2020). Specifically, to address 
the problem of non-monotone missing data we performed 
multiple imputation using the Markov-chain Monte Carlo 
(MCMC) method under the assumptions of multivariate 
normality and missing at random (MAR). It is noteworthy 
that the MAR assumption is not testable, however, includ-
ing auxiliary variables that are correlated with our outcome 
measures makes the MAR assumption more plausible and 
increases the efficiency of the estimates (Allison, 2009). Fol-
lowing recommended practice, we included interaction and 
dependent variables as auxiliary variables (Allison, 2009; 
Manly & Wells, 2015). Auxiliary variables for all models 
were: Group, AGE, the Group x AGE interaction, moth-
er’s education in years, average non-project therapy hours, 
ADOS-2 Social CSS, ADOS-2 Total CSS, MSEL recep-
tive language age in months, Time 1 VABS expressive lan-
guage raw scores, Time 1 VABS Communication composite 
raw scores, Time 1 VABS Social domain raw score, Time 
1 VABS adaptive behavior composite, and Time 1 and 2 
CSBS total raw scores. In addition, for each outcome vari-
able (CSBS Social, CSBS Speech, and CSBS Symbolic), the 
respective Time 1 and Time 2 CSBS raw scores were also 
added as auxiliary variables.

We calculated descriptive statistics for pre-and post-
intervention CSBS DP raw scores on imputed data from the 
SAS PROC MI command. The BY _IMPUTATION_ state-
ment in the SAS PROC UNIVARIATE procedure generated 
25 imputed datasets combined using SAS PROC MIANA-
LYZE. Similarly, analyses for each outcome were performed 
using regression analyses on imputed data from the SAS 
PROC MI command. For each regression analysis, the BY 
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_IMPUTATION_ statement in the SAS PROC REG com-
mand generated 25 imputed datasets combined using SAS 
PROC MIANALYZE. We compared results from the multi-
ple imputations analyses with those obtained using listwise 
deletion (Online Resource 1) and found no discrepancies. 
Therefore, following the recommendation by Manly and 
Wells (2015), only imputed results are presented.

To test whether AGE moderated the efficacy of Path-
ways we used regression analyses, simultaneously entering 
the pre-intervention CSBS DP measure, the dummy-coded 
group variable, a dummy-coded AGE variable comparing 
between ECI eligibility groups (older than 3 years versus 
younger than 3 years) and the Group x AGE interaction vari-
able. When the interaction variable was significant, we con-
ducted follow-up analyses probing the interaction (Hayes, 
2018). When the interaction variable was not significant, 
we used hierarchical regression entering each variable one 
at a time into the model. The coefficient of determination 
(i.e., R2) and change in R2 (i.e., ΔR2) were calculated using 
the average R2 on the 25 imputed regression models (van 
Ginkel, 2019). The partial f-statistic was used to determine 
the statistical significance for the change in R2 (i.e., ΔR2) for 
each question variable entered. Effect-size estimates were 
assessed by the magnitude of the effect obtained from the 
R2 or ΔR2. The specific effect size calculation was f2 = R2/1 
– R2, and interpretation was based on Cohen (1992), where 
f2 ≥ 0.02 suggests a small effect; ≥ 0.15, a medium effect; 
and ≥ 0.35, a large effect. All assumptions of regression 
were analyzed. No model violations were present when log 
variables were entered.

Power Analysis

G*Power (Faul et al., 2007) was used to conduct sensitivity 
power analyses given α = 0.05 and power (1 − β) = 0.80. 
For an interaction with two dichotomous variables, results 
indicated a medium-to-large effect could be detected with 
our achieved sample size of 67 (f = 0.34). For R2 incre-
ment testing in a fixed model linear regression with two test 
predictor and between two and five total predictors, results 
indicated a medium effect could be detected given our sam-
ple size (f2 = 0.15).

