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Abstract

Background

While early autism intervention can significantly improve outcomes, gaps in implementation

exist globally. These gaps are clearest in Africa, where forty percent of the world’s children

will live by 2050. Task-sharing early intervention to non-specialists is a key implementation

strategy, given the lack of specialists in Africa. Naturalistic Developmental Behavioral Inter-

ventions (NDBI) are a class of early autism intervention that can be delivered by caregivers.

As a foundational step to address the early autism intervention gap, we adapted a non-spe-

cialist delivered caregiver coaching NDBI for the South African context, and pre-piloted this

cascaded task-sharing approach in an existing system of care.

Objectives

First, we will test the effectiveness of the caregiver coaching NDBI compared to usual care.

Second, we will describe coaching implementation factors within the Western Cape Depart-

ment of Education in South Africa.

Methods

This is a type 1 effectiveness-implementation hybrid design; assessor-blinded, group ran-

domized controlled trial. Participants include 150 autistic children (18–72 months) and their

caregivers who live in Cape Town, South Africa, and those involved in intervention imple-

mentation. Early Childhood Development practitioners, employed by the Department of

Education, will deliver 12, one hour, coaching sessions to the intervention group. The control
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group will receive usual care. Distal co-primary outcomes include the Communication

Domain Standard Score (Vineland Adaptive Behavior Scales, Third Edition) and the Lan-

guage and Communication Developmental Quotient (Griffiths Scales of Child Development,

Third Edition). Proximal secondary outcome include caregiver strategies measured by the

sum of five items from the Joint Engagement Rating Inventory. We will describe key imple-

mentation determinants.

Results

Participant enrolment started in April 2023. Estimated primary completion date is March

2027.

Conclusion

The ACACIA trial will determine whether a cascaded task-sharing intervention delivered in

an educational setting leads to meaningful improvements in communication abilities of autis-

tic children, and identify implementation barriers and facilitators.

Trial registration: NCT05551728 in Clinical Trial Registry (https://clinicaltrials.gov).

Introduction

Globally there is growing recognition of the importance of strengthening the capacity of care-

givers and clinicians to deliver services at the community-level that result in improved quality

of life of all autistic people [1]. Early autism intervention is recognized as critical given that

specialist-delivered intervention can significantly improve child and family outcomes, reduce

the need for services at a later age, and be a cost-effective approach [2, 3]. Most autistic people

live in low- and middle-income countries (LMIC), where few systems of care provide develop-

mental screening or early intervention [4]. Forty percent of the world’s children will live in

Africa by 2050 [5]. This demographic reality underlines the necessity of feasible early interven-

tion services that can be scaled-up within existing systems of care.

Research has demonstrated that caregivers can be coached to implement early intervention

strategies with their young autistic child across daily activities [6]. Low intensity caregiver

coaching can impact caregiver-child interaction styles and child outcomes [7, 8]. Naturalistic

Developmental Behavioral Interventions (NDBI) comprise a class of early intervention

approaches that caregivers can deliver [9]. The Early Start Denver Model (ESDM) is an evi-

dence-based NDBI [10]. In the ESDM approach, strategies increase a child’s attention and

engagement with their caregiver, thereby increasing opportunities for learning communica-

tion and social skills, leading to improvements in child outcomes, including language abilities

[11].

The efficacy of ESDM delivered via therapists, caregivers, and teachers has been evaluated

in a wide range of cultures, including in the United States, Israel, Taiwan, Italy, China, Japan,

and Australia among others [2, 10, 12–20]. While these studies indicate that NDBI approaches,

such as ESDM, hold promise for addressing the needs of young autistic children in LMIC, the

research outlined in the current protocol paper aims to address three important gaps in the

existing literature. First, very few studies to date have included diverse community partners,

including autistic self-advocates, in the research process [21]. Such involvement is important

to ensure that the intervention is acceptable to the autism community [22]. Second, caregiver
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coaches have almost exclusively been highly trained specialists, usually licensed in the fields of

psychology and/or education. Lack of access to such specialists in most parts of the world

requires that studies include task-sharing to non-specialists as an implementation strategy [1,

23]. Third, in a meta-analysis of early autism interventions using non-specialist, only two of

the included studies were from LMIC [24–26]. Furthermore, in these two studies the therapists

and teachers were the identified ‘non-specialists’, a workforce unlikely to be scalable in Africa.

In an Indian study, supervised lay health workers delivered a developmental intervention,

demonstrating positive effects on children’s outcomes [27]. Although that study supports the

feasibility of non-specialist coaches in India, barriers and facilitators of implementation will be

different in other world regions, including Africa. Thus, we aim to develop an early autism

intervention approach in Africa that is inclusive of diverse perspectives and incorporates cas-

caded task-sharing.

In Africa, Community Health Workers are often proposed as the non-specialists to target

for task-sharing [28]. In some LMIC, early childhood development services have been inte-

grated into maternal and child Community Health Worker programs [29, 30]. Challenges with

this approach have been identified and include limited Community Health Worker training in

early child development, difficulties managing competing demands resulting in poor quality of

care and burn out, and lack of individualization of approach [31–33]. This lack of individuali-

zation is particularly problematic for children with variable developmental profiles, a common

observation in autism. In the current study, we aim to address each of these challenges by

working with Early Childhood Development (ECD) practitioners, a non-specialist workforce

distinct from Community Health Workers, who have specific training in early child develop-

ment. ECD practitioners are employed by the Education Department, will have dedicated time

to coach, will work under supervision, and use an intervention that can be tailored to meet

individual needs. Addressing these challenges will help create a non-specialist workforce, well-

positioned to provide coaching for caregivers to deliver early autism intervention, thereby

increasing the likelihood of long-term sustainability and scalability of the approach.

