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Abstract 

Background 

Naturalistic developmental behavioural interventions (NDBI) represent an evidence-based 

group of early interventions for autism. The COVID-19 pandemic forced autism interventions 

globally to switch to telehealth that utilised smartphone technology. Even though the 

evidence base for NDBI in low-and middle-income countries (LMIC) is very limited, early 

research has suggested that the tele-delivery of NDBI could be feasible in LMIC contexts 

such as in South Africa. 

The Joint Engagement Rating Inventory (JERI) is a behavioural coding system that has 

shown utility in measuring intervention outcomes in low-resource South African 

environments under controlled ‘laboratory’ conditions. To date, no studies in LMIC have 

examined the feasibility of using smartphone recordings made by families in their own 

‘naturalistic’ home environments as data sources for coding with the JERI. In this study, we 

sought to answer two specific questions – first, to assess whether the home-based 

recordings of interactions between caregivers and their young autistic children had the 

necessary technical elements to be coded with the JERI; second, whether the JERI could be 

coded with confidence and whether satisfactory inter-rater reliability could be achieved when 

coding smartphone-recorded caregiver-child interactions.  

Methods 

Young autistic children (between 18-72 months) and their caregivers (≥18 years) were 

recruited as part of a larger project. Caregivers were provided with instructions to record 6-

minute interactions with their child using their own smartphones and play materials available 

at home, pre-and-post 12 non-specialists delivered NDBI caregiver coaching sessions. Data 

were rated by two research-reliable JERI raters to assess 1) technical feasibility, and 2) 
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raters’ confidence, coding difficulty and inter-rater reliability using 16 pre-selected items of 

the JERI. Quantitative descriptive analyses were performed. 

Results 

Data were available on 18 smartphone recordings representing 108 minutes of data. All 

recordings had acceptable audio and visual quality and captured adequate data to allow 

coding on the JERI. In terms of rater confidence, the rater indicated being “sure of ratings” 

and “somewhat sure of ratings” for a majority of JERI items in the majority of the smartphone 

data (15-18/18 recordings). The rater experiences no difficulties coding five JERI items in 

most (12-15/18) smartphone recordings but reported difficulties coding eleven JERI items in 

1-6 smartphone recordings. The JERI inter-rater agreement (within one scale point) ranged 

between 71-100% for all JERI items. Eleven of the 16 JERI items had weighted kappa 

values of one and observer estimated accuracy values of >99% (within one scale point). 

Conclusion 

Results of this study suggested that smartphone recordings of interactions between 

caregivers and their young autistic children were technically suitable to code with the JERI. 

The majority of smartphone-recorded caregiver-child interactions could be coded with only 

some difficulty and with good inter-rater reliability on the JERI. These findings suggest that 

smartphones could be used as naturalistic data collection methods to measure and track the 

impact of NDBI in a South African environment. 

Keywords: autism, NDBI, JERI, smartphones, naturalistic data collection 
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Chapter 1 Background 

Background to the Dissertation 

This dissertation assesses the technical feasibility of using smartphones to record 

caregiver-child interactions in the home setting and to code these confidently and reliably 

using the Joint Engagement Rating Inventory (JERI). Chapter 1 provides background 

information on naturalistic developmental behavioural interventions (NDBI) for autism 

spectrum disorder in low- and middle-income countries (LMIC). Additionally, the chapter 

highlights the need for contextually and culturally appropriate tools to track the impact of 

NDBI in LMIC. Chapter 2 describes the methods of the study. In Chapter 3, we present the 

results of the study. Chapter 4 discusses the study findings, limitations, recommendations for 

future research, and brief conclusions. 

Autism Spectrum Disorder 

Autism spectrum disorder (hereafter referred to as ‘autism’) is a neurodevelopmental 

condition that typically emerges in early childhood (American Psychiatric Association, 2013). 

Autism is characterised by developmental differences, including difficulties in social 

communication and interaction with others, and a range of stereotypes, repetitive or rigid 

behaviours and/or unusual interests (American Psychiatric Association, 2013). There is a 

high prevalence of co-occurring conditions among children with autism, such as the 

disrupted or delayed acquisition of expressive and receptive language skills, mood disorders 

and attention deficit/hyperactivity disorder (Lord et al., 2022; Neumeyer et al., 2019; 

Rubenstein et al., 2018). Autism can be identified and diagnosed early, even in the first three 

years of life (Lord et al., 2022; Shulman et al., 2020). Research has indicated that the impact 

of autism on an individual’s developmental trajectory can be reduced by interventions 

targeting child adaptive behaviour, social communication, language and cognitive skills 

(Bryson et al., 2003; Kodak & Bergmann, 2020; Lord et al., 2022; Mayo et al., 2013; 

Sandbank et al., 2020). A growing body of research suggests that Naturalistic 
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Developmental Behavioural Interventions (NDBI), a group of evidence-based approaches, 

can support growth in these child outcomes (Crank et al., 2021; Lord et al., 2022; Sandbank 

et al., 2020; Schreibman et al., 2015).  

Naturalistic Developmental Behavioural Interventions (NDBI) 

Naturalistic Developmental Behavioural Interventions (NDBI) is an umbrella term for 

various intervention approaches that use a combination of the principles of behavioural and 

developmental psychology domains (Crank et al., 2021; Sandbank et al., 2020; Schreibman 

et al., 2015; Tiede & Walton, 2019). These interventions were first grouped as NDBI in 2015 

and were described in a seminal paper by Schreibman and colleagues (2015). NDBI have 

core components that can be included in three general areas. First, NDBI are implemented 

in the child’s ‘naturalistic’ environment and involve socially engaged activities between the 

child and an adult (Schlebusch et al., 2020; Schreibman et al., 2015). For example, 

mealtimes are a daily living activity that can be socially engaged between the child and an 

adult, within which NDBI can be implemented (Ramseur et al., 2019). This represents the ‘N’ 

in NDBI. Second, NDBI target child outcomes in various ‘developmental’ domains (the ‘D’), 

including, for example, cognition, motor systems, language, social and play skills (Crank et 

al., 2021; Schreibman et al., 2015; Tiede & Walton, 2019). They promote the generalisation 

and integration of skills learned in one domain into another (Schreibman et al., 2015). For 

example, the development of a newly learned language skill can be integrated with the 

development of play or social skills. Third, NDBI use ‘behavioural’ strategies (the ‘B’) (for 

example, modelling, prompting, or shaping) to support child developmental growth and use 

natural reinforcements by having the interventionist use motivating activities with a highly 

predictable rewarding experience to teach a skill (Crank et al., 2021; Sandbank et al., 2020; 

Tiede & Walton, 2019). The ’I’ characterises the various ‘interventions’ that are aimed at 

supporting the child’s developmental trajectory (Sandbank et al., 2020; Schlebusch et al., 

2020; Schreibman et al., 2015; Tiede & Walton, 2019). Some of the best-researched 

interventions that fall within the NDBI category include, but are not limited to, the Early Start 
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Denver Model (ESDM) (Dawson et al., 2010; Fuller et al., 2020; Rogers et al., 2012), Project 

ImPACT (Improving Parents As Communication Teachers) (Ingersoll & Wainer, 2013a, 

2013b; Sengupta et al., 2020), and Joint Attention Symbolic Play Engagement and 

Regulation (JASPER) (Kaale et al., 2012; Kaale et al., 2014; Kasari et al., 2006; Kasari et 

al., 2010; Kasari et al., 2014). Trained professionals such as speech and language 

therapists and psychologists can implement NDBI, but caregivers may also be coached to 

deliver NDBI strategies to their young autistic child (Makombe et al., 2019; Schlebusch et al., 

2020; Schreibman et al., 2015). Caregivers can be coached to use NDBI strategies to 

support their child’s developmental growth during naturalistic daily activities and interactions 

with materials available in the home rather than at a set time or place using pre-specified 

materials (Makombe et al., 2019; Ramseur et al., 2019; Schlebusch et al., 2020; Schreibman 

et al., 2015). Implementing NDBI in naturalistic environments during naturally occurring daily 

shared activities and routines supports generalisation of skills.  

Being able to track and measure the impact of NDBI delivered in these naturalistic 

environments is important (Frost et al., 2020). However, doing this may be challenging due 

to the need for validated, affordable and appropriate measures that detect response to 

intervention, particularly in low- and middle-income countries (de Vries, 2016; Lord et al., 

2022; Schlebusch et al., 2020). 

NDBI in Low- and Middle-Income Countries (LMIC) 

The estimated worldwide prevalence of autism is 1-2%, and the majority of autistic 

individuals live in low- and middle-income countries (LMIC) with limited access to services 

and support (Baxter et al., 2015; de Vries, 2016; Lord et al., 2022; Olusanya et al., 2018). 

While NDBI are emerging as an evidence-based practice, these approaches were developed 

in high-income countries (HIC), with predominantly monolingual, English-speaking 

participants from upper/middle-income families (Fannin, 2017; Lord et al., 2022; Nielsen et 

al., 2017).  To date, very little NDBI research has been conducted in LMIC, such as in South 

Africa  (de Vries, 2016; Franz et al., 2017; Lord et al., 2022; Schlebusch et al., 2020). There 
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is a need for NDBI research that is representative of culturally and linguistically diverse 

populations, as we have yet to determine whether NDBI can improve outcomes in diverse 

contexts and across cultures. NDBI may require adaption and research to determine 

whether they improve outcomes in culturally and linguistically diverse LMIC. Schlebusch et 

al. (2020) identified four fundamental considerations for implementing NDBI in low-resource 

environments, including 1) understanding the naturalistic context in which NDBI are 

implemented, 2) identifying the developmental and 3) behavioural strategies that need to be 

prioritised in a specific context, and 4) identifying culturally and contextually appropriate tools 

to measure their impact in the given context (see Figure 1.1). In South Africa, some steps 

have been taken towards adapting and implementing NDBI for culturally and linguistically 

diverse families. Franz and colleagues collected data to inform the adaptation and 

implementation of NDBI caregiver coaching for young autistic children and their families in 

South Africa (Guler et al., 2018; Makombe et al., 2019; Ndlovu, 2022; Ramseur et al., 2019; 

Schlebusch et al., 2020). 
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Figure 1.1 

Key Considerations for Implementing Effective Naturalistic Developmental Behavioural 

Interventions (NDBI) in Resource-Limited Contexts (From Schlebusch et al., 2020. Reprinted 

with permission). 