Results

Preliminary Analyses

Pretreatment group equivalencies were analyzed using t-tests 
for continuous variables and Chi-Square test for categorical 
variables. There were no significant group differences on 
baseline variables. Medium effects were noted for receptive 

language age and adaptive behavior (Table 2). Means and 
standard deviations for Pathways and SAU pre- and post-
intervention CSBS DP raw scores are presented in Table 4 
(see Online Resource 2 for results using listwise deletion).

Social Communication

We found that AGE significantly moderated the effects of 
Pathways on Time 2 CSBS social communication, adjust-
ing for CSBS social communication at Time 1 (b = − 8.17, 
t(4,62) = − 2.05, p = 0.04, 95% CI − 15.98, − 0.36). The 
moderation model accounted for 67% (R2 = 0.67) of the 
variation in Time 2 social communication, which is a large 
effect (f 2 = 2.03). Probing the interaction (Fig. 2), we found 
the conditional effect of group on Time 2 social communi-
cation was significant for children under 3 years of age but 
not for children over age 3. Specifically, there was, on aver-
age, a 13.67-point difference between Pathways and SAU for 

Table 4  Means and standard deviations for pre- and post-intervention 
communication and Symbolic Behavior Scales developmental profile 
(CSBS DP) raw scores by intervention group

Post-intervention statistics use imputed data

CSBS measure Pathways (n 
= 35)

SAU (n = 32)

M SD M SD

Pre-intervention
 Social composite raw score 29.0 9.6 28.0 8.5
 Speech composite raw score 20.8 11.0 17.7 12.0
 Symbolic composite raw score 16.1 10.5 13.3 10.7
 Total raw score 65.8 26.6 59.0 26.6

Post-intervention
 Social composite raw score 40.0 11.2 28.3 11.4
 Speech composite raw score 28.9 13.2 20.6 15.9
 Symbolic composite raw score 20.2 11.2 14.3 11.5
 Total raw score 91.3 33.7 66.4 33.0
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Fig. 2  Effect of pathways on social communication moderated by 
AGE
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children under 3 (b = 13.67, t(4,62) = 5.21, p = 0.04, 95% 
CI 8.53, 18.81), but only a 5.51-point difference between 
the groups for children over 3 (b = 5.51, t(4,62) = 1.73, p 
= 0.08, 95% CI − 0.75, 11.76). As would be expected from 
the magnitude of the unstandardized beta coefficients, the 
effect size of Pathways on Time 2 social communication 
(adjusting for Time 1 social communication) was large for 
children under 3 (f 2 = 0.40; ΔR2 = 0.29, F(1,38) = 19.8, p < 
0.001) and small for children over 3 (f 2 = 0.07; ΔR2 = 0.07, 
F(1,24) = 3.61, p = 0.06).

Expressive Speech/Language

AGE did not moderate the effect of group on expressive lan-
guage. Hierarchical regression models for expressive speech/
language are found in Table 5. Model 1 is the base model 
that contains pre-intervention expressive speech/language 
skills. Model 2 tested the effects of group and Model 3 AGE. 
The results suggest that adjusting for the pre-intervention 
expressive speech/language, the Pathways group had sig-
nificantly higher expressive speech/language skills post-
intervention and the magnitude of the effect was small (f2 = 
0.04). There was not a significant difference for AGE.

Symbolic Skills

AGE did not moderate the effect of group on symbolic skills. 
Further, adjusting for pre-intervention symbolic behavior 
there was not a significant difference between the Pathways 
and SAU groups nor was there a significant difference for 
AGE.

