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Abstract 

Telehealth offers a way of providing services to children and adults whose needs cannot 

be met by traditional, face to face methods. In rural and remote areas, the reasons for access 

difficulties may include geographical barriers, unacceptable travel times, and costs, for both 

clinicians and clients. In urban areas, challenges may also exist in the form of accessible 

services, parking and/or transport difficulties and managing other children. In a country like 

Australia, with its small population concentrated in cities along the coastal fringe, telehealth is a 

logical solution to service inequalities in more sparsely populated areas. Yet, the uptake of 

telehealth in speech pathology remains modest, with barriers including costs, technological 

concerns and capability, and cultural considerations preventing clinicians and clients alike from 

using these models. These barriers apply particularly to the use of telehealth to administer 

formal, standardised language assessments.  

The research described in this thesis explores the role of telehealth in speech pathology 

service provision. Two studies looked at use of telehealth to administer standardised language 

assessments to children with diverse learning needs, including those with complex reading 

difficulties and those with autism spectrum disorder. These studies were designed to reflect real-

world situations, using off the shelf technology and equipment, in regular clinical settings 

(including schools and hospitals). The research found that standardised language assessments via 

telehealth were feasible and reliable for a range of children, including whose experience with 

telehealth had not previously been researched, such as children with autism. The assessments 

were able to be delivered in real world settings by clinicians with minimal experience or training 

in telehealth, and both parents and children were positive about the experiences of telehealth. 

The final study of this thesis explored the experiences and attitudes of parents towards 

telehealth. The overall finding of this study was that parents who were naïve to telehealth tended 
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to be more cautious about embracing it but could see the potential benefits regardless of their 

�R�Z�Q���J�H�R�J�U�D�S�K�L�F�D�O���O�R�F�D�W�L�R�Q���R�U���W�K�H�L�U���F�K�L�O�G�¶�V���G�L�D�J�Q�R�Vtic status.    

This thesis, therefore, adds to the body of knowledge regarding telehealth, confirming 

that services, including standardised assessments, are not only feasible and reliable but also 

acceptable to both parents and children. 
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Preface 

 

Overview of Thesis 

This thesis consists of nine chapters. Four chapters are presented in a traditional thesis 

format (namely the Introduction, Literature review, Theoretical Framework and Methodology, 

and Discussion, while the remaining five chapters are presented as journal articles that have been 

prepared in a manner suitable for publication (four published, one prepared for publication). The 

content of each chapter is described in detail in Chapter 1.  

Repetition 

 As this thesis is comprised of a number of individually published studies, each of which 

required similar background information, some repetition of material has been unavoidable. 

Attempts have been made to minimise repetition and to make clear the purpose of each chapter.  

Terminology 

Telehealth  

�µ�7�H�O�H�K�H�D�O�W�K�¶��is a broad term describing health care services that utilise information 

communication technology to deliver services. �7�K�H���W�H�U�P���µ�W�H�O�H�K�H�D�O�W�K�¶���K�D�V���E�H�H�Q���F�K�R�V�H�Q���I�R�U���X�V�H���L�Q��

this thesis. In speech language pathology, this term is broadly synonymous with the term 

�µ�W�H�O�H�S�U�D�F�W�L�F�H�¶�����µ�W�H�O�H�P�H�G�L�F�L�Q�H���¶���D�Q�G���µ�W�H�O�H�U�H�K�D�E�L�O�L�W�D�W�L�R�Q�¶�����7�K�H���W�H�U�P���µ�W�H�O�H�K�H�D�O�W�K�¶���K�D�V���E�H�H�Q���X�V�H�G���D�V���L�W���L�V��

a term recognised internationally and is in use in the Australian context within Medicare and the 

federal Department of Health.  

Autism spectrum disorder 

 Autism spectrum disorder (also known as autism or the abbreviation ASD) is a 

neurodevelopmental condition that is characterised by differences in social communication and 

behaviour (American Psychiatric Association, 2013).�7�K�H���W�H�U�P���µ�D�X�W�L�V�P���V�S�H�F�W�U�X�P���G�L�V�R�U�G�H�U�¶���L�V��
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�X�V�H�G���V�\�Q�R�Q�\�P�R�X�V�O�\���Z�L�W�K���µ�D�X�W�L�V�P�¶���D�Q�G���L�W�V���D�E�E�U�H�Y�L�D�W�L�R�Q���µ�$�6�'�¶���L�Q���W�K�L�V���W�K�H�V�L�V�����7�K�L�V���W�H�U�P�L�Q�R�O�R�J�\���K�D�V��

most recently been described by the Diagnostic and Statistical Manual �± 5th edition (American 

Psychological Association, 2013) and has been used here to reflect current research. Person first 

�O�D�Q�J�X�D�J�H���K�D�V���E�H�H�Q���X�V�H�G���W�K�U�R�X�J�K�R�X�W���W�K�H���V�W�X�G�L�H�V�����D�V���L�Q���µ�F�K�L�O�G���Z�L�W�K���D�X�W�L�V�P�¶�������'�H�E�D�W�H���H�[�L�V�W�V���D�E�R�X�W��

the use of person-first, versus identity-�I�L�U�V�W���O�D�Q�J�X�D�J�H�����D�V���L�Q���µ�D�X�W�L�V�W�L�F���F�K�L�O�G�¶�����.�H�Q�Q�\�����H�W al., 2016). 

While adults with autism tend to endorse identity-first terminology, parents have indicated 

�S�U�H�I�H�U�H�Q�F�H�V���I�R�U���W�H�U�P�L�Q�R�O�R�J�\���V�X�F�K���D�V���µ�K�D�V���D�X�W�L�V�P�¶���R�U���µ�R�Q���W�K�H���D�X�W�L�V�P���V�S�H�F�W�U�X�P�¶�����L�Q�G�L�F�D�W�L�Q�J���W�K�D�W��

there is by no means a consensus on this matter. In addition, professionals working with people 

with autism, tended to prefer person-first terminology. As this research is dealing with children 

and their parents, and approaches the topic from the perspective of a researcher and clinician, 

person-first terminology has been adopted in this instance.   
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Chapter 1: Introduction  

Australia is a vast country of more than 7.5 million square kilometres, with a small 

population of approximately 25 million that is concentrated in urban areas, particularly on the 

coastal fringe. Major cities in Australia account for just 0.3% of the landmass of the country yet 

are home to more than 67% of the population. Conversely, the population of very remote areas, 

which make up some 73% of the land mass, is just 0.9% of the total population of Australia 

(Australian Bureau of Statistics, 2016). Australians living in rural and remote areas have poorer 

health and lower life expectancy on average than people living in urban areas (Australian Institute 

of Health and Welfare, 2008) and opportunities to access education are more limited (ABS, 2008). 

The most recent available statistics indicate that participation in high school education is lower in 

remote areas (34% in very remote areas, compared with 78% in major cities) and the number of 

people with post-school educational qualifications declines with increasing remoteness (36% in 

very remote areas, compared with 57% in major cities) (ABS, 2008). The difficulties faced by 

those living in rural and remote areas are compounded by limited access to services. Studies of 

the Australian context have found that there are fewer allied health workers per capita in rural and 

remote areas compared with urban areas (64 allied health workers per 100,000 people in very 

remote areas, compared with 354 per 100,000 in major cities in 2006) (Australian Institute of 

Health and Welfare, 2009). In addition, there is a marked decline in the full-time equivalent rate 

(based on total weekly hours worked) of most types of health care professionals (Australian 

Institute of Health and Welfare, 2008). Speech pathology is one of the professions with a 

particularly significant difference in numbers between urban and rural settings, with 25.9 speech 

pathologists per 100 000 people in cities, compared with 5.9 per 100 000 in very remote areas 

(Community Affairs References Committee, 2014). 
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Speech pathology services 

Speech pathologists provide a range of services to people with communication and 

swallowing difficulties that may be present across the lifespan (Speech Pathology Australia, 

2014). In young and school age children, speech pathologists play an important role in identifying 

children with language difficulties, providing thorough assessment and intervention across a 

variety of contexts to support language and, in turn, literacy skills as basis for learning at school. 

Speech pathologists also play an important role in the early identification and ongoing support for 

students with disabilities such as autism spectrum disorder.  

A 2014 senate inquiry into speech pathology services in Australia (Community Affairs 

References Committee, 2014) found that while the exact number of speech pathologists in 

Australia was unknown, there was evidence to suggest a shortage of speech pathologists, 

particularly outside urban areas. The report suggested that five per cent of speech pathologists 

provide services to rural communities which make up 30 per cent of the total Australian population 

and that parents in regional centres and remote locations were more likely to have difficulty 

accessing both public (e.g. community health or hospital) and private speech pathology services. 

The report also found that the supply of speech pathology services was outstripped by demand, 

leading to long waiting lists, families having to travel and/or access private services that could be 

prohibitively costly. These findings were consistent with those of Verdon et al. (2011) who 

reported that more than 98% of rural and remote localities in NSW and Victoria do not receive 

speech pathology service at an ideal frequency (once per week) and that a third of people living in 

rural and remote areas live more than 50km from regular speech pathology services. Similarly, 

McCormack & Verdon (2015) found a lack of speech pathology services in the majority of the 

communities in which large proportions of the child population were vulnerable to speech and 

language difficulties. As a result, people in rural and remote areas experience significant barriers 
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to accessing services including travel and distance barriers, along with waiting lists and costs 

(O'Callaghan, McAllister, & Wilson, 2005). 

The true picture of unmet need, however, is difficult to estimate. Waiting lists can provide 

some measures of the number of students in need, however, in localities without services waiting 

lists are not available and, in some places, waiting lists are closed to school aged children in order 

to prioritise services for younger children. In some cases, waiting lists are so long that families 

may not choose to apply for services as they do not believe they will receive a service, and service 

providers may choose not to refer when services may not be accessible (Keating, Syrmis, Hamilton 

& McMahon, 1998), further exacerbating the difficulties of estimating need in these areas. It is 

clear, however, that services cannot meet all the current need and that this lack of services creates 

a significant risk that people in rural and remote areas of Australia will miss out on assessment 

and intervention for communication impairment.  

Communication impairment  

Communication impairment is a broad term that encompasses a number of difficulties 

including speech disorder, receptive and expressive language difficulties and stuttering. 

�&�R�P�P�X�Q�L�F�D�W�L�R�Q�� �L�P�S�D�L�U�P�H�Q�W�� �D�P�R�Q�J�V�W�� �V�F�K�R�R�O�� �D�J�H�G�� �F�K�L�O�G�U�H�Q�� �L�V�� �G�H�V�F�U�L�E�H�G�� �D�V�� �D�� �µ�K�L�J�K�� �L�Q�F�L�G�H�Q�F�H�¶��

condition (Law, Boyle, Harris, Harkness, & Nye, 2000) however estimates of prevalence vary 

widely. Some of this variation can be attributed to the age of the children studied and the methods 

applied for assessment and verification. In addition, the terms used by researchers and the types 

of communication being measured can contribute significantly to the estimates. The systematic 

review completed by Law and colleagues considered literature from 1967 to 1997 and determined 

an average prevalence of rate of speech and language difficulties of 5.95%. However, rates 

differed across age groups and whether the studies looked at speech, language or a combination 

of both. For example, the average prevalence rates for language disorder in school aged children 

(age 7 years) was 3.1% (with a range of 2.02�±8.4) but this was based on only two studies from the 
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early 1980s. A study that looked at Australian data from the late 1990s (McCormack, Harrison, 

McLeod, & McAllister, 2011) found higher rates of communication impairment. Information on 

a range of learning difficulties was collected from more than 14000 students in two waves in a 

number of Sydney primary and secondary schools. Teachers were trained to identify students with 

learning difficulties, including communication difficulties, and these students were assessed by a 

speech pathologist and the presence of a communication disorder confirmed before being included 

in the numbers. This study found that the prevalence of children with communication disorder was 

13.04% in the first wave and 12.40% in the second although data for rates of language impairment 

alone were not provided. A more recent review by McLeod, McAllister, McCormack, and 

Harrison (2014) suggests that speech and language impairments are highly prevalent amongst 

Australian children and that these impairments predict poorer educational and social outcomes at 

school-age and beyond. International data based on recent classification of language disorder in 

the Diagnostic and Statistical Manual �± 5th edition (APA, 2013) suggest that diagnosis of a 

language disorder applies to almost 10% of the British population, with most of these (7.58% of 

the population) being of unknown origin and the remainder associated with a known disability 

(Norbury, et al., 2016).  

Impact of language disorder  

The risks of unrecognised and untreated communication impairments such as language 

disorder are significant and have the potential to impact negatively on students across their 

lifespan. Developmental language disorder (DLD), a recently agreed on term that encompasses 

earlier terms including language impairment, language difficulties, language delay and specific 

language impairment, impact on the way children learn to talk and to understand spoken language 

(Bishop, et al., 2016). It is a heterogeneous label including children with severe and milder needs 

(Bishop, 2006). The links between language skills and literacy development, in particular, are well 

established (Stothard, Snowling, Bishop, Chipchase, & Kaplan, 1998). Impairments in language 
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development have been associated with literacy acquisition difficulties, and children who have 

persistent language disorder in primary school have poorer reading outcomes (Catts, 2002; 

Snowling, Duff, Nash, & Hulme, 2016). Follow up studies of children with early language disorder 

have indicated significantly higher rates of anxiety disorders in adolescence and continuing into 

young adulthood (Beitchman, 2001; Botting, Toseeb, Pickles, Durkin, & Conti-Ramsden, 2016). 

Research with young offenders has found that this group have disproportionate levels of language 

disorder (Anderson, Hawes, & Snow, 2016; Snow & Powell, 2011) and have emphasised the need 

to closely examine the language skills of school aged students struggling with literacy and 

behaviour. Those with a history of language disorder can have difficulties that persist into 

adulthood and may experience associated significant literacy difficulties (Whitehouse, Line, Watt, 

& Bishop, 2009) and poorer social adaptation (Clegg, 2005). In addition, language disorder is 

often associated with developmental disorders such as autism spectrum disorder (ASD) and, while 

language skills are heterogenous in this population (Gernsbacher, Morson, & Grace, 2016), they 

can impact significantly on learning, behaviour, social interaction and long-term outcomes.  

It is clear that identifying language problems in childhood is crucial and that difficulties 

accessing speech pathologists in a timely and cost-efficient way has the potential to impact 

negatively on students where access is limited, including in rural and remote areas. Telehealth 

applications are one approach that may overcome some of the difficulties in providing accessible 

services to students. However, there are several issues that need to be addressed regarding the 

feasibility, reliability, and acceptability of telehealth for a range of populations, including children 

with developmental language disorder, and children with autism, who are likely to present with a 

combination of communication, social, and behavioural difficulties.  

Telehealth 

Telehealth is a broad term describing health care services that utilise information 

communication technology to deliver services. According to the Australian government 
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Department of Health (DoH), �³���W�H�O�H�K�H�D�O�W�K���� �L�V�� �D�E�R�X�W�� �W�U�D�Q�V�P�L�W�W�L�Q�J�� �Y�R�L�F�H���� �G�D�W�D���� �L�P�D�J�H�V�� �D�Q�G��

information rather than moving care recipients, health professionals or educators�´��(DoH, 2015). 

It encompasses a range of curative and non-curative health services, including diagnosis and 

treatment of a range of conditions along with health education and preventative activities. In 

general, the aim of telehealth services is to overcome the barriers associated with geography and 

time to bring together health practitioners and the communities that need them. A number of 

different types of services are included under the telehealth umbrella, including telemedicine, 

telepractice, telecare, teleaudiology, telepsychiatry, telerehabilitation (also used to describe speech 

pathology interventions), tel-communicology (an early term used to describe a speech pathology 

service (Vaughn, 1976).  

The types of communication technology used over time have ranged from audio & video 

tapes along with telephone discussions (e.g. Harrison, Wilson, & Onslow, 1999) through to 

sophisticated real time communication technology over the internet, with data and image sharing. 

Equipment used has included custom built videoconferencing equipment, through to low cost 

internet based communication software (e.g. Skype), along with headsets, webcams, speakers, 

handheld cameras, microphones and internet connectivity (Keck, 2014).  

Telehealth service delivery models can be divided into three types: asynchronous, 

synchronous and hybrid models (Keck, 2014). Asynchronous types �D�U�H���D�O�V�R���G�H�V�F�U�L�E�H�G���D�V���µ�V�W�R�U�H��

�D�Q�G���I�R�U�Z�D�U�G�¶���V�\�V�W�H�P�V��(Deshpande et al., 2009) where images, data and video or audio recordings 

are collected from the remote site and transmitted to a health care professional at a distant site for 

later viewing and analysis (e.g. Malandraki et al., 2013). Synchronous telehealth models use 

information technologies, including video cameras, computers and internet connection to allow 

patients and practitioners to communicate in real time (Deshpande et al., 2009). A frequently used 

synchronous system is video conferencing, where clinician and patient communicate using over 

internet connection, using computers or specialised videoconferencing equipment. Hybrid models, 
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which combine elements of store and forward technology with real time communication, are 

emerging in speech pathology telehealth (Keck, 2014). These hybrid models allow clinicians to 

combine face to face communication with pre-recorded images and audio in assessment and 

intervention and to record patient responses for later analysis (e.g. Waite, Theodoros, Russell, & 

Cahill, 2010). 

Given the sequalae of poorly understood and managed communication difficulties, the 

difficulties accessing speech pathology services and the potential of telehealth to overcome these 

difficulties, further exploration of the feasiblility  and reliability  of telehealth assessments for this 

population is needed. This thesis, therefore, aims to explore the acceptability, feasibility and 

reliability of telehealth language services for children with diverse learning needs, including those 

with language disorder, reading difficulties and autism spectrum disorder.  

 

Overview of this thesis 

Chapter 1 provides an introduction to speech pathology and communication impairment 

in the Australian context and outlines the potential for telehealth services.  

Chapter 2 is a literature review that explores the use of telehealth across a number of 

speech pathology specialities, along with the barriers to uptake that exist. Included in this 

chapter are identified gaps in the literature, along with an introduction of the plan for research 

undertaken in this thesis and a statement of the aims.  

Chapter 3 contains an outline of the theoretical and methodological underpinnings of this 

research. 

Chapter 4 is the first of the four published and one unpublished manuscript in this thesis. 

In this chapter, which is in the form of a journal article published in Journal of Telemedicine and 

Telecare, the first study of this thesis is described. This first study is exploration of how feasible, 

valid and tolerable telehealth language assessments are for school aged children, is described. 
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Chapter 5 contains further description of the first study in a peer reviewed journal article 

�S�X�E�O�L�V�K�H�G���L�Q���W�K�H���$�P�H�U�L�F�D�Q���6�S�H�H�F�K���D�Q�G���+�H�D�U�L�Q�J���$�V�V�R�F�L�D�W�L�R�Q�¶�V���M�R�X�U�Q�D�O��Perspectives of the ASHA 

Special Interest Group 18 (Telepractice) with a focus on child and parent reactions to telehealth 

assessments, along with descriptions of potential barriers to telehealth and the steps that were 

taken to overcome these.  

Chapter 6 is a systematic search and review of the literature pertaining to autism and 

telehealth, published in the International Journal of Speech-Language Pathology.  This chapter 

includes an outline of the gaps in the research regarding provision of services via telehealth for 

children with autism. 

Chapter 7 is a description of Study 2 in this research and takes the form of a journal 

article published in the International Journal of Language and Communication Disorders. The 

aim of this study was to investigate the use of telehealth language assessments with schools aged 

children with autism, looking not only at the validity and feasibility of the assessments but also 

how well the telehealth service was tolerated by the children.  

Chapter 8 is an unpublished manuscript that has been prepared for submission. It 

describes Study 3 which is a survey of parents regarding their experience of speech pathology 

and their attitudes towards telehealth.  

Chapter 9 is the final chapter of the thesis and provides a general discussion of the 

findings of the studies, highlighting the innovative elements of the research and the impact the 

research has had on individuals, policy and practice.  
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Chapter 2: Literature Review 

Overview 

This chapter comprises a scoping review of the literature and aims to provide an outline of 

telehealth and its application generally in rural and remote communities, along with more detailed 

information on telehealth in speech pathology and the barriers and enablers in implementation. 

Described variously as mapping or summarising the literature in a field (Levac, Colquhoun, & 

�2�¶�%�U�L�H�Q��������������, the purpose of a scoping review is both to map a wide range of literature, and to 

provide an understanding of the potential gaps in the literature (Ehrich, Freeman, Richards, 

Robinson, & Shepperd, 2002). Thus, this chapter is not a systematic review, but provides an 

overview of the state of research in this broad field, and acts as a precursor to a systematic search 

and review of the literature for a specific topic (Munn, etal., 2018) which is presented later in this 

thesis (Chapter 6, regarding autism and telehealth). This chapter includes an overview of the 

systematic search strategy followed by an integrative review of the literature (Seers, 2012) with 

descriptions of the findings across different areas of speech pathology as well as challenges 

associated with implementation and uptake. A systematic review of the literature pertaining to 

autism and telehealth is presented in Chapter 6 and, as such, autism is discussed briefly in this 

chapter and in detail in Chapter 6. 

Search strategy 

Databases searched for this scoping review were Medline, PsycInfo, ERIC and CINAHL. 

Titles and abstracts were searched using key words to describe telehealth and speech pathology: 

���µ�µ�W�H�O�H�K�H�D�O�W�K�¶�¶�� �2�5�� �µ�µ�W�H�O�H�P�H�G�L�F�L�Q�H�¶�¶�� �2�5�� �µ�µ�W�H�O�H�S�U�D�F�W�L�F�H�¶�¶�� �2�5�� �µ�µ�W�H�O�H�F�D�U�H�¶�¶�� �$�1�'�� ���³Speech 

pathology*�  ́OR �³speech therap*�  ́OR �³speech and language�  ́OR �³speech language patholog*�´��. 

Reference lists of relevant articles were also considered. Searches were limited to peer reviewed 

journal articles and English language. Duplicates were removed and titles were scanned for 

relevance with abstracts read when indicated. Titles and abstracts were excluded on the following 
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bases: systematic reviews; opinions and articles that did not describe a research project but rather 

sought to discuss aspects of the provision speech pathology using telehealth (e.g. Hines et al., 

2015); studies involving the use of technology without addressing a speech pathology range of 

practice area (e.g. Isaki & Farrell, 2015); descriptions of telehealth feasibility alone (e.g. Burns et 

al, 2012); studies involving simulated patients (e.g. Sharma, Ward, Burns, Theodoros & Russell, 

2011), and; studies that focused on audiology or hearing services as these are not part of the scope 

of practice for speech pathologists in Australia.   

The initial review was conducted to consider literature published in the 10 years until 2015 

and comprises the bulk of the following literature review (see Figure 1 for PRISMA diagram 

regarding this literature). A smaller scale search of the literature was conducted again in 2019 to 

consider literature that emerged between 2015 and 2018. These timeframes were thought to be 

�D�S�S�U�R�S�U�L�D�W�H���J�L�Y�H�Q���W�K�H���U�D�S�L�G���D�G�Y�D�Q�F�H�V���L�Q���W�H�F�K�Q�R�O�R�J�\���L�Q���W�K�H���I�L�H�O�G�����7�K�H���D�X�W�K�R�U�¶�V���R�Z�Q���U�H�V�H�D�U�F�K���W�K�D�W��

was published during this second period is not included in this scoping review.  
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) summary of paper screening process 

(2005 �± 2015 period). 

Results 

Telehealth applications in speech pathology 

Speech pathology intervention via telehealth involves the delivery of a service by a clinician 

to a patient, their carers, or family at a distance using technology. The American Speech and 

Hearing Association (ASHA, n.d.) recognises telehealth or telepractice as an appropriate model 

of service delivery for speech-language pathologists. Similarly, Speech Pathology Australia 

(2014) states that it supports the use o�I���W�H�O�H�S�U�D�F�W�L�F�H���³�D�V���D���V�H�U�Y�L�F�H���G�H�O�L�Y�H�U�\���P�Rdel where telepractice 

is based on current evidence-�E�D�V�H�G�� �S�U�D�F�W�L�F�H�� �D�Q�G�� �L�V�� �D�W�� �O�H�D�V�W�� �H�T�X�L�Y�D�O�H�Q�W���W�R�� �V�W�D�Q�G�D�U�G���F�O�L�Q�L�F�D�O�� �F�D�U�H�´��

(p.5). Telehealth is mostly used as outreach to underserved communities (Mashima, 2008), 

although examples of urban applications exist (e.g., Ciccia, Whitford, Krumm, & McNeal, 2011; 

�2�¶�%�U�L�D�Q�����6�P�L�W�K�����	���2�Q�V�O�R�Z��������������. Research has looked at the use of telehealth speech pathology 

for a range of conditions. These have included acquired speech and language impairment in adults, 

fluency in young children, dysphagia in adults and childhood speech sound and language 

impairment, as described below.  

Adult speech and language disorders  

Research regarding telehealth in adult speech and language disorders has involved 

assessment and intervention for conditions including aphasia, dysarthria, and traumatic brain 

injury. Earlier research in this field focused largely on assessment, with findings suggesting that 

telehealth assessments were broadly equivalent to face to face measures in terms of validity and 

patient satisfaction. Vestal, Smith-Olinde, Hick, Hutton & Hart (2006), for example, investigated 

the use of language assessments via telehealth videoconferencing with 10 patients with 

�$�O�]�K�H�L�P�H�U�¶�V���G�L�V�H�D�V�H�����$���V�W�D�Q�G�D�U�G���E�D�W�W�H�U�\���R�I���D�V�V�H�V�V�P�H�Q�W�V���Z�D�V���D�G�P�L�Q�L�V�W�H�U�H�G���L�Q���E�R�W�K���I�D�F�H���W�R���I�D�F�H���D�Q�G��

telehealth conditions and results compared. Randomisation of order of administration of condition 

and tests was applied to reduce the potential effects of fatigue and sequencing effects. No 
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significant differences across conditions were found and patient satisfaction was high. It is noted, 

however, that modifications to the test environment in the telehealth condition, such as a tape 

recorder to allow for better audio capture, were needed and that the research took place in a 

university environment, rather than in a real world setting. Turkstra, Quinn-Padron, Johnson, 

Workinger, and Antoniotti (2012) compared telehealth and face to face assessments to investigate 

whether there were performance differences between the two conditions on discourse ability in 

adults with chronic traumatic brain injury (TBI). While the sample was of moderate size (n = 20), 

no significant differences were found between conditions that could be attributed to the use of 

technology and feedback from participants was positive.  

The feasibility of telehealth assessments for speech difficulties has also been investigated. 

Hill et al. (2006) used a method comparison design with assessment in telehealth and face to face 

conditions to examine the validity of telehealth assessments for 19 adult patients with dysarthria. 

�µ�6�W�R�U�H�� �D�Q�G�� �I�R�U�Z�D�U�G�¶�� �W�H�F�K�Q�R�O�R�J�\�� �Z�D�V�� �X�V�H�G�� �I�R�U�� �R�Q�O�L�Q�H�� �D�V�V�H�V�V�P�H�Q�W���� �U�D�W�K�H�U�� �W�K�D�Q�� �O�L�Y�H���� �V�L�P�X�O�W�D�Q�H�R�X�V��

assessment across conditions. The results indicated 100% agreement across assessment conditions 

for measures of severity of dysarthria but not all measures showed agreement within the clinical 

criteria. Some of the variability in perceptual ratings across conditions could be explained by the 

fluctuating severity seen in this population group, which, given that telehealth and face to face 

assessments were not conducted simultaneously may have affected results. A follow up study Hill, 

Theodoros, Russell & Ward (2009a) extended on this work with a custom-built telehealth system 

that allowed for simultaneous assessment of patients with dysarthria. Their study of 24 patients 

showed good agreement between online and face to face clinicians across measures, along with 

high patient satisfaction. The same team also used a purpose-built system to assess patients with 

apraxia of speech using standardised assessments (Hill, Theodoros, Russell & Ward, 2009b), again 

finding that the process was feasible, and although there was a small number of participants 

(n=11), results suggested good reliability and agreement among measures. Some instructions were 
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pre-�U�H�F�R�U�G�H�G�� �W�R�� �P�D�[�L�P�L�V�H�� �D�X�G�L�R�� �T�X�D�O�L�W�\�� �D�Q�G�� �V�F�R�U�L�Q�J�� �Z�D�V�� �F�R�P�S�O�H�W�H�G�� �Z�L�W�K�� �µ�V�W�R�U�H�� �D�Q�G�� �I�R�U�Z�D�U�G�¶��

videos of the participants in the telehealth condition. In addition, was noted that clinicians felt that 

participants with more severe apraxia would be better suited to face to face assessments, in large 

part due to the poor audio and video quality during the telehealth assessments. 

Similarly, concerns were noted by researchers and clinicians regarding the quality of video 

and audio data transmitted via the internet in a broad study of voice and speech difficulties in 

�S�D�W�L�H�Q�W�V�� �Z�L�W�K�� �3�D�U�N�L�Q�V�R�Q�¶�V�� �G�L�V�H�D�V�H�� ���&�R�Q�V�W�D�Q�W�L�Q�H�V�F�X�� �H�W�� �D�O������ �������������� �:�K�L�O�H�� �W�K�H�� �D�V�V�H�V�V�P�H�Q�W�V�� �R�Y�H�U�D�O�O��

�Z�H�U�H���I�R�X�Q�G���W�R���E�H���J�H�Q�H�U�D�O�O�\���U�H�O�L�D�E�O�H���D�Q�G���Y�D�O�L�G�����µ�V�W�R�U�H���D�Q�G���I�R�U�Z�D�U�G�¶���W�H�F�K�Q�L�T�X�H�V���Z�H�U�H���Q�H�Fessary as 

the quality of the audio and video transmitted over the internet system was not fine enough to 

accurately judge some oromotor movements, subtle features of speech production for perceptual 

ratings of voice, overall articulatory precision and speech intelligibility. Measures of voice 

parameters met clinical criterion of 80% close agreement between the online and face to face 

conditions, however it was noted that the statistical measure used (weighted Kappa) indicated poor 

to moderate agreement on seven of the ten parameters. The authors suggest that this may indicate  

the rater variability that is commonly seen in perceptual rating of voice and/or the nature of the 

statistical analysis chosen (Constantinescu et al., 2010). Other challenges noted included technical 

difficulties around focus, lighting, camera placement and zoom as well as occasional audio delays 

and video pixilation. Despite this, the authors concluded that online assessment of voice and 

�V�S�H�H�F�K���L�Q���3�D�U�N�L�Q�V�R�Q�¶�V���G�L�V�H�D�V�H���Z�D�V���U�H�O�L�D�E�O�H���D�Q�G���Y�D�Oid  

While telehealth assessments were a relatively frequent area of research, investigation of 

telehealth for speech pathology intervention with this population was less common. In a small 

study with no control or comparison conditions, two patients with communication difficulties 

following a stroke were treated for alexia via telehealth using a previously validated treatment 

with positive outcomes and high client satisfaction (Getz, Snider, Brennan & Friedman, 2015). In 

a similarly small study, though with a comparison of telehealth and face to face treatment, five 
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post-stroke patients with anomia, Agostini et al. (2014) utilised a cross-over design to deliver 

intervention via Skype. Results indicated no main effect of treatment type at baseline, post-

treatment, or follow-up, indicating that telehealth intervention was comparable to face to face 

treatment. �0�R�U�H�� �V�L�J�Q�L�I�L�F�D�Q�W�� �Z�R�U�N�� �L�Q�� �W�U�H�D�W�P�H�Q�W�� �K�D�V�� �L�Q�Y�R�O�Y�H�G�� �D�G�X�O�W�V�� �Z�L�W�K�� �3�D�U�N�L�Q�V�R�Q�¶�V�� �G�L�V�H�D�V�H����

Constantinescu and colleagues (2010) reported on a single case, indicating adequate audio and 

video quality, with substantial improvements in the patient. This was followed with a randomised 

control trial (Constantinescu et al., 2011) of 34 patients using videoconferencing within a 

university setting to treat volume and other aspects of speech. Online and face to face treatment 

groups were compared, with results confirming the non-inferiority of the treatment for the primary 

outcome measure of mean change in sound pressure level on a monologue task. 

