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Abstract
A Delphi consensus methodology was used to adapt the Autism Diagnostic Interview – Revised (ADI-R) for the assessment of deaf  children  with suspected Autism Spectrum Disorder (ASD).  Each ADI-R item was considered by a panel of nine international experts in terms of relevance and acceptability. Modifications were proposed and agreed by the expert panel for 45% of items.  The pre-specified criterion for agreement between experts was set at 80% for each item. A first validation of the revised version, adapted for deaf  children  (ADI-R Deaf Adaptation) , was undertaken with a United Kingdom (UK) sample of 78 parents/carers of deaf children with ASD and 126 parents/carers  with deaf children without ASD. When compared to NICE guideline standard clinical assessments, the ADI-R Deaf Adaptation diagnostic algorithm cut-off/threshold scores achieved a sensitivity of 89% (79% – 96%) and specificity of 81% (70%-89%) for ASD. The alpha coefficients for each algorithm symptom domain ranged from 0.80 to 0.91, suggesting that the items had high internal consistency. Our findings indicate that the ADI-R Deaf Adaptation is likely to be  a useful measure for the assessment of deaf children with suspected ASD, although further research is needed.
Lay Abstract 
Autism assessment processes need to improve for deaf children as they are currently being diagnosed later than their hearing counterparts and misdiagnosis can occur. We took one of the most commonly used parent developmental interviews for ASD the Autism Diagnostic Interview – Revised (ADI-R) and adapted it using international expert advice. Modifications were proposed and agreed by the expert panel for 45% of items; the remaining 55% of items were unchanged.  We then tested the revised version, adapted for deaf children (ADI-R Deaf Adaptation) , in a United Kingdom sample of 78 parents/carers of deaf children with ASD and 126 parents/carers  with deaf children without ASD. When compared to NICE guideline standard clinical assessments, the ADI-R Deaf Adaptation diagnostic algorithm threshold scores could identify those deaf children with a definite diagnosis (true ASD positives) well (sensitivity of 89% (79% – 96%)) and those deaf children who did not have ASD ( true ASD negatives) well (specificity of 81% (70%-89%)). Our findings indicate that the ADI-R Deaf Adaptation is likely to prove a useful measure for the assessment of deaf children with suspected ASD and that further research would be helpful.
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Introduction 
Autism Spectrum Disorder (ASD) is a globally recognised neurodevelopmental condition, with considerable impact on the affected individual, their family and wider society (Buescher et al., 2014; Elsabbagh et al., 2012; Saccá et al., 2019; Sim et al., 2018). The behavioural profile of strengths and difficulties (Baird et al., 2006) is associated with differences in brain neural architecture and connectivity compared with the general population (O’Reilly et al., 2017).  These differences may be responsible for social communication difficulties (Bishop et al., 2016) and increased intense or unusual preoccupations and repetitive actions (Bishop et al., 2006; Goldman et al., 2009)- the  required criteria for an ASD diagnosis (APA, 2013) . Some deaf children without ASD with limited exposure to language in early life present with social communication differences and empathy skill developmental delay (Schick et al, 2007), which has some similarities to hearing children with ASD (Baron-Cohen, 2008; Hayes & Watson, 2013). Individuals are also predisposed to a range of co-occurring physical and mental health conditions and difficulties (Gurney et al., 2006; Lai et al., 2019) and some children with ASD are also deaf (Beers et al, 2014). It is important for clinicians and researchers to accurately identify patterns of development when diagnosing ASD within a broad range of differential diagnoses to inform individual intervention and family support planning. Children with an ASD (including those with an intellectual disability) benefit from early social communication interventions, appropriately adapted education and additional support (Bond et al., 2016; Kasari et al., 2015; Pickles et al., 2013). 
Clinicians assessing deaf children for ASD report difficulties in the diagnostic assessment process: concerns about overlapping symptoms and behaviours with ASD  in deaf children as a result of lack of exposure to early language learning experiences (Hall et al, 2017), those with social and emotional developmental delay (Wright & Oakes, 2012) and risk of misinterpretation of behaviours (e.g. visual sensory interests). There are concerns that diagnostic uncertainties such as these delay the assessment pathway (Brenman et al., 2017). Parents of deaf children experience delay in assessment and diagnosis, diagnostic uncertainty, lack of understanding of the deaf experience and problems establishing effective communication with the child from assessing clinicians (Roper et al., 2003; Wright & Oakes, 2012;Young et al., 2019). 