 
 

Tools to Track the Impact of NDBI in LMIC 

 Adapting and implementing NDBI in LMIC requires using culturally and contextually 

appropriate tools to measure and track intervention impact within that context. In order to 

evaluate the impact of NDBI, it is essential to measure a range of outcomes, including 

intervention outcomes, fidelity outcomes and implementation outcomes (Dawson-Squibb & 

de Vries, 2020; Frost et al., 2020; Lord et al., 2022; Schlebusch et al., 2020). Intervention 

outcomes include child outcomes, caregiver outcomes, and caregiver-child dyadic 

outcomes. Few studies have investigated whether outcome measurement tools developed in 

HIC are feasible for use also in LMIC contexts. Researchers at the Centre for Autism 

Research in Africa (CARA) recently conducted a study to understand the nature of 

caregiver-child interactions of young autistic children and their caregivers in a low-resource 

South African environment (Ndlovu, 2022; Rieder et al., 2023). One of the components of 

the project included assessing whether the Joint Engagement Rating Inventory (JERI) could 

quantify caregiver-child interactions (Ndlovu, 2022). The JERI is a behavioural coding 
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system applied to video-recorded observations of caregiver-child interactions to characterise 

joint engagement and communication dynamics that occur during these interactions between 

caregivers and their young children who are typically developing or have developmental 

disabilities, including autism (Adamson et al., 2012; Adamson et al., 2019a, 2019b; 

Adamson et al., 2010; Hirsh-Pasek et al., 2015; Suma et al., 2017; Suma et al., 2016). The 

findings of the study that assessed the utility of the JERI suggested that, under controlled 

‘laboratory’-based conditions, the JERI could be a useful tool to quantify interactions 

between caregivers and their autistic children from low-resource communities in Cape Town 

(Ndlovu, 2022). A complimentary linked study (master’s thesis in prep) also identified that 

the JERI could potentially detect changes in child behaviour, caregiver behaviour and 

caregiver-child dyadic interactions in response to NDBI caregiver-coaching in young autistic 

children and their caregivers in South Africa (Dawood, 2023). These findings are 

encouraging first steps towards describing and evaluating NDBI outcomes in a South African 

context.  

 The JERI coding system requires the caregiver-child interaction recordings to have 

specific technical elements and for specific reliability procedures to be followed. For coding 

on the JERI, the video-recorded observations of caregiver-child interactions must be made 

using a standardised interaction protocol, such as the Communication Play Protocol 

(Adamson et al., 2012; Adamson et al., 2020; Suma et al., 2017; Suma et al., 2016). The 

video recordings are required to capture as much of the triadic interaction as possible in 

which the child, caregiver and play materials are visible and the dyad is audible (Suma et al., 

2017). Furthermore, JERI procedures recommend an assessment of inter-rater reliability 

where 15-20% of randomly-selected caregiver-child interaction videos are rated by two 

trained raters (Suma et al., 2017). Using the JERI to code observational techniques like the 

video recording of caregiver-child interactions can facilitate the measurement of intervention 

response. However, the majority of families who live in low-resource settings in South Africa 

have limited access to tertiary research centres where laboratory-based video recordings of 
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caregiver-child interactions can take place. This highlights the need for data collection 

methods that are more accessible to caregiver-child dyads who live in underserved and low-

resource settings in LMIC. This, therefore, raises an important empirical question of whether 

home-based data collection methods that more appropriately represent the naturalistic 

environment for learning could be feasible and be coded on the JERI. 

Using Smartphones as Observational Data Collection Tools for NDBI 

 Digital technologies can potentially promote the implementation of autism 

intervention (Franz et al., 2022; Kumm et al., 2022). However, in the context of LMIC, it is 

essential to consider the existing ‘digital divide’ or disparities in access to digital technologies 

between high-income and LMIC contexts (de Vries, 2016; Kumm et al., 2022). Individuals 

who live in South Africa and other LMIC have access to entry-level smartphones with lower 

specifications, such as Android smartphones, given their lower costs (Groupe Spéciale 

Mobile Association, 2020; Kumm et al., 2022). Due to their increasingly widespread usage 

and increasing availability of affordable internet for mobile usage, affordable smartphones 

have been identified as a technology that would be most feasible for autism research and 

implementation in LMIC contexts without reinforcing the existing disparities in digital 

technologies (Kumm et al., 2022). Given that many South African families do not have 

access to research centres, widespread smartphone usage could potentially lead to 

increased access to autism intervention services by limiting the need for families to travel to 

research centres and any related economic costs (Ingersoll et al., 2017; Kumm et al., 2022). 

Researchers in South Africa have started to collect data that helps consider the ‘fit’ of 

telehealth using smartphones in LMIC contexts (Franz et al., 2022). As a result of the 

COVID-19 pandemic, researchers at CARA transitioned from implementing in-person to 

telehealth-delivered NDBI-informed caregiver-coaching using smartphones (Franz et al., 

2022).  

To determine whether NDBI delivered in the home environment through telehealth 

impact outcomes of interest (including child and caregiver behaviours), it is essential to 
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identify appropriate measurement tools to detect signals of change. Naturalistic, home-

based data collection methods using smartphones create opportunities for the impact of 

NDBI to be measured and tracked. However, there is limited evidence of whether 

smartphones can be used in a home environment to capture data with the key technical 

elements (such as audio-visual quality and following a standardised interaction protocol) to 

be coded on the JERI and determine the impact of NDBI.  Therefore, the key research 

questions of this study were whether home-based smartphone recordings of caregiver-child 

interactions would be technically feasible in low-resource South African contexts to allow 

confident and reliable behavioural coding using the JERI. 

Purpose of the Study 

 The purpose of this study was to determine the technical feasibility of using 

smartphones to record caregiver-child interactions in the home setting and whether they 

could be reliability coded using the Joint Engagement Rating Inventory (JERI).  

Aim 1: Technical Feasibility of the Smartphone-Recorded Caregiver-Child Interactions 

 The first aim was to assess whether home-based smartphone recordings of 

interactions between caregivers and their young autistic child could capture the necessary 

audio-visual quality, sufficient caregiver-child ‘on screen’ time, and caregiver-child interaction 

protocol set-up required to be coded with the JERI.  

Aim 2: Coding Difficulty and Reliability on the Joint Engagement Rating Inventory 

 The second aim was to assess whether two trained raters experienced coding 

difficulties attributable to the technical limitations of smartphone recordings or child/ 

caregiver behaviour and could achieve inter-rater reliability when coding the smartphone-

recorded caregiver-child interactions using the JERI. 
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Chapter 2 Methods 

Study Design 

 This study design was a secondary analysis of a subset of data collected in a larger 

primary project (University of Cape Town HREC 468/2019 and Duke University IRB 

Pr00103045). The primary project sought to adapt a caregiver-coaching version of the Early 

Start Denver Model (ESDM), an NDBI, for implementation by non-specialist early childhood 

development (ECD) practitioners in the Western Cape Province of South Africa (Makombe et 

al., 2019; Rieder et al., 2023). COVID-19 necessitated adaptions to the coaching approach 

for delivery via telehealth. All study procedures were adapted for remote delivery using 

caregiver smartphones. The project used a longitudinal pre-post-study design in which 

autistic children and their caregivers received 12 NDBI-informed caregiver coaching 

sessions delivered via a telehealth approach by non-specialist ECD practitioners (Franz et 

al., 2022). 

 Baseline assessments included questions about demographics, about technology 

use, a caregiver-child interaction that was recorded on the caregiver’s smartphone, an 

Autism Diagnostic Observation Schedule Second Edition (ADOS-2), and the Vineland 

Adaptive Behaviour Scales Third Edition (VABS-3). The ADOS-2 and VABS-3 were 

administered by a research-reliable South African clinician. Post-intervention assessment 

included a caregiver-child interaction recorded on the caregiver’s smartphone and the 

VABS-3. The Joint Engagement Rating Inventory (JERI) was applied to the caregiver-child 

interaction smartphone recordings and used as an outcome measure to detect signals of 

change in child behaviours, caregiver strategies, and caregiver-child dyadic interactions from 

baseline assessment (pre-intervention) to the follow-up assessment (post-intervention). This 

secondary study utilised a descriptive quantitative design to determine the technical 

feasibility of smartphones to record caregiver-child interactions in the home setting and to 

assess whether they could be coded confidently and reliably using the JERI. 
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Participants  

 This study used the data of all participants from the project, which included nine 

caregivers and their children with autism. 

Inclusion Criteria 

 To be eligible to participate in the primary project, (a) caregivers had to be 18 years 

old, (b) the child had to be between 18-72 months of age, and (c) had to meet the criteria for 

autism spectrum disorder (ASD) based on the Diagnostic and Statistical Manual of Mental 

Disorders, 5th Edition (DSM-5) including meeting an autism classification on the ADOS-2 

(Autism Diagnostic Observation Schedule, 2nd Edition) (Lord et al., 2012) administered by a 

research-reliable rater. In addition, (d) caregivers had to speak one of the four high-

frequency languages of South Africa (isiXhosa, isiZulu, Afrikaans, or English), and (e) the 

child and caregiver had to be Black African, Coloured or Indian in terms of self-declared 

race/ethnicity. South Africa has very high socio-economic inequality and disparities in access 

to intervention for young children with autism (de Vries, 2016) and race/ethnicity remains a 

strong ‘proxy’ for these disparities. For this reason, we deliberately focused on families that 

would represent low-resource environments with little or no access to early interventions.  

Exclusion Criteria 

 The exclusion criteria of the primary study were (a) a child with a history of severe 

head injury or a neurological disorder of known aetiology (such as Fragile  X syndrome), (b) 

a child with a significant sensory or motor impairment that would prevent their use of play 

materials, and (c) a caregiver-child dyad that was unable to complete assessments and 

attend the 12 caregiver-coaching under the primary project.  

Recruitment and Enrolment 

 Eligible families with an autistic child aged 18-72 months were identified and 

recruited from two Western Cape Education Department (WCED) schools. These WCED 

schools had records of children with an autism diagnosis and were on a waiting list for public 

school placement. The school staff invited caregiver-child dyads to participate in the primary 
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project. The project coordinator then contacted interested caregivers and conducted a 

screening of the inclusion/exclusion criteria over the phone. If the dyad met the study criteria, 

caregivers were invited to join the study and were given and read a copy of the consent 

document to review. Once caregivers verbalised understanding of the consent document 

and provided informed verbal consent through an electronic consent process, the dyad was 

enrolled.  