Two studies have reported on telehealth intervention with voice disorders. The results of a 

small study of 10 patients, with no comparison or control group, indicated good progress in the 

treatment of participants with vocal nodules. In a more robust study of voice quality in patients 

with aphonia, Rangarathnam and colleagues (2015) used a prospective randomised control design 

to compare intervention outcomes across telehealth and face to face conditions. No differences 

were found between groups for either perceptual and quality-of-life measures.  

More recent research in this field suggests that some concerns continue to exist regarding 

the quality of data transmitted over the internet (Simic et al., 2016) but that there is growing 

interest in research beyond that establishing equivalence in assessment. Of the three recent studies 

identified, two were projects focused on usability and general efficacy (Kurland, Liu & Stokes, 

2018; Simic et al., 2016). Kurland et al. (2018) focused on a home practice program with weekly 

�µ�F�K�H�F�N-�L�Q�V�¶���Y�L�D���Y�L�G�H�R�F�R�Q�I�H�U�H�Q�F�L�Q�J���Z�L�W�K���W�K�H���V�S�H�H�F�K���S�D�W�K�R�O�R�J�L�V�W�����5�H�V�X�O�W�V���V�X�J�J�H�V�W�H�G���W�K�D�W���J�D�L�Q�V were 

made, with factors such as severity of aphasia moderating outcomes. Simic et al. (2016) 

completed a small usability study with six participants who were provided with weekly telehealth 

therapy sessions with a speech pathologist. Patient participants reported that the system was 
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satisfactory in terms of usability, but clinicians involved expressed concerns regarding 

video/audio quality and challenges in building rapport. Neither of these studies included a control 

or comparison condition. In contrast, Guo et al., (2017) compared assessment results scored by 

online and face-to-face observer speech pathologists for a comprehensive range of assessment 

tasks for people with aphasia post stroke. Results showed near perfect agreement between the 

clinicians across tasks with high satisfaction for both participations and clinicians. It appears that 

in this field, while gains have been made, further research examining the efficacy and non-

inferiority of telehealth is required, along with further studies utilising control groups and other 

experimental methods.  

 Fluency 

Stuttering is an area that has used remote interventions for many years. For example, as early 

as 1999, Harrison and colleagues used telephone consultations and audio and video tapes to teach 

parents the Lidcombe program and to manage paediatric stuttering (Harrison, Wilson & Onslow, 

1999). The program was also adapted to use with telephone consultations by Wilson, Onslow, and 

Lincoln (2004) in a series of 5 case studies. The authors concluded that the methodology used may 

be feasible but noted that for 4 of the 5 cases, the number of consultations required exceeded the 

established benchmarks for the program. No comparison group was used to determine whether 

this finding may have been related to clinician style or child characteristics. Lewis, Packman, 

Onslow, Simpson, and Jones (2008) completed a randomised control trial delivering the Lidcombe 

program via telephone consultations and again found that the treatment was efficacious but that a 

higher number of consultations was required. The control group in this study was waitlist, rather 

than comparing with face to face treatment.  

Both the Lidcombe program for younger children, and the Camperdown program for older 

�F�K�L�O�G�U�H�Q�� �D�Q�G�� �D�G�R�O�H�V�F�H�Q�W�V�� �K�D�Y�H�� �E�H�H�Q�� �G�H�O�L�Y�H�U�H�G�� �Y�L�D�� �Y�L�G�H�R�F�R�Q�I�H�U�H�Q�F�L�Q�J���� �G�H�V�F�U�L�E�H�G�� �D�V�� �µ�Z�H�E�F�D�P��

�G�H�O�L�Y�H�U�\�¶���E�\���W�K�H���D�X�W�K�R�U�V����Webcam delivery of the Lidcombe program was trialled in a small study 
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(n=3) using unspecified software by �2�¶�%�U�L�D�Q���H�W���D�O���������������� who found that this mode was a viable 

alternative to face to face sessions and that parent feedback was positive. �&�D�U�H�\�����2�¶�%�U�L�D�Q�����/�R�Z�H��

and Onslow (2014) used the same system to evaluate a 12-month program delivered to 14 

adolescents and concluded that while the use of technology was appealing, the mode of delivery 

was efficient and efficacious for only half the participants. Again, a lack of control or contrast 

group means that it is unclear what role telehealth may have played in this finding. Early studies 

of adults using the Camperdown program also indicated the feasibility of this work via telehealth. 

O'Brian, Packman & Onslow (2008) demonstrated the feasibility of the program with a small 

sample of 10 adults, without a comparison or control group. In a more robust study design Carey 

et al., (2010) used a randomised control trial design with 40 patients who stuttered to provide the 

Camperdown program via telehealth or face to face. No significant differences were found 

between groups at 9 months post randomisation on the primary outcome measure of percentage 

syllables stuttered and the telehealth group used significantly less contact time with therapists.  

Two further studies involving telehealth and stuttering were identified in the second period 

of the literature review (2015 �± 2018). Jahromi and Ahmadian (2018) surveyed adolescent and 

adult users of telehealth services for stuttering in Iran and reported that despite bandwidth issues, 

participants were broadly satisfied with the infrastructure. No reports of stuttering severity or 

improvements were made and no comparison group was surveyed or studied. In contrast, 

�%�U�L�G�J�P�D�Q�����2�Q�V�O�R�Z�����2�¶�%�U�L�D�Q�����-�R�Q�H�V���	���%�O�R�F�N�����������������X�W�L�O�L�V�H�G���D���U�D�Q�G�R�P�L�V�H�G���F�R�Q�W�U�R�O���W�U�L�D�O���W�R���F�R�P�S�D�U�H��

outcomes (percentage syllable stuttered and stuttering severity) for 49 young children. No 

differences were ascertained between the control (service as usual) and experimental (telehealth 

sessions in the home) groups in this trial and the authors reported that the telehealth services were 

as efficacious and economically viable as traditional care.  

 Dysphagia 
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Telehealth assessment of dysphagia has been studied in Australia and internationally using 

both synchronous and asynchronous methods. In earlier research, Ward, Sharma, Burns, 

Theodoros, and Russell (2012) used a custom built, internet-based videoconferencing system to 

compare simultaneous face to face and telehealth assessments of swallowing. Clinical agreement 

between the two conditions ranged from 75% to 100% agreement across a range of variables and 

clinician satisfaction with using the system was high. Similarly high levels of agreement were 

found between telehealth and face to face assessment of dysphagia in a study evaluating the impact 

of dysphagia severity on the reliability of telehealth assessments (Ward, Burns, Theodoros, & 

Russell, 2014). This study also used the custom-built system described above, along with fixed 

and free-standing cameras (with zoom capacity) that were remotely controlled by the online 

speech pathologist. The online assessments were facilitated by an allied health assistant and 

adjustments made to facilitate the online assessment included the use of clear utensils and white 

tape on the thyroid notch. Clinical decisions were comparable between the online and face to face 

conditions regardless of severity, however clinicians did note some difficulty with assessment of 

more complex patients.  

A larger scale evaluation of this clinic was completed by Ward, Burns, Theodoros, and 

Russell (2013). The evaluation assessed the feasibility and acceptability of the telehealth clinic for 

dysphagia with 100 patients. The study looked at patient satisfaction, online and face to face 

agreement, and clinician satisfaction; as well as practical issues including patient factors, 

technological issues and timing. The authors concluded that the model used was viable, with good 

patient outcomes, and minimal technical issues. Importantly, patient perceptions of the service 

were positive, with 99% of patients agreeing that they felt comfortable with the assessment. The 

satisfaction survey used with this population was similar to that used by Sharma, Ward, Burns, 

Theodoros, and Russell (2013) �Z�K�L�F�K���O�R�R�N�H�G���D�W���R�S�L�Q�L�R�Q�V���D�E�R�X�W���W�H�O�H�K�H�D�O�W�K���E�H�I�R�U�H���D�Q�G���D�I�W�H�U���S�D�W�L�H�Q�W�V�¶��

exposure to the technology. They found significant changes to perceptions around visual and audio 
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quality with the majority of patients surveyed agreeing that the online and face to face modes were 

comparable. Although there was no change in numbers of patients who would prefer face to face 

over online assessment, overall these findings indicated that the majority of patients were open to, 

and satisfied with, telehealth dysphagia assessment.  

Telehealth applications have also provided support for clinical decision making in a real-

world context, within, for example, existing services with staffing and technological challenges. 

Malandraki et al. (2013) used asynchronous telehealth to provide expert teleconsultations 

regarding videofluoroscopic swallowing studies (VFSS) of 17 consecutive patients in a Greek 

setting without speech pathology services. The onsite clinician (an ICU physician newly trained 

in assessing dysphagia) and online consultant (US based speech language pathologist) provided 

independent assessments of severity and treatment recommendations which were compared. The 

authors reported good inter-rater reliability for most measures however, they noted that the 

treatment recommendations of the onsite clinician alone would have resulted in substandard care. 

The authors concluded that the expert teleconsultation can produce better quality of care for 

patients with dysphagia. Real world situa�W�L�R�Q�V���Z�H�U�H���D�O�V�R���H�[�S�O�R�U�H�G���L�Q���D���V�P�D�O�O���V�W�X�G�\���R�I���������S�D�W�L�H�Q�W�V�¶��

communication and swallowing status post-laryngectomy (Ward et al., 2009). Simultaneous 

assessment of the patients in a real-world context (i.e. assessment was conducted between sites 

approximately 1700km apart, using 3G phone networks) showed excellent agreement on 

assessment measures and high satisfaction of patients and clinicians.  

Recent research in this area indicates continued significant contributions to the speech 

language pathology and telehealth literature. Two studies made use of improvements in 

technology to explore gaps in the previous literature: one examined the reliability of synchronous 

telehealth videofluoroscopic swallow studies (VFSS; Burns, Ward, Hill, Phillips, & Porter, 2016), 

while the other conducted a large-scale trial of bedside dysphagia assessments post-stroke 

(Morrell, et al., 2017). Both studies found the telehealth service to have high levels of reliability 
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when compared with face to face assessment, though the limitations of trialling VFSS between 

rooms in the same hospital was acknowledged and more research is required.  

Other research in this area since 2015 has generally looked beyond issues of feasibility and 

reliability of telehealth services, and instead has focused on consumer satisfaction (Burns et al., 

2017a; Collins et al., 2017), costs (Burns et al., 2017b; Collins et al., 2017), and efficiency (Burns 

et al., 2017a; Collins et al., 2017). Research regarding consumer satisfaction showed positive 

results in this period. Burns et al., (2017a) reported outcomes of a randomised control trial of 

swallowing and communication therapy for patients with head and neck cancers who were 

allocated to either treatment as usual or telehealth consultation services. Patients reported greater 

satisfaction with the telehealth service, as did patients involved in a telehealth model of care for 

swallowing and nutrition interventions (Collins et al., 2017). Costs associated with telehealth 

services have been explored in several ways. Costs to patients receiving telehealth models of care 

was found to be significantly less than standard models of care (Burns et al., 2017b; Collins et al., 

2017). Costs for service providers costs were reduced to due greater efficiency of the telehealth 

model (i.e. fewer sessions) for Burns et al. (2017b) but the costs for each model were not 

significantly different for Collins et al. (2017) largely due to the telehealth infrastructure required. 

Greater efficiency of telehealth service was reported by both studies (Burns et al., 2017a; Collins 

et al., 2017).  

Paediatric speech sound disorders 

Telehealth has been used in both the assessment and intervention of paediatric speech sound 

disorders with research outcomes indicating its reliability and effectiveness in this field, although 

with some limitations around viewing some oro-motor functions and assessing some sounds 

accurately. In an early study, Waite, Cahill, Theodoros, Busuttin, and Russell (2006) used 

simultaneous face to face and online assessment to assess 6 children with speech sound disorder. 

A custom-built system was used to administer a single word articulation test and a connected 
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speech sample was collected to assess intelligibility. Assessment of oro-motor structure and 

function was also completed. With a criterion for an acceptable level of agreement set at 70% for 

the single sounds and oro-motor functions and within 1 point on a 7-point scale for intelligibility, 

this study found high levels of agreement between the online and face to face assessors, although 

6 individual sounds did not meet the 70% criterion. The authors noted difficulties with the 

positioning and lighting of some students, impacting on visual aspects of the articulation oro-

motor assessments. It was suggested that while the online environment may have contributed to 

discrepancies, different perceptions among raters, which has been noted even when assessors are 

both face to face, may be involved. It was also noted that while face to face clinicians could only 

view the assessment once, as it happened, the online clinicians had an opportunity to review the 

items several times which may have further affect the results by refining scoring in a way not 

available to the face to face clinician. Eriks-Brophy (2008) found similar difficulties using an 

unspecified video conferencing system with difficulties involving unvoiced phonemes, consonant 

clusters and fricatives. The authors attributed these disagreements to the limitations of the 

videoconferencing system. A later, larger scale investigation into the possibility of using internet 

based system for screening of speech intelligibility and oro-motor structure and function (Waite, 

Theodoros, Russell, & Cahill, 2012) found similarly high levels of agreement between online and 

face to face ratings of speech intelligibility with lower levels of agreement on oro-motor function 

tasks with half the tasks showing only poor to fair agreement. Telehealth has also been found to 

be promising in assessing speech in children with repaired cleft palate (Whitehead et al., 2012). 

Informal assessment measures of 9 children using a method comparison design found no 

statistically significant difference in assessments results across the two conditions. In addition, 

parent satisfaction was high in the telehealth condition. No new articles regarding speech sound 

assessment were found in the second wave of the literature review.  
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Studies of the use of telehealth in intervention for speech sound disorders have also shown 

promise. Three studies by Grogan-Johnson and colleagues have used a crossover design (Grogan-

Johnson, Alvares, Rowan, & Creaghead, 2010), a small group comparison study (Grogan-Johnson 

et al., 2011) and a randomised controlled trial (Grogan-Johnson et al., 2013) to investigate the 

effectiveness of speech sound intervention delivered via telehealth. The crossover study (Grogan-

Johnson et al., 2010) assigned students to either telehealth-first or face to face-first conditions and 

provided intervention for blocks of four months. Students made similar gains in both conditions 

as measured by the Goldman-Fristoe Test of Articulation (Goldman & Fristoe, 2002) and 

functional measures and the authors describe overwhelming parent and student support for the 

model as measured by survey. It was noted that while students in the telehealth condition received 

mainly individual sessions, children in the telehealth group had intervention in small groups of 2 

�± 4 students. The small group comparison study (Grogan-Johnson et al., 2011) also found similar 

levels of progress in the face to face (n=6) and online intervention (n=7) groups. The randomised, 

controlled trial (Grogan-Johnson et al., 2013) also found no differences between groups following 

random allocation of 14 students to either face to face or online intervention when assessed on 

measures of listener perception and standardised assessment, suggesting support for the use of 

telehealth in the treatment of speech sound disorders. One recent study (Lee, 2018) reported on 

the use of telehealth to deliver a multiple oppositions therapy approach to two children with severe 

phonological disorder. Both children made gains, and while the absence of a control or contrasting 

condition means that the non-inferiority of the service cannot be established, this preliminary study 

provided information about the feasibility of this approach being delivered via telehealth.  

A significant recent contribution to the field of speech sound disorder intervention in the 

recent literature has involved childhood apraxia of speech (CAS). In an initial pilot study involving 

5 children, Thomas, McCabe, Ballard & Lincoln (2016) trialled the use of an evidence-based 

strategy for CAS known as Rapid Syllable Transitions (ReST) treatment via telehealth. The results 
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indicated that despite concerns about technology prior to the study, the telehealth delivery was 

effective, and all children made gains in their production of treated words. Further investigation 

of parent perceptions of the children involved with the pilot study were compared with parent 

perceptions of those involved in a parent-delivered version of the program. Parents accessing the 

telehealth services reported that the children readily engaged with the service and that while 

occasional technical problems existed, they did not detract overall from the convenience and 

efficacy of the telehealth service. Findings to date suggest further investigation of telehealth in 

this field is warranted.  

An investigation of the efficacy of telehealth to address speech and language goals more 

broadly was undertaken by Fairweather, Lincoln and Ramsden (2016). This study focused largely 

on the feasibility of school and childcare based telehealth and the impact of up to 6 sessions of 

telehealth on individual goals related to speech and language for 19 children. Most children (14 

of 19) made progress on their speech and language goals, as measured by goal attainment scales, 

and the five parents who took part in semi-structured interviews confirmed that telehealth speech 

pathology was feasible and acceptable. No comparison groups were included in the design to allow 

for comparison of efficacy of the telehealth service with standard face to face treatment and the 

authors acknowledged challenges in communicating with the range of stakeholders around the 

intervention.  

Paediatric language disorders: intervention 

No studies of telehealth language disorder intervention were found in the first time period 

of the literature review. Two studies regarding language intervention for boys with Fragile X were 

found in the second wave; the two studies were by the same team and consisted of a pilot study of 

three parent-child dyads (McDuffie et al., 2016a), followed by a larger study of 20 dyads 

(McDuffie et al., 2016b). Parents were trained over video conferencing to deliver a shared reading 
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language intervention with their children. Results from both studies indicated good parental use 

of the target str�D�W�H�J�L�H�V�� �D�V�� �Z�H�O�O�� �D�V�� �L�Q�F�U�H�D�V�H�V�� �L�Q�� �W�K�H�� �F�K�L�O�G�U�H�Q�¶�V�� �H�Q�J�D�J�H�P�H�Q�W�� �Z�L�W�K�� �W�K�H�� �D�F�W�L�Y�L�W�\�� �D�Q�G��

improvements in elements of their language development.  

Paediatric language disorders: assessment  

Prior to work described in this thesis, language assessments delivered via telehealth had 

been examined by three studies: (Ciccia et al., 2011; Eriks-Brophy, 2008; Waite et al., 2010). 

Ciccia et al. (2011) used an internet-based video-conferencing system (Skype) to provide 

screening to urban children. Using the Preschool Language Scales screener (Zimmerman, Steiner, 

& Pond, 2002), the study found 100% agreement on pass/fail criteria for the 10 children who 

received simultaneous face to face and telehealth screening. However, neither the criterion for 

pass or fail nor the agreement on individual items were discussed. Eriks-Brophy (2008) conducted 

a small study using the Clinical Evaluation of Language Fundamentals, 4th Edition (Semel, Wiig, 

& Secord, 2003) and other assessments with Aboriginal children in a remote area of Canada. High 

levels of inter-scorer agreement were found on the language assessments using an online led 

assessment with simultaneous telehealth and face to face scoring over an unspecified video 

conferencing system. However only very small numbers of children were assessed using the 

CELF-4 subtests (n=2 for four subtests, n=1 on the remaining four subtests). Waite et al. (2010) 

also trialled the use of the CELF-4 using a custom-built internet-based telehealth application with 

store and forward capabiliti�H�V���D�Q�G���W�R�X�F�K���V�F�U�H�H�Q���D�W���W�K�H���F�K�L�O�G�¶�V���H�Q�G�����6�R�P�H���G�L�J�L�W�L�V�H�G���D�Q�G���S�U�H-recorded 

assessment material was used, along with live presentation of some materials. As with Eriks-

Brophy (2008) and Ciccia et al. (2011), a method comparison design was utilised (Taylor, 

Armfield, Dodrill, & Smith, 2014) with simultaneous scoring by a face to face and online assessor, 

in this case in a university clinic between assessment rooms. Students and clinicians were 

randomised to face to face or online conditions. Very good levels of inter- and intra- rater 

agreement were found on all measures with some variation between subtests.  
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Taylor et al. (2014) noted that the above studies all examined the efficacy of the assessments 

�Z�K�L�F�K���L�V���G�H�I�L�Q�H�G���D�V���³�W�K�H���H�[�W�H�Q�W���W�R���Z�K�L�F�K���W�K�H���L�Q�W�H�U�Y�H�Q�W�L�R�Q���S�U�R�Y�L�G�H�V���D���E�H�Q�H�I�L�F�L�D�O���U�H�V�X�O�W���X�Q�G�H�U���L�Geal 

�F�R�Q�G�L�W�L�R�Q�V�´�� ���S���� ������������ �U�D�W�K�H�U�� �W�K�D�Q�� �H�I�I�H�F�W�L�Y�H�Q�H�V�V���� �Z�K�L�F�K�� �L�V�� �G�H�V�F�U�L�E�H�G�� �D�V�� �³�W�K�H�� �H�[�W�H�Q�W�� �W�R�� �Z�K�L�F�K�� �D�Q��

intervention, when deployed in the field in routine circumstances, does what it is intended to do 

�L�Q���D���V�S�H�F�L�I�L�F���S�R�S�X�O�D�W�L�R�Q�´�����S�������������� In addition, none of the studies have reported client or clinician 

satisfaction and only Ciccia et al. (2011) reported on parent satisfaction. This represents a 

significant gap in the literature related to formal language assessment via telehealth.  

Applications for individuals with  autism spectrum disorder (ASD) 

Autism spectrum disorder (also known as autism or the abbreviation ASD) is a 

neurodevelopmental condition that is characterised by differences in social communication and 

behaviour (American Psychiatric Association, 2013). These differences exist on a spectrum and 

range from severe communication impairment with limited interest in people, through to well-

developed language skills but more subtle difficulties in the use of social communication, 

pragmatic language difficulties and problems with higher order language skills (Gernsbacher et 

al., 2015). Language disorder is a common associated comorbid condition for people with autism 

and more than 50% of school aged children with autism report learning and communication 

difficulties (Australian Institute of Health and Welfare, 2017). Language difficulties occur in a 

range of linguistic areas including the structure and rules of language, as well as vocabulary 

(Loucas et al.; Wittke et al., 2017).  

Estimates of the prevalence of autism vary depending on the sampling methods used and the 

age and location of the population sampled but appear to be well over 1% of the population in 

recent studies (e.g. May, Sciberras Brignell, and Williams, 2017; Baoi et al., 2018). In Australia, 

the prevalence according to the Australian Bureau of Statistics is calculated at 0.7% of the 

population as a whole (AIHW, 2017) but the prevalence for school-aged children is much higher 
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(approaching 3%). In addition, the Australian figures showed growth in the proportion of children 

with autism over three time points (2009, 2012 and 2015) for all age groups.  

Speech pathologists have a role to play in aspects of diagnosis, assessment and treatment for 

people with autism spectrum disorder (Speech Pathology Australia, 2016). Best practice in 

diagnosis (Autism Cooperative Research Centre) recommends the involvement of speech 

�S�D�W�K�R�O�R�J�L�V�W�V�� �D�V�� �S�D�U�W�� �R�I�� �D�� �P�X�O�W�L�G�L�V�F�L�S�O�L�Q�D�U�\�� �W�H�D�P�� �W�R�� �F�R�Q�W�U�L�E�X�W�H�� �L�Q�I�R�U�P�D�W�L�R�Q�� �D�E�R�X�W�� �D�� �S�H�U�V�R�Q�¶�V��

communication skills across settings. Similarly, speech pathologists play a crucial role in the 

assessment of speech, language and other communication skills in order to play for intervention 

and to monitor progress. Such assessment may take a number of forms including play-based 

observations, naturalistic language sampling and/or formal assessment of language skills 

(Trembath, Paynter, Sutherland & Tager-Flusberg, 2019). Formal assessments in particular may 

be important for school aged children with autism in order to understand the extent of language 

strengths and difficulties, to inform intervention and to measure progress over time. However, 

accessing appropriate services for both assessment and intervention may be challenging for many 

families, particularly those in rural and remote areas where service provision is limited.  

As with other domains of speech pathology where services are limited, telehealth may play 

a role in intervention and assessment in people with autism spectrum disorder. A systematic search 

and review of the literature regarding telehealth and autism spectrum disorders was undertaken 

and published as a separate chapter in this thesis (Chapter 6). In brief, the literature regarding 

telehealth with students with diverse learning needs is more limited that that conducted with 

typically developing children, and those with communication disorders only. In general, the 

research regarding telehealth in ASD has revolved largely around the provision of training and 

support to parents, teachers and other staff with literature involving direct telehealth interactions 

with students with ASD limited to a small number of single case studies (Boisvert, Hall, 

Andrianopoulos, & Chaclas, 2012). There is a significant gap in research to inform clinical 
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practice regarding the provision of direct assessment and intervention via telehealth to students 

with ASD.  

Barriers to the use of telehealth for speech pathology 

The findings of research described above, along with published research summaries, 

indicate that telehealth is a possible solution to the challenges of distance in accessing speech 

pathology (Keck, 2014); however uptake of telehealth services has not been widespread (Nepal, 

2012) and the barriers to implementing these systems need to be considered. The first of these lies 

in establishing whether the barriers to using telehealth, including technological, financial, and 

cultural challenges (Jang-Jaccard, 2014) can be sufficiently mitigated in order to provide a service 

that is feasible and acceptable to both speech pathologists and service users. 

The impact of technological and other barriers on the use of telehealth cannot be 

underestimated. Dunkley (2010) surveyed speech pathologists and rural residents about their 

attitudes and access to information communication technology (ICT) and described the barriers to 

the uptake of telehealth services. The primary barriers involved the cost of ICT for both speech 

pathologists and rural residents along with the need for specific training and support. Although 

numbers and response rates for rural residents were low (response rate of 3.9%) it was interesting 

to note that the rural speech pathologists believed that the rural families would hold negative 

attitudes towards the use of telehealth speech pathology services, but in fact, rural residents 

expressed willingness to trial services provided in this way, in part because of their isolation and 

lack of alternative services. Families in rural areas also had more access to ICT than expected, 

while rural speech pathologists had less access in their workplace than expected. Similarly, Jang-

Jaccard (2014) describe access to technology and limited technology skills in both health 

professional and patient groups, along with requirements for high capital expenditure from 

government stakeholders as significant barriers to the uptake of telehealth. Moffatt and Eley 

(2011), looking mostly at telehealth medical services reported on barriers to the use of telehealth 
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which included funding, time, infrastructure, equipment, skills and a preference for traditional 

approaches. 

A study (May, 2014) involving speech pathologists who self-identified as not engaging in 

telehealth also identified similar themes regarding barriers to its use. Four main barriers from the 

interviews and telephone interviews of the 18 speech pathologists emerged: information, training, 

clinician attitude and perceptions, and organisational and policy barriers. Many of the therapists 

had limited exposure to, and limited experience with any telehealth systems. There was confusion 

about the various modes that telehealth may take, and fear of technology played a role in some 

speech pat�K�R�O�R�J�L�V�W�V�¶���U�H�O�X�F�W�D�Q�F�H���W�R���X�V�H���W�H�O�H�K�H�D�O�W�K�����6�S�H�H�F�K���S�D�W�K�R�O�R�J�L�V�W�V���E�D�V�H�G���L�Q���P�H�W�U�R�S�R�O�L�W�D�Q���D�U�H�D�V��

tended to see telehealth as a rural and remote issue and many clinicians felt that telehealth was 

limited to research settings. The authors report that several of the clinicians questioned the 

relevance of the research into the use of telehealth in speech pathology, given the highly controlled 

nature of the studies set in university clinics and teaching hospital settings, rather than real world 

clinical environments. A number of speech pathologists expressed concern, particularly that 

telehealth would impact on their ability to engage parents well, develop rapport with children and 

build relationships. For a number of therapists, limited access to equipment and the technology 

required remained a barrier, particularly in the government sector. Moffatt and Eley (2011) 

similarly identified that comparatively poor internet in rural Australia and accessing computer 

makes equipment an issue. 

Internet access, a crucial component of telehealth services, varies according to 

geographical area, creating another potential barrier to the uptake of these services. In 2011, 

households in urban areas (75%) had higher rates of access than those in regional (64%) and 

remote areas (62%) (ABS, 2011b)�����D�Q�G���D���V�W�X�G�\���R�I���F�K�L�O�G�U�H�Q�¶�V���L�Q�W�H�U�Q�H�W���X�V�H��(ABS, 2011a) found that 

81% of children in major cities had accessed the internet in the past 12 months, compared with 

70% of children living in remote areas. However, accessing the internet at either home or school 
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or another facility is close to universal for Australian students with 96% of students in 2009 

accessing the internet and with 97% of 15-17 year olds in 2014 described as internet users (ABS, 

2014). By 2014, 96% of households with a child under the age of 15 had access to the internet at 

home. Certainly, access to internet appears widespread, if not universal in schools, providing some 

potential solutions to the issues of access to technology and internet services for speech pathology 

services delivered via telehealth.  

Statement of the Aim  

The background information and literature has provided information about the nature of 

speech pathology services in rural and remote Australia and highlighted the high prevalence of 

communication difficulties and importance of identification, assessment and treatment of these 

impairments. The review of the literature indicates that telehealth has the potential to provide 

intervention for a range of communication difficulties, including acquired impairments, voice 

disorders, stuttering, and paediatric speech and language impairments.  