Discussion

Pathways is a parent-mediated NDBI that fits the guiding 
principles and service delivery model of IDEA Part C pro-
grams in low-resourced states. Pathways differs from other 
NBDIs in that caregivers are coached to engage their child 
in mutual gaze within dyadic interactions. Mutual gaze is 
a focus of intervention because it may be pivotal for social 
development with cascading effects on other areas of devel-
opment (Rollins et al., 2021; Mundy & Bullen, 2022). Com-
pared to children in community-based programs, previous 
studies found Pathways to have large effects on early social 
development and adaptive functioning, medium effects on 
communicative complexity and no effect on the number 
and diversity of communicative acts in Part C-aged chil-
dren (Rollins et al., 2021). The previous research used car-
egiver report measures and context-bound caregiver-child 
interaction measures to assess efficacy. Noteworthy, research 
assistants coding caregiver-child interactions were blind to 
group assignment and pre- versus post-intervention sta-
tus, reducing detection bias. However, using caregivers as 
agents of the assessments may have inflated the intervention 
effects because of correlated measurement error, violations 
of measurement constancy, and context boundedness, limit-
ing statements about the generalizability of skills. To com-
bat these potential biases, we utilized a standard assessment 
procedure administered in a novel environment by a clinical 
researcher unfamiliar with the child in the present study. In 
addition, we examined if Pathways continues to be effective 
for children over 3 years (who are served by IDEA Part B 
services). Despite differences in participants, measurement, 
and age, we hypothesized that we would replicate the previ-
ous findings for children under 3-year and that the results 
would not differ for children older than 3-years who are no 
longer eligible for IDEA Part C services.

We found that Pathways had a large effect on social com-
munication for ECI-aged autistic children. The effect size 
with our generalized measure of social communication is 
consistent with previous research that used context-bound 
caregiver–child and caregiver-report measures. However, all 
measures of social skill, including the CSBS Social compos-
ite, are proximal measures because Pathways targets early-
developing dyadic social skills. Nevertheless, social delays 
are a core feature of ASD, making it critical to support autis-
tic children in developing social competencies generalizable 
to unfamiliar communication partners (Crank et al., 2021).

Contrary to our hypothesis, we found that AGE mod-
erated the effects of Pathways on social communication. 
Specifically, Pathways had a significant and large effect for 
children under age 3 and a small effect that approached sig-
nificance for children over age 3. On average, the difference 
in Time 2 CSBS Social scores between the Pathways and 

Table 5  Hierarchical regression models of the effects of group and 
age on post intervention CSBS speech adjusting for preintervention 
CSBS speech

CSBS Communication and Symbolic Behavior Scales (Wetherby & 
Prizant, 2002)
*p < .05; **p < .01, ***p < .001

Variable Model 1 Model 2 Model 3
Β (SE) Β (SE) Β (SE)

CSBS speech T1 1.09 (.11)*** 1.06 (.11)*** 1.09 (.12)***
Group 5.12 (2.39)* 5.59 (2.04)*
Age − 1.66 (2.79)
df 1, 63 1, 62 1, 61
Partial F 95.3*** 4.58* 0.36
R2/ΔR2 .63*** .03* .0008
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SAU groups for ECI-aged children was 13.67. The differ-
ence decreased by 8.17 points, on average, in children over 
3 who are eligible for Part B services. Notably, a limitation 
of this study is related to power, and we were not powered 
to detect the small effect of a 5.51-point difference between 
the groups for the older age. Nevertheless, the effect for chil-
dren over 3 approached significance and may have practical 
significance.

Our results are consistent with previous findings that 
chronological age moderates the effects of an intervention on 
the social skills of autistic children (Fuller & Kaiser, 2020; 
Gabbay-Dizdar et al., 2021) and underscore the necessity for 
early intervention services. However, it is unclear why the 
degree of benefit from intervention on social skills decreases 
with age. One hypothesis is that the social brain network 
becomes less malleable over time, diminishing the effects of 
experience-dependent neuroplasticity (Johnson et al., 2015; 
Landa, 2018). Alternatively, there may be a developmental 
window during which mutual gaze optimizes social devel-
opment, and a shift in intervention strategies focusing on 
interactions to promote joint attention (Shire et al., 2016) 
may be necessary as the child ages.

A related hypothesis is that children over the age of 3—
who are eligible for public school services—may spend less 
time interacting with their caregivers than children under the 
age of 3. Consequently, the intervention dosage may have 
been much less for the older children. Future research for 
children over 3 should include a team approach combining 
caregivers and school-based clinicians as Pathways inter-
ventionists (Fuller & Kaiser, 2020; Landa, 2018). Further, 
a comparison between a mutual gaze and a joint attention 
intervention could identify if changes to the intervention 
agent and intervention type impact social development in 
children over 3.