South Africa, with one of the highest income inequality rates worldwide, is a diverse upper-

middle income country [34]. Few families with young children are able to access early autism

intervention due to limited services and structural barriers, including poverty and the legacy of

apartheid [35–40]. Families able to access publically available services receive approximately

one 30-minute therapy session every 4–6 weeks for a limited period of time. Caregivers are

typically not included in therapy sessions and are asked to wait outside the room. A South

African study documented racial variations in expressive language in a neurodevelopmental

clinic, with a significantly greater number of Black compared to White children non-verbal at

diagnosis (94% vs 42%) [41]. The need for early autism intervention is increasing, with a docu-

mented 276% rise over the last decade in the children waiting for special education services

[37].

As a foundational step to address the intervention gap in South Africa, in 2015 a partner-

ship between Duke University in the United States and the University of Cape Town (UCT) in

South Africa was established [42]. The long-term goal of this partnership was to contextually

adapt and implement a cascaded task-sharing NDBI for young autistic children, and to inte-

grate it into a South African system of care. The research team completed the following steps:

First, after a significant body of formative research, ECD practitioners were identified as the

non-specialist workforce that could serve as intervention coaches [36]. ECD practitioners are

well-suited for this role as they are employed by the Education Department, trained in early

child development, supervised in their day to day activities, and supported by national policy

[43]. A partnership between the ECD workforce and the National Education Department was

already established–an alignment that will be critical for future scale-up [44]. Second, the
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specific NDBI approach (ESDM) was identified based on local interest and available resources.

Specifically, this approach was selected because UCT-based clinicians had received some train-

ing in ESDM when the partnership with Duke University was established, and the US-based

Principal Investigator (PI) was a faculty member at an academic institution where ESDM

training occurred. Furthermore, the relationship-based approach of the ESDM aligns with the

dominant approach to early childhood mental health in South Africa [45]. Third, the ‘fit’ of

NDBI-caregiver coaching with South African caregiver-child dyads was evaluated [35, 46–48].

Interviews with caregivers and behavioral coding of caregiver-child interactions were con-

ducted to understand interaction styles, and common daily routines in which the caregiver

coaching intervention could be carried out. Fourth, ESDM coaching procedures were adapted

for delivery by non-specialists. Fifth, the team conducted a pilot study of the cascaded task-

sharing approach was completed with 10 caregiver-child dyads [23]. Cascaded task-sharing

refers to task-sharing the caregiver-coaching role, from a highly trained specialist to a non-spe-

cialist. This pilot study demonstrated that caregivers could learn NDBI strategies when coa-

ched by non-specialist ECD practitioners, with caregiver implementation fidelity increasing in

10/10 participants. Growth in child communication was also documented, with significant

gains seen on the Communication Domain Standard Score of the Vineland Adaptive Behavior

Scales, Third Edition (VABS-3) [49] (9/10 improved), and the Language and Communication

Developmental Quotient of the Griffiths Scales of Child Development, Third Edition (Griffiths

III) [50] (9/10 improved). Finally, mindful of the ‘digital divide’, intervention materials were

adapted to be shared through WhatsApp, a low-cost messaging software widely used across

Africa.

Given that the contextually adapted cascaded task-sharing NDBI has demonstrated proof-

of-principle, a larger scale trial is required to answer a set of key questions. The first key ques-

tion is whether the caregiver coaching intervention is effective in terms of its ability to improve

child outcomes meaningfully. The majority of caregiver coaching intervention studies only uti-

lize study-specific behavioral coding of caregiver-child interaction as a primary outcome mea-

sure [51]. This approach has significant limitations. Behavioral coding measures may only

identify circumscribed and temporary changes that may not be indicative of broader develop-

mental gains. A recommended approach to assess meaningful intervention impact is to use

tools that measure change that is clinically meaningful [52]. This can be accomplished by

using child-focused measures that identify generalization of child skills with different interac-

tion partners and environments (i.e., clinician-administered standardized developmental

assessments). The second key question to address is identification of intervention implementa-

tion facilitators and barriers. The implementation context is critical to consider in early autism

intervention, particularly the ‘fit’ between intervention and context [35]. The Exploration,

Preparation, Implementation, Sustainment (EPIS) framework, is an implementation frame-

work that has been used to specify the complex context for evidence-based practice implemen-

tation [53, 54]. The EPIS framework can guide identification of influential contextual factors

that hinder or support the implementation process. Recognizing the importance of commu-

nity partner engagement, the EPIS framework includes a community academic partnership as

a bridging factor that can address potential ideological differences, help ensure research prod-

ucts are acceptable to end-users, and support longitudinal community partner engagement

across the research cycle [54, 55].