There are areas in the literature, however, that are less well researched, meaning that there 

is little to inform evidence-based, timely and affordable service delivery. These areas include: 

�x Formal language assessment in real world settings. The question of formal language 

assessment has been addressed in only two studies. The first of these (Eriks-Brophy, 2008) 

included only two participants, making meaningful interpretation of the results difficult. 

The second study (Waite, et al., 2010) was well designed with greater numbers, however, 

the telehealth equipment used was custom built and the research was university based, 

rather than a real-world investigation of telehealth. There remains a need to investigate the 

use of off the shelf, consumer grade equipment in formal language assessment.  

�x Telehealth and autism spectrum disorders (ASD). Research into the use of telehealth with 

children with ASD is limited, with studies focused largely on experts training parents or 
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teachers via telehealth to assess or intervene with the children (e.g., Ingersoll & Berger, 

2015; Pickard, Wainer, Bailey, & Ingersoll, 2016; Simacek, Dimian, & McComas, 2017). 

No studies found to date have investigated the use of telehealth directly with students with 

ASD, nor the enabling factors or barriers to doing so.  

�x The experiences of parents of children with communication impairment and their attitudes 

towards the use of telehealth for speech pathology services. A study published in 2010 

(Dunkley et al., 2010) d�H�V�F�U�L�E�H�G���D�������������V�X�U�Y�H�\���R�I���S�D�U�H�Q�W�V�¶���D�F�F�H�V�V���W�R���L�Q�I�R�U�P�D�W�L�R�Q��

communication technologies and their attitudes towards the use of technology. The results 

suggested that parents had more access to, and a more positive view of technology than 

expected by rural and remote speech pathologists, though there was limited familiarity or 

confidence with technology such as web cams or videoconferencing. Given the significant 

developments in the use of technology in the past 10 years, there is a need to re-examine 

the experiences and attitudes of parents.  

This thesis, therefore, is comprised of three studies that were designed to (a) determine 

whether a web-based telehealth application, using off the shelf, consumer grade equipment, can 

be used for formal language assessments, and whether these are valid, reliable and acceptable to 

children and their parents (Study 1, Chapters 4 and 5); (b) whether these assessments can be 

reliably and validly extended to diverse populations of learners, including students with ASD 

(Study 2, Chapters 6 and 7), and; (c) investigate the experiences and attitudes of parents of 

school aged children regarding telehealth for speech pathology (Study 3, Chapter 8).   
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Chapter 3: Theoretical Framework and Methodology 

As noted, this thesis is comprised of three individual studies describing the methods and 

reporting on the results of this research. This chapter provides the context for this body of work, 

including the theoretical framework and the methodological decision making that informed the 

design of each study. The details of the methodology for the individual studies are found in the 

published papers in Chapters 4, 7 and 8, along with the research design for a systematic search 

and review of the telehealth and autism literature presented in Chapter 6.  

In order to address the research questions identified in Chapter 2, a range of research 

methodologies were employed across the studies. Study 1 of the project investigated the 

feasibility, reliability and tolerability of language assessments delivered via telehealth to children 

with known or suspected language difficulties using a method comparison design. Study 2 

focused on these issues for children with a diagnosis of autism spectrum disorder, again using a 

method comparison design. Study 3 involved a survey of parents of school aged children to 

examine their experiences of speech pathology services and their attitudes towards telehealth. 

Data in this study was analysed descriptively.   

Theoretical Framework 

Ontology is a branch of philosophy that deals with nature of reality; whether it is objective, 

subjective or constructed, while epistemology is a concerned with the theory of knowledge, or 

�µ�+�R�Z���G�R���Z�H���N�Q�R�Z���Z�K�D�W���Z�H���N�Q�R�Z�"�¶�����:�L�O�O�L�J�������������������7�K�H���S�U�H�V�H�Q�W���V�W�X�G�\���L�V���S�R�V�L�W�L�R�Q�H�G���Z�L�W�K�L�Q���D�Q��

objectivist ontology with a positivist epistemological paradigm. The definition of positivism 

varies between authors (Bryman, 2012) but there are a number of underlying elements that are 

generally accepted, including a belief that only phenomena confirmed by the senses can be 

accepted as knowledge, that knowledge is achieved through the gathering of facts, that the 

purpose of theory is to generate hypotheses that can be tested, and that science can be conducted 

in a way that is value free or objective (Bryman, 2012).  Research in a positivist framework 
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generally follows an experimental methodology with a quantitative framework for gathering 

data, however, a pure positivist approach is not always possible or even ideal (Sarantakos, 2005) 

the sociology literature in particular tends to reflect a less wholly positivist approach (Gartrell & 

Gartrell, 1996) and accordingly, the present research utilises a largely quantitative methodology 

with qualitative elements. 

�)�X�U�W�K�H�U�����W�K�H���U�H�V�H�D�U�F�K���U�H�I�O�H�F�W�V���W�K�H���D�X�W�K�R�U�¶�V���Y�L�H�Z���R�I���W�K�H���E�L�R�S�V�\�F�K�R�V�R�F�L�D�O���P�R�G�Hl, in which 

disability arises as a result of both biological and socially mediated factors, and belief in the 

right for all people to communicate to the best of their ability. Communication is a human right 

(United Nations, 1948), and is central to all human interaction and participation (McLeod, 

2018). Children with disabilities such as autism spectrum disorder and developmental language 

disorder are particularly vulnerable to communication breakdown and thus limitations in their 

ability to express their needs, wants, feelings and thoughts. The biopsychosocial model 

recognises that communication disability in these populations arise from the combination of 

biological differences that result in reduced capacity for expression and understanding in spoken 

language, and social barriers, such as attitudinal barriers (McLeod, 2018) and barriers around 

practical support (such as simplified instructions, access to alternative forms of expression). This 

combination of difficulties in language use and development, may have significant flow-on 

�H�I�I�H�F�W�V���L�Q���W�H�U�P�V���R�I���H�P�R�W�L�R�Q�D�O���K�H�D�O�W�K�����<�H�Z���	���2�¶�.�H�D�U�Q�H�\�����������������O�L�W�H�U�D�F�\���G�H�Y�H�O�R�S�P�H�Q�W�����6�Q�R�Z�O�L�Q�J����

et al., 2016), school completion and workforce participation (Johnson, Beitchman & Brownlie, 

2010). Services, therefore, that allow child�U�H�Q�¶�V���G�L�I�I�L�F�X�O�W�L�H�V���Z�L�W�K���O�D�Q�J�X�D�J�H���G�H�Y�H�O�R�S�P�H�Q�W���W�R���E�H��

recognised and supported are crucial, regardless of diagnostic label. That said, seeking to support 

language development to allow curriculum access and participation in all areas of life should not 

be seen �D�V���V�H�H�N�L�Q�J���W�R���I�X�Q�G�D�P�H�Q�W�D�O�O�\���F�K�D�Q�J�H���R�U���µ�F�X�U�H�¶���D�Q���L�Q�G�L�Y�L�G�X�D�O���G�L�D�J�Q�R�V�H�G���Z�L�W�K�����I�R�U���H�[�D�P�S�O�H����

autism spectrum disorder. Rather, work in this area seeks to understand and support areas of 

difficulty associated with underlying biological differences, and the social and other barriers that 
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maintain or reinforce the disabling aspects of the condition/s while focusing on building and 

maintaining areas of strength and expertise (e.g., Kapp, Gillespie-Lynch, Sherman & Hutman, 

2013) and aiming to limit or eliminate environmental barriers. This research was therefore 

focused on both individual and environmental aspects, through investigating the options for 

accurate assessment of individual children, and exploring options for service delivery that aim to 

overcome environmental barriers in terms of access to services for children. It was beyond the 

scope of the current research to focus on societal barriers and improving community acceptance 

and accommodations for all children with communication impairment. This remains, however, 

an important area of research and practice and it is anticipated that the current work may 

complement work in this space through the provision of services in otherwise underserved 

communities, raising awareness communication and other disabilities in the first instance.     

Research Purpose 

The purpose of the research was to explore options that would enable a diverse range of 

children to better access to speech pathology services, in order provide meaningful and accurate 

assessments of their language skills. To do this, the studies aimed to address gaps in the 

telehealth, speech pathology and autism spectrum disorder literature, with a view to providing 

meaningful and translatable information that could be readily applied to clinical settings.  

Research Design 

This thesis is comprised of three individual studies reporting on the results of this research. 

The first study sought to extend on the work of Waite et al., (2010) who used a specialised 

telehealth system to deliver subtests of the Clinical Evaluation of Language Fundamentals �± 4th 

edition (Semel, Wiig & Secord, 2003) to young children within a university setting. Specifically, 

the study presented in this thesis (Chapters 4 and 5) extended on this work by using real-world 

settings and consumer grade equipment to investigate the possibilities of using telehealth for 

standardised language assessments in children with reading disorders. The finding that the 
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assessments were not only feasible, but also valid and reliable, led to study number 2 which 

investigated the possibility of using telehealth to assess the language of children with a known 

diagnosis of autism spectrum disorder. An important feature in the design of studies 1 and 2 was 

the use of method comparison (Bland & Altman, 1999) in order to measure the agreement 

between the scores for each language assessment subtest recorded by a telehealth speech 

pathologist (online) compared with those made simultaneously by a face-to-face speech 

pathologist.  

Bland-Altman analysis allows researchers to measure the agreement between two 

methods of measurement (Bland and Altman 1985). While correlations are frequently used in 

method comparison studies (Taylor et al., 2014; Giavarina, 2014), it is important to note that 

correlation analyses study the relationship or association between variables (such as assessment 

scores), rather than the differences (Bland and Altman, 1985). For example, scores recorded by 

the telehealth clinician could be several points lower than those recorded by the face to face 

clinician but as long as the scores are distributed in a similar way, there will be a high level of 

association between the scores. The level of correlation does not indicate how closely the two 

scores are in agreement. While the Bland�±Altman limits of agreement procedure has been used 

in some method comparison studies, its use in telehealth is less common, even though many 

studies are designed to determine the agreement or otherwise of telehealth methods compared to 

face to face service delivery (Armfield, Edirippulige, Bradford & Smith, 2014). 

Despite growing work in telehealth for children and adults with a range of speech and 

language conditions, very little research or practice has focused on the use of telehealth directly 

with children with autism. Chapter 6 describes the results of a systematic search and review of 

the literature using the PRISMA protocol in order to understand the state of research with 

regards to telehealth and autism spectrum disorders. The limited research, and therefore limited 

clinical understanding of the potential for use of telehealth with children with autism lead to the 
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development of Study 2. The second study found that language assessments via telehealth with 

children with autism were also reliable, valid and feasible, despite there being more variation in 

�W�K�H���F�K�L�O�G�U�H�Q�¶�V���E�H�K�D�Y�L�R�X�U�D�O���U�H�V�S�R�Q�V�H�V���Q�R�W�H�G���L�Q���W�K�L�V���S�R�S�X�O�D�W�L�R�Q���W�K�D�Q���D�P�R�Q�J���Fhildren in Study 1 

(Chapter 7). Telehealth was found to be acceptable to parents in both studies, once their children 

had undergone the telehealth assessments.  

Questions remained, however, about the acceptability of telehealth as an option for service 

delivery and which factors, including geographical location, experience with technology and 

child characteristics, might be associated with positive attitudes towards telehealth. These 

questions were addressed in the third study (Chapter 8) which involved a survey of parents about 

the experiences with, and attitudes towards, telehealth. This study used a range of question types, 

including Likert and rating scales, and data was analysed descriptively. 

Ethical Approval  

The research aims and methods for all three studies were independently reviewed and 

approved by the Griffith University Human Research Ethics Committee. Approval was also 

sought and given by �6�\�G�Q�H�\���&�K�L�O�G�U�H�Q�¶�V Hospital Network (SCHN) Human Research Ethics 

committee and the NSW Department of Education, through the State Education Research 

Applications Process (SERAP). See Appendices (7 - 10) for approval letters. 

Participants 

The participants of the studies are described in full in Chapters 4, 7 and 8. In brief, the 

participants in studies 1 and 2 were children aged 8 �± 12 years, with known reading difficulties 

and known or suspected language difficulties (study 1) and diagnosed autism spectrum disorder 

(study 2). Participants who undertook the survey in study 3 were parents of children of school 

aged children located in metropolitan, regional and rural areas across Australia.  
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Outcome Measures and Data Analysis 

Data Analysis Methods Used in Individual Studies 

Study / Aim Participants Study Design Statistical Analyses 

Study 1 

Measure the reliability of the scoring 

of telehealth assessments when 

compared with scores made face to 

face. 

Investigate the quality of telehealth 

sessions. 

Investigate the behavioural responses 

of children to telehealth assessments 

compared with face to face sessions. 

 

 

23 participants 

Age 9 �± 12 years 

Adequate language to 

undergo formal language 

assessment 

Attending a specialist 

reading difficulties clinic 

 

Method comparison 

 

Bland Altman analysis and plots  

Correlation analyses 

 

Descriptive statistics 

Paired t-tests 

Study 2 

Measure the reliability of the scoring 

of telehealth assessments when 

compared with scores made face to 

face for children with autism. 

Investigate the quality of telehealth 

sessions. 

 

13 participants 

Age 9 �± 12 years 

Confirmed diagnosis of 

autism 

 

Method comparison 

 

Bland Altman analysis and plots  

Correlation analyses 

 

 

Descriptive statistics 

Paired t-tests 
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Investigate the behavioural responses 

of children to telehealth assessments 

compared with face to face sessions. 

 

Adequate language to 

undergo formal language 

assessment 

 

 

Study 3 

Investigate the speech pathology, 

telehealth and technology 

experiences of parents of school aged 

children.  

 

59 parents of school aged 

children 

 

Survey design 

 

Descriptive Statistics 
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Chapter 4: Telehealth language assessments 

This chapter consists of the published version of the following article, reprinted with 

permission:  

Sutherland, R., Trembath, D., Hodge, A., Drevensek, S., Lee, S., Silove, N., & 

Roberts, J. (2017). Telehealth language assessments using consumer grade equipment in rural 

and urban settings: Feasible, reliable and well tolerated. Journal of Telemedicine and 

Telecare, 23(1), 106-115. doi:10.1177/1357633X15623921 

Permission for inclusion in this thesis was granted for the life of the edition on a non-

exclusive basis, in the English language, throughout the world in all formats provided full 

citation is made to the original SAGE publication. 

 This paper was conceived as a way of exploring the first aim of the thesis, which was 

to establish the feasibility of the telehealth system being used, as well as to study the 

reliability of telehealth for standardised assessments using off the shelf equipment in a real 

world setting. Further, we sought to understand the acceptability of telehealth for the 

children, as measured by behaviour in each condition, and their parents, as measured by brief 

survey.  

Statement of Contribution to Co-Authored Published Paper 

This study was designed in collaboration with my supervisors, Prof Jacqueline 

Roberts, Dr Antoinette Hodge and A/Prof David Trembath and co-authors A/Prof Natalie 

Silove. Co-authors Suzi Drevensek and Sabrena Lee contributed to data collection, to a 

degree sufficient to warrant inclusion as authors on this paper. I was responsible for data 

analysis with support from Dr Trembath and Dr Hodge. I wrote the complete first draft of the 

manuscript and all authors provided feedback prior to submission. 

(Signed)  (Date) 13/7/2019 
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Telehealth language assessments using
consumer grade equipment in rural
and urban settings: Feasible, reliable
and well tolerated

Rebecca Sutherland, BSPath (Hons), MHthSc (Developmental
Disability) 1,2, David Trembath, BAppSc (Speech Pathology),
MaAppSc (Communication Sciences and Disorders), PhD 3,
Antoinette Hodge, BA (Psychology Hons), DPsy, MClin
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Pathology Hons) 2, Sabrena Lee, BSPth (Hons) 2, Natalie Silove,
MBBS, FRACP 2 and Jacqueline Roberts, BA (Hons), DipTeach,
BAppSc (Speech Pathology), PhD 1

Abstract
Introduction: Telehealth can be an effective way to provide speech pathology intervention to children with speech and
language impairments. However, the provision of reliable and feasible standardised language assessments via telehealth to
establish children’s needs for intervention and to monitor progress has not yet been well established. Further, there is limited
information about children’s reactions to telehealth. This study aimed to examine the reliability and feasibility of conducting
standardised language assessment with school-aged children with known or suspected language impairment via a telehealth
application using consumer grade computer equipment within a public school setting.
Method: Twenty-three children (aged 8–12 years) participated. Each child was assessed using a standardised language assess-
ment comprising six subtests. Two subtests were administered by a speech pathologist face-to-face (local clinician) and four
subtests were administered via telehealth. All subtests were completed within a single visit to the clinic service, with a break
between the face to face and telehealth sessions. The face-to-face clinician completed behaviour observation checklists in the
telehealth and face to face conditions and provided feedback on the audio and video quality of the application from the child’s
point of view. Parent feedback about their child’s experience was elicited via survey.
Results: There was strong inter-rater reliability in the telehealth and face-to-face conditions (correlation coefficients ranged
from r ¼0.96–1.0 across the subtests) and good agreement on all measures. Similar levels of attention, distractibility and anxiety
were observed in the two conditions. Clinicians rated only one session of 23 as having poor audio quality and no sessions were
rated as having poor visual quality. Parent and child reactions to the use of telehealth were largely positive and supportive of
using telehealth to assess rural children.
Discussion: The findings support the use of telehealth in the language assessment of school-aged children using a web
application and commercially available computer equipment. This reliable and innovative service delivery model has the poten-
tial to be used by speech pathologists to provide assessments to children in remote communities.

Keywords
Telehealth, language assessment, rural, school-aged children

Date received: 6 October 2015; Date accepted: 23 November 2015

Introduction

Australia is a vast country with a relatively small popula-
tion of approximately 24 million people1 concentrated in
urban areas, with limited health, education and other ser-
vices in rural areas.2 A recent senate inquiry into speech
pathology services in Australia3 found evidence of a short-
age of speech pathologists, particularly outside urban areas,
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and that the ratio of speech pathologists to population falls
as population density declines, from 25.9 per 100,000 of
population in major cities to 5.9 per 100,000 of population
in very remote areas. As a result, people in rural and
remote areas experience signi“cant barriers to accessing ser-
vices.4 The lack of services creates a signi“cant risk for poor
social and educational outcomes for those with language
impairments living in rural and remote areas of Australia.

Telehealth in speech-language pathology

Telehealth may overcome some of the di�culties associated
with providing accessible speech pathology services and has
been used successfully to treat a range of conditions includ-
ing adult speech and language disorders,5 dysphagia,6,7

childhood ”uency8 and speech sound disorders.9

Yet despite evidence for its utility in delivering inter-
ventions, only a small number of studies have examined
the role for telehealth in standardised language assess-
ment. Language assessments are crucial in establishing
diagnoses, guiding intervention and documenting progress
in children with language di�culties.

The use of telehealth in the delivery of standardised
language assessments has been examined in two stu-
dies,10,11 using method comparison designs, while the
use of a language screening tool was evaluated in a further
study.12 In all three studies, the authors reported good
reliability between face-to-face and online scoring of par-
ticipant responses. Waite et al.11 trialled the use of the
Clinical Evaluation of Language Fundamentals - 4th edi-
tion (CELF-4) using a custom-built Internet-based tele-
health application with store and forward capabilities
and touch screen at the participant•s end. The picture
stimuli were digitised. An audio recording of the stimulus
for one subtest assessment was used, along with live pres-
entation of the remaining three subtest materials. As with
Eriks-Brophy et al.10 and Ciccia et al.12, a method com-
parison design13 was utilised with simultaneous scoring by
a face-to-face and online assessor, in this case between two
assessment rooms in a university clinic. Students and clin-
icians were randomised to face-to-face or online condi-
tions. Very good levels of inter- and intra-rater
agreement were found on all measures with some vari-
ation between subtests (k range from 0.93 to > 0.99). A
limitation of this study, as noted by Taylor et al.,13 is that
it was not conducted in real world settings but rather
under ideal research conditions. In addition, none of the
studies reported client or clinician satisfaction and only
Ciccia et al. reported on parent satisfaction. Finally, the
studies did not include comparisons of child behaviour
across face-to-face and online conditions.

The data to date regarding telehealth assessment is pro-
mising, however the current lack of information about the
reliability and feasibility of conducting telehealth assess-
ments in routine clinical settings with commercially avail-
able equipment, as well as parent, child and clinician
responses to the approach, represents a signi“cant gap
in the literature. Research is needed to examine the

e�ectiveness of telehealth language assessment in the con-
text of existing service delivery models, as well as to begin
to address identi“ed barriers to speech pathologists using
telehealth. These include beliefs that parents hold negative
attitudes towards its use,14 and that telehealth can only be
used in specialised research or university settings, rather
than real world clinical services.15 Other concerns held by
speech pathologists who do not use telehealth include fear
of technology and concerns regarding their ability to
develop rapport with remote clients.15

The aims of this study were to determine whether,
within an existing service, a web-based telehealth applica-
tion using consumer grade, commercially available com-
puter equipment could be used to provide a formal
language assessment that is feasible, reliable and well-tol-
erated by participants and their families. In this study,
children were in the same location as a second speech path-
ologist (face-to-face speech pathologist) whose role was to
facilitate the assessment, replicating a real-world setting in
which children could be supported by teachers or other
school support sta� during assessment. It was hypoth-
esised that under these conditions, standardised language
assessment delivered via telehealth would be feasible, reli-
able and well tolerated by participants and their families.

Method

Ethical approval was received from the Sydney Children•s
Hospital Network (SCHN) Human Research Ethics
Committee (HREC reference: LNR/12/SCHN/408).
Approval was also obtained from NSW Department of
Education. Written consent was obtained from parents,
and children were provided with an illustrated social
story to support their understanding of the project.

Design

A method comparison design was used16 in order to meas-
ure the agreement between the scores for each language
assessment subtest recorded by the telehealth speech path-
ologist compared with those made simultaneously by the
face-to-face speech pathologist. This method allows
researchers to quantify the variation between two methods
of measurement for the same subject. The independent
variable was the condition under which the assessment
was conducted (telehealth vs face-to-face). The dependent
variables (DVs) were: (a) number of scheduled sessions
that were completed successfully (DV1) and face-to-face
speech pathologists ratings of audio and visual quality
(DV2) which provided measures of feasibility; (b) the lan-
guage assessment scores given by the telehealth and
face-to-face speech pathologists which were compared to
provide a measure of reliability (DV3); and (c) behaviour
observation scores made by the face-to-face speech path-
ologist in the face-to-face and telehealth conditions, pro-
viding a measure regarding the behaviour of the children
and how well the telehealth condition was tolerated
(DV4), along with parent survey information (DV5).
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Participants

Participants were 23 children (18 male, “ve female) aged 8…
12 years (mean¼9 years 11 months) with a history of read-
ing di�culties and known/suspected language impairment,
attending mainstream schools. They were referred to a
specialist reading centre, a service for children with reading
di�culties who live in rural and remote NSW, Australia.
Children were referred by their schools based on their poor
response to reading interventions and attended one of two
rural •hubs• or a suburban hub (name withheld) for multi-
disciplinary assessment, including a thorough language
assessment. The participating students were a sample of
convenience, based on those students attending the service.
There were no exclusionary criteria; however, children did
not participate if they had had a language assessment using
the CELF-4 within the previous six months.

Three experienced (M¼13.7 years of work experience,
range 10…19 years) local speech pathologists consented to
participate in the project (i.e. co-scoring and delivering
assessments) as part of their regular work. They were all
experienced in administering the paper form of the CELF-
4 and regularly used technology for communication in the
workplace (e.g. videoconferencing with colleagues). Two of
the three speech pathologists reported having limited experi-
ence in delivering speech and/or language intervention via
computer (e.g. using Adobe Connect). None had used the
current telehealth interface prior to the project. The tele-
health speech pathologist had four years clinical experience
and was familiar with the language assessment tool. She
reported familiarity with a range of technology applications
(e.g. Skype, computer use) but had less experience using
technology for communication in the workplace (e.g. video-
conferencing) and no experience of telehealth prior to the
project.

Materials

Assessment tool.The CELF-417 is a standardised, individu-
ally administered clinical tool for the identi“cation, diagno-
sis and follow-up evaluation of language skill de“cits in
school-age children, adolescents and young adults.
Permission was granted by Pearson Australia to digitise
images of the CELF-4 for use in online administration.
The test images were scanned and converted to JPEG “les
which were then uploaded to the application. The published
psychometric properties of the CELF-4 include stability
coe�cients ranging from 0.77…0.94, internal consistency
for the Core Language Score (a composite score indicating
the presence or absence of a language impairment along with
the severity of the impairment) ranging from 0.97 across age
ranges.17 The Core Language Score is based on four core
subtests. For the 5…8 year-old age group these are
Concepts and Following Directions, Word Structure,
Recalling Sentences and Formulated Sentences. Students
aged 9…12 years completed also three of these subtests
(Concepts and Following Directions, Recalling Sentences
and Formulated Sentences) as well as Word Classes which

yields an expressive and a receptive score. Inter-scorer reli-
abilities are described as 0.99 or 1.0 across all CELF-4
Australian subtests. The core subtests for 9…12 year olds
include two subtests that require the administrator to score
a response as correct/incorrect (Concepts and Following
Directions; Word Classes … Receptive). Two subtests require
the administering clinician to make a subjective judgement
with reference to scoring guidelines to score a response as
correct or incorrect (Word Classes … Expressive) or to score
0, 1 or 2 based on the number of grammatical and/or syn-
tactical errors made by the child (Formulated Sentences).
The “nal subtest (Recalling Sentences) can be scored as 0,
1, 2 or 3 based on the number of errors made during imme-
diate repetition of a spoken sentence. While scoring for this
subtest is not subjective, the reliability of scoring is depend-
ent on precise notation of the child•s response. All partici-
pants completed the four core subtests via the telehealth
application. Two additional subtests were administered by
the face-to-face speech pathologist, along with any other
clinically relevant assessments required.

Equipment.The assessment was delivered via a telehealth
application developed by National Information
Communications Technology (ICT) Australia (NICTA).
This web-based interface included synchronised image
viewing and remotely visible click-markers for pointing
at images as well as video conference functionality. The
computers used were standard issue [name withheld for
review] devices with consumer grade webcams (Logitech
C920) and speakers (Logitech PC Z130). A commercially
available touch screen from Dell (model S2240T) was sup-
plied to the local sites. All four sites (telehealth setting and
the three hubs) were located within Department of
Education, public schools and used the Internet connec-
tion available to these sites. The application was designed
to allow a speech pathologist using telehealth to complete
the assessment with the child supported by a school sta�
member (teacher or teacher aide) in their local setting. For
the purpose of this research, a speech pathologist acted as
a support person to facilitate assessments (rather than a
teacher or teacher aide) in order to co-score the assessment
tasks delivered by the telehealth speech. This allowed for
the comparison of scores for the study without adding
extra team members to the assessment environment.

Procedure

Training.The telehealth speech pathologist was trained in
the use of the interface by the developer and a senior
speech pathologist (RS) in a single session. The face-to-
face speech pathologists were shown the interface in a
group setting and subsequently given information and
an opportunity to practice using the application in a ses-
sion with the telehealth speech pathologist. This informa-
tion session provided details on how to log into the
application, camera positioning, room set up and general
troubleshooting. Training for both the telehealth and face-
to-face speech pathologists took less than 30 min.
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A group session was held with all speech pathologists,
as well as other senior speech pathologists employed by
the service, to practice scoring the subjective subtests in
accordance with the CELF-4 manual instructions. This
provided the telehealth and face-to-face speech patholo-
gists with an opportunity to review standard scoring
guidelines and to participate in a practical component
where the clinicians practiced scoring a series of sample
sentences. Reliability was not formally established, how-
ever consensus was reached for each example in accord-
ance with the CELF-4 scoring guidelines. All assessments
were carried out as per the CELF-4 manual.

Assessment procedure.The assessments were conducted
from the metropolitan telehealth site in Westmead, NSW,
to the three hub sites in rural NSW (Hub 1 and Hub 3) and
suburban Sydney, NSW (Hub 2). The telehealth speech
pathologist administered the four core subtests of the
CELF-4 via the telehealth application and scored the chil-
dren•s responses (approximately 45…60 min). The face-to-
face speech pathologist was with the child during the tele-
health assessment and facilitated the assessment by turning
on the computer, logging into the application and checking
vision and sound. She then co-scored the assessment as an
observer. The face-to-face speech pathologist also com-
pleted two non-core CELF-4 subtests and other language
assessments (as clinically indicated) with the student face-
to-face (approximately 30…60 min depending on clinical
need). These face-to-face assessments were completed
either before or after the telehealth session depending on
the scheduling demands of the hub, resulting in non-
randomised counter-balanced delivery order (17/23 com-
pleted face-to-face assessment tasks “rst). All subtests
were completed within a single visit to the clinic service,
with a break between the face-to-face and telehealth ses-
sions. The face-to-face speech pathologist completed
behaviour observations of the children in both face-to-
face and telehealth conditions in order to provide feedback
about the child•s behaviour that may not have been able to
be seen by the telehealth clinician. The face-to-face clinician
also provided feedback on the audio and video quality of
the application from the child•s point of view.

Measures

Measures of feasibility (DV1, DV2).The telehealth speech
pathologist kept records regarding the number of sched-
uled sessions completed and reported any issues resulting
in non-completion of the assessment due to child, clin-
ician, or technological factors (DV1). The telehealth and
face-to-face speech pathologists both recorded observa-
tions regarding the technology during each session,
noting the audio and video quality on a three-point
scale (poor, OK, good) (DV2).

Measures of reliability (DV3).Measures of reliability involved
both the telehealth and face-to-face speech pathologists
simultaneously scoring the core subtests of the CELF-4.

These measures were collected and scored as per the
standard administration instructions for the CELF-4.
Core Language Scores were calculated and severity rank-
ings of language impairment were assigned as per the
administration guidelines. Method comparison analysis
and Pearson•s correlation were used to determine level
of agreement and reliability.

Measures of behaviour (DV4).A behaviour observation
rating scale was adapted from theClinical Evaluation of
Language Fundamentals … Preschool, 2nd edition,
Australian and New Zealand (CELF-P2)18 behaviour
checklist. No such checklist accompanies the CELF-4
but the CELF-P2 checklist contained relevant items for
this population. Observations about anxiety and the
types of distractors (test equipment and non-test items)
were added to those describing activity and interaction
levels, attention to task and distractibility. The rating
scale is presented in Table 1.