Also, contrary to our hypothesis, children in the Pathways 
group made significant gains in expressive speech/language 
skills. However, as expected from an outcome more distal to 
the intervention targets, the effect was small. Unfortunately, 
we were not powered to detect if AGE moderated expressive 
speech/language effects. While an age interaction is plau-
sible, expressive speech/language may be less susceptible 
to AGE effects than social communication (Crank et al., 
2021; Hampton & Kaiser, 2016). Nonetheless, the finding 
is meaningful because expressive speech/language skills are 
a common focus of SAU interventions in our community but 
not a target of Pathways. Further, the effect on this distal out-
come suggests a cascading effect of mutual gaze within early 
dyadic interactions on expressive speech/language skills.

Finally, we did not find Pathways effective for sym-
bolic skills. The null effect was not surprising because 
Pathways focuses on early dyadic interactions observed 
between caregivers and infants developing typically around 
2 to 6 months of age rather than later developing triadic 

interactions needed for symbolic play. In addition, the chil-
dren were largely developmentally prior to possessing the 
social skills needed for coordinating joint attention with 
another person at the study's completion. Because mutual 
gaze within early dyadic social interactions is a putative 
precursor of joint attention (Adamson & Russell, 1999; 
Tomasello et al., 2005), we anticipate that a more extended 
intervention period would build toward triadic interactions 
and provide sufficient time to develop more complex social 
communication skills.

While there are several strengths to this study, includ-
ing a culturally diverse sample and generalized measures, 
there remain several methodological limitations. As stated 
above, a limitation of this study is power which may have 
contributed to Type II errors (i.e., failing to reject the null 
hypothesis when the null hypothesis is false) with regards 
to the small effect of Pathways on social communication 
for children over 3 and not realizing a moderation effect 
for expressive speech and language. Another limitation is 
that the clinical researchers who administered the CSBS 
DP assessments were not blind to the intervention group 
post-intervention, creating a risk of detection bias (Sand-
bank, Bottema-Beutel, Crowley, Cassidy, Dunham, et al., 
2020; Sandbank, Bottema-Beutel, Crowley, Cassidy, 
Feldman, et  al., 2020). However, a clinical researcher 
unfamiliar with the child and family administered post-
intervention assessments to mitigate potential bias. A third 
limitation is a lack of follow-up data 3- and 6-months post-
intervention to determine whether the effects are sustain-
able. Unfortunately, the negative impact of the COVID-19 
pandemic on our follow-up data was substantial, and we 
could not rectify the data loss with multiple imputation 
for non-monotone missing data. Finally, the short duration 
of the intervention did not allow sufficient time for the 
children to develop more complex social communication 
skills. Future research, for children under 3 should extend 
the duration of intervention to examine if more advanced 
social skills can be realized and include follow-up data 
3- and 6-months post-intervention to assess if the effects 
are sustainable or if there are delayed effects on distal out-
comes (Crank et al., 2021).

Despite these limitations, the results of the present 
study highlight the efficacy of Pathways as an early autism 
intervention for ECI-aged children. The use of generalized 
outcome measures that differed from the intervention with 
regards to communication partner improved on several 
sources of measurement bias (Crank et al., 2021). When 
compared with community-based SAU, the ECI aged 
children in the Pathways group exhibited more progress 
in social communication skills (large effect) and expres-
sive speech/language (small effect) and similar progress 
in symbolic (receptive language and play) skills. Our 
finding that Pathways has effects on outcomes distal to 
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the intervention suggests that mutual gaze within dyadic 
interactions has a cascading effect on the development of 
expressive speech and language for young cognitively and 
linguistically delayed autistic children. These findings are 
of particular importance as two goals of NDBIs are to pro-
mote generalization and to realize cascading effects of an 
intervention on distal areas of development (Crank et al., 
2021; Schreibman et al., 2015), further underscoring the 
efficacy of Pathways as a parent-mediated NDBI for chil-
dren under 3 years of age.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10803- 022- 05599-8.
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