For the current study, we will conduct a 1:1 parallel-arm, single (assessor)-blinded, individ-

ually randomized, group-treatment, randomized controlled trial (RCT) using a hybrid type 1

effectiveness-implementation design [56, 57]. We will evaluate the effectiveness of the cascaded

task-sharing intervention on child communication outcomes compared to usual care, in

young autistic children (18–72 months) who live in Cape Town, South Africa, while
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documenting factors that affect implementation. ECD practitioners will complete a four-day

training with ESDM-certified therapists from South Africa. During the training ECD practi-

tioners will be introduced to core NDBI concepts and caregiver coaching strategies. ECD prac-

titioners will practice these new coaching and NDBI strategies with a caregiver-child dyad.

Ongoing supervision is follows the apprenticeship model for lay counsellor supervision in

mental health [58]. The RCT design can be classified as an individually randomized group-

treatment trial in which ‘groups’ arise in the treatment arm as a result of multiple caregivers

being coached by the same ECD practitioner (with coaching provided individually to the care-

giver) [57]. This can potentially result in correlated outcomes of caregiver-child dyads in the

intervention arm, trained by the same ECD practitioner (i.e. these caregivers would therefore

be members of the same ‘group’). We note that no ‘grouping’ and therefore no correlation of

outcomes are expected in the control arm as no training or interactions with the same ECD

practitioner are expected. The primary hypothesis of the proposed study is that young autistic

children who are randomized with their caregiver to receive 12, 1-hour caregiver coaching ses-

sions (intervention arm), will have greater gains in communication abilities (assessed using

two co-primary outcomes, namely the Communication Domain Standard Score from the

VABS-3 and the Language and Communication Developmental Quotient from the Griffiths

III), at distal follow-up assessment (24 weeks post-randomization), compared with autistic

children who receive usual care (control arm). The secondary hypothesis of this study is that

caregivers in the intervention arm will have greater gain in NDBI caregiver strategies (mea-

sured by the sum of 5 caregiver items from the Joint Engagement Rating Inventory during

caregiver-child interaction) [59], at a proximal follow-up assessment (16 weeks post-randomi-

zation), compared to the control arm.

Materials and methods

See S1 Checklist for the Standard Protocol Items Recommendations for Interventional Trials

(SPIRIT) Checklist used for study protocol reporting [60]. The schedule of enrolment, baseline

assessment, intervention, and 16 weeks (proximal) and 24 weeks (distal) follow-up post-ran-

domization assessments is shown in Fig 1.

Trial setting

The study will be conducted in Cape Town, South Africa. Formative work identified the Edu-

cation Department as study implementation partner [36]. With the support of Inclusive and

Specialized Education Department Leadership, we will identify Special Education Schools in

the Cape Town Metropolitan area who employ ECD practitioners, the non-specialist work-

force that will deliver the cascaded task-sharing intervention. Caregiver coaching will occur in

these schools. We will recruit participants for the RCT (caregiver-child dyads) from the West-

ern Cape Education Department Provincial Autism Waiting List for special education services.

This is a list of autistic children with a clinical diagnosis of autism from community providers

awaiting public sector special education services when they reach school-going age [38].

Participants

To assess intervention effectiveness, we will invite caregiver-child dyads who meet the follow-

ing criteria to join the study: (1) child’s age is 18–72 months, (2) child meets the Diagnostic

and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) criteria for autism spec-

trum disorder [61], informed by the Autism Diagnostic Observation Schedule, Second Edition

(ADOS-2), [62] which is administered by research reliable clinicians, (3) child’s caregiver

speaks isiXhosa, isiZulu, Afrikaans, or English, (4) child’s race is African or Coloured (a South
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Fig 1. Standard protocol items: Recommendations for Interventional Trials (SPIRIT) schedule of enrolment, interventions, and

assessments. (ADOS-2: Autism Diagnostic Observation Schedule, Second Edition; VABS-3: Vineland Adaptive Behavior Scales-3; Griffiths III:

Griffiths Scales of Child Development, Third Edition; JERI: Joint Engagement Rating Inventory; PSOCS: Parent Sense of Competence Scale;

PSI-SF: Parenting Stress Index-Short Form; CSQ—Caregiver Strain Questionnaire; SRS-2: Social Responsiveness Scale, Second Edition; S2K:

SenseToKnow mobile app; -t1: Pre-randomization; 0: Baseline Assessment; t1: Intervention delivery; t2: Repeat Assessment–Proximal outcome;

t3: Repeat Assessment–Distal outcome; t4: Repeat Assessment–Proximal; tx: close out).

https://doi.org/10.1371/journal.pone.0291883.g001
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African term for mixed race), (5) lives in the Cape Town recruitment area, and (6) caregiver is

at least 18 years of age. Exclusion criteria are: (1) child has a genetic disorder of known etiology

(for example, fragile X syndrome), (2) child has significant sensory or motor impairment that

would preclude use of the play materials, (3) child has major physical abnormalities that would

interfere with participation in the coaching intervention, a (4) child has a history of serious

head injury and/or neurological condition, and (5) caregiver indicates they will be unable to

attend assessments and 12 sessions. We will enroll 150 caregiver-child dyads in the RCT (300

participants).