Measures of parent satisfaction (DV5).Parents completed a
simple survey following the telehealth assessment that
asked •Do you think your child felt comfortable during
the (telehealth) assessment?• and •Did you feel comfort-
able during the (telehealth) assessment• with four options:
•yes de“nitely•, •yes, somewhat•, •no• and •don•t remem-
ber•. The survey was completed and returned anonym-
ously to the research team.

Results

Feasibility

Overall 100% (23 of 23) assessment sessions were com-
pleted; no sessions were discontinued due to technological
or other di�culties. Ratings of audio and visual qual-
ity (•poor• to •good•) were converted to numerical scores
(0, 1, 2). Audio was rated as •good• in 74% of sessions, and
inconsistent or •OK• in a further 22%. Only one session
was rated as •poor•. The average audio rating for Hub 1
was 1.88 (mode¼2, range 1…2), for Hub 2 it was 1.43
(mode¼2, range 0…2) and for Hub 3 1.75 (mode¼2,
range 1…2). Audio problems occurred more frequently in
one hub; these were mostly related to low volume and
words occasionally cutting out. The di�culties were not
signi“cant enough to require any adjustment to the assess-
ment, other than feedback from the local clinician to the
telehealth clinician that she needed to speak louder. Visual
quality was rated as •good• in 83% of sessions. No sessions
were rated as •poor•. The average visual quality rating for
Hub 1 was 1.88 (mode¼2, range 1…2), for Hub 2 was 1.71
(mode¼2, range 1…2) and for Hub 3, 1.88 (mode¼2,
range 1…2).

Reliability

Bland-Altman analyses were used to assess the level of
agreement for the Core Language Scores and the raw
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scores of the four core subtests by plotting the mean
(x-axis) versus the di�erence (y-axis) between the two
measures (telehealth and face-to-face) (Figure 1). In
these analyses, zero equals perfect agreement, and the
larger the number for each plot point the greater the dis-
agreement between assessors. Calculations of 95% limits
of agreement for each comparison (average di�er-
ence� 1.96 standard deviations of the di�erence) were
made for each subtest. Plots showed no clear trend in
di�erence between the assessors, and the variance did
not appear to di�er with the mean. Furthermore, evidence
of strong correlations was found between conditions for
all measures ranging from 0.96…1.0 as shown in Table 2.
There was complete agreement on severity level for 22 of

the 23 children (96%) with one student•s rating only dif-
fering by one severity level.

Behaviour

Behaviour, as measured by the behaviour observation
checklist, was analysed using pairedt-tests. Initial analysis
of the data indicated di�erences between the hubs, with
one hub showing greater variability between the face-to-
face and telehealth speech pathologists. Behaviour data
was subsequently analysed in three groups, according to
the location of the child. The two rural hubs showed no
di�erence in observed behaviour between the conditions.
In contrast, the suburban hub showed greater levels of
behaviour di�culty in the telehealth condition for some
students, however this di�erence did not reach signi“cance
at 0.05 (see Table 3).

Parent satisfaction

Thirteen parents of the 23 participants returned the survey
anonymously (56%). All parents described their child and
themselves as being •somewhat comfortable• or •de“nitely
comfortable• with the telehealth assessment. Table 4 pre-
sents parents• comments regarding their experience. No
parents indicated that they felt uncomfortable with the
assessment. Many of the comments from parents indi-
cated that their child had found the experience positive
and a number of parents re”ected positively on their
own experience or opinion of the telehealth assessments.
Two parents expressed concern: one parent felt their child
lost concentration when he got a question wrong; the
second parent stated their child •did like to use the com-
puter and the videoconferencing. . .. but he would prefer to
talk to a person face-to-face•.

Discussion

This study aimed to examine the reliability and feasibility
of conducting standardised language assessment with
school-aged children with known or suspected language
impairment via a telehealth application using consumer
grade computer equipment within a public school setting.
The feedback from all the speech pathologists involved
suggested that the system used was feasible, with the tele-
health speech pathologist able to complete all assessments
with good levels of audio and visual quality. Given that
the system is designed for speech pathologists to deliver
assessments online within schools, and for children to be
supported in the assessment session by teachers or teach-
ing assistants (rather than local speech pathologists), the
feasibility of the system and the ability to assess children
reliably was of particular interest.

In terms of reliability, a high level of agreement was
reached between the telehealth and face-to-face speech
pathologists on all subtest raw scores, scaled scores and
core language scores, indicating that the responses
received and recorded by the telehealth speech pathologist

Table 1. Behaviour rating scale.

The child was: Compliant
Compliant with support
Noncompliant

The child’s activity level was: Appropriate
Too active
Not active enough

The child was fidgety/restless: Never
Some of the time
Most of the time

The child required breaks: Never
At appropriate times
Too frequently (interfered with

testing)
The child maintained attention: The whole time

Most of the time
Some of the time
Never

The child was distracted by test-
related factors or equipment
(e.g. webcam, computer,
mouse, etc.)

Never
Occasionally
Often

The child was distracted by non-
test-related factors (e.g. envir-
onmental sounds, window,
pictures on walls etc.):

Never
Occasionally
Often

The child engaged in off-task
behaviours:

Never
Occasionally
Often

The child demonstrated fatigue,
boredom and/or frustration
during the test:

Never

Rarely
Sometimes
Often

Fatigue, boredom and/or frus-
tration became evident:

Never

After 15 min
After 10 min
After 5 min

The child demonstrated anxiety/
nervousness during the test:

The whole time
Most of the time
Some of the time
Never

The child requested help, sup-
port or clarification:

Never

Occasionally
Often
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were very similar to those recorded by the face-to-face
speech pathologist. These results are in line with those
reported by Waite and colleagues11 in their study of 5…9
year-olds whose language was assessed using the CELF-4
via telehealth. Their study found very good agreement
between telehealth and face-to-face scorers when assessing
children using custom built equipment in a university set-
ting, with some variation between subtests (k range from
0.93 to > 0.99). The present study adds to their “ndings by
completing the assessments in real time and remote loca-
tions with consumer grade, commercially available equip-
ment that is readily available in the community, and is
user friendly. The telehealth clinician was able to learn
to use the system easily and the face-to-face speech path-
ologists support for the children required minimal train-
ing. It is anticipated that education sta� in regional
schools will be able to provide appropriate support for
telehealth assessments in the future.

The behaviour of individual children under telehealth
conditions and their reaction in comparison to typical
face-to-face sessions has not been systematically examined
in research published to date. This study found few di�er-
ences in the clinician-reported child interaction, attention
or anxiety levels across the two conditions when analysed
in separate hubs. Di�erences were observed, however,
between the hubs, with one clinician reporting that the
children showed more behaviour di�culties when engaged
in the telehealth assessments, although the di�erences
between conditions did not reach signi“cance. This hub
also experienced more audio and visual di�culties than

the other two hubs and it is possible that these di�culties
impacted on some students• attention and engagement. In
addition, the e�ect of di�erent interaction styles between
the hub therapists cannot be ruled out. It will be import-
ant for children involved in telehealth assessments to be
supported to ensure that they are able to attend and inter-
act appropriately.

The present study found good levels of parent satisfac-
tion with the technology, in line with the “ndings of Ciccia
et al.12 who found high levels of parent satisfaction with
speech and language screening conducted via Skype, and

Table 3. Paired samplet-test comparing telehealth and face-to-face behaviour ratings in each hub.

Paired differences

t df Sig. (2-tailed)Mean Std. deviation Std. error mean

95% confidence interval of the difference

Lower Upper

Hub 1 0.37500 0.74402 0.26305 –0.24702 0.99702 1.426 7 0.197
Hub 2 2.71429 3.25137 1.22890 –0.29273 5.72130 2.209 6 0.069

Hub 3 0.87500 1.88509 0.66648 –0.70098 2.45098 1.313 7 0.231

Table 2. Correlation coefficients for theClinical evaluation of lan-
guage fundamentals – 4th edition(ELF-4) subtest raw scores.

Test scores n Correlation p-Value

Subtest scaled scores
Concepts & Following Directions 23 0.99 < 0.001

Formulated Sentences 23 0.97 < 0.001
Word Classes (Receptive) 19 1.0 < 0.001
Word Classes (Expressive) 19 0.96 < 0.001

Recalling sentences 23 0.96 < 0.001
Core Language Score 23 0.99 < 0.001

Table 4. Parent comments regarding satisfaction.

Parent Comment

1 No issues at all.

2 Was very relaxed and enjoyable.
4 I believe this is a great idea. This could expand to the bush;

where services are in need. Keep up the good work.

5 My child thought (the telehealth speech pathologist) was
very friendly. I thought she did very well at making him
feel comfortable and was very good at judging when he
needed a break.

7 (Child) done (sic) very well, I was very happy.

8 (My child), who was reluctant to attend the centre, stated
after this videoconferencing assessment that he ‘liked
coming’ and was ‘having fun’. A statement never made
before when in conjunction with education and/or
learning.

9 (My child) seemed excited and happy to be doing work on
computer and video chat.

10 (My child) enjoyed himself and said it was fun.

11 It showed us some of the areas where (my child) has diffi-
culty. I felt the videoconference was very worthwhile.

12 I found when he got a question wrong he would loose (sic)
concentration then would take another three to four
questions to get back on track.

13 (My child) did like to use the computer and the videocon-
ferencing was quite a novelty for him but he would prefer
to talk to a person face-to-face without the computer link
up. I also thought the sound through the computer was
difficult at times to hear/understand. (My child) spent a lot
of time concentrating on understanding what was being
said.
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a preference for parents to access this service compared to
attending separate speech and language assessments.
Similarly, Dunkley and colleagues14 found that rural resi-
dents expressed willingness to trial services provided in this
way, in part because of their isolation and lack of alternative
services. The results of the current study indicated positive
attitudes towards the use of telehealth in this setting with all
families indicating that both they and their children felt
comfortable using the telehealth system.

The barriers to using telehealth described by a number
of authors have been somewhat addressed in this
study.15,19 The study attempted to mitigate “nancial and
access barriers by conducting assessment in local schools,
using commercially available equipment with standard
school-based computer equipment and Internet access.
While proportionately fewer rural and remote homes
have Internet access compared to homes in urban
areas,20 schools generally have access even in very
remote areas and all government schools in New South
Wales (NSW), for example, have been connected to the
Internet since 1996.21 Barriers arising from technology
di�culties were addressed using a simple to access, web-
based application that required no download or installa-
tion and no technical knowledge beyond accessing a web
page. Cultural barriers, including reluctance to engage in
telehealth and the belief that telehealth is restricted to
research settings were addressed in this study by showing
that the use of telehealth in a real-world setting, outside a
specialist research facility15 is feasible. The e�ectiveness of
using telehealth in a clinical setting was re”ected in the
good reliability of scores across conditions, in high parent
satisfaction ratings, and in how well the telehealth assess-
ments were tolerated by the children as demonstrated by
the behaviour observations across conditions.

Limitations

The present study has a number of limitations. As with
Waite and colleagues,11 only the four core language subt-
ests were administered rather than all the subtests required
for a comprehensive assessment. Additionally, only mod-
erate numbers (n¼23) were involved in this cohort and no
comparison group was included. While some counterba-
lancing to control for order e�ects occurred naturally, this
was not randomised. However, in keeping with the real-
world clinical caseloads, no children were excluded
from the assessment. All those who could be assessed by
both the telehealth and face-to-face speech pathologists
during the study timeframe were included, with no refu-
sals or withdrawals from the study.

Future research

The “ndings of the present study support the use of a
telehealth application to assess the language of children
with reading di�culties in a real-world situation using
commercially available equipment. Future studies should
investigate the feasibility and tolerability of telehealth

assessments of children with diverse learning needs,
including those with additional social and behavioural
di�culties that may impact on assessment administration
(e.g. children with autism spectrum disorder). The use of
telehealth to undertake all subtests of formal assessment,
along with other language measures such as narrative
assessments and conversation should also be considered.
Finally, it will be important to examine the practicalities
of using of telehealth systems for language assessments in
clinic and education settings with the support of educators
or teaching assistants to manage the assessments.
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Chapter 5: Overcoming barriers in telehealth 
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Abstract
Downloa
The clinical imperative to provide speech-language pathology services to families outside
of the metropolitan area, while accounting for the barriers previously identified, was the
impetus for a recent study conducted examining the use of telehealth in Australia (Sutherland
et al., 2016). That study found that deliveri ng standardized language assessments via
telehealth using consumer grade equipment was feasible, reliable, and tolerated by students
with language impairment. In the present article, a follow-up to Sutherland et al. (2016),
the barriers to using telehealth are described, along with the steps taken to overcome these
barriers in completing the original study. The current article also seeks to describe to the
responses of the school-aged students and clinicians involved.
Australians living in rural and remote areas have poorer health and lower life expectancy
on average than people living in urban areas (Australian Institute of Health and Welfare, 2008).
The difficulties faced by those living in rural and remote areas are compounded by limited access
to local health and education services. Speech-language pathology is one of the health professions
with a known disparity in workforce distribution between urban and rural settings. A recent senate
inquiry into speech pathology services in Austr alia (Community Affairs References Committee,
2014) found that while the exact number of spee ch language pathologists (SLPs) in Australia
is unknown (given that registration is not currently mandatory), there is evidence to suggest a
shortage of SLPs, particularly outside urban are as. The report established that the ratio of SLPs
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to population falls as remoteness increases, from 25.9 SLPs per 100,000 people in urban areas to
5.9 per 100,000 people in the most remote areas of Australia. The findings indicated that people
in regional centres, rural, and remote locations were more likely to have difficulty accessing speech
pathology services, irrespective of whether those services were provided through government
or non-government, or private practitioners. While the true picture of the unmet need for speech-
language pathology is difficult to estimate, it is clear that services cannot meet all the current
needs, and that this lack of services creates a significant risk that people with communication and
swallowing impairments in rural and remote areas of Australia will miss out on timely, effective,
and affordable assessment and intervention services.

There is evidence to suggest that telehealth is a possible solution to the challenges of
distance in accessing speech pathology (Keck & Doarn, 2014). Telehealth is a broad term describing
health care services that utilize information communication technology to deliver services. In this
article, telehealth is defined as, “(telehealth) is about transmitting vo ice, data, images and information
rather than moving care recipients, health professionals or educators ” (Australian Government
Department of Health [DoH], 2015). In general, t he aim of telehealth services is to overcome
the barriers associated with geography and time to bring together health practitioners and the
communities that need them. Telepractice is mostly used as outreach to underserved communities
(Mashima & Doarn, 2008), although examples of urban applications exist (e.g., Ciccia, Whitford,
Krumm, & McNeal, 2011; O ’Brian, Smith, & Onslow, 2014). Despite emerging research across both
assessment and intervention in a number of areas of speech pathology (e.g., Grogan-Johnson et al.,
2013; O ’Brian et al., 2014; Sharma, Ward, Burns, Theodoros, & Russell, 2013; Waite, Theodoros,
Russell, & Cahill, 2012), uptake of telehealth services has not been widespread in Australia (Nepal,
Lim, Jang-Jaccard, Alem, & Dods, 2012) and the barriers to implementing these systems, including
technological, financial, and cultural challenges (Jang-Jaccard, Nepal, Alem, & Li, 2014), need to
be considered.

Barriers to Using Telehealth: Technological, Financial, and Cultural

The impact of technological and other bar riers on the use of telehealth cannot be
underestimated. Dunkley, Pattie, Wilson, and McAllister (2010), for example, surveyed SLPs and
rural residents in Australia about their attitu des and access to information communication
technology (ICT), and described the barriers t o the uptake of telehealth services. The primary
barriers nominated were the cost of ICT for both SLPs and rural residents along with the need
for specific training and support to use the tec hnology. Although numbers and response rates
for rural residents were low (43 parent surveys, 42 SLP responses), an important finding was that
the rural SLPs believed that the rural families would hold negative attitudes towards the use of
telehealth speech pathology services. In fact, the rural residents expressed willingness to trial
services provided in this way, in part because of their isolation a nd lack of alternative services.
Families in rural areas also had more access to and regular use of ICT than expected by the
authors based on previous research, while rural SLPs had limited access in their workplace.
Similarly, Jang-Jaccard et al. (2014), following a review of barriers to delivering telehealth in rural
Australia, identifed limited a ccess to technology and limited technology skills in both health
professional and patient groups as substantial barriers to the uptake of telehealth, along with
requirements for high capital expenditure from government stakeholders. In a review focusing on
telehealth medical services, Moffatt and Eley (2011) reported on barriers to the use of telehealth
which included funding, time, infrastructure, equipment, skills, and a preference for traditional,
face-to-face approaches.

A recent study (May & Erikson, 2014) involving SLPs who self-identified as not engaging
in telehealth identified similar barriers to its use. Four main barriers emerged from the interviews
and telephone interviews of the 18 SLPs: lack of information, limited training, clinician attitude
and perceptions, and organization and policy barriers. Many of the therapists had limited exposure
to, and limited experience with, any telehealth systems. The authors reported confusion amongst
participants about the various modes that telehealth may take, and fear of technology reportedly
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played a role in some SLPs ’ reluctance to use telehealth. The SLPs based in metropolitan areas
tended to see the need for telehealth as a rural and remote issue. The authors reported that most
clinicians believed telehealth was limited to speci alist research and university settings and questioned
the ecological and clinical relevance of telehealth research conducted in well-controlled university
settings. A number of SLPs expressed concerns that the use of telehealth may compromise their
ability to engage, develop rapport, and build relationships with parents in the delivery of paediatric
speech pathology services. For a number of ther apists, limited access to equipment and the
technology required to engage in telehealth was a barrier, particularly in the government sector.

Telehealth Language Assessments

Two previous studies have examined formal language assessments delivered via telehealth.
For example, in the first study, Eriks-Brophy, Quittenbaum, Anderson, and Nelson (2008) delivered
the Clinical Evaluation of Language Fundamentals —4th Edition (CELF-4; Semel, Wiig, & Secord,
2003) and other assessments via telehealth to two Aboriginal children in a remote area of Canada.
The results of this study demonstrated the potential of telehealth for language assessments, but it
was unclear what telehealth system was used and the very small numbers meant that replication
was required. In the second study, Waite et al. (2010) also evaluated the delivery of the CELF-4 via
telehealth to school-aged students, finding very good levels of inter- and intra-rater agreement on all
measures. This team used a custom built internet-based telehealth application that allowed the
use of both pre-recorded and live presentation o f materials and included a touch screen at the
student ’s end. The system was trialled between rooms in a university clinic. Waite et al. (2010)
described high levels of agreement between the telehealth and face-to-face conditions, but the
custom built equipment and completion of the stu dy in a research setting limits its applicability
to clinical settings.

Given the potential benefits of telehealth i n speech pathology, but the limitations in
previous research including the use of research, rather than clinical settings and the use of
specialised equipment, a recent study examined the use of telehealth language assessments in
a school setting using consumer grade equipm ent. The study was based in Sydney, New South
Wales (NSW) on the east coast of Australia as part of the work of The NSW Centre for Effective
Reading (known as “The Centre ”). This service is a joint initiative between the NSW Department
of Education and NSW Health, and provides assessment and intervention for school-aged students
with significant reading difficulties who liv e in rural and remote parts of the state of NSW,
Australia. The assessments include language, co gnitive, and literacy assessments completed
face-to-face with SLPs, psychologists, and teachers. The service consists of a metropolitan centre
and three hubs, two of which are based in rural towns each approximately 400kms from Sydney,
with the third in a beach side suburb of Sydney, about 40kms from the metropolitan centre.

Prior to the study, and due to difficulties recruiting SLPs to work outside of the metropolitan
area, The Centre ’s Sydney based SLPs were flying out to the rural hubs on a weekly basis in order
to carry out language assessments for students with significant reading disorders. This model
was not sustainable in terms of cost and convenience, as well as being vulnerable to unpredictable
variables such as weather conditions affecting air travel. It was clear that an alternative service
delivery model was required; one which was cost effective for the service provider (a state education
department with budget constraints) and that also provided rural and remote students and families
high quality services in their local area. Telehealth was identified as a possible solution; however,
there was limited scope for complex or expensive telehealth systems in terms of both budget
and expertise. A partnership with National ICT Australia (NICTA, now known as Data61) allowed
the trial of a telehealth web-based application with consumer-grade equipment. This allowed for
exploration of the possibility of remote languag e assessment using IT hardware and software
typically available in remote community settings, and an opportunity to determine the feasibility
and reliability of this approach for a range of stu dents with diverse learning needs. Full data
regarding the outcomes of the study in terms of r eliability and how well the students tolerated
the assessment are reported in Sutherland et al. (2016). In this article, information is presented on
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the steps taken to overcome the barriers to the use of telehealth, as well as to describe the responses
of students and clinicians.

Methodology

The methodology and quantitative results are described in full in Sutherland et al. (2016).
In brief, a telehealth SLP delivered the core subtests of the CLEF-4 (Australasian edition) to 23
students (ages 8 –12) in a remote hub using the telehealth interface (see Figures 1 –3). A second
SLP (i.e., local SLP) located in the same room as the student, facilitated the assessment (turning
on the computer, logging into the site), and co-scored the subtests.
Figure 1. Remote Assessment Trial (Assessor End).

Note. Assessor view showing child ’s face in main screen, the page of the assessment the child can
see (top right), the instruction page for the exa miner (bottom right), and the examiner as she
appears on screen to allow her to monitor her position (bottom left).
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Figure 2. Remote Assessment Trial (Child End).

Note. Child sees the assessment stimuli, the assessor and a "sticker" chart below the assessment
stimuli.

Figure 3. Remote Assessment Trial (Child End).

Note. Keyboard and mouse moved once logged in.
The local SLP observed and rated the students ’ behaviour during the telehealth assessment,
then delivered the remaining subtests of the CELF-4 and noted the students ’ behaviour during the
face-to-face assessment tasks. The observation rating scale used was adapted from the Clinical
Evaluation of Language Fundamentals –Preschool 2nd edition, Australian and New Zealand (CELF-P2)
behaviour checklist. This checklist contained relevant items for this population and other relevant
items, including anxiety level and types of distractors (test equipment and non-test items) were
added. Comparisons of the scores recorded by each SLP were made and statistically analysed for
similarity. The behaviour scores in each condition were also compared and parents were asked to
complete a satisfaction survey.
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The face-to-face SLPs in the hubs were aske d to provide feedback on a simple 3-point
rating scale about their enjoyment of the sessi on and that of the student they were observing
and assessing. There were no attempts to elicit specific feedback from the students themselves
via survey or questionnaire.

Results

Full results regarding reliability and how w ell the assessments were tolerated by the
students are reported in Sutherland et al. (2016) . In short, the study found strong inter-rater
reliability in the telehealth and face-to-face con ditions (correlation coefficients ranged from
r = 0.96 –1.0 across the subtests) and good agreement on all measures, including severity of the
language disorders. Similar levels of attention, distractibility, and anxiety were observed across
the two conditions. Parent reactions were largely positive.

Overcoming barriers

In order to overcome the perceived barriers to using telehealth and given the clinical,
rather than research-based nature of this service, the following issues were addressed:
Downloa
• The system needed to be applicable in a real-world setting , given that it would be
implemented in a clinic-based service, no t a research facility. It was surmised that
implementing telehealth in this way would gi ve confidence to staff within the service
to use the system to conduct everyday assessments with students, and help to address
clinician perceptions that the utility of teleh ealth is limited to research settings (May
& Erikson, 2014). To this end, all assessmen ts were conducted within the regular
assessment centre with the face-to-face SL P taking the role of facilitator during the
telehealth assessment condition.

• There was a need to use consumer grade equipment and internet capacity to reduce
technological and financial barriers associated with bespoke systems reported in
previous studies. Neither the metropolitan base nor the “hubs ” had the financial
capacity or staff expertise to manage complex technological equipment. To use this
system, once trialled, staff would rely on facilitators such as t eachers or teacher
assistants in schools to manage the equipm ent and as such, simplicity, familiarity
and usability were considered to be essential qualities.
The computers used, therefore, were standard issued Department of Education devices with
consumer grade webcams (Logitech C920) and speakers (Logitech PC Z130). A commercially
available touch screen from Dell (model S2240T) was used in the face-to-face sites. All four sites
(online setting and the three face-to-face hubs) were located within the Department of Education
public schools and used the Internet connection available to these sites.
• The assessments needed to be able to be conducted in a public school setting in order
to address Internet access and technological barriers. For a number of therapists,
limited access to equipment and the technology required remains a barrier, particularly
in the government sector. Moffatt and Eley (2011) similarly identified that comparatively
poor Internet access/quality in rural Australia and difficulty accessing computer
equipment are significant issues. Internet access, a crucial component of telehealth
services, varies according to geographical area (Australian Bureau of Statistics [ABS],
2011), thereby creating another potential barrier to the uptake of these services in
rural areas. However, access to the Internet appears widespread, if not universal in
schools in NSW (ABS, 2014), providing some potential solutions to the issues of access
to technology and Internet services for speech pathology services delivered via telehealth.

• Use of a web-based interface rather than Skype or similar to help overcome policy,
cultural, and technological barriers. Restrictions on the use of such software exist,
particularly in government services and challenges including difficulties downloading
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Downloa
the software and concerns regarding pri vacy are common. The assessments were
delivered via a telehealth application (known as “Coviu ”) developed NICTA (now known
as Data61). This is a secure specialist web application, and does not require specialised
video-conferencing hardware. This enables it to be used securely in clinic and school-
based settings. The web interface included synchronized image viewing and remotely
visible click-markers for pointing at image s as well as video conference functionality
(see Figures 1 –3). The interface ’s technology was designed to prioritize real-time
communication, without delays in visual or audio information. This was deemed
crucial in building rapport with students and in accurately assessing language skills
in real time.
Student and Clinician Experiences

Observations of behaviour were made using a rating scale that considered a range of
areas including attention, physical activity l evel, fatigue and boredom, requests for help, and
anxiety. Comparisons of the scores indicated h igh levels of similarity between the assessment
conditions (face-to-face and telehealth) with some differences noted between the assessment
hubs (see Sutherland et al., 2016 for full details).

One area of interest was attention and the distractions experienced by the students in
each condition. Clinicians in the face-to-face setting were asked to observe whether the students
were distracted by items related to test equipment (such as the touch screen or computer in the
telehealth condition or the stimulus books in the face-to-face condition) and non-test equipment
(such as chairs and environmental sounds) and in which condition these distractors were seen.
Nine of the 23 students were rated as distracted in at least one condition. Of these, five were
distracted only in the telehealth condition with three of these students distracted by the touchscreen
and the remainder by non-test equipment (footstool and chairs). The remaining four students were
distracted across both conditions; no students were rated as distracted only in the face-to-face
condition. One of these students was distracted only by the chair in both conditions while the
other three students were distracted by both test and non-test items. The list of distractors for
one student included the webcam, the computer, a window, chair, footrest, environmental sounds,
and the clinician ’s recording device. The clinician ’s feedback about the assessment of this student
was that “it may have been beneficial for student to have been exposed to Skype/Facetime or
videoconferencing before the assessment so t he technology was more familiar to him and less
distracting ”.

Feedback from the face-to-face SLPs in all the remote hubs indicated that 22 of the
23 students enjoyed using the computer for the assessment. Student comments regarding the
assessments were noted by the face-to-face SLP and included the following (names are pseudonyms):
Simon, 8: (The telehealth SLP) is in Sydney. That ’s cool. I love using the computer.

Evan, 8: It was fun.

Kevin, 9: Lots of fun.

Evie, 9: That was more fun than last time (comparing with a previous traditional

CELF-4 administration).

Robbie, 10: I enjoyed it more than last time (comparing with a previous traditional

CELF-4 administration).

Leo, 10: It was fun but [I] found it hard to understand what [the telehealth SLP] was saying
sometimes. Probably because of her cold.
The student who did not enjoy the session showed the greatest disparity in his behaviour scores
in the telehealth and face-to-face conditions and had cognitive scores in the borderline range of
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ability. There were, however, several students with a similar cognitive profile to this student who
had positive experiences. It is therefore unclear why he did not enjoy the session.

Clinician Experiences. The local SLPs in two hubs indicated that they enjoyed all the
telehealth sessions in which they participated; the third face-to-face SLP indicated that the sessions
were “ok”. This hub had a slightly higher number of technical difficulties than the other two and
this may have contributed to this less positive experience.

Discussion

This study investigated the possibility of u sing consumer grade equipment to complete
standardized language assessments via telehealth with a particular focus on overcoming the
barriers to implementing these types of assessments. Previously reported data from this study
found that standardized language assessments delivered via telehealth using consumer grade
equipment was feasible, reliable, and tolerated by students with language impairment. There is
growing evidence that telehealth has the potential to connect people in remote communities with
much needed medical, education, and allied health services, but that barriers to its uptake exist.
The present study sought to identify and to mitigate some of these with strategies including the
use of consumer grade equipment and Internet capacity, a user friendly system that can be
operated with minimal training by support staff in the student ’s setting and demonstrating the
application of telehealth assessments in schools, rather than a research setting. Difficulties and
limitations remain; however, some of which relate to technology such as occasional difficulties
with visual or audio quality while others relate to the individual characteristics of the students
and clinicians involved. A particular limitation relates to the level of distractibility of some students.
While it is clear that some students were distracted in both conditions by a wide range of items,
others were distracted by elements related particu larly to the telehealth condition. It is possible
that this could be mitigated by practice and exp osure to a telehealth condition outside of the
clinical setting to habituate students to the technology.

High levels of communication were required between the telehealth and face-to-face
clinicians throughout the study in order to manage scheduling, parent and student expectations,
and to trouble shoot during assessments. Parents and students were provided with written and
illustrated information sheets about the process and the telehealth and face-to-face clinicians
spoke to parents to ensure they were comfortable with the telehealth situation. The face-to-face
SLPs were able to let the telehealth SLP know when minor technological difficulties arose (e.g.,
occasional sound dropouts, occasional screen freezing, etc.) and a prearranged process was used
to resolve these issues. This level of communication was important to the functioning of the study.
Moreover, it allowed for smooth administration of the assessments, ensuring that the outcomes
were valid and the process positive and non-threatening for the students. Since completion of the
study, a practical manual has been written and used by teachers and assistants in the remote to
support teachers to facilitate the telehealth assessments in the absence of a face-to-face SLP. This
manual includes basic information about setting up the telehealth assessment space and logging
on to the website, as well as trouble –shooting hints to facilitate valid and positive assessments
outside of the study.