Human Research Ethics 

The primary project was granted ethical approval by the University of Cape Town 

(UCT) Human Research Ethics Committee (HREC 468/2019) and from Duke Health 

Institutional Review Board (IRB Pr00103045). The project also received approval from the 

Western Cape Education Department (Reference: 20180215–9358). Due to COVID-19, the 

consent process was remote and took place telephonically. Before the caregiver provided 

consent, the study coordinator discussed all study information with the caregivers and 

answered all study-related questions to ensure that the participants understood the project 

before consenting to participate. All the caregivers were ≥18 years of age. Given that all 

child participants were under the age of seven and had diagnoses of autism, no express 

assent was sought from them. See Appendix A for the remote enrolment and consent script. 

The author of this dissertation was a research assistant on the primary project. For 

degree purposes, this study was a secondary analysis of data collected under the primary 

project. The secondary study proposal was reviewed and approved following standard 

procedures in the Department of Psychology at the University of Cape Town. See Appendix 

B for the Department of Psychology Ethics approval letter. 

Measures 

Three measures were used to determine the technical feasibility of using 

smartphones to record caregiver-child interactions in the home setting and to code them 

confidently and reliably using the Joint Engagement Rating Inventory (JERI). The first two 
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were measures designed by the study team for the purposes of assessing technical 

feasibility, (1) the Smartphone Recording Quality Checklist (SRQC) and (2) the Rating 

Review Checklist (RRC). The third measure was the JERI.  

Smartphone Recording Quality Checklist (SRQC) 

The research team developed a Smartphone Recording Quality Checklist (SRQC), to 

assess whether the home-based smartphone recordings of caregiver-child interactions 

captured the necessary audio-visual quality, caregiver-child ‘on screen’ duration, and 

interaction protocol set-up required for JERI coding. The SRQC was developed through 

iterative consensus-building by the research team. The items in this checklist were informed 

by factors JERI raters need to consider when assigning codes, such as the child and 

caregiver’s expressive language, gestures, eye contact and affective facial expressions 

during the caregiver-child interaction. To assign codes for the child’s joint engagement, child 

behaviour, caregiver behaviour and shared dyadic interaction, the rater must be able to see 

the child, the caregiver and the play materials as well as hear the child and caregiver 

(Adamson et al., 2020; Suma et al., 2017). JERI ratings also consider the quality of 

behaviour and usually include a time requirement. As shown in Table 2.1, the SRQC was 

divided into three parts. The first part consisted of six questions on a 5-point Likert scale 

based on frequency to assess the audio quality of the smartphone recordings. The second 

part consisted of six questions also on a 5-point Likert scale on frequency to assess the 

visual quality of the smartphone recordings. Parts I and II had a Likert scale based on 

frequency because many JERI items already account for time to provide a rating. For 

example, child engagement items are observed as a ‘state’ with a duration of at least 3 

seconds and are assessed based on frequency and quality. The third part of the SRQC 

consisted of five questions that assessed whether the CCI protocol smartphone recording 

instructions were implemented. The rater’s responses to these questions were in open-text 

format.
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Table 2.1.  

Smartphone Recording Quality Checklist (SRQC) 

Part I: Audio Quality 

Rating  

1=Never 

2=Seldom (25% 

of the time) 

3=Sometimes (50% 

of the time) 

4=Frequently (75% 

of the time) 

5=Always (100% 

of the time) 

1. Is the audio clear? ☐ ☐ ☐ ☐ ☒ 

2. Are there background noises that 

interfere with the ability to hear the 

caregiver/child? 

☐ ☐ ☐ ☐ ☐ 

3. Are there echoes that interfere with the 

ability to hear the caregiver/child? 
☐ ☐ ☐ ☐ ☐ 

4. Can you hear the caregiver?  ☐ ☐ ☐ ☐ ☐ 

5. Can you hear the child? ☐ ☐ ☐ ☐ ☐ 

6. Are the audio and video in sync? ☐ ☐ ☐ ☐ ☐ 

Part II: Visual Quality 

Rating  

1= 

Never 

2= Seldom (25% 

of the time) 

3= Sometimes (50% 

of the time) 

4= Frequently (75% 

of the time) 

5= Always 

(100% of the 

time) 

7. Is the video clear (not blurry or grainy)? ☐ ☐ ☐ ☐ ☐ 

8. Does the video play smoothly? ☐ ☐ ☐ ☐ ☐ 

9. Are the play materials visible? ☐ ☐ ☐ ☐ ☐ 
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10. Is the caregiver visible (face and 

hands)? 
☐ ☐ ☐ ☐ ☐ 

11. Is the child visible (face and hands)? ☐ ☐ ☐ ☐ ☐ 

12. Are the caregiver and child both 

visible? 
☐ ☐ ☐ ☐ ☐ 

Part II: Implementation of Caregiver-Child  

13. Was the caregiver asked to record and upload the interaction video again (is this the first recording attempt)? If so, why?  

Click or tap here to enter text. 

 

14. How many segments is the video recording? 

Click or tap here to enter text. 

 

15. How long is the recording in total? 

Click or tap here to enter text. 

 

16. Are there distractions in the room that significantly impact the quality of the video (e.g., is there another person in the room who is 

distracting the child)? 

Click or tap here to enter text. 

 

17. Are there additional toys or objects that are not listed on the CCI protocol present? 

Click or tap here to enter text. 
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Rating Review Checklist (RRC) 

The research team developed a Rating Review Checklist (RRC) to assess whether a rater 

had coding difficulties for each JERI item and whether these were related to the technical 

aspects of the smartphone recording or child and/or caregiver behaviour during the 

caregiver-child interaction. Technical aspects include the audio-visual quality of the 

recording and the caregiver-child ‘on screen’ duration. The RRC was developed through 

iterative consensus-building by the research team aimed to include all the items or elements 

that may influence the coding of JERI items. As shown in Table 2.2., the RRC consisted of 

the 16 JERI items with two rating scales. The first rating scale was a Likert scale of 1-3, 

where the rater judged how confident they felt about assigning each JERI rating. The 

confidence level was evaluated based on the technical aspects of the smartphone recording 

of the caregiver-child interaction. The second rating scale was dichotomous (Yes or No), 

where a rater indicated whether they experienced difficulties coding each JERI item. These 

difficulties were related to the child or caregiver’s behaviour in the caregiver-child interaction. 

For example, if a rater assigned a JERI rating of 4 for the child’s expressive language level 

(which characterises a child who uses many single words with no or few word combinations 

during the recording), they assigned two additional ratings on the Rating Review Checklist, 

first, on how confident they felt about their JERI coding of the child’s expressive language 

level JERI rating based on the technical aspects of the smartphone recording, and second, 

whether they had coding difficulties with coding this JERI item based on any aspects of the 

child/caregiver behaviour. 
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Table 2.2.  

Rating Review Checklist (RRC) 

 Confidence level based on technical aspects of 

smartphone recording 

Were there coding difficulties related to 

child/caregiver behaviours despite technical 

aspects? 

1=Unsure 2=Somewhat Sure 3=Sure Yes No 

Engagement State 

Items 

     

Unengaged ☐ ☐ ☐ ☐ ☐ 

Object Engaged ☐ ☐ ☐ ☐ ☐ 

Joint Engagement ☐ ☐ ☐ ☐ ☐ 

Supported Joint 

Engagement 
☐ ☐ ☐ ☐ ☐ 

Coordinated Joint 

Engagement 
☐ ☐ ☐ ☐ ☐ 

Symbol Infused Joint 

Engagement 
☐ ☐ ☐ ☐ ☐ 

Child Activity Items      

Responsiveness ☐ ☐ ☐ ☐ ☐ 

Language level and use  ☐ ☐ ☐ ☐ ☐ 

Attention to Caregiver ☐ ☐ ☐ ☐ ☐ 
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 Confidence level based on technical aspects of 

smartphone recording 

Were there coding difficulties related to 

child/caregiver behaviours despite technical 

aspects? 

1=Unsure 2=Somewhat Sure 3=Sure Yes No 

Caregiver Activity 

Items 
     

Scaffolding ☐ ☐ ☐ ☐ ☐ 

Following In ☐ ☐ ☐ ☐ ☐ 

Caregiver Affect ☐ ☐ ☐ ☐ ☐ 

Language Facilitation ☐ ☐ ☐ ☐ ☐ 

Communicative 

Temptations 
☐ ☐ ☐ ☐ ☐ 

Dyadic Interaction 

Items 
     

Fluency and 

Connectedness 
☐ ☐ ☐ ☐ ☐ 

Shared Routines and 

Rituals 
☐ ☐ ☐ ☐ ☐ 
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Joint Engagement Rating Inventory (JERI) 

 The JERI (see Appendix C) is an established behavioural coding system that 

consisted of 32 items on a 7-point Likert scale that were developed to characterise (1) child 

behaviours (for example, joint engagement, language use and attention to caregiver), (2) 

caregiver behaviours (for example, caregiver’s ability to follow their child’s focus of attention 

and support and expand their child’s communication and play) and (3) the overall flow of the 

caregiver-child dyadic interaction (for example, the fluency and connectedness of the 

interaction between the caregiver and their child) (Adamson et al., 2020). In discussion with 

the developers of the JERI, 16 items that addressed the specific aims of the primary project 

were identified. These 16 JERI items were used in this study to rate child and caregiver 

behaviour during the play interaction captured by the smartphone recordings. As shown in 

Table 2.3., the 16 JERI items were divided into four categories. The first category consisted 

of six child engagement state items, which captured the child’s interests and engagement 

with their caregiver, objects or events (Adamson et al., 2020). The second category 

consisted of three child activity items that captured the child’s verbal and non-verbal 

communication during an interaction with their caregiver (Adamson et al., 2020). The third 

category consisted of five caregiver activity items that characterised how the caregiver uses 

behaviours and skills that support and expand the child’s language and engagement with an 

object or event (Adamson et al., 2020). The fourth category consisted of two items that 

captured how the caregiver-child dyad interacted in sharing an experience, topic or object. 

The JERI items considered the quality of the child and caregiver’s behaviours or skills during 

the interaction, and most items considered the frequency of the behaviour. 
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Table 2.3.  