To identify implementation barriers and facilitators we will invite those involved in inter-

vention implementation through participation in the intervention trial and community aca-

demic partnership members to provide feedback. Specifically, caregivers who receive

coaching, ECD practitioners who conduct coaching, ECD supervisors, and Western Cape

Education Department leadership will be included. These participants will be directly involved

in intervention implementation and be able to provide input on the specific outer (for exam-

ple, policies and funding) and inner (for example, provider training and child characteristics)

contextual, and innovation (for example, intervention complexity) factors outlined in the EPIS

framework [54]. Community academic partnership members will include the PI, Co-PI, Edu-

cation Department leadership, and other community partners (for example, caregivers and

autistic adults). These participants will provide input on functioning of the community-aca-

demic partnership. We will enroll 20 participants to assess implementation barriers and

facilitators.

Trial intervention

The cascaded task-sharing intervention, Autism Caregiver Coaching in Africa (ACACIA), is

informed by ‘Help is in Your Hands’ online materials, which include core components of

ESDM that align with eleven common elements shared across all NDBI [63–65]. ‘Help is in

Your Hands’ materials are open-access, designed for low-resource, low-literacy settings, and

include narrated video and animation examples of caregivers using intervention strategies

across daily routines in naturalistic home-based environments [64]. The research team system-

atically adapted both coaching procedures and ‘Help is in Your Hands’ intervention content to

fit the South African context [23, 35, 36, 46–48]. Modifications to training, supervision, and

session structures were made to facilitate intervention delivery by non-specialist providers.

Adaptations to intervention materials produced simple visuals and text that can be sent to

caregivers through WhatsApp, a low-cost messaging software, widely used across Africa.

Adaptations to intervention materials were made collaboratively by multicultural/multilingual

South African ESDM therapists, the PI (an ESDM therapist and certified trainer), and a co-

developer of ‘Help is in Your Hands’. The Ecological Validity Framework, which consists of

eight dimensions of intervention important to consider during adaptation, guided the adapta-

tion approach [66]. Twelve caregiver-facing WhatsApp messages containing visuals with sim-

ple-text, and ECD practitioner-facing session scripts were developed. Over 12, one-hour ECD

practitioner delivered coaching sessions, caregivers review ACACIA intervention content with

ECD practitioners and are coached to increase their child’s attention and communication, cre-

ate and vary joint activity routines, and use the antecedents, behaviors, and consequences to

support the development of new behaviors. See Table 1 for a description of the specific content

of the 12 ACACIA coaching sessions. Participants randomized to the control arm will receive

usual care, which may vary between participants but will likely include low-frequency of

speech and/or occupational therapy (i.e., approximately one 30-minute therapy session every

4–6 weeks).
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Ethics. Ethics approval has been obtained from the UCT HREC (HREC REF:367/2022)

and Duke IRB (Pro00111048). Additional approvals were obtained from Red Cross War

Memorial Children’s Hospital (RXH: RCC358/ WC_202208_038), and the Western Cape Edu-

cation Department (Reference#: 20220511–2021). The study is registered as a clinical trial on

ClinicalTrials.gov (NCT05551728). Any protocol amendments will be submitted to ethics

boards and the clinical trial registry. Participants will sign informed consent prior to initiation

of study activities. Participants enrolled in the study will have the opportunity to evaluate and

review the consent for the study, and privacy will be maintained during the conduct of inter-

vention sessions and study related activities. For caregiver-child dyads, the child’s caregiver/

legal guardian who signs the consent form must be legally authorized to sign informed consent

on behalf of the child. Verbal assent from children will not be sought as per UCT Policy (study

site and primary ethics board) the earliest age at which assent is recommended is 7 years, and

all children in this study will be 6 years or younger at time of consent [67]. Verification of com-

prehension of consent will be accomplished by providing participants with a one-page sum-

mary of the informed consent information and asking participants to recall central points in

the consent process. Participants will be reminded that they can stop participating at any time

or refuse to attend any portion of the study or skip any question in an assessment. Any declara-

tion of interests will be specified in consent documentation.

Measures

Sociodemographic and child characteristics. At baseline assessment descriptive charac-

teristics for the child (age, race/ethnicity, child’s home language, physical sex at birth) and

caregiver (relationship to the child, gender, age, race/ethnicity, marital status, level of educa-

tion, and household income). Child autism-related behaviors will be assessed with the ADOS-

2, a clinician administered, play-based, semi-structured assessment designed to elicit autism-

related behaviours in a standardized way [62]. Adverse events will be assessed across study

contact points using a general inquiry elicitation approach [68]. Additionally, caregivers will

report on autism related-services (outside of caregiver coaching sessions) their child receives

across study contact points.

Clinical outcome measures. Primary clinical outcome. The Vineland Adaptive Behavior
Scales-3 (VABS-3)—Communication Domain Standard Score. The VABS-3 is a caregiver inter-

view, which is semi-structured and administered by a trained clinician. The VABS-3 evaluated

how the child performs adaptive behaviors relative to age-based norms. The VABS-3 yields an

Table 1. ACACIA coaching session content.