Scope remains for further study of other assessment types delivered via telehealth as well
as those that engage with diverse learners, including those on the autism spectrum.
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Abstract
Purpose:Research interest in telehealth and autism spectrum disorder (ASD) has grown. There is a need to review the
literature to allow speech-language pathologists (SLPs) and other service providers to consider applicability to their settings.
The aim of this review was to examine the nature and outcomes of studies examining telehealth assessment and/or
intervention in ASD.
Method: A systematic search of the literature was undertaken, with 14 studies meeting inclusion criteria. The authors
extracted information from each included article, including participant characteristics, technology used, measures and
reported outcomes. Quality review of articles was undertaken.
Result:The 284 participants with ASD across the 14 included studies ranged in age from 19 months to adulthood. The
quality of the studies varied. A range of services were provided via telehealth, including diagnostic assessments, early
intervention and language therapy. Results suggested that services delivered via telehealth were equivalent to services
delivered face to face, and superior to comparison groups without telehealth sessions.
Conclusion:The findings suggest there may be a range of benefits in using telehealth with individuals with ASD, their
families, and teachers. Further research, however, is required particularly regarding the use of telehealth directly with
children with ASD for assessment and intervention.

Keywords: autism spectrum disorder; telehealth; speech-language pathology

Introduction

Telehealth is a broad-term describing health care
services that utilise information communication
technology to deliver services. In the speech-
language pathology context, telehealth has been
defined as the ‘‘the application of telecommunica-
tions technology to deliver professional services at
a distance by linking clinician to client, or clinician
to clinician for assessment, intervention, and/or
consultation’’ (American Speech and Hearing
Association, n.d., p. 1). These approaches have
evolved from the early use of audio and video
tapes and telephone discussions (e.g. Harrison,
Wilson, & Onslow, 1999), to the current use of
both sophisticated real time communication tech-
nology over the internet, with data and image
sharing using equipment ranging from custom
built videoconferencing suites, as well as low cost
internet based communication software (e.g.
Skype) with headsets, webcams, speakers, hand-
held cameras, microphones and internet

connectivity (Keck & Doarn, 2014). Telehealth in
speech-language pathology is becoming an estab-
lished practice in certain areas, with research
indicating successful use in treating fluency dis-
orders (Harrison et al., 1999; Lewis, Packman,
Onslow, Simpson, & Jones, 2008; O’Brian, Smith,
& Onslow, 2014; Wilson, Onslow, & Lincoln,
2004), dysphagia (Sharma, Ward, Burns,
Theodoros, & Russell, 2013; Ward, Burns,
Theodoros, & Russell, 2013), adult speech and
language disorders (Constantinescu et al., 2010;
McGrath, Dowds, & Goldstein, 2008) and speech
sound disorders in childhood (Grogan-Johnson
et al., 2013). Telehealth has also been used
successfully in formal language assessments in
children (Sutherland et al., 2017; Waite,
Theodoros, Russell, & Cahill, 2010). Based on
these successes, clinicians and researchers are
beginning to explore the potential for telehealth
as a tool for assessment and intervention across a
range of practice areas, including working with
individuals with autism spectrum disorder (ASD).

Correspondence: Rebecca Sutherland, Griffith University Arts Education and Law – Autism Centre of Excellence, Griffith University, Mount Gravatt 4122,
Queensland, Australia. Email: r.sutherland@griffith.edu.au

ISSN 1754-9507 print/ISSN 1754-9515 online � 2018 The Speech Pathology Association of Australia Limited
Published by Informa UK Limited, trading as Taylor & Francis Group
DOI: 10.1080/17549507.2018.1465123

http://crossmark.crossref.org/dialog/?doi=&domain=pdf


Telehealth applications in autism spectrum
disorder

Autism spectrum disorder is a neurodevelopmental
disability characterised by differences in social com-
munication and social interactions, as well as
restricted, repetitive patterns of behaviour, interests
or activities (American Psychiatric Association,
2013). It is a lifelong condition, meaning that
individuals and their families are likely to require a
range of interventions over a long period of time.
A number of evidence-based programmes exist,
including Early Intensive Behavioural Intervention
(Prior, Roberts, Rodgers, Williams, & Sutherland,
2011) and the Early Start Denver Model (Dawson
et al., 2010), but access to these programmes, and/or
training clinicians or parents to administer these
programmes in the community is challenging. For
families who live remotely from services, and those
who are limited by transport and other logistical
difficulties, accessing appropriate services in a timely
way can be difficult and telehealth may be a useful
primary or adjunct intervention mode. Despite the
success of telehealth in other areas, the literature
regarding telehealth use with students with diverse
learning needs, such as ASD to deliver assessment
and intervention is limited.

Prior to the current review, Boisvert, Lang,
Andrianopoulos, and Boscardin (2010) completed
the most recent systematic review of research related
to autism and telehealth, which yielded only eight
studies that met their inclusion criteria: the study
involved at least one person with ASD, the use of
telehealth between an expert clinician and a remote
site and at least one dependent measure involving
the individual with ASD and the results of an
assessment or evaluation of changes in behaviour.
There were 46 participants involved across the eight
studies (rangen¼1–29) with an age range of 2–11
years. The services provided included behaviour
analysis, teacher, therapist or parent training in
particular techniques or interventions, psychiatric
consultations and ongoing consultations regarding
individual education plans. The overall results of the
review were positive, in terms of the successful
implementation of the telehealth services, reduced
challenging behaviours, improved social-communi-
cation, and participant satisfaction across the various
studies. However, it was noted that a minority of
studies employed an experimental design and some
studies reported significant technical difficulties.
Furthermore, none of the included studies involved
direct telehealth services to the individual with ASD.

Research interest in telehealth as an adjunct or
equivalent practice to face to face services has grown
since the last systematic review, as evidenced by the
growth in publications. For instance, a search using
the PsycINFO database using the search terms
‘‘telehealth OR telepractice’’ revealed 387 articles
published between 2000 and 2010, with 619 articles

in the five years to 2016. As a result, there is a need
to review the literature regarding the use of
telehealth to allow individual speech-language path-
ologists (SLPs) and service providers more broadly
to consider applicability to their settings.
Accordingly, the aim of this review is to document
the research into the use of telehealth for ASD since
the previous (2010) systematic review, with regards
to (a) the type of service delivered, (b) the recipients
of the telehealth service and (c) the outcomes of the
telehealth services provided.

Method

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA)statement was used to
guide the systematic review process (see Figure 1);
the protocol for this review was not published a
priori. A systematic search of the literature was
undertaken using the databases Medline,
PsycINFO, ERIC, CINAHL and PUBMED for
articles published up to December 2016. These
databases are in keeping with the databases searched
in the previous review by Boisvert et al. (2010).
Titles and abstracts were searched using key words
to describe telehealth and ASD ((‘‘telehealth’’ OR
‘‘telemedicine’’ OR ‘‘telepractice’’ OR ‘‘telecare’’)
AND ‘‘Autis* (allowing searches for Autism,
Autistic, Autisms etc.)’’ OR ‘‘Asperger’’ OR
‘‘PDD-NOS’’ (Pervasive Developmental Disorder –
Not Otherwise Specified)). The search was limited
to English language. In keeping with the previous
systematic review, only articles appearing in peer
reviewed journals were included. There was no limit
on date of publication, however, no eligible articles
were found prior to 2010 that were not included in
the previous review.

A total of 155 articles that included both the
telehealth and autism search terms were found
across the five databases. After duplicates were
removed, 86 remained. Titles and abstracts were
screened by the first author based on predetermined
inclusion criteria including: (a) inclusion of at least
one individual with autism or parent of a person with
autism; (b) implementation of a telehealth system
for the purpose of assessment or intervention; (c)
utilisation of a design that allows for experimental
control (in the case of intervention studies) or
comparison condition (in the case of diagnostic
studies); (d) measurement of factors associated with
telehealth implementation (such as child outcomes,
feasibility, parent outcomes); and (e) published in a
peer reviewed journal. Both synchronous (real time
consultation) and asynchronous (capturing digital
samples such as images or videos (Deshpande et al.,
2009) telehealth modalities were considered.
However, studies that described parent, teacher or
clinician training using web-based materials but
without consultation were not included as these
were not considered telehealth in this context, as per
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the ASHA (n.d.) definition of telehealth (e.g. Fisher
et al., 2014). General reviews or discussion articles
(e.g. Goldstein & Myers, 2014; Pearl et al., 2014;
Reese, Braun, et al., 2015; Savin, Garry, Zuccaro, &
Novins, 2006; Terry, 2009) were excluded as were
articles describing other technology such as wearable
sensors (Fletcher, Poh, & Eydgahi, 2010), virtual
reality (Max & Burke, 1997) or technology in
general (Aresti-Bartolome & Garcia-Zapirain,
2014). The eight studies included in the Boisvert
et al. (2010) systematic review were not included;
these been described adequately in the previous
systematic review. There were no studies published
before 2010 that were not included in the prior
review. After screening the 86 papers based on title
and abstract, 40 papers remained. These were
independently read in full by two reviewers (the
first and third authors) in order to determine
eligibility with discussion to resolve differences.
Following review, 14 papers remained that met all
criteria. A hand search of the references of these 14
papers was completed with eight additional articles
identified by their titles as being of potential interest;
of these, four did not involve any participants with
ASD (Boydell, Volpe, & Pignatiello, 2010; Cefai,
Smith, & Pushak, 2010; Gros et al., 2013; Taylor

et al., 2008) and the remaining four involved online
learning, eLearning or computer based training
modules without an interactive synchronous or
asynchronous telehealth component (Buzhardt &
Heitzman-Powell, 2005; Hamad, Serna, Morrison,
& Fleming, 2010; Jang et al., 2012; Wainer &
Ingersoll, 2013), leaving the number of included
articles at 14.

Quality review of included intervention articles
was undertaken using the Scientific Merit Rating
Scales (SMRSs; National Autism Center, 2015).
The process involved rating the intervention
research studies on five dimensions of experimental
rigour (research design, participant ascertainment,
generalisation, and measurement of dependent and
independent variables). These ratings are then
combined and an overall scientific merit score
obtained. Scores of 3, 4 or 5 indicate that sufficient
scientific rigour has been applied, a score of 2
indicates initial evidence about treatment effects and
a score of 0–1 indicates that insufficient scientific
rigour has been applied to the population of
individuals with ASD. The first and third authors
extracted the following information from each
included article: participant characteristics (age,
diagnosis, gender), the technology used, the type of
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service, the study design/methodology, measures
and reported outcomes.

Result

The details of the included papers are summarised in
Table I. Fourteen papers, all originating from the
United States, were published between 2010 and
2016, across a range of disciplines as described
below.

Participant characteristics

Participants with ASD. Participants with ASD were
directly and actively involved in telehealth (i.e.
interacting with a clinician via a telehealth platform)
in three studies: 23 adults were participants in one
study that investigated remote diagnosis (Schutte
et al., 2015); a child aged 11 years was engaged in
language intervention (Boisvert et al., 2012), and;
17 students with a mean age of 11 years were
involved with their parents in an anxiety programme
(Hepburn, Blakeley-Smith, Wolff, & Reaven, 2016).
A further 243 children with ASD were involved in
the studies via their parents’ or teachers’ interaction
with telehealth and child outcomes of interventions
measured. Ages of the children ranged from 19
months to early adolescence.

Parents. Multiple studies investigated telehealth
interventions aimed at parents with the total number
of parents, across all studies, equalling 211. The age
of the children ranged from 19 months to early
adolescence.

Professionals. Forty-nine teachers were partici-
pants in one study (Ruble et al., 2013) as part of
teacher/child dyads.

Technology

The majority of the studies utilised off-the-shelf,
readily available equipment, including desk top
computers, lap tops, webcams and tablet computers.
One study used a specially designed platform
(VISYTER; Schutte et al., 2015). Publicly available
videoconferencing software such as Skype, Oovoo
and Adobe Connect was used in 10 of the studies;
three studies used unspecified password protected
videoconferencing systems.

Service type

The studies investigated a diverse range of service
types, as described below.

Diagnostic assessment. Three papers examined
telehealth diagnostic services. Reese, Jamison, et al.
(2013) and Reese, Braun, et al. (2015) used video
conferencing (VC) between rooms in the same
building to observe parents administering parts of
the Autism Diagnostic Observation Schedule – 2
(ADOS-2), a play-based diagnostic assessment.
Parents were randomly assigned to a VC condition

or an in-person (IP) condition. In both studies,
parents watched a video demonstrating administra-
tion of parts of the ADOS-2, received information
and were then coached through elements of the
assessment by trained observers. Parents in the VC
condition received coaching via clinicians using the
VC system; parents in the IP condition received
coaching by a clinician in the same room. Schutte
et al. (2015), in contrast, used a specially designed
platform (known as VISYTER) to deliver Module 4
of the ADOS-2 to 23 adults with known diagnoses of
ASD.

Early intervention. Six studies examined telehealth
and early intervention. Early intervention services
delivered via telehealth included ‘‘Program
ImPACT’’ (Ingersoll & Berger, 2015; Ingersoll
et al., 2016; Pickard et al., 2016), ‘‘iPICS’’
(Meadan et al., 2016), a general communication
intervention (Baharav & Reiser, 2010) and an
imitation training (Wainer & Ingersoll, 2015). All
the interventions were delivered via telehealth to
parents. Five of the studies compared an online
training only condition (non-telehealth condition)
with online training plus parent telehealth sessions
(telehealth condition); the sixth study (Baharav &
Reiser, 2010) used a single-subject time-series (A–B)
repeated measures design to compare telehealth
sessions to intervention as usual (i.e. face to face
sessions).

Anxiety intervention. One study (Hepburn et al.,
2015) delivered an anxiety intervention (‘‘Telehealth
Facing Your Fears (FYF) Intervention’’) to 17
parent–child dyads via telehealth. Child participants
had an average age of 11.5 years and all were
diagnosed with both autism and anxiety. Outcomes
were compared to a waiting list cohort (n ¼16).

Functional behaviour assessment and functional
communication training. Two studies of functional
assessment of behaviour and functional communi-
cation training (FCT) were included in the review.
Lindgren et al. (2016) compared the outcomes of 71
parents of children with autism and/or developmen-
tal delays who were trained to deliver functional
assessment and FCT in three different conditions:
(1) in home, face-to-face parent training; (2)
coaching via VC at a regional centre; and (3) in-
home coaching via telehealth. Suess, Wacker,
Schwartz, Lustig, and Detrick (2016) examined
functional analysis (FA) and communication train-
ing for three parents, comparing coached (via
telehealth) and independent trials.

School age-intervention. Ruble et al. (2013) pro-
vided intervention to 49 teacher–child dyads aged 3–
9 in three groups: (1) web-based education with face
to face consultation; (2) web-based education with
web-based consultation; and (3) a group that
received web-based education only (non-telehealth).
The goals were individualised and not described in
detail in the article.
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Language intervention. One study (Boisvert et al.,
2012) evaluated the impact of language intervention
delivered via telehealth to an 11-year-old boy on the
autism spectrum. The focus of the intervention was
the use of transition words in narratives, with
conventional intervention compared with telehealth
intervention.

Study design/method

A range of methodologies was employed across the
14 studies. Five studies utilised a single subject,
changing conditions design with repeated measures
(Baharav & Reiser, 2010; Boisvert et al., 2012;
Meadan et al., 2016; Suess et al., 2016; Wainer &
Ingersoll, 2015). Two studies employed a cohort
comparison methodology comparing the telehealth
intervention groups with a non-treatment group
from another study (Hepburn et al., 2016) and with
previous treatment groups using face to face and
centre-based telehealth interventions (Lindgren
et al., 2016). Four intervention studies compared
intervention groups utilising a randomised control
trial design (Ingersoll & Berger, 2015; Ingersoll
et al., 2016; Pickard et al., 2016; Ruble et al., 2013)
with two diagnosis studies using randomisation to
allocate participants to assessment conditions
(Reese, Braun, et al., 2015; Reese, Jamison, et al.,
2013). A third diagnosis study employed a within
subjects crossover design to compare telehealth and
face to face assessment outcomes (Schutte et al.,
2015). With respect to comparison conditions, six
studies compared online learning plus telehealth
sessions to online learning alone (non-telehealth)
(Baharav & Reiser, 2010; Ingersoll & Berger, 2015;
Ingersoll et al., 2016; Meadan et al., 2016; Pickard
et al., 2016; Wainer & Ingersoll, 2015), six studies
compared telehealth with face to face conditions
(Boisvert et al., 2012; Lindgren et al., 2016; Reese,
Braun, et al., 2015; Reese, Jamison, et al., 2013;
Ruble et al., 2013; Shutte et al., 2015), and two
studies compared telehealth with no intervention or
intervention as usual (Hepburn et al., 2016; Ruble
et al., 2013).

The quality of the studies based on the SMRS
(National Autism Center, 2015) varied. One case
study involving a single participant (Boisvert et al.,
2012) utilised a repeated measures design with
multiple probes but the small number of participants
and lack of generalisation measures meant that it
scored5 2 (indicating insufficient scientific rigour).
Three studies scored between 2.0 and 2.9 (initial
evidence; Baharav & Reiser, 2010; Ingersoll &
Berger, 2015; Lindgren et al., 2016) and the
remainder of the studies were scored 3 or 4 (suffi-
cient scientific rigour). The three studies regarding
diagnosis (Reese, Jamison, et al., 2013; Reese et al.,
2014; Schutte et al., 2015) were not suitable to be
rated by the SMRS system but were considered

adequate in terms of participant ascertainment,
sample size, data collected and fidelity measures.

Clinical outcomes

A range of participant, parent and teacher outcomes
were measured across the included studies. These
have been categorised as follows for descriptive
purposes.

Diagnosis. Reese, Jamison, et al. (2013) and
Reese, Braun, et al. (2015) compared the outcomes
of diagnostic assessment delivered face to face, with
the results when delivered via telehealth and found
high levels of agreement in diagnostic status between
the conditions. Greater discrepancies in agreement
on individual items were noted. Similarly, Shutte
et al. (2015) reported high levels of agreement
regarding diagnostic categories on the ADOS (i.e.
Autism, Autism Spectrum Disorder or not ASD) but
with variation in the reliability of individual items.

Communication. Eight studies reported on com-
munication outcomes (Baharav & Reiser, 2010;
Boisvert et al., 2012; Ingersoll et al., 2016;
Meadan et al., 2016; Pickard et al., 2016; Ruble
et al., 2013; Wainer & Ingersoll, 2014). Positive
impacts on communication, including improved
initiations and responses, as measured through
formal and observation measures were reported by
Baharav and Reiser (2010). Similarly, the Boisvert
et al. (2012) study reported better use of transition
words after telehealth therapy compared with base-
line and that the students’ performance was more
consistent in telehealth condition compared with
face to face condition. Ingersoll et al. (2016) used
structured observations as well as standardised
questionnaires and found that both groups (self-
directed online learning and therapist assisted online
learning) showed improvements, with the therapist
assisted group showing significant increases in their
standard scores on the social domain of theVineland
Adaptive Behaviour Scales – 2nd editionwhile children
in the self-directed condition did not. Pickard et al.
(2016), in their article about the same study as
described by Ingersoll et al. (2016), reported that
parents in the therapist assisted group were more
likely to report gains in social communication than
the self-directed condition parents. Ruble et al.
(2013) used ‘‘Psychometrically Equivalence Tested
Goal Attainment Scaling (PET-GAS)’’ to measure
outcomes across a wide range of individual commu-
nication, social and learning goals for 49 teacher–
child dyads. Results showed similar mean PET-GAS
change when comparing the face to face coaching
with telehealth coaching and that both groups were
better than the non-coached group. The communi-
cation outcomes were less robust for the three
children in the Meadan et al. (2016) with the
authors suggesting there were ‘‘no clear results
across dyads for children’s communication behav-
iour in the multiple-baseline analysis’’ (p. 17).
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Wainer and Ingersoll (2015) reported similarly
variable results for rates of imitation in their study
comparing baseline with self-directed (non-tele-
health) and coaching conditions.

Behaviour. Lindgren et al. (2016) used FA and
FCT to reduce challenging behaviour, and found
that the mean percentage reduction in problem
behaviour was more than 90% for the three groups
(home based, centre based telehealth and home-
based telehealth). Suess et al. (2016) also reported
on a reduction in problem behaviours following
telehealth training and coaching.

Anxiety. The anxiety study (Hepburn et al., 2015)
that delivered an intervention to 17 parent–child
dyads found statistically significant differences
between the experimental and comparison group
(wait list) on the anxiety measures usingScreen for
Anxiety and Related Emotional Disorders in Children
(SCARED; Birmaher et al., 1999).

Implementation outcomes

Reduced costs. One study (Lindgren et al., 2016)
looked specifically at the costs associated with home-
based telehealth compared with face to face sessions
and centre based telehealth, and found that overall
costs were lowest for the home telehealth group.

Satisfaction and acceptability. Parent satisfaction
was a reported outcome for nine of the 14 studies
(Baharav & Reiser, 2010; Hepburn et al., 2016;
Ingersoll & Berger, 2015; Meadan et al., 2016;
Pickard et al., 2016; Reese, Braun, et al., 2015;
Schutte et al., 2015; Suess et al., 2016; Wainer &
Ingersoll, 2015). All studies reported high levels of
programme acceptability and parent satisfaction
with the telehealth component of the intervention
or assessment. In addition, two studies that involved
direct telehealth involvement with individuals on the
spectrum (Hepburn et al., 2016; Schutte et al.,
2015) reported high participant satisfaction with the
methods used.

Fidelity. Measurement of fidelity of parent imple-
mentation of tasks was a focus of seven of the 14
studies (Hepburn, et al., 2016; Ingersoll & Berger,
2015; Ingersoll et al., 2016; Meadan et al., 2016;
Reese, Jamison, et al., 2013; Suess et al., 2016;
Wainer & Ingersoll, 2015). The fidelity of parent
administration of assessment tasks in the diagnosis
study (Reese, Jamison, et al., 2013) was described as
‘‘adequate’’, while parent fidelity in the behaviour
study of Suess et al. (2016) varied across the
coached and independent trials. The remaining
studies reported high levels of parent fidelity for
interventions provided via telehealth (Hepburn
et al., 2016; Ingersoll et al., 2016), with a number
reporting that the fidelity of programmes taught to
parents online was improved when telehealth coach-
ing was provided (Ingersoll & Berger, 2015; Meadan
et al., 2016; Wainer & Ingersoll, 2015).

Discussion

The present review sought to examine the literature
regarding telehealth and autism published since the
previous systematic review (Boisvert et al., 2010)
with regards to the type of service delivered, the
recipients of the telehealth service, and the outcomes
of the telehealth services provided. The 284 partici-
pants on the autism spectrum across the 14 included
studies ranged in age from 19 months to adulthood.
A range of services were provided by telehealth,
including diagnostic assessments, early intervention,
functional behavioural analysis and anxiety inter-
ventions. One study addressed language impairment
directly. Outcomes were largely positive with the
results suggesting that services delivered via tele-
health were equivalent to services delivered face to
face, and superior to comparison or control groups
(who did not receive the intervention), or self-
directed learning without telehealth sessions.

There has been a considerable increase in
research interest in this area since the previous
systematic review (Boisvert et al., 2010) which
found only eight eligible studies, representing just
46 participants and with only a minority of the
studies employing an experimental design.
Accordingly, we were able to extend the findings of
the previous review, not only in terms of time frame,
but through examination of the outcomes of
telehealth compared with non-telehealth services
(including service delivery as normal, online learn-
ing only, or face-to-face interactions). To this end, a
criterion for inclusion was that the study involved a
comparison condition. The 14 studies that satisfied
this criterion, featured a range of methodologies,
including single case study design as well as more
rigorous randomised control trials. It was noted that
such studies were still in the minority of the 40
studies screened, with 26 studies that met the other
inclusion criteria but that did not include a com-
parison condition. As telehealth becomes increas-
ingly accepted and widely used, it is essential that
research examining its use features designs that
allow for robust examination of its equivalence, or
otherwise, with practice as usual.

In considering the relevance of the findings to
speech-language pathology practice, it is important
to note that most included studies focussed on
telehealth for young children and their parents,
carers and/or teachers. In addition, the vast majority
of the recipients of telehealth interventions (i.e. the
person interacting with the therapist online) were
parents, carers or teachers; of the 284 participants,
only 23 adults and 18 older children on the autism
spectrum were directly engaged in the telehealth
technologies. Only one child was directly involved in
telehealth without involvement in a parent dyad
(Boisvert et al., 2012) and as such, outcomes related
to the provision of telehealth services to individuals
with ASD are difficult to generalise. This represents
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a significant gap in the literature with very little yet
known about the reactions and behaviours of chil-
dren and adolescents on the autism spectrum to
telehealth in comparison with face-to-face
conditions.

A number of limitations of the included studies
were noted. Small sample sizes continue to limit
the generalisability of findings in some studies, with
five of the studies involving five or fewer partici-
pants (n¼1 to n ¼5). It is positive to see the
growth in the inclusion of comparison groups and/
or conditions since the last review. However, group
research continues to be limited by lack of ran-
domisation and comparison with non-matched
groups in some studies (e.g. Lindgren et al.,
2016). The use of changing conditions design
with repeated measures (e.g. Baharav & Reiser,
2010; Boisvert et al., 2012; Meadan et al., 2016;
Suess et al., 2016; Wainer & Ingersoll, 2015), while
providing a comparison between two conditions, is
also limited by potential sequence effects (e.g.
Meadan et al., 2016). Only three studies
(Ingersoll et al., 2016; Meadan et al., 2016;
Wainer & Ingersoll, 2015) included measures of
outcome maintenance or generalisation.

The use of telehealth to provide diagnostic
assessments for autism was explored by three
studies in this review. Two of these studies
(Reese, Braun, et al., 2015; Reese, Jamison, et al.,
2013) used parents to deliver items of theAutism
Diagnostic Observation Schedule(ADOS; Lord et al.,
2012) to their children. While the authors reported
good agreement on diagnostic status when IP and
telehealth observations were compared (Reese,
Jamison, et al., 2013), as well as good accuracy
when telehealth assessment outcomes were com-
pared with later assessments (Reese, Braun, et al.,
2015) along with adequate parent fidelity, it is
unclear to what extent the impact of the parent
implementation of the assessments may have had.
Parents were given information about the activities
prior to the assessments and then received coaching
during the assessment to implement the items
which is a significant departure from standard
practice. As initial studies, neither trialled providing
a full autism diagnostic assessment with feedback to
parents and both studies were conducted via a
telehealth simulation (rooms connected by closed
circuit television in the same building), suggesting
that the use of telehealth for diagnostic assessments
should not yet be considered an established prac-
tice. In addition, the studies used percentage
agreement to measure agreement between the
assessment methods, rather than a more rigorous
measure of agreement appropriate for method
comparison studies, such as Bland–Altman analysis
(Bland & Altman, 1999; Taylor, Armfield, Dodrill,
& Smith, 2014).

Limitations

The current review was limited by the small number
of included studies and a meta-analysis of outcomes
was not completed in the current study. Despite the
growth in research and apparent uptake in the use of
telehealth, only 14 studies met the inclusion criteria
for this review. As a result, the findings of this study
need to be interpreted with caution. In addition,
there was a wide range of service types assessed in
the included studies, meaning that the data on any
one area are limited. Similarly, a lack of consistency,
common measurement tools and clear reporting of
outcomes makes completing meta-analysis impos-
sible. This review was also limited by the lack of
inclusion of grey literature and unpublished data. In
addition, the first phase of screening articles in this
study was completed by the first author only.
Although subsequent phases of the review were
completed by two of the authors, reliability of data
extraction was not conducted. In addition, it is
possible that appropriate articles may have been
missed in this process. All included studies origi-
nated from one country (United States), potentially
limiting generalisation of the findings.

Future directions

The results of this review suggest that telehealth
continues to be a promising area of practice for
individuals on the autism spectrum. Studies of
telehealth in the past six years have focussed strongly
on the provision of telehealth instruction to parents,
caregivers and teachers across a range of service
types and utilising a number of study designs. There
are, however, gaps in the research that future studies
could consider. The first of these is exploration of
the role of telehealth in providing direct services to
people with ASD. Few studies have examined the
reactions and behaviours of children and young
people on the autism spectrum when provided with
telehealth services, with only one single-subject
study focussed on language intervention provided
via telehealth directly to a child on the spectrum.
Research that assists SLPs to make decisions about
providing telehealth services to children on the
spectrum, such as research that considers the reac-
tions and behaviours of these children when inter-
acting with therapists would be valuable. Future
studies also need to continue to include comparison
conditions to ensure that clinicians, parents and
administrators can be confident that telehealth
services are at least equivalent to services provided
via intervention as usual. Finally, while the studies
included in the current review reported high rates of
participant satisfaction, future studies should con-
tinue to explore the facilitators and barriers to the
use of telehealth with clinicians, parents and indi-
viduals on the autism spectrum.
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Conclusion

Telehealth has been shown to have great potential in
the assessment and intervention for a range of
conditions relevant to SLPs. There is growing
research into the types of services offered, particu-
larly for individuals with ASD, and there is evidence
that the design and methodology of the research
conducted is becoming more rigorous. This review
suggests there may be a range of benefits in using
telehealth to provide assessment, training and direct
intervention using telehealth to individuals with
ASD, their families and teachers. Further research,
however, is required particularly regarding the use of
telehealth directly with children with ASD for
speech and language interventions.
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Chapter 7: Telehealth language assessments and autism spectrum disorder 

  

This chapter is the peer reviewed version of the following article: Sutherland, R., 

Trembath, D., Hodge, M. A., Rose, V., & Roberts, J. (2019). Telehealth and autism: Are 

telehealth language assessments reliable and feasible for children with autism?: Telehealth and 

autism. International Journal of Language & Communication Disorders, 54(2), 281-291. 

doi:10.1111/1460-6984.12440 which has been published in final form at 

https://onlinelibrary.wiley.com/doi/abs/10.1111/1460-6984.12440. This article may be used for 

non-commercial purposes in accordance with Wiley Terms and Conditions for Use of Self-

Archived Versions. 

 The study described in this chapter was designed to address the second aim of the 

thesis; that is, the use of telehealth with diverse learners, including those on the autism spectrum. 

This paper describes our study of 13 school aged children on the autism spectrum who 

underwent formal language assessments via telehealth, in order to explore the feasibility and 

reliability of providing these types of services to this population.  
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Telehealth and autism: are telehealth language assessments reliable and feasible for 
children with autism? 