Categories of Pre-Selected Items in the Joint Engagement Rating Inventory (JERI) 

Category Items 

Child Engagement State Items 1. Unengaged 

2. Child’s Object Engagement 

3. Child’s Joint Engagement 

4. Child’s Supported Joint Engagement 

5. Child’s Coordinated Joint Engagement 

6. Child’s Symbol-Infused Joint Engagement 

Child Activity Items 7. Child’s Responsiveness to Partner’s 

Communication 

8. Child’s Expressive Language Level and Use 

9. Child’s Attention to Caregiver 

Caregiver Activity Items 10. Caregiver’s Scaffolding 

11. Caregiver’s Following in on Child’s Focus 

12. Caregiver’s Affect 

13. Caregiver’s Language Facilitation 

14. Caregiver’s Communicative Temptations 

Dyadic Interaction Items 15. Fluency and Connectedness 

16. Routines and Rituals 
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Procedures 

Caregiver-Child Interaction Smartphone Recording Procedure 

 Caregivers followed a standardised caregiver-child interaction (CCI) protocol (see 

Appendix D) to record interactions with their child at home, using their own smartphones and 

available play materials. The CCI instructions were sent to the caregivers via email or 

WhatsApp based on their preference. The instructions were followed by a WhatsApp phone 

call with the project coordinator, who explained the CCI instructions and addressed the 

caregiver’s questions. In the CCI instructions, caregivers were asked to record a 6-minute-

long play interaction with their child using a smartphone, using various types of play 

materials similar to those shown in Figure 2.1. Caregivers were asked to use as many of 

these types of play materials that they already had at home. They were informed that it was 

acceptable if they did not have a specific type of material and were told that they did not 

need to purchase any new play materials for the study. However, caregivers were 

encouraged not to use play materials significantly different from those shown in the CCI 

instructions (for example, a ball is a type of play material that does not match those in the 

CCI instructions). For the room set-up, caregivers were asked to find a quiet room (if 

possible) and place all the play materials on the floor. They were asked to position their 

mobile or smartphone device in a place that would allow them to capture the child and the 

caregiver’s faces, hands and play material for the duration of the video.  

Caregivers followed detailed instructions (see Appendix E) to upload their 

smartphone-recorded 6-minute-long play interaction on StrongBox, a HIPAA (The Health 

Insurance Portability and Accountability Act) compliant Duke Box folder. They were asked to 

upload two smartphone recordings (one pre-intervention and one post-intervention) that 

would be used for JERI coding. In addition, caregivers were asked to record and upload 12 

smartphone recordings that were used as a behavioural sample for discussion during the 12 

NDBI-informed caregiver coaching sessions. Given that this study focused on the pre-and-

post-intervention smartphone recordings, in-session data were not included in the analysis 
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here. Once caregivers uploaded their smartphone recordings onto StrongBox, the project 

coordinator (who is not trained in JERI coding) viewed and checked the recordings to ensure 

the quality and accuracy of the data. Caregivers were reimbursed for internet data (costs for 

the WhatsApp communication and uploading the recordings to StrongBox). 

 

 

Figure 2.1 

Examples of Play Materials for Home-based Caregiver-Child Interaction (CCI) Recordings 
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Rating Procedures 

A student (the author of this dissertation) and the principal investigator (PI) of the 

primary project were trained by a JERI master trainer to research reliability. The PI then took 

on the role of master rater in the study. On all three measures, the student rater rated 18 

randomised smartphone recordings (pre- and post-intervention), blind to the pre- or post-

intervention status of recordings. The master rater was assigned seven randomly selected 

smartphone recordings (~40%) to rate independently on all three checklists. Ratings of the 

student and master rater were then compared to assess reliability. The student rater was not 

informed which seven smartphone recordings were selected for double-coding. For 

standardisation, if a caregiver uploaded a recording that was longer than the recommended 

6-minutes, ratings were only completed up to the 6-minute mark. The JERI coding was 

completed first, followed by the completion of the RRC and the SRQC. After completing the 

SRQC and RRC independently, the ratings of the two raters were compared to assess 

whether the raters could determine the source of the disagreement. 

Data Analysis 

 The data from the SRQC and the RRC were analysed using descriptive statistics, 

including an examination of median values and frequency analyses. 

 Data from the JERI were analysed using Cohen’s weighted kappa to assess inter-

rater reliability (Cohen, 1968). The weighted kappa provides a metric with reliability 

information that can be used to track rating performance during data collection. This 

information includes 1) whether disagreements between raters are by one scale point or 

more, 2) most recurring disagreements, and 3) whether one rater tends to give higher ratings 

than the other. The weighted kappa was computed using the KappaAcc program, which 

uses a metric whereby differences of one rating scale point between raters were weighted as 

1, thereby regarded as agreements. Differences greater than one rating scale point were 

regarded as disagreements (Bakeman, 2018). For example, if the student rater assigned a 

rating of 4 for the child’s object engagement and the master rater assigned a rating of 5 for 
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the same item, this was considered an agreement (because there is a difference of one 

scale point between the ratings). However, the difference was considered a disagreement if 

the student rater assigned a 3 and the lead rater a 5 (difference of two scale points). The 

observer estimated accuracy was also computed using the KappaAcc program. The 

observer estimated accuracy indicates the probability that a rater will correctly rate a 

particular item in an interaction (Bakeman, 2018). With guidance from the JERI master 

trainer and the JERI Procedures Technical Report (Suma et al., 2017), we set the following 

reliability goals for this study: 1) percent agreements of at least 80% and 2) weighted kappas 

of at least 0.75. 
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Chapter 3 Results 

Overview of Results 

 In this chapter, the results of the study will be presented in the following order: 1) the 

participant demographics, 2) results from the Smartphone Recording Quality Checklist 

(SRQC) on the technical feasibility of the smartphone recordings, 3) the results from the 

Rating Review Checklist (RRC) on the coding difficulties with the Joint Engagement Rating 

Inventory (JERI), 4) the reliability results of JERI coding.  

Participant Demographics 

 This study had access to the data of nine caregiver-child dyads for whom 

smartphone-recorded caregiver-child interaction videos from pre- and post-intervention were 

available. Participant demographics are presented in Table 3.1 and Table 3.2. The children 

in this study were between 24 – 72 months of age, with a median age of 50 months. Seven 

of the children were male, and two were female. All children met the DSM-5 criteria for 

autism spectrum disorder and were classified as autistic on the ADOS-2 administered by a 

research-reliable administrator. Two children were administered the Toddler Module of the 

ADOS-2 and the range of concern for both was moderate-to-severe. Six children were 

administered Module 1 of the ADOS-2 with comparison scores between 7-10. One child was 

administered Module 2 of the ADOS-2 with a comparison score of 8.  

 Caregivers were between 29 – 48 years of age, with a median age of 36 years. The 

primary caregivers in this study were seven mothers and two fathers. Five caregivers had a 

grade 12 level of education, two had a post-grade 12 certificate or diploma, and two had 

received tertiary education. Five caregivers were unemployed, and four were employed. 

Four families had a monthly income between ZAR12501 – ZAR30000 (~USD726.46 – 

USD1743.38).  

 All the caregiver-child dyads were self-classified as Black African, Coloured or Indian.  
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Table 3.1.  

Demographic Data of Child Participants (n=9) 

Age in months at study entry Media (Range) 50 (24 – 72)  

Gender Female 2 

 Male 7 

Ethnicity/Race Black African 2 

 Coloured 6 

 Indian 1 

ADOS-2 Module Toddler Module (Range of 

severity) 

3 

 Module 1   5 

 Module 2 1 

ADOS-2 Comparison Score Toddler Module   

 Range of Concern Moderate to High 

Severity 

 Module 1  

 Mean (SD) 

Range 

7.80 (1.30) 

7 – 10 

 Module 2  

 

 

Mean (SD) 

Range 

8 (0) 

-  

 

  



36  

Table 3.2.  

Demographic Data of Caregiver Participants (n=9) 

Age in years Median (Range) 36 (29 – 48) 

Relationship to child Mother 7 

 Father 2 

Ethnicity/Race Black African 2 

 Coloured 6 

 Indian 1 

Highest level of education Grade 12/Matric 5 

 Post-grade 12 certificates or diploma 2 

 Tertiary 2 

Employment status Unemployed 5 

 Employed, part-time/casual 2 

 Employed full time 2 

Total household income (monthly) Less than ZAR4500 2 

 Between ZAR4501 and ZAR12500 2 

 Between ZAR12501 and ZAR30000 4 

 Between ZAR30001and ZAR52000 1 
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Technical Feasibility of Smartphone Recordings  

Audio-Visual Quality of Smartphone Recordings 

As shown in Figure 3.1, the median rating for all the audio quality items was 5. The 

audio was “always” clear in 17 smartphone recordings and “sometimes” clear in one of the 

18 smartphone recordings. Sixteen smartphone recordings did not have any background 

noise that interfered with the rater’s ability to hear the caregiver or child, and one 

smartphone recording “sometimes” did. None of the 18 smartphone recordings had any 

echoes that interfered with the rater’s ability to hear the caregiver or child. The rater could 

“always” hear the caregiver in 17 recordings and could “frequently” hear the caregiver in one 

of the 18 smartphone recordings. The rater could “always” hear the child in 17 smartphone 

recordings and could “seldom” hear the child in one of the smartphone recordings. The audio 

and video of all 18 smartphone recordings were in sync. 