ACACIA session Session content

1 Set goals, and identify child likes and dislikes

2 Identify child spotlight of attention and how to increase attention to caregiver

3 Identify and follow child-preferred interests

4 Increase child use and understanding of non-verbal communication

5 Support child ability to share interests through giving, pointing and showing

6 Increase child use and understanding of verbal communication

7 The 4-part joint activity structure (set-up, theme, variation, and closing)

8 Sensory social routines to increase child attention and learning

9 Support child learning across all daily activities

10 Understand reasons for and consequences of child behaviour

11 Teach a new behaviour by showing, telling and helping your child

12 To help new behaviours stick, practice, get others to practice, and give less help over time

https://doi.org/10.1371/journal.pone.0291883.t001
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overall composite score and standard scores across four domains including communication,

socialization, daily living skills, and motor skills [49]. Subscale scores range from 20–140 with

higher scores indicating greater frequency of the specific behavior.

The Griffiths Scales of Child Development, Third Edition (Griffiths III)-Language Develop-
mental Quotient: The Griffiths-III is a developmental measure, administered by a trained clini-

cians, that evaluates children birth to six years of age [50]. The Griffiths-III profiles child

development across 5 domains: language and communication, foundations of learning, per-

sonal-social-emotional, eye and hand coordination and gross motor. Developmental quotients

(DQ) are calculated by (Developmental Age/Chronological Age) *100. Higher DQ indicate

greater consistency between chronological and developmental age.

Secondary clinical outcomes. The Joint Engagement Rating Inventory (JERI)—Sum of five
Caregiver Activity Items: is a behavioral coding inventory that assesses specific features of care-

giver-child interactions [59]. The JERI includes 32, 7-point Likert scale items, which assess

dyadic interaction, child activity, child engagement states and caregiver activity. In the ACA-

CIA trial, a composite score of five JERI caregiver activity items will be calculated and include:

following the child’s interests, scaffolding, language facilitation, affect, and communicative

temptations. For each of the 7-point caregiver activity items, higher scores will indicate higher

frequency and quality of caregiver behaviors.

Additional measures. The Parent Sense of Competence Scale (PSOC): is a 16-item question-

naire, completed by the caregiver, that measures feeling of confidence and competence in ‘par-

enting’ their children and ‘parenting’ satisfaction [69]. Items, across these two domains, are

rated on a 6-point Likert scale with high scores representing high degrees of satisfaction and

efficacy.

The Parenting Stress Index-Short Form (PSI-SF): is a 36-item questionnaire, completed by

the caregiver, and designed to measure stress associated with parenting [70]. Three subscales

(difficult child, parent–child dysfunctional interaction, and parenting distress), with 12 items

per subscale, are rated on a 5-point Likert scale, with higher scores indicating a greater degree

of parenting stress.

The Caregiver Strain Questionnaire (CSQ): is a 21-item, 5-point Likert scale caregiver-com-

pleted measure of strain experienced by the caregiver [71]. Higher scores relate to higher care-

giver strain.

Social Responsiveness Scale Second Edition (SRS-2): is a 65-item, 4-point Likert scale care-

giver-completed measure of social-related challenges in autism [72]. Five subscales (social cog-

nition, social awareness, social motivation, social communication, and restricted interests and

repetitive behaviour), and a Total Score are reported, with higher scores indicating greater

challenges.

SenseToKnow: is a digital assessment method, that contains a set of brief stimuli, displayed

on a tablet, designed to elicit multiple autism-related behaviors including attention to speech,

social attention, affective expression, fine motor skills and postural control [73–78]. Using

recordings made by the camera in a tablet, a computer automatically codes these behaviors

using computer vision analysis and machine learning.

Implementation outcome measures. Fig 2 outlines specific EPIS framework outer and

inner contextual, bridging and innovation factors, selected to evaluate based on the teams for-

mative work (See Fig 2) [54].

Service, environment, policies, and funding: Individual interviews and focus groups will be

completed with personnel involved in intervention implementation. Qualitative questions will

assess (within the Education Department): (1) the feasibility of external autism early interven-

tion trainings, monitoring and support, (2) funding avenues that could facilitate external train-

ings and ongoing monitoring and support, (3) relevant policies that relate to children with
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developmental disabilities, and (4) policy direction in the area of early child development and

care of children with developmental disabilities.

Family structural issues and caregiver-child characteristics: Caregivers of young autistic chil-

dren will complete focus groups and the Caregiver Strain Questionnaire (described above

under additional measures). Qualitative questions will assess caregiver: (1) perceptions of and

goals for their child, (2) perceptions of coaching, and (3) contextual factors that affect coaching

implementation (for example, language, culture, location, cost, delivery agent, family support,

and available resources).

Evidence-based practice ‘fit’: Individual interviews and focus groups will be completed with

the personnel involved in implementation of the cascaded task-sharing approach. Qualitative

questions will assess: (1) logistics of caregiver coaching, including impact on workload, burden

and space, (2) perceptions of caregiver coaching, including child and caregiver impact, (3) per-

ceptions of coaching materials, including WhatsApp intervention content, and (4) sustainabil-

ity of coaching practices.

Leadership and organizational characteristics: Two brief surveys will be completed by per-

sonnel involved in intervention implementation in order to understand leadership and the

organizational characteristics of the implementation partner (Education Department). The

Implementation Leadership Survey is a 12-item measure that assesses support from leadership

for the implementation of evidence-based practices [79]. The Implementation Climate Scale is

an 18-item measure that assesses the value an organization places on implementation of evi-

dence-based practices [80].