 

Abstract 

Background: Access to timely and appropriate speech-language pathology (SLP) 

services is a significant challenge for many families. Telehealth has been used 

successfully to treat a range of communication disorders in children and adults. Research 

examining the use of telehealth for children with autism has focused largely on diagnosis, 

parent implemented interventions, and behavioural interventions involving interactions 

between clinicians and parents. There is, however, very limited research into the use of 

telehealth to directly assess or intervene with children with autism. In this article, we 

report the outcomes of a study of telehealth language assessments with primary school 

aged children with autism.  

Aim: The aim of the study was to evaluate the reliability and feasibility of telehealth 

language assessments for school aged children with autism.  

Method: The language skills of 13 children with autism aged 9 �± 12 who attended 

mainstream schools or support classes were assessed using the Clinical Evaluation of Language 

Fundamentals �± 4th Edition. A SLP delivered and scored 4 subtests of the assessment via 

telehealth from a remote location. A second SLP in the same location as the child co-scored the 

online subtests to provide a measure of reliability and delivered the remaining subtests. The local 

SLP completed checklists in both conditions to provide observations regarding behaviour. Parent 

feedback was elicited via survey. 

Results: There was strong inter-rater reliability between the telehealth and face-to-face 

conditions (correlation coefficients ranged from r = 0.919 �± 0.990 across the subtests and Core 

Language score) and good agreement between clinicians on all measures. Analysis using 

�:�L�O�F�R�[�R�Q���6�L�J�Q�H�G���5�D�Q�N���W�H�V�W���L�Q�G�L�F�D�W�H�G���Q�R���V�L�J�Q�L�I�L�F�D�Q�W���G�L�I�I�H�U�H�Q�F�H�V���L�Q���F�K�L�O�G�U�H�Q�¶�V���E�Hhaviour between 
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the telehealth and face-to-face conditions, although variation between individuals was observed. 

Parents provided generally positive feedback about the use of telehealth for the assessments.  

Conclusion: The findings of this study provide preliminary support the use of telehealth 

assessments of school aged children with autism. Comparison of telehealth and face-to-face 

assessment scores showed high agreement and correlation and while the children showed 

individual differences in their behaviour during the telehealth sessions, there was no clear 

difference between the conditions at the group level. The findings suggest that telehealth may 

present a reliable and feasible approach to the assessment of language for children with autism in 

some circumstances as a primary or adjunct service model, while acknowledging that individual 

differences among these children may be important to consider when planning both assessment 

and intervention via telehealth.   

Significance of this study 

Speech-language pathology services are among the most used by children on the autism 

spectrum and their families (Carter et al., 2011) and yet these services are not widely available in 

all areas they are needed. Telehealth services in speech-language pathology are growing, in part 

as a response to the limited services as well as the availability of technology, however limited 

information exists about the use of telehealth directly with children on the autism spectrum 

(Sutherland, Trembath, & Roberts, 2018). This study explores not only the reliability of 

assessments for children on the autism spectrum, but also their reactions to the use of the 

technology. Exploring how a group of children with autism respond to telehealth will help to 

develop and refine direct telehealth services for children and adolescents who are isolated by 

geography and other circumstances.   
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What this paper adds 

�x Telehealth has been used to successfully assess and treat a range of communication disorders 

in adults and children. It has been used to help parents of children with autism implement 

interventions but there is little research about the use of telehealth directly with the children 

themselves.  

�x This study indicates that the use of telehealth to assess the language skills of children with 

autism is reliable and that while children showed individual differences in their behaviour 

during the sessions, there was no clear difference between the telehealth and face-to-face 

conditions at the group level.  

�x Telehealth may be a useful primary or adjunct way of delivering assessment and therapy for 

children with autism, but it is important for clinicians to consider the needs of individual 

children and families.  
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Introduction  

Access to timely, affordable and locally delivered speech-language services remains a 

barrier for many children with speech and language difficulties, particularly in regional, rural 

and remote areas in which speech pathology services are limited (Australian Institute of Health 

and Welfare, 2009; Community Affairs References Committee, 2014). In the Australian context, 

a 2014 Senate inquiry found that not only were there fewer speech-language pathologists (SLPs) 

working outside urban areas, but that the ratio of therapists per 100 000 people declined as 

rurality increased (Community Affairs References Committee, 2014). Telehealth is one way of 

addressing some of the barriers associated with staffing and access issues and has been shown to 

be an acceptable and viable alternative to face-to-face speech-language services in a range of 

specialties, including dysphagia assessment and intervention (Collins et al., 2017; Sharma et al., 

2013; Ward et al., 2013), stuttering therapy ���%�U�L�G�J�P�D�Q�����2�Q�V�O�R�Z�����2�¶�%�U�L�D�Q�����-�R�Q�H�V�����	���%�O�R�F�N����������������

�2�¶�%�U�L�D�Q���H�W���D�O����������������, and assessment and intervention for speech sound disorders, including 

childhood apraxia of speech (Grogan-Johnson et al., 2013; Thomas, McCabe, Ballard, & 

Lincoln, 2016; Waite et al., 2012). Telehealth has also been used to provide formal assessments 

of child language with young children with no known language difficulties (Waite et al., 2010), 

as well as children with reading difficulties (Sutherland et al., 2017). There has, however, been a 

limited focus on children with more complex neurodevelopmental disabilities, including autism 

spectrum disorder.  

 Autism spectrum disorder (ASD)1 is a neurodevelopmental disability characterised by 

functional impairments in social communication and social interactions, as well as restricted, 

repetitive patterns of behaviour, interests, or activities (American Psychiatric Association, 2013). 

Social communication skills and impairments in this group vary widely. Some individuals 

experience significant impairments in all areas of communication (including language, speech 

 
1 The term �Zautism�[ will be used in this paper and includes Autism Spectrum Disorder ASD (DSM-5), autism spectrum disorders 
�]�v���o�µ���]�v�P�����•�‰���Œ�P���Œ�[�•�����]�•�}�Œ�����Œ���~���^�D-�/�s�•�����v�������µ�š�]�•�u���^�‰�����š�Œ�µ�u�����}�v���]�š�]�}�v�����^���X���d�Z�����š���Œ�u���Z���Z�]�o���l�Œ���v���Á�]�š�Z�����µ�š�]�•�u�[ has been used in 
this paper. The authors acknowledge that debate exists regarding the use of person first/identity first language.  
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and pragmatic functions), with minimal intentional communication use and/or significantly 

disordered language, while others with autism may have more subtle difficulties with 

conversation and impaired pragmatic language, and higher level language difficulties 

(Gernsbacher, Morson, & Grace, 2016). For those with autism and a comorbid language 

disorder, difficulties may include impairments in structural language and receptive language 

abilities (Loucas et al., 2008), grammatical errors or limited vocabulary (Wittke, Mastergeorge, 

Ozonoff, Rogers, & Naigles, 2017). Given the communication difficulties experienced by many 

children and adults with autism, speech-language pathologists have an important role in 

assessing and providing intervention for this population (Speech Pathology Australia, 2016 ). 

For families in rural and remote areas, however, accessing appropriate services is challenging as 

there are fewer speech pathologists in these areas, and even fewer professionals experienced in 

autism (Taylor et al., 2016).  

Telehealth has been found to be a viable method of service provision for families of 

children with autism who are unable to access local services, particularly in the preschool 

population. It has been used to provide parent training in early intervention (e.g. Ingersoll & 

Berger, 2015; Ingersoll, Wainer, Berger, Pickard, & Bonter, 2016; Meadan et al., 2016; Pickard, 

Wainer, Bailey, & Ingersoll, 2016; Simacek, Dimian, & McComas, 2017; Wainer & Ingersoll, 

2015), with positive outcomes reported for communication and other skills, including behaviour 

and imitation, as well as to support older children with autism and co-occurring anxiety 

(Hepburn, Blakeley-Smith, Wolff, & Reaven, 2016) and to provide functional behavioural 

assessment and functional communication training for children with behaviour support needs 

(Lindgren et al., 2016; Suess et al., 2014) via parent training. Diagnostic assessments for autism 

have been completed via telehealth with adults (Schutte et al., 2015). Diagnostic assessments via 

telehealth for children have also been researched, with parents coached via telehealth to deliver 

assessment items to their children (Reese et al., 2015; Reese, 2013). 
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While early intervention, diagnostic and behaviour support services for people with 

autism have been provided via telehealth, few studies have focused on speech-language 

pathology services for children with autism directly, particularly those of school age. In a recent 

systematic search and review of the literature (Sutherland et al., 2018) only one speech 

pathology based study was identified (Boisvert, Hall, Andrianopoulos, & Chaclas, 2012), 

involving a single participant undergoing language intervention. Further, the majority of studies 

concerning autism and telehealth involved training parents or teachers to facilitate assessments 

or intervention, rather than the use of telehealth to interact directly with the child on the autism 

spectrum. As a result, little is known about the response of children with autism to telehealth, 

nor whether telehealth services that have been established with other groups of children can be 

reliably and feasibly used with this population.  

The potential response of children and young people with autism to telehealth services is 

not known. While it is commonly suggested anecdotally that children and young people on the 

autism spectrum have a high interest in, or use of computers and other electronic media, there is 

limited research to allow us to understand whether, and how, this is different from other children 

(Mazurek, Shattuck, Wagner, & Cooper, 2012; Orsmond & Kuo, 2011) and how this might 

relate to telehealth.  Small scale research has suggested that children with autism may engage in 

more screen-based activities including watching television than children without autism (Must et 

al., 2014), however, larger studies (Montes, 2016) have found no significant differences between 

groups.  In the one study in the speech-language pathology literature noted above, M. Boisvert et 

al. (2012) examined this issue in a case study of an 11-year-old boy who was provided with 

language intervention in both telehealth and face-to-face settings, targeting the same goal. 

Results indicated that the child achieved greater levels of accuracy in the telehealth condition 

and it was noted anecdotally that the child was more attentive and actively participated in the 

telehealth sessions with little or no redirection required. The authors argued that the telehealth 

setting may provide a more consistent and predictable social environment, reducing anxiety and 
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consequent adverse behaviours, however, there is very limited high-quality research, with 

adequate sample size and research design, to guide clinical decision making regarding the use of 

telehealth with children on the autism spectrum. 

Given the clinical need to provide services for children with autism, limited services 

located in rural and regional areas and limited research regarding telehealth services delivered 

directly to children with autism, the aim of the present study was to investigate the reliability of 

language assessments for children on the autism spectrum, delivered via telehealth, replicating 

the design of a previous study in this area (withheld for blind review). The secondary aim was to 

explore the feasibility of the use of telehealth with children with autism, exploring their 

behavioural responses to telehealth and face-to-face assessment conditions. Based on previous 

research, it was hypothesised that the reliability of the assessments delivered via telehealth 

would be high (Waite et al., 2010, withheld for blind review). However, given the limited 

information currently available about child responses to telehealth, we had no specific 

hypotheses about the relationship between child behaviour and the telehealth and face-to-face 

assessment conditions.   

Methods 

Design 

A method comparison design (Bland & Altman, 1999) was used to measure the 

agreement between the scores for each language assessment subtest recorded by the telehealth 

speech-language pathologist (SLP) compared with those made simultaneously by the face-to-

face SLP. Method comparison allows researchers to establish variation between two methods of 

measurement. In this study, it meant that the reliability of the telehealth assessment compared 

with face-to-face assessment could be measured without a test-retest effect.  

The independent variable in the present study was the condition under which the assessment was 

conducted (telehealth vs face-to-face). The dependent variables were: a) the language assessment 
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scores given by the telehealth and face-to-face SLPs which were compared to provide a measure 

of reliability, and; b) behaviour observation scores made by the face-to-face SLP in the face-to-

face and telehealth conditions, providing measures of the feasibility of the telehealth condition 

�Z�L�W�K���U�H�V�S�H�F�W���W�R���W�K�H���F�K�L�O�G�U�H�Q�¶�V���E�H�K�D�Y�L�R�X�U���� 

Participants 

Eligibility criteria. To be included in the study, children were required to meet the 

following criteria: (a) aged 9 �± 12 (to allow the use of a single set of core language assessment 

subtests), (b) attending a school placement in a mainstream environment or support class within 

a mainstream school, (c) parent perceptions of adequate verbal language to participate in a 

standardised language assessment, and (d) a parent-reported community diagnosis (e.g., by 

paediatrician) of autism spectrum disorder (inclusive of DSM-IV diagnoses such as Asperger 

syndrome). Although not part of the eligibility criteria, it eventuated that all children spoke 

English as their primary language.  

Characteristics. Participants were 13 children (3 female), with a mean age 11.12 years 

(range 9 years 5 months �± 12 years 3 months), recruited through community contacts and via 

open invitations on social media.  

Core Language Scores as determined by the face-to-�I�D�F�H���6�/�3�¶�V���V�F�R�U�L�Q�J���G�X�U�L�Q�J���W�K�H��

assessment, ranged from 55 to 113. The Social Communication Questionnaire (SCQ; Rutter, 

Bailey, & Lord, 2008) was used to confirm the diagnosis of autism as part of the study. Severity 

on the SCQ ranged from 6 �± 27. While the accepted cut-off score on the SCQ is 15, the manual 

allows for a lower cut-off score for comprehensive assessment and several studies have indicated 

that a cut-off score of 11 provides appropriate sensitivity (Norris & Lecavalier, 2010). Two 

children scored below this cut off; both underwent independent diagnostic assessment using the 

Autism Diagnostic Observation Schedule- 2 (ADOS-2) as part of regular clinical care and met 

the cut-off on the algorithm for a diagnosis of autism. A third child was diagnosed using the 
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ADOS-2 as part of routine clinical care and the SCQ was not completed by the parents. Ten 

children attended mainstream classes and two attended a supported class within a mainstream 

�H�Q�Y�L�U�R�Q�P�H�Q�W�����7�D�E�O�H�������G�H�V�F�U�L�E�H�V���W�K�H���F�K�L�O�G�U�H�Q�¶�V���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���L�Q���P�R�U�H���G�H�W�D�L�O�����3�D�U�H�Q�W�V���Z�H�U�H��

provided with a Social Story (Gray & Garand, 1993) to read with their children, which explained 

the assessment procedure and provided photographs of the clinicians they would meet and the 

equipment they could expect to see. Parents were encouraged to read these with their children 

but the extent to which this occurred was not controlled by the researchers.   

Materials 

Assessment tool. Subtests of the Clinical Evaluation of Language Fundamentals 4th 

Edition, Australia & New Zealand (CELF-4; Semel et al., 2003) were used in both the telehealth 

and face-to-face assessment conditions. The CELF-4 (Australia and New Zealand) is an 

individually administered clinical tool for the identification, diagnosis and follow-up evaluation 

of language skill deficits in school-age children, normed on Australian children.  This formal, 

standardised assessment assesses both receptive and expressive language using a number of 

subtests that target aspects of vocabulary, syntax, morphology, and auditory comprehension. 

Permission was granted by Pearson to digitise images from the Clinical Evaluation of Language 

Fundamentals 4th Edition, Australia & New Zealand (CELF-4; Semel et al., 2003). These images 

were scanned and uploaded to the telehealth application. The CELF-4 has robust psychometric 

properties with stability coefficients ranging from 0.77�±0.94, interrater reliability ranging from 

0.88-0.99 and internal consistency for the Core Language Score (a composite score indicating 

the presence or absence of a language impairment along with the severity of the impairment) 

ranging from 0.97 across age ranges. Four subtests are used to compute the Core Language 

Score in the 9-12 age group: Concepts and Following Directions, Recalling Sentences, 

Formulated Sentences and Word Classes. The subtests are each scored in different ways: 

responses on the Concepts and Following Directions and Word Classes subtests are either 

correct or incorrect (0 or 1); Recalling Sentences responses can be scored from 0 �± 3 depending 
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on the number of errors made, and; responses on the Formulated Sentences subtest are scored 

either 0, 1 or 2. The Formulated Sentences subtest requires the administering clinician to make a 

judgement based on the number of grammatical and/or syntactical errors made by the child; 

because of this, Formulated Sentences has the lowest level of interrater reliability and some 

variation between scorers is tolerated in the scoring. The other subtests are less subjective but do 

rely on the clinician accurately seeing, hearing, and recording responses in order to score them 

accurately.   

Equipment. The assessments were conducted using standard internet access (accessed 

variously from a private home, university and hospital) with consumer grade equipment. The 

telehealth SLP used a commercially available laptop (PC) computer with built in speakers, 

which was connected to a separate monitor (via HMDI cable) with a consumer grade webcam 

(LogitechC920) attached. The separate monitor was needed to allow for the full telehealth 

interface to be displayed. The child site used standard Department of Health computers and 

internet access with consumer grade webcams (LogitechC920) and speakers (Logitech PC 

Z130), along with a commercially available touch screen from Dell (model S2240T). The 

telehealth application used was developed by Coviu (formerly National Information 

Communications Technology Australia, NICTA). This secure, web-based interface included 

synchronised image viewing and remotely visible click-markers for pointing at images as well as 

video conference functionality. 

Procedure 

Three experienced SLPs were involved in administering and scoring the language 

assessments. One SLP (first author) completed all face-to-face administrations with the children; 

twelve telehealth assessments were completed by a second SLP and one by a third SLP. The 

face-to-face SLP and the third SLP were familiar with the telehealth application. The second 

SLP had not used the application before but was familiar with videoconferencing technology and 

other communication applications.  
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Children were located in Westmead, NSW with the face-to-face SLP. The telehealth 

assessment was delivered remotely from Melbourne, Victoria by the telehealth SLP for twelve 

children and from a second location in Westmead, NSW for one child (due to timing and clinic 

constraints of the research team and the family). 

The telehealth application allowed the child to see and hear the telehealth SLP and view 

the digitised images concurrently. For subtests with no visual stimuli the child saw the SLP only. 

The telehealth SLP could see and hear the child, as well as the visual stimuli and instructions. 

The child provided responses to the telehealth SLP over the webcam. The telehealth clinician 

could also see touch markers immediately when the child touched the screen to select answers 

on one subtest (Concepts and Following Directions). 

The telehealth SLP delivered the four Core Language subtests via the telehealth 

�D�S�S�O�L�F�D�W�L�R�Q���D�Q�G���V�F�R�U�H�G���W�K�H���F�K�L�O�G�U�H�Q�¶�V���U�H�V�S�R�Q�V�H�V�����7�K�H���I�D�F�H-to-face SLP was in the same location 

as the child and facilitated the telehealth assessments by turning on and logging in to the 

computer, testing sound and vision and troubleshooting throughout. The face-to-face SLP co-

scored the four subtests as an observer. Scores determined by the face-to-face SLP were taken as 

the reference point in the comparisons. Two further subtests (Understanding Paragraphs and 

Word Definitions) were completed by the face-to-face clinician with the child under standard 

assessment procedures. These face-to-face assessments were completed either before or after the 

telehealth session, based on clinician preference resulting in nonrandomised counter-balanced 

delivery order. All scoring was completed at the time of assessment.  

 The face-to-face SLP also completed behaviour observation checklists regarding the 

�F�K�L�O�G�U�H�Q�¶�V���D�W�W�H�Q�W�L�R�Q���D�Q�G���R�W�K�H�U���E�H�K�D�Y�L�R�X�U�V���D�F�U�R�V�V���E�R�W�K���W�K�H���W�H�O�H�K�H�D�O�W�K���D�Q�G���I�D�F�H-to-face conditions 

�L�Q���R�U�G�H�U���W�R���S�U�R�Y�L�G�H���D���P�H�D�V�X�U�H���R�I���W�K�H���F�K�L�O�G�U�H�Q�¶�V���U�H�D�F�W�L�R�Q�V���W�R�����D�Q�G���D�E�L�O�L�W�\���W�R���F�R�S�H���Z�L�W�K�����W�K�H���W�Z�R��

assessment conditions. The subtests were all completed in a single session of up to 60 minutes 
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duration. A parent was present with their child for the whole assessment and completed 

�T�X�H�V�W�L�R�Q�Q�D�L�U�H�V���D�Q�G���W�K�H���V�X�U�Y�H�\���G�X�U�L�Q�J���W�K�H���F�K�L�O�G�¶�V���D�V�V�H�V�V�P�H�Q�W���� 

Measures 

Reliability. Reliability of the telehealth assessments, and agreement between the 

assessments, were measured by comparing the CELF-4 scores recorded by the telehealth SLP 

with those recorded simultaneously by the face-to-face SLP. These measures were collected and 

scored as per the standard administration instructions for the CELF-4 and Core Language Scores 

and severity rankings assigned accordingly. 

Behaviour. Measures of behaviour were gained using a behaviour observation rating 

scale originally used and described in full by (withheld for review), that was adapted from the 

Clinical Evaluation of Language Fundamentals �± Preschool, 2nd edition, Australian and New 

Zealand (CELF-P2) (Wiig, Secord, & Semel, 2004) behaviour checklist. Additions were made to 

�W�K�H���R�U�L�J�L�Q�D�O���F�K�H�F�N�O�L�V�W���W�R���D�O�O�R�Z���F�O�L�Q�L�F�L�D�Q�V���W�R���U�D�W�H���F�K�L�O�G�U�H�Q�¶�V���D�S�S�D�U�H�Q�W���D�Q�[�L�H�W�\���D�Q�G���W�K�H���W�\�S�H�V���R�I��

distractors (e.g. test equipment and non-test items, such as the camera or computer). Other scale 

items in the published checklist include those describing activity and interaction levels, attention 

�W�R���W�D�V�N���D�Q�G���G�L�V�W�U�D�F�W�L�E�L�O�L�W�\�����7�K�H���R�E�V�H�U�Y�D�W�L�R�Q�V���L�Q���H�D�F�K���F�R�Q�G�L�W�L�R�Q�����H���J�����µ�Q�H�Y�H�U�¶�����µ�V�R�P�H�W�L�P�H�V�¶����

�µ�D�O�Z�D�\�V�¶�����Z�H�U�H���D�V�V�L�J�Q�H�G���D���V�F�R�U�H���I�U�R�P�������± 2 and a total behaviour score was calculated.    

Parent satisfaction. A simple, three question survey was used to ask parents to rate their 

�F�R�P�I�R�U�W���Z�L�W�K���W�K�H���W�H�O�H�K�H�D�O�W�K���D�V�V�H�V�V�P�H�Q�W�����D�Q�G���W�K�H�L�U���S�H�U�F�H�S�W�L�R�Q���R�I���W�K�H�L�U���F�K�L�O�G�¶�V���F�R�P�I�R�U�W���O�H�Y�H�O�����L���H����

�³�+�R�Z���F�R�P�I�R�U�W�D�E�O�H���Z�H�U�H���\�R�X���Z�L�W�K���W�K�H���W�H�O�H�K�H�D�O�W�K���D�V�V�H�V�V�P�H�Q�W�"�´�����³�+�R�Z���F�R�P�I�R�U�W�D�E�O�H���G�R���\�R�X���W�K�L�Q�N��

�\�R�X�U���F�K�L�O�G���Z�D�V���Z�L�W�K���W�K�H���W�H�O�H�K�H�D�O�W�K���D�V�V�H�V�V�P�H�Q�W�"�´�������$���E�D�V�L�F���W�K�U�H�H-�S�R�L�Q�W���/�L�N�H�U�W���V�F�D�O�H�����µ�1�R�W��

�F�R�P�I�R�U�W�D�E�O�H�¶�����µ�V�R�P�H�Z�K�D�W���F�R�P�I�R�U�W�D�E�O�H�¶�����µ�Y�H�U�\���F�R�P�I�R�U�W�D�E�O�H�¶�����Z�D�V���X�V�H�G�������$�Q���R�S�H�Q���T�X�H�V�W�L�R�Q���Z�D�V��

included to elicit comments on the assessment from the parents.  
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Data analysis 

Bland-Altman Limits of Agreement (Bland & Altman, 1999) analyses were used to 

measure agreement of scores across the two conditions. This type of analysis allows a new 

measurement or assessment (in this case, assessment delivered via telehealth) to be compared 

with a standard or well-established method (face -to-face assessments of language). 

Simultaneous scoring and analysis with this method eliminates issues regarding test-retest 

effects and allows for the same tool to be used in the two methods. In Bland-Altman analyses, a 

score of zero indicates perfect agreement. The greater the number for each plot point, the greater 

the magnitude of the disagreement between the assessors in the two conditions. Calculations of 

95% limits of agreement for each comparison (average difference +/-1.96 standard deviations of 

the difference) were made for each subtest scaled score, as well as the Core Language Score.  

�6�S�H�D�U�P�D�Q�¶�V���F�R�U�U�H�O�D�W�L�R�Q���Z�D�V���X�V�H�G���W�R���S�U�R�Y�L�G�H���P�H�D�V�X�U�H�V���R�I���F�R�U�U�H�O�D�W�L�R�Q�����L�Q�W�H�U�U�D�W�H�U���U�H�O�L�D�E�L�O�L�W�\����

for the scaled scores of each subtest and the Core Language Score. Behaviour, as measured by 

the total score on the behaviour observation checklists comparing behaviour during the 

telehealth subtests with behaviour during the traditional face-to-face subtests, was analysed 

using the Wilcoxon Signed Ranks test to test for any consistent differences between the pairs of 

behaviour observations (i.e. across the telehealth and face-to-face subtests). Parent data was 

collated, and themes were developed from the open comment responses. These analyses were 

completed using Statistical Package for the Social Sciences (SPSS). 

Results 

Twelve of the thirteen assessments were completed in full. One face-to-face assessment 

was curtailed when the child became distracted and distressed about the correct answers and 

wanted to see the answers in the test materials during the assessment. Switching to the online 

assessment ameliorated this problem, although the child remained highly active throughout the 

assessment and had difficulties participating in the four telehealth subtests. No assessments were 

stopped or cancelled due to technical difficulties. One parent commented on less than ideal 
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sound quality in the first assessment, but this did not impact on the completion of the assessment 

at the time. External speakers were used for subsequent sessions.  

Table 1. Participant characteristics.  

Participant  Age Gender School 
placement CLS % 

Lowest 
AE 

Highest 
AE SCQ 

1 10:1 M Support class 85 16 6:09 12:03 20 

2 10:0 F Mainstream 100 50 9:02 16:03 13 

3 11:1 M Mainstream 108 66 9:02 10:09 23 

4 11:11 M Mainstream 93 32 8:01 12:03 13 

5 12:2 M Mainstream 78 7 8:02 11:09 8* 

6 9:5 M Mainstream 55 0.1 <7:0 7:09 27 

7 11:4 M Mainstream 73 4 8:09 10:09 19 

8 11:0 M Support class 68 2 <7:0 7:10 20 

9 11:10 F Mainstream 113 81 9:05 >21:11 13 

10 9:9 M Mainstream 85 16 6:09 >9:11 **  

11 12:3 M Mainstream 90 25 7:09 19:03 13 

12 12:0 F Mainstream 87 19 9:03 10:03 16 

13 11:9 M Mainstream 59 0.3 6:10 9:10 6* 

*autism diagnosis confirmed by ADOS-2 assessment 

** ADOS only 

Age: age at assessment; CLS: CELF-4 Core Language Score; %: percentile rank of CLS on 

CELF-4; Lowest AE: lowest age equivalent on any CELF-4 subtest; Highest AE: highest age 

equivalent on any CELF-4 subtest; SCQ: Social Communication Questionnaire score 

Reliability 

Evidence of strong correlations between the conditions was found, with correlations 

between the standard and scaled scores for the subtests ranging from 0.943 to 0.993 (see table 

2.). The Bland-Altman plots (see figure 1.) showed no trend in differences between the assessors 

and the level of agreement between assessors did not differ across ability levels. There was 
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greater agreement in subtests that required less clinical judgement and interpretation due to more 

prescriptive scoring procedures. 

In addition, there was complete agreement on the severity levels of language disorder between 

the clinicians for 10 of the 13 children. For three children, the Core Language Scores were on 

the cusp of two clinical severity levels and small difference in the scores meant that a different 

severity level was ascribed for these children in the two conditions.  

Table 2. Correlation coefficients for the Clinical Evaluation of Language Fundamentals �± 4th 

edition (CELF-4) subtest scaled scores. 

 

Test name  n Correlation  p-Value 

Core Language Score 13 .993 <0.01 

Concepts and Following Directions 13 .967 <0.01 

Recalling Sentences 13 .989 <0.01 

Formulated Sentences 13 .943 <0.01 

Word Classes - Total 13 .965 <0.01 

 

  Figure 1. Bland Altman illustrating inter-rater agreement and reliability across subtests. 
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Behaviour 

A Wilcoxon Signed Ranks test was used to examine possible differences in behaviour 

between the two conditions. Overall, the difference between the pairs of scores was not 

significant (Z = -1.078; p = 0.281), despite the wide variation at the individual level. Four 

children showed higher behaviour scores (more observations of inattention, distraction and/or 

anxiety) in the face-to-face condition and seven had higher scores in the telehealth condition. 

�7�Z�R���F�K�L�O�G�U�H�Q�¶�V���V�F�R�U�H�V���Z�H�U�H���W�K�H���V�D�P�H���L�Q���E�R�W�K���F�R�Q�G�L�W�L�R�Q�V�����$���P�R�G�H�U�D�W�H�O�\���V�W�U�R�Q�J���F�R�U�U�H�O�D�W�L�R�Q���Z�D�V��
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also noted between behaviour in the face-to-face condition and the SCQ scores (r= .660, 

p=0.019) and moderate correlation between the telehealth behaviour and the SCQ scores which 

approached significance (r=0.540, p= 0.07).  

Parent Satisfaction 

Ten of the thirteen parents completed and returned the satisfaction surveys. All parents 

���������������I�H�O�W���µ�G�H�I�L�Q�L�W�H�O�\�¶���F�R�P�I�R�U�W�D�E�O�H���Z�Lth the telehealth assessments and all agreed that their 

�F�K�L�O�G���I�H�O�W���µ�G�H�I�L�Q�L�W�H�O�\�¶���R�U���µ�V�R�P�H�Z�K�D�W�¶���F�R�P�I�R�U�W�D�E�O�H���Z�L�W�K���W�K�H���D�V�V�H�V�V�P�H�Q�W�V�����(�L�J�K�W���S�D�U�H�Q�W�V���R�I���W�K�H��

thirteen students provided answers to an invitation to comment on the assessments; all responses 

are recorded in table 3.   

Table 3. Parent comments regarding satisfaction. 

Parent 
number  

Comment 

1 Very easy assessment but very comprehensive. My son really enjoyed the whole 
assessment. He loves computers and telephoning friends etc. so this was a great 
fit!  