38  

 

Figure 3.1 

Audio Quality of Homme-Based Smartphone Recordings as Rated on the Smartphone Recording Quality Checklist 
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Figure 3.2 shows the result of the visual quality of the smartphone recordings. The 

median rating for four items was 5 (which indicates “always” or 100% of the time) ‘Is the 

video clear?’, ‘Does the video play smoothly?’, ‘Are the play materials visible?’ and ‘Is the 

caregiver visible?’. The median rating for the following three items was 4 (which indicates 

frequently or 75% of the time): ‘Is the caregiver visible?’, ‘Is the child visible?’ and ‘Are the 

caregiver and child both visible?’. The video was “always” clear in 16 of the 18 smartphone 

recordings, “frequently” clear in one, and “seldom” clear in one smartphone recording. The 

video in all the 18 smartphone recordings “always” played smoothly. Play materials were 

“always” visible in 13 of the 18 smartphone recordings, “frequently” visible in four, and 

“sometimes” visible in one smartphone recording. Caregivers were “always” visible in 12 of 

the 18 smartphone recordings, “frequently” visible in five and “seldom” visible in one of the 

18 smartphone recordings. Children were “always” visible in five smartphone recordings and 

“frequently” visible in 13 of the 18 smartphone recordings. The child and caregiver were 

“always” visible in seven smartphone recordings. In 10 recordings, the child and caregiver 

were “frequently” visible and “seldom” visible in one of the 18 smartphone recordings.
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Figure 3.2 

Visual Quality of Home-Based Smartphone Recordings as Related on the Smartphone Recording Quality Checklist (SRQC) 
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Caregiver Implementation of Caregiver-Child Interaction (CCI) Protocol 

Figure 3.3 and Figure 3.4 illustrate the results of the caregiver’s implementation of 

Caregiver-Child Interaction (CCI) protocol instructions. All 18 caregiver-child interactions 

were recorded in one segment. The length of the smartphone recordings ranged between 

05:03 – 15:05 minutes. Twelve of the 18 smartphone recordings were between 6 – 6:30 

minutes long. Two of the 18 smartphone recordings were shorter than the required six 

minutes (05:03 and 05:37 minutes, respectively), and four were significantly longer than six 

minutes (between 06:45 – 15:05 minutes). See Figure 3.3 for the length of the smartphone 

recordings. Figure 3.4 shows that 17 of the 18 smartphone recordings were a first attempt to 

record and upload to StrongBox. After viewing and checking the uploaded interaction 

recordings (for quality control), the project coordinator asked one of the caregivers to re-

record and re-upload their caregiver-child interaction video because the initial recording was 

completely unclear. Figure 3.4 shows that in 16 of the 18 smartphone recordings, there were 

no distractions in the room that significantly impacted the video quality. Fifteen of the 18 

smartphone recordings included only play materials similar to those listed in the CCI protocol 

instructions, while three recordings had play materials similar to those listed in the 

instructions as well as additional play materials not listed in the CCI instruction (Figure 3.4). 
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Figure 3.3 

Smartphone Recording Length Range (The caregiver-child interaction protocol outlines that 

the smartphone recording should be six minutes long). 
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Figure 3.4 

Graph Showing Yes/No Responses to Questions on Caregiver-Child Interaction Protocol Instructions 
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Coding Difficulties with the Joint Engagement Rating Inventory 

Confidence Level Based on the Technical Aspects of the Smartphone Recordings 

Figure 3.5 shows the results for the rater’s confidence level for each JERI rating 

based on the technical aspects of the smartphone recordings. The median rating on the 

RRC for the rater’s confidence level on the JERI ratings was 3 (“sure of the rating”). In all 18 

smartphone recordings, the rater was “sure of the rating” for eight of the 16 JERI items. The 

rater was “sure of the rating” for two of the 16 JERI items in 17 smartphone recordings. They 

were also “sure of the rating” for two JERI items in 16 recordings and four JERI items in 15 

of the 18 smartphone recordings. The rater was “somewhat sure of the rating” for four JERI 

items in three of the 18 smartphone recordings, for one JERI item in two recordings, and 

were also “somewhat sure of the rating” for three JERI items in one smartphone recording. 

The rater was “unsure of the rating” for one JERI item in one smartphone recording. 
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Figure 3.5 

Confidence Level on Joint Engagement Rating Inventory Based on Technical Aspects of Smartphone Recordings as rated on the Rating 

Review Checklist (RRC).
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Coding Difficulties Related to Child/Caregiver Behaviour 

Figure 3.6 shows the results of rater reporting of coding difficulties with the JERI 

related to child and/or caregiver behaviour. The median rating for the rater’s report on coding 

difficulties with the JERI was 2 (“no difficulties”). The rater did not report experiencing 

difficulties with coding up to five JERI items in 12-18 smartphone recordings. In all 18 

smartphone recordings, the rater did not report experiencing difficulties with coding five of 

the 16 JERI items. The rater also did not experience coding difficulties with four JERI items 

in 12 smartphone recordings, three items in 16 recordings, two items in 17 recordings and 

one item in 14-15 smartphone recordings. 

The rater reported experiencing difficulties with coding up to four of the 16 JERI items 

in 1-6 of the 18 smartphone recordings. The rater also “had difficulties” coding four JERI 

items in six smartphone recordings, three JERI items in two recordings, two JERI items in 

one recording, and they “had difficulties” coding one JERI item in 3-4 smartphone 

recordings. 
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Figure 3.6 

Difficulties with Coding the Joint Engagement Rating Inventory Due to Child/Caregiver Behaviour as rated on the Rating Review Checklist 

(RRC)  
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Reliability on the Joint Engagement Rating Inventory 

Table 3.3 shows the inter-rater reliability results on the Joint Engagement Rating 

Inventory (JERI) ratings of the smartphone-recorded caregiver-child interactions. The 

weighted kappa values, within one scale point, for all the JERI items ranged between 0-1, 

with observer estimated accuracy values between 36–99%, and percentage agreements, 

within one scale point, between 71-100%. Observer agreement for the following 11 items 

was reasonable and within the desired reliability goals: object engagement, joint 

engagement, supported joint engagement, coordinated joint engagement, symbol-infused 

joint engagement, responsiveness to partner’s communication, expressive language level 

and use, attention to caregiver, scaffolding, caregiver’s affect, and fluency and 

connectedness. The weighted kappa value for the 11 items within one scale point was 1, the 

observer estimated accuracy was >99%, and percentage agreements (within one scale 

point) were 100%. 

There were low observer agreements for five items (unengaged, caregiver’s following 

in on child’s focus, caregiver’s language facilitation, caregiver’s communicative temptations, 

and shred routines and rituals). The observer estimated accuracy for unengaged was <36%, 

with a weighted kappa and percentage agreement (within one scale point) of 0 and 86%, 

respectively. The observer estimated accuracies for following in on the child’s focus, 

language facilitation, and communicative temptations were 67%, 69%, and 65%, with 

weighted kappa values (within one scale point) of 0.30, 0.36, and 0.26 and percentage 

agreement values (within one scale point) of 71%. The observer estimated accuracy for 

routines and rituals was <36% with a weighted kappa and percentage agreement, within one 

scale point, of 0 and 86%, respectively.  
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Table 3.3 

Reliability on the Joint Engagement Rating Inventory (JERI) 

JERI Item 
Weighted kappa1 

Observer Estimated 
accuracy2 

Exact percentage 
agreement3 

Percentage agreement within 1 
scale point4 

Child Engagement Items 
 

 
  

Unengaged 0 <36% 43% 86%b 

Object Engagement 1a >99% 57% 100%b 

Child’s Joint Engagement 1a >99% 43% 100%b 

Child’s Supported JE 1a >99% 29% 100%b 

Child’s Coordinated JE 1a >99% 71% 100%b 

Child’s Symbol-Infused JE 1a >99% 86% 100%b 

Child Activity Items     

Child’s Responsiveness to Partner’s 
Communication 

1a >99% 71% 100%b 

Child’s Expressive Language Level & 
Use 

1a >99% 86% 100%b 

 
1 Weighted kappa refers to the degree of disagreement between the raters within one scale point (Sim & Wright, 2005). 
2 Observer estimated accuracy is the probability that a rater will correctly rate a particular item in an interaction (Bakeman, 2018). 
3 The exact percentage of agreement between two raters without a weighting scheme (McHugh, 2012). 
4 The percentage agreement between raters when differences within 1 scale point are regarded as agreements and greater differences as disagreements.  
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JERI Item 
Weighted kappa1 

Observer Estimated 
accuracy2 

Exact percentage 
agreement3 

Percentage agreement within 1 
scale point4 

Child’s Attention to Caregiver 1a >99% 86% 100%b 

Caregiver Activity Items     

Caregiver’s Scaffolding 1a >99% 14% 100%b 

Caregiver’s Following in on Child’s focus .30 67% 43% 71% 

Caregiver’s Affect 1a >99% 71% 100%b 

Caregiver’s Language Facilitation .36 69% 43% 71% 

Caregiver’s Communicative Temptations .26 65% 29% 71% 

Dyadic Interaction Items     

Fluency & Connectedness 1a >99% 86% 100%b 

Shared Routines & Rituals 0 <36% 43% 86%b 

Note. JE = Joint Engagement 

a Indicates weighted kappa values of ≥ 0.75. 

b Indicates percentage agreements within 1 scale point of ≥ 80% 
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Chapter 4 Discussion and Conclusion 

Autism is increasingly identified in low- and middle-income countries (LMIC), but 

autistic children and their families typically receive no or very little services and support (de 

Vries, 2016; Franz et al., 2017; Lord et al., 2022; Olusanya et al., 2018). Naturalistic 

developmental behavioural interventions (NDBI) have emerged as a group of international 

approaches that may be feasible to deliver even in LMIC (Lord et al., 2022; Schlebusch et 

al., 2020; Schreibman et al., 2015). A recent study in South Africa using the Early Start 

Denver Model, one of the NDBI approaches, showed that such interventions may be feasible 

to be delivered by non-specialist providers in low-resource contexts (Makombe et al., 2019; 

Rieder et al., 2023).  

To conduct intervention research, appropriate and acceptable outcome measures are 

required. Most measures used in autism research have been developed in high-income, 

English-speaking countries, thus raising concern about their feasibility in LMIC contexts. 

However, an earlier South African study conducted by our research group showed that we 

could collect behavioural data from caregivers and their autistic children under ‘laboratory-

based’ conditions and that these data could be coded using the Joint Engagement Rating 

Inventory (JERI) (Ndlovu, 2022).  

As a result of the COVID-19 pandemic, many autism interventions, including our 

own, had to switch to tele-delivery (Franz et al., 2022). W We were able to adapt our in-

person intervention programme to be delivered via WhatsApp in a feasible and acceptable 

way. However, one of the key outstanding questions was whether families could collect 

caregiver-child data at home on their own smartphones and whether those data would be of 

sufficient quality to code with the JERI. This was a fundamental research question that had 

yet to be addressed in any LMIC.  

The study presented here therefore set out to assess whether smartphone 

recordings of interactions between caregivers and their young autistic children in naturalistic 
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home settings could be technically suitable to code with the Joint Engagement Rating 

Inventory (JERI). To answer the question, the study had two main aims. The first was to 

determine whether home-based smartphone recordings of caregiver-child interactions could 

be captured with the necessary audio-visual quality, sufficient caregiver-child ‘on screen’ 

time and caregiver-child interaction protocol set-up required to be coded with the JERI. The 

second aim examined whether two research-reliable raters experienced difficulties coding 

these home-based smartphone recordings and could achieve inter-rater reliability when 

coding the caregiver-child interactions using the JERI. 