Quality and fidelity monitoring and support: Fidelity monitoring and focus groups will be

completed with personnel involved in implementation of the coaching intervention. Both

caregiver and coaching implementation fidelity will be assessed using ESDM fidelity checklists

[81]. The 13-item ESDM Caregiver Fidelity Checklist assesses the fidelity with which caregiv-

ers use ESDM strategies during caregiver-child interactions. Each fidelity item rates perfor-

mance from one to five, with higher scores reflecting a greater fidelity. The 13-item ESDM

Fig 2. EPIS constructs to identify implementation determinants for scale-up.

https://doi.org/10.1371/journal.pone.0291883.g002
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Coaching Fidelity Checklist assesses specific coaching behaviours. This checklist includes a

Likert- scale of 1 to 4, with higher scores reflecting greater fidelity. Focus groups will assess: (1)

feasibility of establishing fidelity of early intervention practices, (2) ongoing available support

and monitoring to support fidelity, and (3) funding to facilitate ongoing support and

monitoring.

Community academic partnership: Community academic partnership members will com-

plete a quantitative survey and a qualitative individual interview to understanding the partner-

ships functioning and impact. Survey items are informed by a community academic

partnership systematic review [82, 83]. Items, will be assessed across five domains: general sat-

isfaction, impact, trust, collaborative decision making, and meeting organization and struc-

ture, with community academic partnership members selecting whether a facilitating factor

was ‘present’ or ‘not present’ during the preceding year. Qualitative individual interviews will

follow survey administration to further expand upon the presence or absence of facilitating

factors.

Measuring outcomes at post intervention follow-up

Clinical outcomes. Data will be collected for intervention and control arm at baseline

(Baseline assessment), 16-weeks post-randomization (Repeat assessment–proximal outcome),

and 24-weeks post-randomization (Repeat assessment–distal outcome). Control arm dyads

will then receive the intervention. Data collection will be performed for the control arm

36-weeks post-randomization (Repeat assessment–proximal). Fig 3 shows the RCT study

design. All data collection will occur through in-person assessments by assessors blinded to

participant study arm allocation.

Implementation outcomes. To understand implementation barriers and facilitators, data

will be collected from those involved in intervention implementation and community aca-

demic partnership members. Data for caregivers in the intervention group will be collected

16-weeks post-randomization (Repeat assessment–proximal outcome). Data for ECD practi-

tioners, and other Education Department team members will be collected at a single time

point (mid-year in Year 3 of the study). Data for community academic partnership members

will be collected at a single time point in Years 2 and 4 of the study.

Sample size

We target a minimum of 80% power for each of the two co-primary clinical outcomes used to

evaluate effectiveness. More specifically, we power each co-primary clinical outcome at a two-

tailed alpha level of 0.025 based on an individually randomized group-treatment trial design

with 150 recruited dyads (75 in each of the two trial arms). We further assume a common out-

come variance in each arm, conservatively anticipate an intraclass correlation (ICC) of 0.02 in

the intervention arm, a magnitude of clustering measured in other contexts, and assume that

the coaching will be delivered by 3 ECD practitioners, each of whom will deliver the cascaded

task-sharing intervention to an equal number of caregivers [57]. Using a standard approach to

calculate power for an individually randomized group-treatment trial, we estimate being able

to detect a standardized effect size of 0.63 for each of the co-primary outcomes, based on hav-

ing data from 60 participants per arm at the distal 24-week follow-up, assuming 20% attrition

of the original 75 per arm [84].

Recruitment

Partner schools will identify caregiver-child dyads from their waitlist of young autistic children

who are not enrolled in in-person instruction. School staff will share with the research
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coordinator the contact information of the primary caregiver of potentially eligible dyads. The

research coordinator will contact potentially eligible participants via phone to provide study

information, and assess interest in study participation. Those who are interested in study par-

ticipation will be screened for eligibility based on study inclusion/exclusion criteria. If the care-

giver-child dyad are eligible based on phone screen inclusion/exclusion criteria, they will be

invited to participate in the study and a baseline assessment will be scheduled. Implementation

outcome participants will be purposively sampled and include all who receive (caregivers in

the intervention arm), deliver (ECD practitioners), supervise (ECD supervisors) and support

Fig 3. Flow diagram of participant enrolment, group allocation, and follow-up of the individually randomized group treatment RCT with delayed

intervention control.

https://doi.org/10.1371/journal.pone.0291883.g003
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(Education Department leadership) intervention delivery, and community academic partner-

ship members.

Sequence generation and randomization

Randomization will occur after the baseline visit is completed using stratification by caregiver-

reported child physical sex at birth. The randomization process will be managed using RED-

Cap, a web-based software platform that is secure and designed to support research study data

capture [85, 86]. A study statistician will generate allocation tables to assign participant dyads

equally (1:1) to intervention and control arms. Separate allocation tables will be generated for

boys and girls using permuted blocks randomly sized from 2 to 8. These allocation tables will

then be uploaded to REDCap where they will function to determine the intervention allocation

of a participant when the research coordinator clicks a button in the software to trigger the

randomization. The REDCap software prevents staff and participants from accessing the allo-

cation tables to predict the intervention or control arm assignment. Participants will learn

their arm assignment after completing their baseline assessment, when they will be oriented to

the intervention or informed that they are on the intervention wait list and will also be sched-

uled to come for follow-up assessments.