2 Had to think when doing anything and appeared unsure, appeared nervous as well 
5 I think it is great and will help a lot of people 
6 Anything that gets more information about children's well-being is a must for any 

parents or carers 
7 I think the audio was a bit poor and (child) may have been having trouble 

understanding, otherwise it was good 
10 I think (child) particularly enjoyed participating in the assessment via the 

webcam.  
12 If no technology issues, seems as good as an in-person assessment 
13 This interesting to question and answers on computer (sic) 

 

Discussion 

This study aimed to examine the reliability of language assessments delivered to children 

on the autism spectrum via telehealth using consumer grade equipment. In addition, the study 

aimed to evaluate the feasibility of providing these assessments via the reactions of children on 

the autism spectrum to the telehealth assessment by measuring behavioural observations, 
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including level of activity, distractibility and signs of anxiety across the face-to-face and 

telehealth conditions.   

The agreement between the assessment scores obtained by the telehealth and face-to-face 

SLPs was high, suggesting that the scores obtained in each setting were similar. This result is in 

line with the findings of both Sutherland et al. (2017), which involved children with reading 

difficulties using a similar assessment model, and Waite et al. (2010) who assessed younger 

children using a customised system in a university setting. The present study adds to previous 

findings by extending the assessments to a population that has had limited research attention (i.e. 

school aged children with autism). While telehealth has been used to provide training to parents 

and teachers of children with autism, there has been very limited research published regarding 

the involvement of children themselves with telehealth services. This study addresses the 

concerns raised by Sutherland et al. (2018) regarding the lack of direct telehealth service 

provision to children with autism and is among the first to undertake formal assessments with 

children with autism in which the child and clinician interact directly via telehealth.  

Of particular interest in the current study were the response of the participants with 

autism to the telehealth assessments. In the single study regarding telehealth language pathology 

services with a child with autism (Boisvert, 2013), anecdotal informatio�Q���D�E�R�X�W���W�K�H���F�K�L�O�G�¶�V��

performance suggested that the child was less distracted and more responsive in the telehealth 

condition. The finding of reduced distractibility in the telehealth condition applied to four of the 

participants in the current study. For seven of the participants, the measures of behaviour were 

better in the face-to-face condition, with better attention and less distractibility noted. Two 

students showed no difference in behaviour across the conditions. Further research with a larger 

and more diverse group of children is needed to better understand the impact of autism on 

�W�H�O�H�K�H�D�O�W�K���S�D�U�W�L�F�L�S�D�W�L�R�Q���E�X�W���R�X�U���S�U�H�O�L�P�L�Q�D�U�\���V�W�X�G�\���V�X�J�J�H�V�W�V���W�K�D�W���F�K�L�O�G�U�H�Q�¶�V���U�H�V�S�R�Q�V�H�V���W�R���W�H�O�H�K�H�D�O�W�K��

are likely to be highly individual. While it is often suggested that children on the autism 

spectrum are readily and frequently engaged in using computers, research has not found that this 
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is true of children with autism to a greater degree than neurotypical children (Montes, 2016). It is 

unclear what role an intrinsic interest in computers and technology may have played in the 

�F�X�U�U�H�Q�W���V�W�X�G�\�����3�D�U�H�Q�W�V���Z�H�U�H���Q�R�W���D�V�N�H�G���D�E�R�X�W���W�K�H�L�U���F�K�L�O�G�¶�V���S�U�H-assessment use of, or comfort with, 

computers and telecommunication but an interest in computers was mentioned by one parent; it 

is possible that this may have played a role in behaviour for some children.  

Our analyses revealed a moderately strong correlation between behaviour in both 

assessment conditions and autism severity as measured by the SCQ, suggesting that the formal 

assessment situation may be more difficult for students with more pronounced characteristics of 

autism. Certainly the characteristics of autism can make these types of assessments more 

challenging and careful consideration of the timing, environment and administration of 

assessment is warranted (Paynter, 2015)  Further examination regarding the preparation of 

children for both face-to-face and telehealth services is warranted and may be an important 

factor in considerations around telehealth provision in clinical settings. The present study 

attempted to provide support by giving parents a Social Story to read with their children in order 

to prepare them for the assessment session. However, it is not known whether parents read it 

with their children and thus it is not known whether the children who coped better with the 

telehealth condition were better prepared for the assessment through the reading of the story or 

other preparations by the parent. It is likely that further exploration of good practice in preparing 

children to participate in telehealth services may be valuable when considering working with this 

population.   

Limitations 

The present research includes a small sample of children with autism, with lower 

numbers than comparable studies of telehealth language assessments (Sutherland et al., 2017; 

Waite et al., 2010). While the results with respect to strong reliability, even in this small sample, 

builds confidence in findings, the presence of moderate-strong but nevertheless non-significant 

correlations between SCQ scores and behaviour may reflect under-powered analyses. 
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Replication of this study with a larger sample size is warranted to further explore these 

relationships.  Behaviour ratings were completed by the assessing clinician; ideally, blinded 

assessors would have enhanced the validity of the results. In addition, the children involved 

represent only a small portion of children on the autism spectrum; children with intellectual 

disabilities or more significant communication disorders were not included. As this was one of 

the first studies investigating the use of telehealth to interact directly with children with autism, 

it was important to control for the possible impact of other variables such as cognitive and 

language skills. Given the positive findings of this small-scale study, it will be important to 

expand this work to a broader range of cognitive abilities and language skills. As with previous 

studies, only the core language subtests were assessed under the telehealth, rather than a more 

comprehensive assessment of all language and communication skills. Future studies could 

examine the use of a broader range of language assessments, including assessment of pragmatics 

and higher-level language skills. In addition, while the results of this study indicate that 

telehealth and face-to-face scores on telehealth language assessments are similar, it does not 

provide information about whether children with autism would perform better in terms of 

language scores one condition over the other. Ideally, future telehealth assessment studies could 

involve the use of assessments with alternate forms to allow for more direct comparison between 

language abilities demonstrated in telehealth and face-to-face conditions.    

Conclusion 

The findings of the current study provide evidence to support the use of telehealth in the 

language assessment of some school aged children with autism. High levels of agreement and 

correlation were found between the telehealth and face-to-face scores, indicating that the 

telehealth system was reliable for the formal assessment of language. Individual differences 

were noted in the behaviour of the children with autism across the telehealth and face-to-face 

conditions but there was no clear difference as a group between conditions. Telehealth may be a 

useful primary or adjunct service model for children on the autism spectrum provided that 
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clinicians are aware of, and can respond flexibly to, the individual differences shown by this 

group of children.    
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Chapter 8 

 

 This chapter consists of an unpublished paper: Sutherland, R., Trembath, D. and Roberts, 

J.M.A. (in preparation). Potential facilitators and barriers to acceptance of telehealth services for 

paediatric speech pathology: a survey of parents.  

 This study was designed to address the final aim of the thesis which was to understand 

the experiences of parents of children and their attitudes towards the use of telehealth for speech 

pathology services. Parents naïve to telehealth were surveyed to find out more about their 

experiences of speech pathology services and their attitudes towards various service delivery 

models. The results indicated that while parents continue to prefer face to face options when 

available, telehealth speech pathology services were seen as acceptable to parents, including 

those with children with complex communication needs, especially to those in the most remote 

areas.  
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Introduction  

Access to health and education services, including speech pathology, can be challenging 

for families for a range of reasons, including long waiting lists (e.g. Ruggero, McCabe, Ballard 

& Munro (2012), limited services and practitioners in some areas (Community Affairs 

References Committee, 2014), physical access and time constraints. Recent research (Gallego, et 

al., 2017) regarding service access for people with disabilities in a regional area in NSW, 

Australia, found that an average waiting time for access to speech  pathology in this area was 

more than 6 months, with families reporting barriers to accessing services including limited 

access to specialist services, long waiting times and travel times. A broad study of speech 

pathologists in rural NSW and Victoria in Australia (Verdon, Wilson, Smith-Tamaray, & 

McAllister, 2011), found more than 98% of rural localities were not serviced by speech 

pathologists at an ideal frequency of once a week or more.  Similarly, Ruggero, McCabe, Ballard 

& Munro (2012) report access barriers inluding a lack of available, frequent, or local services, 

long waiting times in rural and metropolitan areas across Australia. Given the challenges 

families face accessing services, it would seem that telehealth could be a potential solution and 

yet, the uptake of telehealth as part of regular, clinical service delivery for speech pathology, 

remains in its infancy and indeed lagging behind other health care areas (Iacono et al., 2016).  

Telehealth has been shown to be an effective way to deliver a range of speech pathology 

assessments and interventions. Paediatric telehealth services for autism (see Sutherland et al., 

2108 for overview), speech sound disorders (e.g. Grogan-Johnson, et al. 2013), stuttering (e.g. 

Ferdinands & Bridgman, 2018), language assessment (Sutherland, et al. 2107; Waite et al., 

2010) and language intervention (e.g. Wales, Skinner & Hayman, 2018) have been found to be 

equivalent to face to face services in terms of assessment and therapy outcomes. In addition, 

parents who experience telehealth services are broadly positive about their experiences. Delivery 

of speech pathology services via telehealth has been demonstrated to be highly acceptable to 

parents and carers (Lincoln, Hines, Fairweather, Ramsden & Martinovich, 2014) and perceived 
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positively by parents as well as teachers when delivered in the school setting (Crutchley & 

Campbell, 2010). Parents of children with hearing impairments were satisfied with intervention 

delivered via telehealth, despite some technical issues (Constantinescu, 2012), as were parents of 

children receiving intervention for stuttering (Ferdinands & Bridgman, 2018). Parents of 

children undergoing telehealth assessments of language (Sutherland et al., 2017) and literacy 

skills (Hodge et al., 2018) report high levels of comfort with the telehealth situation as have 

parents of children with autism who have received coaching and intervention via telehealth to 

address characteristics of autism in young children (e.g. Ingersoll & Berger, 2015; Suess, et al., 

2014). 

Positive attitudes towards telehealth have also been observed in parents prior to the use 

of telehealth. Dunkley et al. (2010) found that rural residents had better access and more positive 

attitudes to the use of technology to access speech pathology services than was expected by 

speech pathologists. Similarly, Iacono, Dissanayake et al. (2016) found that most parents in their 

study of young children with autism were willing to consider telehealth to receive autism 

specific services. Studies have indicated that parents anticipate greater convenience and comfort 

in receiving telehealth services than experienced with face to face services (Ferdinands & 

Bridgman, 2018) and that parents may consider telehealth not just to avoid long travel times, but 

to manage indirect costs of therapy, such as childcare or time away from work (Salomone & 

Arduino, 2017). 

Despite the consistent reliability and validity of outcomes, and high level of satisfaction 

for parents who have experienced telehealth, attitude barriers towards the uptake of telehealth 

remain. Clinicians have expressed concerns about using technology to provide services and 

�D�E�R�X�W���I�D�P�L�O�L�H�V�¶���F�D�S�D�F�L�W�\���W�R���H�Q�J�D�J�H���Zith technology (Dunkley et al., 2010) and their own capacity 

to provide these services (Iacono, Dissanayake et al., 2016). Both parents and clinicians have 

expressed beliefs that telehealth services cannot replace face to face interactions (Dunkley, 

Pattie, Wilson, & McAllister, 2010). Parents in more recent studies have expressed concerns 
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around difficulties in using computers or the Internet, the fear of not being able to communicate 

effectively with the clinician and concerns that telehealth interactions would be less warm than 

face to face interactions (Salomone & Arduino, 2017). Not knowing what a telehealth service 

might look like has been identified as a barrier to uptake of telehealth services (Salomone & 

Arduino, 2017; Iacono, Dissanayake et al., 2016), along with limited access to reliable and high-

speed internet, a feature in some parts of regional, rural and remote Australia (Iacono, 

Dissanayake et al., 2016). In addition, it is unclear whether parent concerns regarding telehealth 

may relate to the social, learning and attention characteristics of their child; previous research 

has shown more variations in behaviour for children with autism undergoing telehealth language 

assessments (Sutherland, Trembath, Hodge, Rose & Roberts, 2018) than in children without 

autism (Sutherland et al.2017).  

Given the reported issues in providing timely services and the limited uptake of 

�W�H�O�H�K�H�D�O�W�K���W�R���G�D�W�H�����P�R�U�H���L�Q�I�R�U�P�D�W�L�R�Q���L�V���Q�H�H�G�H�G���D�E�R�X�W���S�D�U�H�Q�W�¶�V���D�W�W�L�W�X�G�H�V���W�R�Z�D�U�G�V���W�H�O�H�K�H�D�O�W�K���I�R�U��

speech pathology in school aged children in Australia. The present study aimed to explore the 

potential relationships between technology use and attitudes towards telehealth, as well as 

relationships between child characteristics and attitudes towards telehealth. The overall objective 

of the present study aimed to explore the confidence and use of technology and attitudes towards 

telehealth amongst parents of children with and without communication problems living in a 

range of geographical areas. The specific aims were to examine differences and relationships 

between parent, child, and service factors that may impact on attitudes towards telehealth. The 

following research questions were addressed:  

1. What do parents use technology for (tasks) and how confident are they in their 

technology use? 

2. �:�K�D�W���D�U�H���S�D�U�H�Q�W�V�¶���H�[�S�H�U�L�H�Q�F�H�V���R�I���V�S�H�H�F�K���S�D�W�K�R�O�R�J�\�" 

3. �:�K�D�W���D�U�H���S�D�U�H�Q�W�V�¶���S�U�H�I�H�U�H�Q�F�H�V���I�R�U���V�S�H�H�F�K���S�D�W�K�R�O�R�J�\���V�H�U�Y�L�F�H���S�U�R�Y�L�V�L�R�Q�" 
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4. What attitudes do parents have towards telehealth, and are these influenced by location, 

confidence in using technology or the presence of diagnosed conditions in their children?  

5. What do parents perceive to be the enablers and barriers of telehealth for their children? 

 

Methods 

 Ethics approval for this survey-based study was provided through (name withheld for 

review). Participants were provided with information about the survey and assured that it was 

anonymous. Participants gave informed consent and were able to withdraw from the study at any 

time.   

Participants 

  Potential participants were alerted to the study through social media (including Twitter 

and Facebook posts), invitations to participate at conferences and via email, and through word of 

mouth. 

Materials 

 This study employed a questionnaire methodology to survey the parents of primary 

school aged children with and without communication difficulties about their own computer use 

�D�Q�G���F�R�Q�I�L�G�H�Q�F�H�����W�K�H�L�U���F�K�L�O�G�U�H�Q�¶�V���F�R�P�S�X�W�H�U���X�V�H���D�Q�G���F�R�Q�I�L�G�H�Q�F�H�����X�V�H���R�I���V�S�H�H�F�K���S�D�W�K�R�O�R�J�\���V�H�U�Y�L�F�Hs 

and attitudes towards telehealth.  

Plan for analysis 

 Data was analysed descriptively. Chi squared analyses were attempted investigate any 

associations between several of the survey areas but limited data points meant that the data 

violated the assumptions for Chi squared analysis.   



122 
 

Results 

Participants 

 A total of 59 parents (53 female), with an average age of 42 years (range 31 �± 59 years) 

commenced the survey. The sample of parents was self-selecting. Eligibility questions were 

asked at the beginning of the survey to ensure participants were parents of at least one primary 

school aged child. If respondents were not eligible, no further questions were available to them 

and they were excluded from the survey.  

Parents were asked to describe their school aged child/ren in terms of age, gender and 

any known disabilities or diagnoses. While some parents described two or more children, data 

regarding only the first child (Child 1) are reported here. Fifty-nine children were described (32 

male, 26 female, 1 not specified). The mean age of the children described was 10.42 years 

(median 10 years, range 5 �± 17). Specific diagnoses or conditions were identified for 26 children, 

as outlined in Table 1. Some parents described more than one condition.  

Diagnosis/condition Number % 
Autism/ASD 9 15.3 
ADHD 7 11.9 
Intellectual disability 2 3.4 
Speech and/or language difficulties 9 15.3 
Learning and/or reading difficulties 7 11.9 
Mental health diagnoses 3 5.1 
Other (e.g. epilepsy, sensory processing disorder) 7 11.9 
No diagnosis reported 33 55.9 

Table 1. Child diagnoses 

Location 

 The location of participants was based on postcodes of their area, town or suburb. 

Postcodes where then analysed using the Accessibility/Remoteness Index of Australia (ARIA) 

classification system. Postcodes for two participants were not able to be coded for this purpose 

(one was based in the US, one postcode was not supplied). Seven postcodes could be coded in 

more than one classification (i.e. some towns within a large geographical area are classed as 

outer regional, while others in the same postcode are classed as remote). When this occurred, the 



123 
 

more remote code (i.e. very remote (4), rather than remote (3)) was applied consistently. The 

majority of participants were based in a major city area (71%) with only one participant each in 

remote and very remote areas (see Figure 1 for detail).    

 

 
Figure 1. Location of participations 

Parent technology use and confidence 

 Parents were asked to select the types of activities they undertook using computers and 

other technology. Almost all participants (98%) used computers to perform general 

administration tasks such as paying bills and to search the internet. Similarly, high proportions of 

participants (more than 90%) used technology to send and receive emails, to engage with social 

media and to complete general computing tasks such as word processing and other work-related 

activities. Smaller numbers of parents used computers for watching television or movies (76%) 

and interacting via videoconferencing (such as Skype; 66%), with fewer than half using 

computers for gaming (42%).  
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 Participants rated their confidence in the various technology tasks using a 5-point Likert 

scale (ranking (1) - not at all confident, through to (5) �± very confident). Use of technology, as 

described above, was associated with confidence with those tasks more frequently (i.e. general 

administration, email and internet searches) being rated most highly in terms of confidence. 

Confidence was lowest for tasks that parents engaged in the least, such as gaming. (See Figure 3 

for details) 

 

Figure 2. Parent use of technology  

 

 

Figure 3. Confidence in computer tasks.  
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Speech language pathology experiences 

 Parents of 38 children reported one or more speech, language and/or communication 

difficulties. These included speech sound difficulties (21 children), language disorder (17 

children), stuttering or fluency difficulties (5 children), reading difficulties (14 children) and 

voice problems (3 children). Thirty-four of the families were able to access local speech 

pathology services. One family accessed specialised services within their capital city, rather than 

their local area and 3 families were not able to access services at all. Two families indicated that 

waiting lists were too long to allow them to access services; one family was based in a major 

city, the ot�K�H�U���G�L�G���Q�R�W���L�Q�G�L�F�D�W�H���D���S�R�V�W�F�R�G�H�����7�K�H���W�K�L�U�G���I�D�P�L�O�\���O�L�Y�H�G���R�Q���W�K�H���R�X�W�V�N�L�U�W�V���R�I���W�K�H���µ�P�D�M�R�U��

�F�L�W�\�¶���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���E�X�W���L�Q�G�L�F�D�W�H�G���W�K�D�W���W�K�H�\���V�R�X�J�K�W���V�H�U�Y�L�F�H�V���Z�L�W�K�L�Q���W�K�H���P�D�M�R�U���F�L�W�\���L�W�V�H�O�I�����P�R�U�H���W�K�D�Q��

�D�Q���K�R�X�U�¶�V���G�U�L�Y�H���D�Z�D�\���� 

 Parents indicated that some children accessed services in more than one way. Most 

children participated in one-to-one sessions with a speech pathologist (31 of 38 families), with 

smaller numbers of children participating in group sessions (n=5), and home programs (n=5). 

One child participated in telehealth sessions. Most children saw speech pathologists located in 

private clinics (66%) with smaller numbers accessing services at school (9%), home (9%) and at 

a community health service (12%).  

Speech pathology service provision preferences 

 Participants were asked to rank types of speech pathology services in terms of their 

preference for the service, as well ease of access to the services. Results indicated a clear 

preference for services that were delivered face-to-face, with clinic-based, home-based and 

school-based sessions with a speech pathologist the most highly rated. Sessions at home via 

telehealth were the fourth highest ranked, with school-based telehealth session ranked below 

services that families travel to visit a few times per year. Rankings of ease of access were 

similar, with home-based and clinic-based services the mostly highly ranked. Home and school-



126 
 

based telehealth were ranked as easier to access than services that families travelled to see and 

services that visited an area every few months (see Figure 4).  

 

Figure 4. Parent report of service preference and ease of access 

Location vs attitudes towards telehealth 

 A chi-square test of independence was performed to examine the relation between 

geographical location (based on ARIA classification) and willingness to consider using 

telehealth, with responses on a 9-point Likert scale transformed into no (1, 2 or 3), maybe (4, 5, 

6) and yes (7, 8, 9). The results of the chi-square analysis violated the cell size requirements. 

Visual inspection of the data, however, indicated willingness to consider telehealth to a greater 

degree in outer regional, remote and very remote areas compared with major city and inner 

regional areas, although given the very small numbers in the remote and very remote regions, 

this result should be interpreted with caution.  
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Figure 5. Attitudes towards telehealth by location 

Attitudes towards telehealth and technology confidence 

 Average confidence scores across the range of technology tasks were calculated 

�F�R�P�S�D�U�H�G���Z�L�W�K���S�D�U�H�Q�W�V�¶���D�W�W�L�W�X�G�H�V���W�R�Z�D�U�G�V���W�H�O�H�K�H�D�O�W�K���X�V�L�Q�J���6�S�H�D�U�P�D�Q�¶�V���U�K�R�����1�R���V�L�J�Q�L�I�L�F�D�Q�W��

correlations were found but very high confidence scores were noted, meaning little variance in 

the sample.  

�$�W�W�L�W�X�G�H�V���W�R�Z�D�U�G�V���W�H�O�H�K�H�D�O�W�K���D�Q�G���F�K�L�O�G�U�H�Q�¶�V���G�L�D�J�Q�R�V�W�L�F���V�W�D�W�X�V 

 Parents showed similar levels of willingness to consider telehealth regardless of their 

�F�K�L�O�G�U�H�Q�¶�V���G�L�D�J�Q�R�V�W�L�F���V�W�D�W�X�V�������1�R�Q���V�S�H�H�F�K���D�Q�G���O�D�Q�Juage diagnoses including autism, ADHD, 

�D�Q�[�L�H�W�\�����L�Q�W�H�O�O�H�F�W�X�D�O���G�L�V�D�E�L�O�L�W�\���D�Q�G���H�S�L�O�H�S�V�\���Z�H�U�H���F�R�P�E�L�Q�H�G���W�R���F�U�H�D�W�H���D���µ�G�L�D�J�Q�R�V�L�V�¶���J�U�R�X�S���Z�K�L�O�H��

children without a diagnosis, or with speech and language conditions only (including language 

disorder or stuttering) were grouped in a non-diagnosis group. Chi-square analysis was not 

possible as the cell sizes violated the assumption of the test, however visual inspection of the 

data showed similar levels of willingness to try telehealth among both groups of parents.  
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Figure 6. Attitudes to telehealth by diagnosis/no diagnosis 

Barriers and enablers 

 Parents were asked to identify potential barriers and benefits regarding telehealth. 

�3�R�W�H�Q�W�L�D�O���E�H�Q�H�I�L�W�V���L�Q�F�O�X�G�H�G���F�D�S�L�W�D�O�L�V�L�Q�J���R�Q���F�K�L�O�G�U�H�Q�¶�V���H�[�L�V�W�L�Q�J���L�Q�W�H�U�H�V�W���L�Q���F�R�P�S�X�W�H�U�V���D�Q�G��

technology (23% responses to this question), along with the potential for services to be delivered 

at home or school (26%). Smaller numbers of responses indicated benefits around computer-

based services potentially being more motivating (13%) and the potential for shorter waiting lists 

(15%). A small number of parents provided comments that largely described the benefits of 

flexibility and home-based services: 

�³�$�F�F�H�V�V�����H�O�L�P�L�Q�D�W�L�Q�J���W�U�D�Y�H�O���W�L�P�H���D�Q�G���M�X�J�J�O�L�Q�J���R�W�K�H�U���F�K�L�O�G�U�H�Q�´ 

�³�+�L�J�K�H�U���T�X�D�O�L�W�\���R�I���V�H�U�Y�L�F�H���S�U�R�Y�L�G�H�U�´ 

�³�,���Z�R�X�O�G���Q�R�W���K�D�Y�H���W�R���W�D�N�H���W�K�H���Z�K�R�O�H���I�D�P�L�O�\���D�Q�G���O�H�D�Y�H���W�K�H�P���L�Q���Z�D�L�W�L�Q�J���U�R�R�P�´ 

�³�,�W���P�L�J�K�W���P�H�D�Q���E�H�W�W�H�U���W�L�P�H�V���Z�K�H�Q���,���F�D�Q���D�F�F�H�V�V���W�K�H���V�H�U�Y�L�F�H�����D�Q�G���F�K�H�D�S�H�U���D�Q�G���P�R�U�H��

�I�U�H�T�X�H�Q�W�O�\���´ 

�³�0�L�J�K�W���E�H���H�D�V�L�H�U���Z�L�W�K���\�R�X�Q�J�H�U���F�K�L�O�G�U�H�Q�´ 

�³�7�L�P�L�Q�J���P�D�\���E�H���P�R�U�H���I�O�H�[�L�E�O�H�����P�D�\���E�H���H�D�V�L�H�U���W�R���D�O�V�R���O�R�R�N���D�I�W�H�U���P�\���R�W�K�H�U���F�K�L�O�G�´ 
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 Potential barriers to telehealth included parent concerns that their child would not pay 

adequate attention (25%) or would be too distracted by the computer equipment (25%), and that 

they might not like talking over the computer (20%) and that the child would prefer to speak 

face to face (27%). Only 3% of parents felt that their own dislike of technology would be a 

barrier. Open comments for this section also indicated parent concerns about the reliability of 

technology, the need for very high sound quality for working on speech sounds and concern that 

schools may be reluctant to offer or accommodate this type of session. One parent felt that 

telehealth was not personal, stating: 

 �³�,���G�R�Q�¶�W���W�K�L�Q�N���L�W�¶�V��actually something I would encourage; I prefer sessions with a 

�S�K�\�V�L�F�D�O���S�H�U�V�R�Q���L�Q���I�U�R�Q�W���R�I���K�L�P�����,���E�H�O�L�H�Y�H���W�K�D�W�¶�V���W�K�H���E�H�V�W���Z�D�\���W�R���J�H�W���P�R�U�H���R�X�W���R�I���L�W���I�R�U���P�\��

�F�K�L�O�G�´�����3�D�U�H�Q�W���R�I���D���F�K�L�O�G���Z�L�W�K���D�X�W�L�V�P�� 

Discussion 

 �7�K�H���D�L�P���R�I���W�K�L�V���V�W�X�G�\���Z�D�V���W�R���L�Q�Y�H�V�W�L�J�D�W�H���S�D�U�H�Q�W�V�¶��use of, and attitudes towards 

telehealth, along with their previous experience with speech pathology and technology. While 

small participant numbers have limited the ability to complete rigorous statistical analyses, the 

data and information collected provides insight into the experiences and preferences of parents 

of children in terms of speech pathology service provision.  

 �7�K�H���I�L�Q�G�L�Q�J�V���R�I���W�K�L�V���V�W�X�G�\���V�X�J�J�H�V�W���W�K�D�W���U�H�J�D�U�G�O�H�V�V���R�I���D���F�K�L�O�G�¶�V���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�����V�X�F�K���D�V���D��

diagnosis of autism or ADHD), or location, parents who have not yet experienced telehealth 

would prefer to access face to face speech pathology services. However, the results show an 

openness to telehealth when face to face services are not available. Telehealth delivered in the 

home was rated as more preferable than itinerant services or services that parents were required 

to travel long distances. These findings are, perhaps, not surprising. Even among patients who 

have experience telehealth and are highly satisfied with telehealth consultations, there remains a 

preference for face to face services where available (e.g. Polinski et al., 2016). Similarly, among 
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parents of children who have utilised telehealth services, there remains a preference for 

telehealth services to augment, rather than replace face to face services (e.g. Ashburner, 

Vickerstaff, Beetge & Copley, 2016). The present study investigated the attitudes of those who 

had not experienced telehealth, and findings are similar to other studies that have investigated 

attitudes among this type of health consumer. For example, older people who have not 

experienced telehealth would generally prefer face to face consultations, especially initial 

appointments, but studies suggest that there is agreement that they would be comfortable with 

telehealth if provided (Kaambwa et al., 2016; Gardner et al., 2015).   

While telehealth has traditional been seen as a way of overcoming distance for rural 

residents, parents from both urban and rural areas identified areas where telehealth would be of 

benefit to their child and family, including minimising disruption to other family members and 

allowing more flexibility in timing and structure of sessions. Given traffic, congestion and 

parking issues in major cities, it is often the case that parents travel for long amounts of time, if 

not long distances even in metropolitan settings which telehealth may ameliorate. This appears 

�W�R���E�H���D���V�L�J�Q�L�I�L�F�D�Q�W���I�D�F�W�R�U���L�Q���S�D�U�H�Q�W�¶�V���S�R�V�L�W�L�Y�H���U�H�J�D�U�G���I�R�U���W�H�O�H�K�H�D�O�W�K���L�Q���W�K�L�V���V�W�X�G�\�����D�V���Z�H�O�O���D�V���L�Q��

previous research. Thomas and colleagues (2018), for example, found that urban parents 

reported savings of time, money and effort when accessing telehealth for apraxia of speech 

intervention. Parents reported finding it easier to manage other children, and that the telehealth 

therapy took less time out of their day. Similarly, despite having local services, families living in 

�P�H�W�U�R�S�R�O�L�W�D�Q���D�U�H�D�V���L�Q���D���V�W�X�W�W�H�U�L�Q�J���L�Q�W�H�U�Y�H�Q�W�L�R�Q���V�W�X�G�\�����%�U�L�G�J�P�D�Q�����%�O�R�F�N���	���2�¶�%�U�L�D�Q����������������

�%�U�L�G�J�P�D�Q�����2�Q�V�O�R�Z�����2�¶�%�U�L�D�Q�����-�R�Q�H�V���	���%�O�R�F�N�����������������U�H�S�R�U�W�H�G���W�K�D�W���W�H�O�H�K�H�D�O�W�K���V�H�V�V�L�R�Q�V��were more 

convenient and family friendly for those with young children. In addition, it was possible to 

attend telehealth when illness in a parent or younger sibling would have prevented a face to face, 

clinic-based session.  