Nine South African caregiver-child dyads who self-identified as Black African, 

Coloured, or Indian (representing highly under-presented groups in autism research) were 

included in the project, and pre- and post-intervention data were available on these 

participating families. In the Smartphone Recording Quality Checklist (SRQC), a tool 

developed by us to capture the audio and visual quality of individual recordings, most 

smartphone recordings were reported to have sufficient audio-visual quality, caregiver-child 

‘on screen’ duration, recording length and suitable play materials. The Rating Review 

Checklist (RRC), developed in the study to record rater difficulties with JERI coding. The 

results from the RRC showed that the rater was “sure of the rating” for most JERI items 

across the 18 smartphone recordings. The rater did not report difficulties with coding most 

JERI items across the 18 smartphone recordings. On the key outcome measure, the JERI, 

reliability was attained for most of the 16 JERI items, with a 0-1 range of weighted kappa 

values, observer estimated accuracy of 36-99% and percentage agreements of 71-100%, 

within one scale point. Below we will provide further reflections on the key findings of the 

study. 

Technical Feasibility of Smartphone Recordings 

In this study, caregivers were asked to follow a specific protocol to record play 

interactions with their young autistic children using their own smartphones in their home 

environments. The results from the Smartphone Recording Quality Checklist (SRQC) 
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suggested that caregivers could implement these caregiver-child interaction protocol 

instructions and produce caregiver-child interaction smartphone recordings that mostly had 

acceptable audio-visual quality. The audio quality of the smartphones was mostly acceptable 

for JERI coding, had clear audio of the caregiver-child dyads, and had minimal factors 

(background noises or echoes) that interfered with a rater’s ability to hear the dyad. Various 

items in the JERI assess the child’s language use, social communication abilities and overall 

pattern of attention to objects, symbols and their caregiver in an interaction, as well as the 

caregiver’s use of language to support the child’s social communication skills and language 

development (Adamson et al., 2020). Coding these JERI items (such as the child’s 

expressive language level and use or the caregiver’s language facilitation) requires clear 

audio to enable the rater to hear the child and caregiver’s use of speech and language 

during the interaction. Given that language and communication are essential outcomes of 

naturalistic developmental behavioural interventions (NDBI) (Sandbank et al., 2020), it was 

very encouraging that our findings showed that home-based smartphone recordings of 

caregiver-child interactions had sufficient audio quality to capture the speech and language 

of the caregiver-child dyads adequately during the interactions, to be coded on the JERI. 

The visual quality of the smartphone recordings was mostly clear and acceptable. 

The data suggested that in most smartphone recordings, the caregiver-child dyads were 

visible for about 75% of the recording, even though children were less frequently visible than 

the caregivers. We propose that factors such as the positioning of the smartphone, and the 

range of the child or caregiver’s movement during in the room, may have affected the 

caregiver-child dyad’s visibility. The JERI procedures recommend that when recording 

caregiver-child interactions, the device used for recording should be mounted or fixed on a 

support, like a wall, to provide stability of the recording and be manned (by another adult and 

not the caregiver) to capture the triadic or dyadic interaction (Suma et al., 2017). These 

recommendations will most likely be implemented in a controlled research laboratory 

environment where camera mounting systems are available and other research members 
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can operate the recording. However, this is not representative of the home environment, and 

in this study, caregivers used smartphones which are mobile, as opposed to being mounted 

like in a laboratory setting. Caregivers could have used phone stands for the smartphones. 

However, this was not included in the instructions, and the study did not provide phone 

stands for the caregivers. Additionally, it may not always be the case that a caregiver can 

receive assistance from another adult to film the interaction, leaving the responsibility to the 

caregiver themselves. The challenges experienced by caregivers in this study may still be 

experienced in a laboratory environment, as children often move and may create a block for 

the observer’s viewing angle, even with mounted camera equipment. Despite the potential 

challenges for families to record these caregiver-child interactions on their own, the 

caregivers and children were on screen for 75% of the time in most cases, which was 

sufficient to allow JERI coding. These are very encouraging findings, and given the 

circumstances, there were not a significant number of issues. 

Difficulties with Coding on the Joint Engagement Rating Inventory 

The Rating Review Checklist (RRC) was designed to assess a rater’s confidence in 

rating each JERI item. We felt that this was an essential element to add to the study 

because we wanted to differentiate whether a rater experienced coding difficulties due to the 

technical aspects of the recording (such as the audio-visual quality not being sufficient) or 

due to child and/or caregiver behaviours (independent of the technical quality of the 

smartphone recording). 

Given that JERI coding requires a recording to capture a dyadic and triadic 

interaction between the child, caregiver and/or play materials, we propose that the visual 

quality of the smartphone recordings where the caregiver-child dyads and play materials 

were not always visible may have influenced the rater’s confidence on the JERI rating in 

some smartphone recordings. The results from the RRC indicated that based on the 

technical aspects, the rater was “somewhat sure of the rating” for eight JERI items in a 

minority of the smartphone recordings. However, the overall results for the rater’s confidence 
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level showed that the rater was “sure of the rating” assigned for most JERI items. These 

findings suggested that the technical quality of the smartphone recordings minimally affected 

the rater’s confidence in rating the caregiver-child interactions on the JERI and that home-

based smartphone recordings of caregiver-child interactions could be coded confidently on 

the JERI. 

The results from the RRC indicated that, independent of the technical quality of the 

smartphone recordings, raters reported difficulties in coding 11 of 16 JERI items in only a 

minority of the smartphone data (1-6 of 18 smartphone recordings) due to child and/or 

caregiver behaviour (and not due to technical difficulties with recordings). The magnitude of 

these difficulties was not assessed given that raters were only required to record whether 

they had difficulties coding each JERI item for all the smartphone recordings. The items that 

the rater reported experiencing difficulties with assessed the child’s social communicative 

acts, patterns of attention and expressive language, and the caregiver’s use of strategies to 

support these child behaviours (Adamson et al., 2020). While these questions were not 

necessarily related to the technical aspect of the recording, we propose that child behaviours 

that may have influenced the rater coding difficulties could relate to periods of lower 

(frequent rather than constant) child and caregiver visibility, which may affect the duration of 

the child’s involvement with an object or their caregiver. However, the rater did not report 

experiencing JERI coding difficulties that were due to the caregiver and/or child’s behaviour 

in the majority of the smartphone recordings. Although it was not the main inquiry of this 

study, these findings are encouraging and highlight the usefulness of the JERI to describe 

relevant intervention outcomes (such as child, caregiver, and caregiver-child dyadic 

interaction behaviour), even from data captured using smartphones in home environments. 

Moreover, these findings contribute to the growing work on the utility of the JERI in low-

resource environments (Ndlovu, 2022). 
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Reliability on the Joint Engagement Rating Inventory 

Inter-rater reliability was achieved on the JERI for most of the items. Inter-rater 

reliability was assessed using Cohen’s weighted kappa, where differences within one scale 

point were regarded as agreements and greater differences as disagreement (Bakeman, 

2018; Cohen, 1968). Within one scale point, the weighted kappa values (degree of 

disagreements between raters) for five items (unengaged, following in on child’s focus, 

language facilitation, communicative temptations, and routines and rituals) were 0-0.36. 

These low weighted kappa values may imply that the two raters had little to no agreement. 

However, the raters had a high percentage agreement for these items at 71-86%. We 

propose that the low weighted kappa values for these items might also be attributed to low 

variability in ratings due to the low spread of ratings across the 7-point scale (the majority of 

the ratings ranged between 1-2). The observer estimated accuracy (the probability of a rater 

correctly rating an event) for these items ranged between <36-69%, and unlike the weighted 

kappa, observer estimated accuracy is less sensitive to truncated variability on any given 

scale. For the caregiver activity items (including following in on child’s focus, language 

facilitation, and communicative temptations), JERI raters need to focus on both the caregiver 

and the child when coding because all  items consider the caregiver’s use of skills in relation 

to the child’s focus of attention and developmental  level (Adamson et al., 2020). Low 

reliability ratings on these items may be due to various factors, including visibility of the 

caregiver-child dyad. Given that dyads were visible for about 75% of the recording time 

(based on results from the technical aspects of the smartphone recordings), it is likely that 

reliability results may have been due to the rater difficulties evaluating both the child’s 

developmental level and how the caregiver used specific strategies to expand child abilities. 

It is worth noting that the number of interaction videos compared between the two 

raters (40% of 18) was less than the number of comparison videos generally used when 

coding the JERI as the minimum for reliability information. The reliability results may 

therefore have been affected by this aspect of coding. Interestingly, the JERI inter-rater 
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reliability results of this study are comparable to previous laboratory-based findings where 

the JERI was used to measure the behaviours of young autistic children and their caregivers 

during caregiver-child interactions in South Africa (Ndlovu, 2022). For example, in the 

laboratory-based findings, there were low weighted kappa values (which were zero) and high 

percentage agreements (100%) for two items (coordinated joint engagement and shared 

routines and rituals) where the majority of ratings ranged between 1-2 on the 7-point Likert 

scale. These similarities in reliability between the laboratory-based and home-based findings 

suggest that the JERI is a consistent measure that can be used to describe and assess 

child, caregiver and caregiver-child dyadic interaction behaviour captured either in a 

laboratory-based environment or in the home environment using smartphones.  

Strengths and Limitations of the Study 

To our knowledge, this was the first study to assess the technical suitability of 

smartphone recordings of caregiver-child interactions for coding on the Joint Engagement 

Rating Inventory (JERI). Considering South Africa’s high inequality rates and disparities in 

access to intervention services for young children with autism, caregivers can play a crucial 

role in delivering interventions for their young autistic children in LMIC contexts (de Vries, 

2016). This study contributes to the literature on naturalistic developmental behavioural 

interventions (NDBI) by showing the possibility of using smartphones for data collection to 

measure child, caregiver and caregiver-child dyadic behaviour without the need for highly 

specialised laboratory conditions. By providing access to remote measurement of caregiver-

child interactions, smartphone technology may provide a relatively affordable option for 

tracking response to NDBI intervention compared to the costs associated with in-person lab-

based assessments. Finally, this study also contributes to the literature on appropriate 

measures to track the impact of NDBI by utilising the JERI and showing its reliability in 

observing child and caregiver behaviour even from interactions captured using smartphone 

technologies in the home setting. 
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While this study contributes to the literature on naturalistic data collection for early 

autism intervention in low- and middle-income countries (LMIC), we acknowledge the 

following limitations. Firstly, the sample size of the study was small (nine caregiver-child 

dyads). Therefore, the findings are not generalisable to the broader population of young 

autistic children and their caregivers in South Africa. The small sample size was a result of 

limitations on enrolment and recruitment procedures related to the COVID-19 pandemic. The 

enrolment and recruitment of the caregiver-child dyads in this study took place as part of the 

primary project’s transition from in-person to telehealth-delivered NDBI-informed caregiver 

coaching using smartphones in Cape Town, South Africa (Franz et al., 2022). However, 

although the study only had nine caregiver-child dyads, it presented 18 smartphone 

recordings amounting to 108 minutes of data. Additionally, to our knowledge, this study 

presented the first-ever examination of home-based recordings for JERI coding in an LMIC 

context which is a valuable contribution to knowledge on data collection that is more 

representative of the naturalistic home environment of families. 