Allocation concealment

Baseline assessments will be conducted prior to randomization to ensure masking of care-

giver-child dyads to allocation status, after which concealment is no longer possible.

Blinding

Due to the administrative logistics of the study and intervention, participants and some study

staff and investigators cannot be blinded. However, clinical outcome assessors and statisticians

will be blinded participant arm assignment. Participants will be asked to not disclose arm allo-

cation during assessments. Every effort will made to minimize unnecessary exposure of the

intervention arm or components. REDCap has several features to limit the visibility of the

study arm to specific staff after the intervention assignment has been made which will be uti-

lized whenever possible. Clinical assessors performing evaluation assessments will be blinded

throughout the study until the final assessment, which is performed for the control arm only.

However, because the participants are not blinded, there is some risk they may reveal their

intervention status to the assessors. The statisticians will be blinded during the analysis.

Adherence

The intervention group supervisors and research coordinator will monitor participant inter-

vention attendance. Intervention supervisors are certified ESDM-therapists, and will follow

the apprenticeship model for lay counsellor supervision in mental health, tailoring supervision

intensity based on demonstrated ECD practitioner coaching competencies [58]. Adherence

will be measured based on the number of coaching sessions attended, and the time period over

which sessions are completed. The research coordinator will monitor attendance and comple-

tion of assessment sessions and related study protocols across participant groups. If non-

adherence is observed, the research team will assess and respond at the time, and consider

implementing additional outreach activities to reengage participants, but do not anticipate this

to be a significant problem based on pilot work.
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Data management

The research coordinator will oversee screening, consent, scheduling, and REDCap group allo-

cation. The research coordinator will also oversee training of the clinical assessors and ECD

practitioners. Clinical assessors, blinded to study arm allocation, will complete and rate pri-

mary and secondary clinical outcome measures. All study staff will receive training and ongo-

ing supervision in data security and confidentiality, including confidentiality protection,

mandated reporting, and ethical research conduct. All data will be coded with a unique partici-

pant ID number. The key linking names and participant IDs will be stored in REDCap and in

a password protected document, accessible only to essential study staff. Surveys and assess-

ment forms will be entered into REDCap to be stored on a private, firewall protected network.

REDCap is a HIPAA compliant, web-based application.; All REDCap data transmission is

encrypted, and access to the application is password-protected with a two-factor identification

requirement. REDCap offers additional features for data security and management, including

audit trails tracking data updates and exports, the ability to limit data access by user roles and

to limit exports to deidentified data for data sharing and analysis. In accordance with terms

and conditions for data sharing, other electronic data such as video recordings will be trans-

ferred to a secure, HIPAA-compliant project folder on box.com at Duke University through

Box Sync, and deleted from the recording equipment post-transfer. No electronic data will be

stored on a laptop or external hard drive. Duke University will manage the infrastructure

where electronic research data is stored on a secure server, protected by two factor authentica-

tion. Essential study staff will access the drive through a secure VPN connection. Locked file

cabinets in locked research offices will be used to securely store non-electronic data. Access to

data storage areas will be restricted to essential study staff.

Data analyses

Clinical outcomes. We will use the linear mixed-effects model framework to analyze pri-

mary and secondary child and caregiver clinical outcomes, all of which are either continuous

or score outcomes. Separate models will be fitted for each outcome and will include both 16-

and 24-week follow-up data collected in both trial arms, with sensitivity analyses including the

additional follow-up data collected in the control arm after introduction of the intervention to

that arm. The model structure will follow the approach of Moerbeek & Teernestra for an indi-

vidually randomized group- treatment design with clustering in one intervention arm, by

using random effects to account for the partially nested design (i.e. for ECD practitioner in the

intervention arm), for correlation within-child over time, and by allowing for heteroscedasti-

city in residual variances in each arm [87]. Fixed effects will include intervention arm (categor-

ical), time (categorical), the arm-by-time interaction (to allow for different intervention effects

at 16- and 24-weeks), caregiver-reported child physical sex at birth (to account for the strati-

fied design) and the baseline level of the outcome (i.e. using an analysis of covariance

(ANCOVA) approach to gain power for our outcome analyses). Sensitivity analyses will addi-

tionally adjust for hours of non-study intervention services received.

Regarding missing outcome data, we note that the linear mixed effects modeling approach

is valid under the missing-at-random assumption [88]. We will carefully characterize missing

data patterns by arm and will summarize the baseline covariates for those with and without

missing outcome data in order to identify baseline covariates that may predict missing data

patterns by arm. If identified, these covariates will be additionally adjusted for in regression

models. In the unlikely case that there are missing baseline levels of an outcome, the ANCOVA

approach adjusting for the baseline level of the outcome would exclude all follow-up outcomes

from the analysis for such participants. Were such a situation to arise, an alternative
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constrained longitudinal data analysis approach will be used, whereby the baseline level is

modeled as an outcome with mean levels constrained to be equal in both trial arms [89].