�3�D�U�H�Q�W�V�¶���K�H�V�L�W�D�W�L�R�Q�V���D�E�R�X�W���W�H�Oehealth included concerns that their child would have 

difficulty paying attention and would be distracted by the computer equipment. Bridgman and 
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colleagues reported that some difficult behaviour was seen in the children using telehealth in 

their stuttering research. They concluded however, that behaviour difficulties appeared to be less 

related to the telehealth delivery and more related to the children being unprepared and not 

supported as needed by their parent during the session. In contrast, Sutherland et al. (2016) 

found no differences in behavioural markers of attention or anxiety, such as fidgeting, 

distractibility or distress, when children with reading difficulties were assessed using telehealth 

and traditional face to face measures. Individual differences were found, however, in the 

comparing these behaviours in children with autism (Sutherland et al., 2019). While comparison 

at the group level showed no differences between the behaviours scores for the children in the 

telehealth and face to face conditions, significant individual differences were noted in some 

children, with some children highly distracted in the telehealth condition, while others showed a 

much greater level of comfort and attention when interacting with a clinician via telehealth. It is 

suggested that individual needs of all children be taken into account when considering telehealth 

assessment and intervention but that all parties may benefit from setting clear expectations about 

the support that is needed by the child during a telehealth session.       

 Technology use and confidence, particularly experience with video conferencing, 

showed some relationships with each other but the small sample size meant that analysis to test 

the relationships between parent use and their willingness to try telehealth could not be 

performed. In addition, the high technology use and confidence of the majority of the 

participants meant that analyses were problematic. It is possible that a larger sample size may 

have revealed greater associations between attitudes towards telehealth and use of technology in 

this population. It is also possible that the survey only reached participants was only completed 

by participants with relatively high levels of comfort with technology, given that it was a 

computer based survey distributed via email and social media, which may have further impacted 

on results in this domain. Gardner et al., (2015), for example, found correlations between 

willingness to accept telehealth consultations (in the form of video conferencing) with previous 
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experience with video calls and distance from services in a large telephone based survey of older 

adults receiving health services. Future research may focus on reaching families who have more 

limited access to, and use of technology in order to better understand the needs and experiences 

of these families.  

Limitations 

 This study contains a number of limitations that mean further research is required. The 

number of participants was small which impacted on the statistical analyses that were able to be 

performed. Compounding this, very small numbers of parents from outer regional and remote 

locations participated in the survey. While the percentages of participants from metropolitan, 

regional and remote locations closely mirrors the distribution of the Australian population with 

71% of participants were in metropolitan areas, compared with 67% of Australians in in major 

cities (Australian Bureau of Statistics, 2017), the small numbers do not allow for a thorough 

exploration of the situation of some 7 million people living outside major cities. As noted 

previously, the distribution method of the survey may have further excluded potential 

participants who did not routinely use technology, such as emails and social media.  

Conclusions and future research 

 This research provides an insight into the needs and preferences of parents in terms of 

speech pathology services. Parents indicated a preference for face to face services when possible 

but indicated a willingness to try telehealth, regardless of �W�K�H�L�U���F�K�L�O�G�¶�V���G�L�D�J�Q�R�V�H�V�����)�X�U�W�K�H�U��

research, with greater numbers of participants, particularly those from rural and remote areas 

and those without limited use of technology is required to fully understand the needs of a broad 

range of families and to better understand the barriers and enablers of telehealth usage in the 

Australian context.  
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Chapter 9: General Discussion 

 

Extensive research into telehealth over more than twenty years has found it to be reliable 

and feasible for a number of populations across a range of allied health and medical fields. In 

speech pathology, this has included the screening, assessment and treating of dysphagia, speech 

sound disorder, stuttering and communication difficulties associated with stroke and head injury. 

The possibilities of telehealth in providing services to underserved communities, however, has 

been somewhat limited in some areas of practice in real world settings in speech pathology. The 

aims of this series of studies were to:  

1) Explore the provision formal language assessments via telehealth in real world 

settings. While the provision of formal language assessments via telehealth had been 

previously explored (Waite et al., 2010), extending this to real world settings with 

consumer grade equipment, novice telehealth users and children with reading 

difficulties, represents a technological innovation, in that such assessments had 

previously been possible only using highly specialised equipment within the confines 

of a university setting. Being able to deliver a standardised assessment in this way is 

novel in the literature.    

2) Extend telehealth to a previously unexamined population, namely children with 

autism spectrum disorder. Previous studies had provided consultative services to 

parents or teachers of children with autism but only a single case study (Boisvert et 

al., 2011) had been published that involved a child with autism as an active 

participant in a telehealth situation. No studies had investigated the barriers or 

enabling factors regarding telehealth and children with autism.   

3) Understand the experiences of parents of children and their attitudes towards the use 

of telehealth for speech pathology services. While parents who have experienced 

telehealth with their children, as reported on in a range of studies (e.g., Baharav & 
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Reiser, 2010; Hepburn et al., 2016;), show positive attitudes towards its use, less was 

known attitudes in those without experience of telehealth, nor about factors that 

might be associated with these attitudes.  

The results of the three studies presented in this thesis, across four published and one 

unpublished manuscripts, have provided insight into the possibilities of telehealth, as well as a 

path forward for implementation and broader impact of the research. The first study showed that 

telehealth language assessments were feasible in terms of the technology, reliable in terms of 

assessment results across conditions and were well tolerated by children, as evidenced by their 

behaviour. Clinicians indicated that they were comfortable with the technology and that it 

worked well most of the time. Parents were broadly positive about the use of telehealth for their 

children as were the children themselves. The study provided a path to overcoming the financial, 

cultural and technological barriers associated with telehealth by providing a real-world service 

using off the shelf equipment in a public school system for the first time. This study addressed 

the first research aim by providing preliminary evidence that the reliable and acceptable 

provision formal language assessments via telehealth in real world settings was possible for 

school aged children. 

The second study extended the findings of the first study by applying the same 

assessments and telehealth service to children with a diagnosis of autism. In this study, the 

equipment was again consumer grade (lap tops), and home and hospital-based internet was used, 

further supporting the previous finding regarding the feasibility of the system. The assessments 

were again reliable across settings. The children with autism showed no difference in behaviour 

across settings at the group level, but at the individual level some marked differences were 

observed. While some children found the telehealth service more distracting in that they 

appeared less attentive or more anxious, the opposite was true for other children, for whom 

better attention was observed. While addressing the second research aim, findings indicated that 

language assessment via telehealth is feasible for  school-aged children with autism, but that the 
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individual characteristics and needs of the child should be considered before, and during, any 

telehealth services.  

Finally, parents were surveyed in order to provide information about what barriers and 

enablers may exist regarding the potential uptake of telehealth in order to address the third 

research aim. Of the 59 parents surveyed, only one had previous experience of telehealth, 

meaning that the group was largely naïve regarding telehealth provision of speech pathology 

services. Among this group, face to face speech pathology was regarded as the preferred option, 

though parents from metropolitan areas and those with children with diagnoses such as ADHD 

and autism were just as likely to consider the use of telehealth as their regional counterparts and 

those whose children had no additional diagnoses.  

Together, the findings of this thesis indicate that formal, standardised language 

assessments via telehealth are feasible, reliable and acceptable for a range of children (the first 

research aim), including those whose experience with telehealth had not previously been 

researched, such as children with autism (the second research aim). The assessments can be 

delivered in real world settings by clinicians with minimal experience or training in telehealth, 

and both parents and children are positive about the experiences of telehealth. Parents who are 

naïve to telehealth tend to be more cautious about embracing it but can see the potential benefits 

�U�H�J�D�U�G�O�H�V�V���R�I���W�K�H�L�U���O�R�F�D�W�L�R�Q���R�U���W�K�H�L�U���F�K�L�O�G�¶�V���G�L�D�J�Q�R�V�L�V (the third research aim).    

Innovation and impact 

A key consideration in designing the studies was to not only advance knowledge in the 

area, but to do so in a way that could immediately and directly influence practice. To this end, 

the studies in this thesis were innovative in a number of areas, including technology, 

�P�H�W�K�R�G�R�O�R�J�\���D�Q�G���W�K�H���S�D�U�W�L�F�L�S�D�Q�W�V���L�Q�Y�R�O�Y�H�G�����D�Q�G���K�D�Y�H���P�D�G�H���D�Q���L�P�S�D�F�W���R�Q���L�Q�G�L�Y�L�G�X�D�O�V�¶���H�[�S�H�U�L�H�Q�F�H��

of telehealth, on cross-disciplinary research programmes and on policy and practice.   

Technological innovation 
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The findings in studies 1 and 2 partially replicate and extend previous research but with 

significant innovations in terms of the use of technology for service delivery. Waite et al. (2010), 

for example, provided telehealth language assessments to young (ages 5 �± 9), typically 

developing children using a purpose-built telehealth suite within a university setting. The first 

�V�W�X�G�\���L�Q���W�K�L�V���W�K�H�V�L�V���H�[�W�H�Q�G�H�G���R�Q���:�D�L�W�H�¶�V���Z�R�U�N���E�\���X�V�L�Q�J���F�R�Q�V�X�P�H�U���J�U�D�G�H�����R�I�I���W�K�H���V�K�H�O�I���H�T�X�L�S�P�H�Q�W��

with children with complex reading difficulties in a naturalistic setting, namely public school 

based clinics. The use of consumer grade equipment, real world internet access and the 

involvement of novice users of telehealth are particularly important innovations in this study. 

The use of telehealth with consumer-grade equipment in everyday settings means that the 

technological, financial, and cultural barriers that appear to have contributed to the limited 

uptake in telehealth in speech pathology to date may be addressed by adopting methods 

developed and evaluated in these studies. The studies used a web-based telehealth interface 

designed in conjunction with scientists from what, at the time, was known as National ICT 

Australia (or NICTA) which was associated with the Commonwealth Scientific and Industrial 

Research �2�U�J�D�Q�L�V�D�W�L�R�Q�����&�6�,�5�2�������$�X�V�W�U�D�O�L�D�¶�V���Q�D�W�L�R�Q�D�O���V�F�L�H�Q�F�H���U�H�V�H�D�U�F�K���D�J�H�Q�F�\�����Q�R�Z���N�Q�R�Z�Q���D�V��

Coviu). The interface was designed to be secure (encrypted and password protected), and 

utilised real-time communication functionality in order to eliminate pauses and delays in sound 

and vision transmission, allaying some concerns and barriers around privacy and the challenges 

ordinarily associated with talking over the internet. The interface was web-based which 

eliminated the need to download programs or software onto the computers. This is an important 

consideration in many settings, particularly those such as hospitals and schools where security is 

high, and the use of downloadable programs and software may need special permissions or may 

not be possible at all. 

 Being able to use the interface on consumer grade equipment was an important service 

delivery innovation that meant that there was no additional technology cost in using telehealth. 

The computers used were those typically used in a public school setting and used standard 
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internet access available to the school. Webcams, speakers and touch screens were all available 

off the shelf, meaning that no specialised equipment was necessary. The system required no 

headsets or microphones, adding to participant comfort. As well as minimising the financial 

impact, the familiar equipment meant that clinicians and participants alike were comfortable 

with the set-up and clinicians, parents and child participants all reported a high level of comfort 

with the technology in both studies.  

Methodological innovation 

An important focus of studies 1 and 2 was the reliability of assessments that were 

conducted via telehealth. Reliability is a key feature of formal assessments (Semel et al., 2003) 

and it was important to establish reliability of the testing, given the requirement of Speech 

�3�D�W�K�R�O�R�J�\���$�X�V�W�U�D�O�L�D���W�K�D�W���W�H�O�H�K�H�D�O�W�K���V�H�U�Y�L�F�H�V���E�H���³�«���D�W���O�H�D�V�W���H�T�X�L�Y�D�O�H�Q�W���W�R���V�W�D�Q�G�D�U�G���F�O�L�Q�L�F�D�O���F�D�U�H�´��

(Speech Pathology Australia, 2014, p. 5). Further, the organisation recommends that services 

with little existing evidence for use be evaluated against standard clinical care. This meant that 

the formal assessments completed with the child participants (studies 1 and 2) needed a 

reference point for comparison in order to establish reliability with regularly administered 

assessments. As noted in Chapter 3, several options for a method comparison design, using 

Bland-Altman analysis were considered. It was not possible to compare results of the same test 

delivered via one mode and then the other (e.g. telehealth administration then face to face 

administration), given the possibility of test-retest impact on results. The assessment used in the 

research has only one form and there are no similar tests in use with the Australian population 

that would have allowed for reliability checking across administration modalities. The reliability 

checking, therefore, was conducted through simultaneous scoring by the telehealth speech 

pathologist and the speech pathologist present with the child during the assessment. Similar 

methods have been used in other studies (e.g. Waite et al., 2010), but an innovation in the current 

studies was the use of Bland-Altman analyses in order to measure the level of agreement 

between measures.  
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The use of the Bland-Altman method appears to be only just emerging in the telehealth 

speech language pathology. The methodology has been used in a study of telehealth regarding 

reading assessment (Waite, Theodorous, Russell and Cahill, 2010) and in a small number of 

studies in adults (Hill, et al., 2006; Constantinescu, et al., 2010). Taylor et al., (2014) noted this 

problem, and recommended that future telehealth studies in speech and language pathology 

should employ this more rigorous analysis. Studies 1 and 2 within this thesis, therefore, used 

Bland-Altman analyses in order to determine the level of agreement between the telehealth and 

face to face scores for the formal language assessments that were undertaken. Following 

completion of these studies, the same technique was extended to a further two research projects 

using telehealth, investigating paediatric literacy (Hodge, et al., 2018a) and cognitive skills 

(Hodge et al., 2018).   

Innovation through extension of telehealth to new populations 

This research extended telehealth to several populations that have hitherto had limited 

exposure to telehealth in research and practice. The first group was children with autism. While 

numerous studies have examined the use of telehealth to provide parent-mediated programs to 

the parents of children with autism, the current study was among the first to examine the use of 

telehealth directly with children with autism themselves. Only one previous case study (Boisvert 

et al., 2012) had examined a telehealth service delivery model prior to the current research, 

which found that use of telehealth with children with autism was valid and reliable though it was 

important to take note of individual needs and adjust practice accordingly.  

Secondly, the current resear�F�K���G�L�G���Q�R�W���O�L�P�L�W���S�D�U�W�L�F�L�S�D�Q�W�V�¶���L�Q�Y�R�O�Y�H�P�H�Q�W���E�\���H�[�F�O�X�G�L�Q�J���W�K�R�V�H��

with attention deficit hyperactivity disorder (ADHD), low cognitive skills, or those with English 

as a second language or known language and/or learning disorders. The students included in 

Study 1 (Chapter 4) were invited to participate if they were attending a specialised reading 

clinic. All students had known reading difficulties and it was assumed that many would also 
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have developmental language disorder. The cognitive skills of the children attending the clinic 

generally range from moderate intellectual impairment through to high average skills and a 

substantial proportion also have ADHD and/or anxiety (Redoblado Hodge, et al., 2013). 

Children with a diagnosis of autism who had functional language skills were invited to 

participate in Study 2. Again, these children were not excluded on the basis of intellectual ability 

or co-occurring conditions but those who were minimally verbal, who could not meaningfully 

participate in a formal assessment of language (and for whom this would not be a clinically 

relevant assessment) were not invited to participate. By not excluding participants on the basis of 

intellectual skills or co-occurring conditions, the research has opened up telehealth to a broader 

range of individuals than previous studies and provides relevance to clinicians working with the 

broad and diverse range of children seen in practice.  

 �$���I�X�U�W�K�H�U���L�Q�Q�R�Y�D�W�L�R�Q���D�U�L�V�L�Q�J���I�U�R�P���W�K�L�V���V�W�X�G�\���Z�D�V���W�K�H���H�[�S�O�R�U�D�W�L�R�Q���R�I���S�D�U�W�L�F�L�S�D�Q�W�V�¶���D�Q�G��

�F�O�L�Q�L�F�L�D�Q�V�¶���H�[�S�H�U�Lences of telehealth (Study 1) as well as exploring child behaviour during 

telehealth sessions (Study 1 and Study 2). Child participants were invited to comment on their 

experience of telehealth and the clinician involved in the assessment completed ratings of their 

experience after each telehealth session. In addition, the face to face clinicians observed the 

�F�K�L�O�G�U�H�Q�¶�V���E�H�K�D�Y�L�R�X�U���G�X�U�L�Q�J���W�K�H���W�H�O�H�K�H�D�O�W�K���D�Q�G���I�D�F�H���W�R���I�D�F�H���D�V�V�H�V�V�P�H�Q�W���D�G�P�L�Q�L�V�W�U�D�W�L�R�Q�V���L�Q���R�U�G�H�U���W�R��

provide information about the feasibility of the te�O�H�K�H�D�O�W�K���D�V�V�H�V�V�P�H�Q�W�V���L�Q���W�H�U�P�V���R�I���W�K�H���F�K�L�O�G�U�H�Q�¶�V��

attention, levels of observable anxiety, and distractions potentially associated with telehealth. 

Seeking the views of the child participants and their parents is also an important first step in 

understanding the social validity of this model of service delivery and, moving forward, research 

in this field could benefit from collaborative research and co-design with individuals with 

communication and other disabilities, as well as their families and communities, further 

supporting innovation and informed uptake of the service model.  

Impact at the local level 
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The current research exposed a range of clinicians and parents to telehealth practice who 

may otherwise not have had this option for understanding and addressing the needs of the 

children involved, a key factor in reducing barriers around the uptake of telehealth. Clinicians, 

rather than researchers, implemented and supported the telehealth assessments in Study 1, and 

all the families who agreed to participate were attending multidisciplinary assessments as part of 

regularly scheduled practice, rather than volunteering for a telehealth project specifically. This 

meant that families and clinicians who would otherwise be may not have had an opportunity to 

understand the potential of telehealth were able to experience this model. As demonstrated in 

Study 3, parents who have not experienced telehealth are unlikely to elect to use this type of 

service. However, parents and others who have experience of telehealth are generally very 

positive about its use (as in Studies 1 and 2) meaning that barriers around telehealth are 

somewhat lowered.  

The engagement of clinicians in the research meant that those who were involved at the 

face to face sites were introduced to the concept of telehealth and barriers around cost and fear 

of technology were reduced. All clinicians were able to support the child participants to 

participate in the assessments, and a detailed set up and troubleshooting manual (see Appendix 

1) was designed to help clinicians and teachers to feel prepared and comfortable with the 

technology. Following completion of the research project, all three clinicians in the rural and 

metropolitan hubs went on to use the telehealth technology to implement interventions for 

children with language and reading disorders as part of their everyday work. Further, the fact 

that the technology was tested in an existing service meant that it had already shown that it was a 

financially and logistically viable option for service delivery.  

Impact on cross-disciplinary research  

The research on language assessments contained in this thesis has directly contributed to 

research into the use of telehealth in other areas, namely the assessment of cognitive skills and 
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literacy skills in school aged children. Using similar technology and methodology, my 

colleagues and I, led by neuropsychologist Dr Hodge, (Hodge et al, 2018a) investigated the use 

of a formal, standardised test of intelligence delivered via telehealth. The study, using an 

updated version of the web interface used in this thesis, also used Bland Altman analyses and 

measured child behaviour across conditions, parent reactions and collected data about the 

�F�O�L�Q�L�F�L�D�Q�¶�V���H�[�S�H�U�L�H�Q�F�H���R�I���W�K�H���D�X�G�L�R���D�Q�G���Y�L�V�X�D�O���T�X�D�O�L�W�\���R�I���W�K�H���W�H�F�K�Q�R�O�R�J�\ for each assessment. 

They found that the assessment could be administered reliably and validly. Hodge et al. (2018b) 

also used this methodology to administer a battery of literacy assessments to school aged 

children with complex reading difficulties in a real-world setting. Similarly, Hodge and 

colleagues found that the literacy assessments were valid and reliable and that implementing 

assessment services remotely via telehealth was feasible (see Appendix 11 for these papers, on 

which I am third author).  

Impact on policy and practice 

The research described in this thesis has had an impact on policy and practice for the 

government departments in which the studies took place. Based on the feasibility and reliability 

of the telehealth language assessments, and the inability to fill a speech pathology position in a 

rural hub, a decision was made by the New South Wales Department of Education to employ a 

speech pathologist at the Sydney base to provide a service to the hub. This position has now 

been continuously filled for more than 12 months and the speech pathologist continues to 

provide formal assessments as well as interventions via telehealth, alongside a team of teachers 

and others who provide assessments to children face to face. The decision to employ in the 

Sydney base has meant that while there is no physical speech pathology presence in the rural 

hub, the students who attend have had the benefit of high-level expertise from the telehealth 

speech pathologist, and the team has benefitted from a stable team member for more than a year 

with whom they collaborate on assessments and projects and communicate with daily. In 

addition, the service, which in the past had paid casual and consultancy rates to local speech 
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pathologists to carry out basic assessments when the position was unfilled, now has predictable 

costs and outgoings. The use of consumer grade equipment has meant no additional costs to set 

up the telehealth service, making it viable in the long term.  

Following the successful employment of the telehealth speech pathologist, and based on 

the research by Hodge et al. (2018a), the New South Wales Department of Education then 

employed a psychologist in the Sydney base to provide services to two rural hubs. Multiple 

attempts at recruiting a psychologist with appropriate experience had been made but the 

positions at the two rural hub had remained unfilled for approximately 2 years and, as with the 

speech pathologist, the service was bearing extra costs in paying casual and consultancy rates to 

local psychologists to provide assessments on an ad hoc basis. At the time of submission of this 

thesis, the telehealth psychologist has been employed for approximately 6 months to provide 

telehealth assessments and to work collaboratively with the two rural hub teams on intervention 

plans and family support.  

A further flow-on effect in terms of policy and practice is a recent decision by the service 

to provide additional funding to evaluate the outcome of the reading intervention by providing 

assessments to the children (students) attending the centres following completion of their reading 

interventions. All students currently attend a hub for initial assessments of their literacy and 

other skills but post testing following intervention has not been feasible in terms of time and 

costs for the individual families. This has meant that the service has had limited information 

about the extent of the impact of the reading intervention on the skills of their students. 

Following the findings of the reliability of speech pathology assessments, and the extension of 

this methodology to literacy assessments, the service will now be undertaking assessments of 

�O�L�W�H�U�D�F�\���V�N�L�O�O�V���I�R�O�O�R�Z�L�Q�J���W�K�H���U�H�D�G�L�Q�J���L�Q�W�H�U�Y�H�Q�W�L�R�Q���Y�L�D���W�H�O�H�K�H�D�O�W�K���L�Q���W�K�H���V�W�X�G�H�Q�W�V�¶���K�R�P�H���V�F�K�R�R�O�V����

The use of off the shelf equipment and a web interface means that schools will be able to 

accommodate these assessments without undue financial burden using the available equipment 

and internet bandwidth available in local schools.  
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Finally, the research described in this thesis is having an impact at the national level. A 

collaborative group comprising myself, the founder of the telehealth platform Coviu, and the 

consultant speech pathologist from industry partner Pearson Clinical is working to have the 

language assessment, the Clinical Evaluation of Language Fundamentals �± 5th edition (Australia 

and New Zealand; CELF-5A&NZ) embedded into the Coviu marketplace, based on the evidence 

regarding the reliability and feasibility of telehealth administration contained in this thesis. This 

will mean that speech pathologists across Australia will be able to access the CELF-5A&NZ tool 

and administer it within the Coviu interface in a straightforward and seamless way. This will be 

provided initially as a pilot and will be evaluated in terms of clinician satisfaction and user 

acceptability prior to rolling it out nationally and, potentially, internationally. Following several 

rounds of applications, this group has now been awarded a NSW Government grant (c$100, 000) 

that will allow for the assessment resource to be converted into a fully functional digital resource 

able to be used directly in Coviu, and for a market trial to be carried out. Ethics applications for 

this study are underway at the time of writing and the project is due to begin on June 3, 2019.  

Limitations and future directions 

 The limitations in this series of studies need to be taken into account when considering 

the results. These limitations related primarily to sample size and selection. In study 1, a 

moderate sample size allowed for appropriate statistical analysis but it is noted that the age of the 

participants was limited to upper primary school age (ages 9 �± 12), meaning that extension of the 

�I�L�Q�G�L�Q�J�V���W�R���D���\�R�X�Q�J�H�U���D�J�H���J�U�R�X�S���P�D�\���Q�R�W���E�H���S�R�V�V�L�E�O�H�����7�K�H���V�H�F�R�Q�G���V�W�X�G�\�¶�V���V�P�D�O�O���Q�X�P�Eers of 

participants meant that while appropriate reliability and comparison analysis was completed with 

meaningful results, non-significant results in the relationships between autism severity and 

behaviour observation scores may reflect a lack of power in the study. Further, the participants 

represented only those on the autism spectrum with functional language (regardless of 

intellectual ability or co-occurring condition). Thus, less is known about the potential response 

to telehealth of those with significant intellectual disability or with minimal verbal ability. Future 
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research into the use of telehealth with wider populations, including those with intellectual and 

sensory disabilities as well as younger and older participants will provide important information 

about the possibilities of telehealth and the barriers that may need consideration. 

Finally, limitations in the sample size and geographical distribution of participants in 

study 3 meant that statistical analysis could not be completed meaningfully and that the results 

may not provide a true picture of unmet need, and attitudes to telehealth in rural and remote parts 

of Australia. Despite numerous and various efforts to recruit participants via social media (e.g. 

via general and targeted Twitter and Facebook posts), at conferences, through direct email 

�L�Q�Y�L�W�D�W�L�R�Q���D�Q�G���D�G�Y�H�U�W�L�V�L�Q�J�����H���J�����Y�L�D���W�K�H���,�V�R�O�D�W�H�G���&�K�L�O�G�U�H�Q�¶�V���3�D�U�H�Q�W�V�¶���$�V�V�R�F�L�D�W�L�R�Q���P�D�J�D�]�L�Q�H�������R�Q�O�\��

small numbers of parents responded and completed the survey. While this sample did shed 

important light on the variability of perspectives and experiences among parents of school aged 

children, larger representational samples will be needed to identify and address systematic and 

population level barriers. While clear pockets of unmet need exist for speech pathology services, 

there is further research needed in this area in order to better understand the need, and unmet 

need for speech pathology services, in both metropolitan and rural communities more broadly. It 

is particularly important to gain a clearer understanding of the barriers to telehealth and to 

explore the impact of changing technology and service provision, including via the National 

Disability Insurance Scheme (NDIS), as this scheme continues to roll out and affect the need for 

services across Australia. 

Conclusion 

The research described in this thesis explores the role of telehealth in speech pathology 

service provision, particularly in the provision of formal language assessments. Previous work in 

this area had examined the use of telehealth to provide language assessments but the work was 

limited to university settings, rather than a real-world environment, and very little research had 

explored the use of telehealth directly with children with autism. Two of the studies in this thesis 

involved the use of telehealth to administer standardised language assessments to children with 
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diverse learning needs, including those with complex reading difficulties and those with autism 

spectrum disorder. The design of these studies aimed to reflect real-world situations, using off 

the shelf technology and equipment, in regular clinical settings (including schools and hospitals). 

The research found that standardised language assessments via telehealth were feasible and 

reliable for a range of children, including whose experience with telehealth had not previously 

been researched, such as children with autism. The assessments were able to be delivered in real 

world settings by clinicians with minimal experience or training in telehealth, and both parents 

and children were positive about the experiences of telehealth. The final study of this thesis 

explored the experiences and attitudes of parents towards telehealth. The overall finding of this 

study was that parents who were naïve to telehealth tended to be more cautious about embracing 

it but could see the potential benefits regardless of their own geographical location or their 

�F�K�L�O�G�¶�V���G�L�D�J�Q�R�V�W�L�F���V�W�D�W�X�V�������� 

This thesis, therefore, adds to the body of knowledge regarding telehealth, confirming 

that services, including standardised assessments, are not only feasible and reliable but also 

acceptable to both parents and children. The findings of the research are influencing practice at 

the service level and it is hoped that the outcome of the research means that more families and 

children, particularly in regional, rural and remote locations benefit from accessing high quality 

services that are able to be delivered closer to home, and with fewer costs in terms of travel and 

time.  
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Appendix 2: Poster presented at Speech Pathology Australia National Conference, 

Canberra, May 2015 
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Appendix 3: Social Story® to support students prior to Study 1 assessments 
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Appendix 4: Poster presented at Speech Pathology Australia Conference, 2017 
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Appendix 5: Poster presented at Speech Pathology Australia National Conference, June 

2019 
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Appendix 6: Ethical approval (Study 1)  
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Appendix 7: Amendment approval (Study 1) 
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Appendix 8: Amendment (Study 2)  
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Appendix 9: Prior approval  

  

GRIFFITH UNIVERSITY HUMAN RESEARCH ETHICS COMMITTEE 
 
                                                              23- Jul -
2015  
 
 
Dear Ms Sutherland  
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clearance for your project "PR: The Effectiveness of using a 
telehealth application to provide language assessments to students 
with diverse learning needs -  LNR/12/SCHN/408" (GU Ref No: 
EDN/B0/14/HREC).  
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assurances or amendments to this protocol.  
 
 
 
Consequently, I reconfirm my earlier advice that you are authorised to  
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The standard conditions  of approval attached to our previous 
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Regards  
 
 
 
Dr Gary Allen  
Senior Policy Officer  
Office for Research  
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ph: +61 (0)7 3735 5585  
fax: +61 (0)7 3735 7994  
email: g.allen@griffith.edu.au  
web:  
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Researchers are reminded that the Griffith University Code for the 
Responsible Conduct of Research provides guidance to researchers in 
areas such as conflict of interest, authorship, storage of data, & the 
training of research students.  
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University's Code by visiting 
http://policies.griffith.edu.au/pdf/Code%20for%20the%20Responsible%20C
onduct%20of%20Research.pdf  
PRIVILEGED,  PRIVATE AND CONFIDENTIA L 
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Appendix 10: Ethics approval for study 3 
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and subsequently on the 18 January 2016. 
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Documents Reviewed Version Date 
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Note to Investigator: The HREC reference on the Flyer is the Griffith University HREC reference. It 
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participants. 
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Appendix 11: Other studies arising from this research  

 

As described in the discussion, two further research projects were developed based on the 

methodology and technology used in studies 1 and 2 of this thesis. References and abstracts of 

the papers published about these studies are as follows: 

Hodge, M. A., Sutherland, R., Jeng, K., Bale, G., Batta, P., Cambridge, A., . . . Silove, N. 

(2018). Agreement between telehealth and face-to-face assessment of intellectual ability in 

children with specific learning disorder. Journal of Telemedicine and 

Telecare, 1357633X18776095. doi:10.1177/1357633X18776095 
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