A second potential limitation is that the Smartphone Recording Quality Checklist 

(SRQC) and the Rating Review Checklist (RRC) were developed and used for the first time 

in this study. To increase the robustness of findings, 10% of randomly selected data were 

coded by the senior investigator, but we acknowledge that we do not have any published 

data on the psychometric properties of these measures. In spite these limitations, the 

measures provided a systematic approach to assessing whether raters experienced 

difficulties coding the smartphone-recorded caregiver-child interactions on the JERI.   

Recommendations and Implications for Future Research 

We are very encouraged by the potential of using smartphones to track response to 

intervention in LMIC. This could be of great benefit to autism research and intervention 

monitoring in LMIC such as South Africa where this study was conducted. However, many 

people who live in these LMIC have very limited access to affordable internet services and, 

where available, internet data costs to upload caregiver-child interaction smartphone 
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recordings as well as the cost to raters to download and review data may prove to be a 

significant barrier to scale-up of such approaches (de Vries, 2016; Kumm et al., 2022). The 

families in this study were compensated for the internet data costs to upload their 

recordings. It will be critical to understand how these methods of data collection and storage 

are sustainable and scalable if participants or raters do not have available or reliable internet 

connection or cannot afford internet data costs without the support of an ongoing research 

study. Moreover, for future research, we recommend that large-scale and creative solutions 

will be required to ensure that families who need it most (and may be the hardest to reach) 

have free access to reliable internet and data. In a country like South Africa, where 

‘loadshedding’ (regular power cuts) have become part of the fabric of our lives, smartphones 

and technology such as the ones explored in this project can only work if these macro-

economic challenges such as power and internet can be resolved. 

The JERI is a standardised behavioural coding scheme and was shown to be useful 

in two local studies – first our ‘lab-based’ investigations (Ndlovu, 2022), and secondly, in this 

thesis using ‘home-based’ recordings. However, the standard JERI coding procedures 

required a significant amount of time and effort in order to train to research reliability (Suma 

et al., 2017). Therefore, the JERI itself, as an outcome measure, may not be scalable, 

particularly in resource-limited environments. We therefore recommend that future research 

efforts consider the possibility of automated methods of behavioural coding for early autism 

intervention, which may provide truly scalable and sustainable solutions to collect and 

quantify behavioural data of interest for children with autism and related neurodevelopmental 

disabilities.   



60  

References 

Adamson, L. B., Bakeman, R., Deckner, D. F., & Nelson, P. B. (2012). Rating parent-child 

interactions: joint engagement, communication dynamics, and shared topics in 

autism, Down syndrome, and typical development. Journal of Autism and 

Developmental Disorders, 42(12), 2622-2635. https://doi.org/10.1007/s10803-012-

1520-1  

Adamson, L. B., Bakeman, R., & Suma, K. (2020). The Joint Engagement Rating Inventory. 

https://bakeman.gsucreate.org/DevLabTechReport25.3.pdf 

Adamson, L. B., Bakeman, R., Suma, K., & Robins, D. L. (2019a). An expanded view of joint 

attention: skill, engagement, and language in typical development and autism. Child 

Development, 90(1), e1-e18. https://doi.org/10.1111/cdev.12973  

Adamson, L. B., Bakeman, R., Suma, K., & Robins, D. L. (2019b). Sharing sounds: The 

development of auditory joint engagement during early parent-child interaction. 

Developmental Psychology, 55(12), 2491-2504. https://doi.org/10.1037/dev0000822  

Adamson, L. B., Deckner, D. F., & Bakeman, R. (2010). Early interests and joint 

engagement in typical development, autism, and Down syndrome. Journal of Autism 

and Developmental Disorders, 40(6), 665-676. https://doi.org/10.1007/s10803-009-

0914-1  

American Psychiatric Association. (2013). Diagnostic and Statistical Manual of Mental 

Disorders (5th ed.). Washington DC: American Psychiatric Publishing. 

https://doi.org/https://doi.org/10.1176/appi.books.9780890425596  

Bakeman, R. (2018). KappaAcc: Deciding whether kappa is big enough by estimating 

observer accuracy [Technical Report 28 ]. 

https://bakeman.gsucreate.org/DevLabTechReport28.pdf 

Baxter, A. J., Brugha, T. S., Erskine, H. E., Scheurer, R. W., Vos, T., & Scott, J. G. (2015). 

The epidemiology and global burden of autism spectrum disorders. Psychological 

Medicine 45(3), 601-613. https://doi.org/10.1017/S003329171400172X  



61  

Bryson, S., Rogers, S., & Fombonne, E. (2003). Autism spectrum disorders: early detection, 

intervention, education, and psychopharmacological management. The Canadian 

Journal of Psychiatry, 48(8), 506-516. https://doi.org/10.1177/070674370304800802  

Cohen, J. (1968). Weighted kappa: nominal scale agreement with provision for scaled 

disagreement or partial credit. Psychological Bulletin, 70(4), 213-220. 

https://doi.org/10.1037/h0026256  

Crank, J. E., Sandbank, M., Dunham, K., Crowley, S., Bottema-Beutel, K., Feldman, J., & 

Woynaroski, T. G. (2021). Understanding the effects of Naturalistic Developmental 

Behavioral Interventions: a project AIM meta-analysis. Autism Research. 

https://doi.org/10.1002/aur.2471  

Dawood, Z. I. (2023). Describing caregiver-child outcomes using the Joint Engagement 

Rating Inventory and caregiver perceptions of non-specialist caregiver coaching for 

autistic children in South Africa [Unpublished master's thesis] University of Cape 

Town].  

Dawson-Squibb, J. J., & de Vries, P. J. (2020). A comparative feasibility study of two parent 

education and training programmes for autism spectrum disorder in a low-resource 

South African setting. Autism, 24(8), 2269-2284. 

https://doi.org/10.1177/1362361320942988  

Dawson, G., Rogers, S., Munson, J., Smith, M., Winter, J., Greenson, J., Donaldson, A., & 

Varley, J. (2010). Randomized, controlled trial of an intervention for toddlers with 

autism: the Early Start Denver Model. Pediatrics, 125(1), e17-23. 

https://doi.org/10.1542/peds.2009-0958  

de Vries, P. J. (2016). Thinking globally to meet local needs: autism spectrum disorders in 

Africa and other low-resource environments. Current Opinion Neurology, 29(2), 130-

136. https://doi.org/10.1097/WCO.0000000000000297  

Fannin, D. K. (2017). Reporting of underrepresented populations in autism treatment studies 

across 25 years. Clinical Archives of Communication Disorders, 2(3), 250-263. 

https://doi.org/10.21849/cacd.2017.00129  



62  

Franz, L., Chambers, N., von Isenburg, M., & de Vries, P. J. (2017). Autism spectrum 

disorder in sub-Saharan Africa: A comprehensive scoping review. Autism Research 

10(5), 723-749. https://doi.org/10.1002/aur.1766  

Franz, L., Howard, J., Viljoen, M., Sikich, L., Chandrasekhar, T., Kollins, S. H., Lee, L., 

Ndlovu, M., Sabatos-DeVito, M., Seris, N., Shabalala, N., Spanos, M., de Vries, P. J., 

& Dawson, G. (2022). Pragmatic adaptations of telehealth-delivered caregiver 

coaching for children with autism in the context of COVID-19: Perspectives from the 

United States and South Africa. Autism, 26(1), 270-275. 

https://doi.org/10.1177/13623613211022585  

Frost, K. M., Brian, J., Gengoux, G. W., Hardan, A., Rieth, S. R., Stahmer, A., & Ingersoll, B. 

(2020). Identifying and measuring the common elements of naturalistic 

developmental behavioral interventions for autism spectrum disorder: Development 

of the NDBI-Fi. Autism, 24(8), 2285-2297. 

https://doi.org/10.1177/1362361320944011  

Fuller, E. A., Oliver, K., Vejnoska, S. F., & Rogers, S. J. (2020). The effects of the Early Start 

Denver Model for children with autism spectrum isorder: A meta-analysis. Brain 

Sciences, 10(6), 1-17. https://doi.org/10.3390/brainsci10060368  

Groupe Spéciale Mobile Association. (2020). The state of mobile internet connectivitiy 2020. 

https://www.gsma.com/r/wp-content/uploads/2020/09/GSMA-State-of-Mobile-

Internet-Connectivity-Report-2020.pdf 

Guler, J., de Vries, P. J., Seris, N., Shabalala, N., & Franz, L. (2018). The importance of 

context in early autism intervention: A qualitative South African study. Autism, 22(8), 

1005-1017. https://doi.org/10.1177/1362361317716604  

Hirsh-Pasek, K., Adamson, L. B., Bakeman, R., Owen, M. T., Golinkoff, R. M., Pace, A., 

Yust, P. K., & Suma, K. (2015). The contribution of early communication quality to 

low-income children's language success. Psychological Science, 26(7), 1071-1083. 

https://doi.org/10.1177/0956797615581493  



63  

Ingersoll, B., Shannon, K., Berger, N., Pickard, K., & Holtz, B. (2017). Self-directed 

telehealth parent-mediated intervention for children with autism spectrum disorder: 

Examination of the potential reach and utilization in community settings. Journal of 

Medical Internet Research, 19(7), 248-259. https://doi.org/10.2196/jmir.7484  

Ingersoll, B. R., & Wainer, A. L. (2013a). Initial efficacy of Project ImPACT: a parent-

mediated social communication intervention for young children with ASD. Journal of 

Autism and Developmental Disorders, 43(12), 2943-2952. 

https://doi.org/10.1007/s10803-013-1840-9  

Ingersoll, B. R., & Wainer, A. L. (2013b). Pilot study of a school-based parent training 

program for preschoolers with ASD. Autism, 17(4), 434-448. 

https://doi.org/10.1177/1362361311427155  

Kaale, A., Smith, L., & Sponheim, E. (2012). A randomized controlled trial of preschool-

based joint attention intervention for children with autism. Journal of Child 

Psychology and Psychiatry, 53(1), 97-105. https://doi.org/10.1111/j.1469-

7610.2011.02450.x  

Kaale, A. M., Fagerland, M. W. P., Martinsen, E. W. M. D. P., & Smith, L. P. (2014). 