The decision rule for our co-primary outcomes will follow the union-intersection testing

approach. That is, we will consider the intervention to be successful if there is a significant signal

on at-least-one of our co-primary outcomes, regardless of whether or not the other outcome is

also significant. Regression diagnostics through visual inspection of the model residuals will be

used to examine model assumptions, including the degree to which the fitted variance structure

matches that of the data. In the case that the fit of the model is deemed to be inadequate or the

model fails to converge, alternative modeling strategies will be employed (for example, general-

ized estimating equations). Intention-to-treat principle will be applied to all main analyses, with

sensitivity analyses that adjust for compliance in the intervention arm [89].

Additional pre-planned analyses include both moderation and mediation. Potential moder-

ators include caregiver characteristics (for example, stress, strain and sense of competence),

and variability in child factors that can be measured from a dimensional perspective (for exam-

ple, with the SRS-2). Each of these will be considered separately by adding the potential moder-

ator and its interaction with the intervention indicator and with time, as well as the three-way

interaction. These analyses will be completed separately for each of the two primary outcomes.

A mediation analysis will be performed using 16-week uptake in caregiver strategies as a medi-

ator on the pathway between the intervention and each of the 24-week co-primary distal out-

comes. Additional exploratory analyses will include visual examination (for example,

scatterplots) of changes in the SenseToKnow dimensional quantitative measures of autism-

related behaviours.

Implementation outcomes. Mixed methods will be used to identify implementation

determinants. Qualitative data will be analyzed using directed content analysis [90]. Quantita-

tive measures will be summarized using descriptive statistics. Three main strategies will be

used to integrate qualitative and quantitative data [91]. First, through convergence, qualitative

and quantitative will be triangulated to understand whether these data supply the same answer

to the same question. Second, through expansion, results will be linked when the former is

used to explain unexpected findings. Third, through complementarity, qualitative results will

be embedded within quantitative results to contextualize quantitative results.

Monitoring

The study is considered minimal risk. As such, the Principal Investigators will primarily be

responsible for oversight of study conduct, and will monitor the safety and data integrity for

the project. The Principal Investigators will meet regularly with the study team to discuss

study progress, including any adverse events or data integrity concerns. Adverse events will be

monitored through a general inquiry approach, by study staff at each contact point [67]. All

deviations and/or corrective actions requiring reporting will be submitted to UCT Human

Research Ethics Committee (HREC) and the Duke Health System Institutional Review Board

(DUHS IRB). At least twice a year, and any time an adverse event occurs, the Principal Investi-

gators will conduct a data and safety review. During this review process, the Principal Investi-

gators will evaluate any adverse events and determine whether these events affect the study

risk/benefit ratio and whether the protocol or consent should be modified. UCT HREC and

the DUHS IRB will also review this protocol on a yearly basis (or more frequently if deemed

necessary) as part of the continuing review process. At this time, they will: (1) reassess the risks

and benefits to participants, the informed consent process, and safeguards for human subjects,

(2) review participant enrolment and retention, (3) consider any new academic developments

that might impact participant safety, and (4) review any adverse events.
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Results

In terms of current study progress: ethics approval has been obtained from the UCT and

Duke, study staff have been hired, study clinicians have been trained in the administration of

primary outcome measures, schools have been identified where caregiver coaching will occur,

and ECD practitioners have been trained to deliver the coaching intervention. Participant

enrolment was initiated in April 2023. Estimated primary completion date is March 2027.

Data generated by the ACACIA trial will be shared through presentations at community

events and scientific meetings, peer-reviewed publications, and will be submitted to Clinical-

Trials.gov.

Discussion

Task-sharing early autism caregiver coaching to non-specialists, integrated within existing

care systems, may support scale up of services for young autistic children in low-resource envi-

ronments [1, 23]. The ACACIA trial, which is adequately powered to assess the effectiveness of

a contextually adapted, cascaded task-sharing intervention delivered in an educational setting,

will determine whether the intervention results in significant and meaningful improvement in

short-and-long-term child outcomes, and in particular meaningful improvements in child

communication. Furthermore, the study will identify key determinants (barriers and facilita-

tors) of intervention implementation, which will support the design of implementation strate-

gies for scale up of the approach in low-resource settings.

Limitations

Due to the nature of the coaching intervention, participants cannot be blinded. Clinical asses-

sors are however, and we will ask caregivers not to disclose which intervention arm they are in

to the assessor. Second, caregiver-child dyads may receive ongoing services (for example,

speech therapy or occupational therapy) as part of usual care, which may affect child and care-

giver outcomes. Moreover, the intensity, duration and focus of usual care may differ amongst

participants. Third, while intervention caregivers will be asked to complete a home recorded

caregiver-child interaction each week that would be reviewed in session, as an effort to support

home practice and generalization of skills, they may decide not to do so, or may experience

technical difficulties, thereby decreasing home-practice of strategies. Fourth, social desirability

bias may impact ratings of self-reported outcomes. However, both primary outcomes are clini-

cian administered and rated.

Conclusions

The ACACIA trial will provide an evaluation of contextually adapted, cascaded task-sharing

intervention in South Africa that can provide accessible, low-cost and scalable early autism

intervention access in low-resource settings. Effective services and supports, provided in a

timely way, to those in need, may improve both child and family outcomes, including quality

of life.

Supporting information

S1 Checklist. SPIRIT 2013 checklist: Recommended items to address in a clinical trial pro-

tocol and related documents.

(DOCX)
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