Preschool-based social communication treatment for children with autism: 12-month 

follow-up of a randomized trial. Journal of the American Academy of Child and 

Adolescent Psychiatry, 53(2), 188-198. https://doi.org/10.1016/j.jaac.2013.09.019  

Kasari, C., Freeman, S., & Paparella, T. (2006). Joint attention and symbolic play in young 

children with autism: a randomized controlled intervention study. Journal of Child 

Psychology and Psychiatry, 47(6), 611-620. https://doi.org/10.1111/j.1469-

7610.2005.01567.x  

Kasari, C., Gulsrud, A. C., Wong, C., Kwon, S., & Locke, J. (2010). Randomized controlled 

caregiver mediated joint engagement intervention for toddlers with autism. Journal of 

Autism and Developmental Disorders, 40(9), 1045-1056. 

https://doi.org/10.1007/s10803-010-0955-5  



64  

Kasari, C. P., Kaiser, A. P., Goods, K. P., Nietfeld, J. M. A., Mathy, P. P., Landa, R. P., 

Murphy, S. P., & Almirall, D. P. (2014). Communication interventions for minimally 

verbal children with autism: A sequential multiple assignment randomized trial. 

Journal of the American Academy of Child and Adolescent Psychiatry, 53(6), 635-

646. https://doi.org/10.1016/j.jaac.2014.01.019  

Kodak, T., & Bergmann, S. (2020). Autism spectrum disorder: characteristics, associated 

behaviors, and early intervention. Psychiatric Clinics of North America, 67(3), 525-

535. https://doi.org/10.1016/j.pcl.2020.02.007  

Kumm, A. J., Viljoen, M., & de Vries, P. J. (2022). The digital divide in technologies for 

autism: feasibility considerations for low- and middle-income countries. Journal of 

Autism and Developmental Disorders, 52(5), 2300-2313. 

https://doi.org/10.1007/s10803-021-05084-8  

Lord, C., Charman, T., Havdahl, A., Carbone, P., Anagnostou, E., Boyd, B., Carr, T., de 

Vries, P. J., Dissanayake, C., Divan, G., Freitag, C. M., Gotelli, M. M., Kasari, C., 

Knapp, M., Mundy, P., Plank, A., Scahill, L., Servili, C., Shattuck, P., Simonoff, E., 

Singer, A. T., Slonims, V., Wang, P. P., Ysrraelit, M. C., Jellett, R., Pickles, A., 

Cusack, J., Howlin, P., Szatmari, P., Holbrook, A., Toolan, C., & McCauley, J. B. 

(2022). The Lancet Commission on the future of care and clinical research in autism. 

The Lancet, 399(10321), 271-334. https://doi.org/10.1016/s0140-6736(21)01541-5  

Lord, C., Rutter, M., DiLavore, P., Risi, S., Gotham, K., & Bishop, S. (2012). Autism 

diagnostic observation schedule (2nd ed.). Torrance, CA: Western Psychological 

Services.  

Makombe, C. B. T., Shabalala, N., Viljoen, M., Seris, N., de Vries, P. J., & Franz, L. (2019). 

Sustainable implementation of early intervention for autism spectrum disorder 

through caregiver coaching: South African perspectives on barriers and facilitators. 

Pediatric Medicine, 2(39), 1-13. https://doi.org/10.21037/pm.2019.07.08  

Mayo, J., Chlebowski, C., Fein, D. A., & Eigsti, I. M. (2013). Age of first words predicts 

cognitive ability and adaptive skills in children with ASD. Journal of Autism and 



65  

Developmental Disorders, 43(2), 253-264. https://doi.org/10.1007/s10803-012-1558-

0  

McHugh, M. L. (2012). Interrater reliability: the kappa statistic. Biochemia Medica, 22(3), 

276-282. https://doi.org/10.11613/BM.2012.031  

Ndlovu, M. (2022). Towards naturalistic developmental behavioural interventions for autism 

in Africa: nature and context of caregiver-child interactions in low-resource South 

African environments OpenUCT. http://hdl.handle.net/11427/37641 

Neumeyer, A. M., Anixt, J., Chan, J., Perrin, J. M., Murray, D., Coury, D. L., Bennett, A., 

Farmer, J., & Parker, R. A. (2019). Identifying associations among co-occurring 

medical conditions in children with autism spectrum disorders. Academic Pediatrics 

19(3), 300-306. https://doi.org/10.1016/j.acap.2018.06.014  

Nielsen, M., Haun, D., Kartner, J., & Legare, C. H. (2017). The persistent sampling bias in 

developmental psychology: A call to action. Journal of Experimental Child 

Psychology, 162, 31-38. https://doi.org/10.1016/j.jecp.2017.04.017  

Olusanya, B. O., Davis, A. C., Wertlieb, D., Boo, N.-Y., Nair, M. K. C., Halpern, R., Kuper, 

H., Breinbauer, C., de Vries, P. J., Gladstone, M., Halfon, N., Kancherla, V., 

Mulaudzi, M. C., Kakooza-Mwesige, A., Ogbo, F. A., Olusanya, J. O., Williams, A. N., 

Wright, S. M., Manguerra, H., Smith, A., Echko, M., Ikeda, C., Liu, A., Millear, A., 

Ballesteros, K., Nichols, E., Erskine, H. E., Santomauro, D., Rankin, Z., Smith, M., 

Whiteford, H. A., Olsen, H. E., & Kassebaum, N. J. (2018). Developmental disabilities 

among children younger than 5 years in 195 countries and territories, 1990–2016: a 

systematic analysis for the Global Burden of Disease Study 2016. The Lancet Global 

Health, 6(10), 1100-1121. https://doi.org/10.1016/s2214-109x(18)30309-7  

Ramseur, K., 2nd, de Vries, P. J., Guler, J., Shabalala, N., Seris, N., & Franz, L. (2019). 

Caregiver descriptions of joint activity routines with young children with autism 

spectrum disorder in South Africa. Pediatric Medicine, 2(6), 1-11. 

https://doi.org/10.21037/pm.2019.03.04  



66  

Rieder, A. D., Viljoen, M., Seris, N., Shabalala, N., Ndlovu, M., Turner, E. L., Simmons, R., 

de Vries, P. J., & Franz, L. (2023). Improving access to early intervention for autism: 

findings from a proof-of-principle cascaded task-sharing naturalistic developmental 

behavioural intervention in South Africa. Child and Adolescent Psychiatry and Mental 

Health, 17(1), 64. https://doi.org/10.1186/s13034-023-00611-0  

Rogers, S. J., Estes, A., Lord, C., Vismara, L., Winter, J., Fitzpatrick, A., Guo, M., & Dawson, 

G. (2012). Effects of a brief Early Start Denver Model (ESDM)–based parent 

intervention on toddlers at risk for autism spectrum disorders: a randomized 

controlled trial. American Academy of Child and Adolescent Psychiatry, 51(10), 1052-

1065. https://doi.org/10.1016/j.jaac.2012.08.003  

Rubenstein, E., Schieve, L., Wiggins, L., Rice, C., Van Naarden Braun, K., Christensen, D., 

Durkin, M., Daniels, J., & Lee, L.-C. (2018). Trends in documented co-occurring 

conditions in children with autism spectrum disorder, 2002–2010. Research in 

Developmental Disabilities 83, 168-178. https://doi.org/10.1016/j.ridd.2018.08.015  

Sandbank, M., Bottema-Beutel, K., Crowley, S., Cassidy, M., Dunham, K., Feldman, J. I., 

Crank, J., Albarran, S. A., Raj, S., Mahbub, P., & Woynaroski, T. G. (2020). Project 

AIM: Autism intervention meta-analysis for studies of young children. Psychological 

Bulletin, 146(1), 1-29. https://doi.org/10.1037/bul0000215  

Schlebusch, L., Chambers, N. J., Dawson-Squibb, J.-J., Harty, M., Franz, L., & de Vries, P. 

J. (2020). Challenges and opportunities of implementing early interventions for 

autism spectrum disorders in resource-limited settings: A South African example. In 

M. Hodes, S. S.-F. Gau, & P. J. de Vries (Eds.), Starting at the beginning: Laying the 

foundation for lifelong mental health. Academic Press.  

Schreibman, L., Dawson, G., Stahmer, A., Landa, R., Rogers, S., McGee, G., Kasari, C., 

Ingersoll, B., Kaiser, A., Bruinsma, Y., McNerney, E., Wetherby, A., & Halladay, A. 

(2015). Naturalistic developmental behavioral interventions: empirically validated 

treatments for autism spectrum disorder. Journal of Autism and Developmental 

Disorders, 45(8), 2411-2428. https://doi.org/10.1007/s10803-015-2407-8  



67  

Sengupta, K., Mahadik, S., & Kapoor, G. (2020). Glocalizing project ImPACT: Feasibility, 

acceptability and preliminary outcomes of a parent-mediated social communication 

intervention for autism adapted to the Indian context. Research in Autism Spectrum 

Disorders, 76(1). https://doi.org/10.1016/j.rasd.2020.101585  

Shulman, C., Esler, A., Morrier, M. J., & Rice, C. E. (2020). Diagnosis of autism spectrum 

disorder across the lifespan. Psychiatric Clinics of North America, 43(4), 583-603. 

https://doi.org/10.1016/j.psc.2020.08.001  

Sim, J., & Wright, C. C. (2005). The kappa statistic in reliability studies: Use, interpretation, 

and sample size requirements. Physical Therapy, 85(3), 257-268. 

https://doi.org/10.1099/ptj/85.3.257  

Suma, K., Adamson, L. B., & Bakeman, R. (2017). Training and Reliability Procedures for 

the Joint Engagement Rating Inventory (Tech. Rep. 27). Georgia State University, 

Department of Psychology.  

Suma, K., Adamson, L. B., Bakeman, R., Robins, D. L., & Abrams, D. N. (2016). After early 

autism diagnosis: changes in intervention and parent-child interaction. Journal of 

Autism and Developmental Disorders, 46(8), 2720-2733. 

https://doi.org/10.1007/s10803-016-2808-3  

Tiede, G., & Walton, K. M. (2019). Meta-analysis of naturalistic developmental behavioral 

interventions for young children with autism spectrum disorder. Autism, 23(8), 2080-

2095. https://doi.org/10.1177/1362361319836371  

 

 