There are over 45,000 deaf children living in the UK (CRIDE, 2016); with approximately 40% of these children having additional needs (Fortnum & Davis, 1997). The prevalence of deaf children with ASD is unknown, although many of the neurological, perinatal and syndromic causes of being deaf (Morzaria et al., 2004) also carry a higher risk of ASD (Chess, 1977; Jiang et al., 2016; Wachtel et al., 2007). It has been estimated that approximately 1.6-1.7% of deaf children have a reported ASD (Gallaudet Research Institute, 2008; Szymanski et al, 2012).  
Relatively little is known about differences in the way ASD presents in deaf children outside small cohort studies. These show some interesting findings such as the presence of reverse palm  orientation for signs that have a specific inward/outward orientation, (Shield & Meier, 2012), the absence of sign pronominal reversal and limited use of pronouns in sign with a preference for names (Shield et al, 2015) and that echolalia presents in sign language  (Shield et al, 2017). The importance of facial expressions in emotional understanding has also been demonstrated in deaf people with ASD (Denmark et al, 2014). The research on prevalence of being deaf in ASD is greatly variable between studies (Beers et al, 2014). 
[bookmark: _Hlk43564243]The median age of all ASD diagnoses in hearing children in UK is 55 months (Brett et al., 2016) with the mean age in the US varying between studies between 38 and 120 months (Daniels and Mandell, 2014). Whilst there is limited research in both countries for deaf children the age of diagnosis is purported to be comparatively late (Jure et al., 1991; Roper et al., 2003) with one recent study in the US reporting a median diagnosis of ASD of 66.5 months (Meinzen-Derr et al, 2014). These differences may be related to an overlap, confusion or misattribution of symptoms (Szymanski & Brice, 2008; Wright & Oakes, 2012; Schick et al., 2007). Most deaf children are born to hearing parents who are not expecting a deaf child (Vaccari & Marschark, 1997), and often seek information and advice(Szarkowski & Brice, 2016) and report challenging experiences when having to consider their understanding of the development of a child who is deaf or is deaf and has ASD (Young et al., 2019).  Another contributory factor to delay may include: a limited number of professionals with knowledge or experience in the assessment of deaf children with/or without suspected ASD, (Syzmanski et al., 2012; Shield et al., 2015). There is a clear benefit to early identification and intervention for ASD in hearing children (Warren et al., 2011) and this is likely to pertain also to deaf children.  Finding new and better ways of assessing deaf children could lead to earlier and better identification both of which would benefit those children and their families. No existing ASD diagnostic assessment tools have been validated for the assessment of deaf children (Syzmanski & Brice, 2008). In one of the most widely used parent semi-structured interviews (the Autism Diagnostic Interview-Revised (ADI-R)), (Rutter et al., 2003) a number of the questions are not suitable for the assessment of deaf children. There is an urgent need to adapt and validate diagnostic measures for use in the deaf population. We report the adaptation and first validation of the ADI-R for use with deaf children (hereafter termed the ADI-R Deaf Adaptation).
Methods
Permissions
Positive ethical opinions were obtained from the National Research Ethics Service (NRES) Committee Yorkshire & the Humber - South Yorkshire (REC Reference: 15/YH/0093) for the Delphi Consensus (22/05/2014) and validation study (17/04/2015). The study was undertaken with the agreement of the ADI-R original authors (Rutter et al., 2003) and relevant permissions were obtained from the publishers Western Psychological Services (WPS).
The Instrument
The ADI-R is a semi-structured interview administered by a trained interviewer to an informant (usually parent(s) or caregiver(s)) (Lord et al., 1994; Rutter et al., 2003).  The interview framework provides sufficient information to identify the presence of neurodevelopmental disorder diagnoses (World Health Organization International Classification of Diseases (ICD-10)) (WHO, 1993) and for a DSM-5 ASD diagnosis (American Psychiatric Association, 2013). The ADI-R focuses on key domains of functioning: Background (including family, educational and medical history); Current concerns; Early Development; Acquisition and Loss of Language/Other Skills; Language and Communication Functioning; Social Development and Play; Interests and Behaviors; and General Behaviours.  
The scores for selected items are combined into an ADI-R algorithm with an ADI-R diagnostic threshold for autism based on scores exceeding the specified cut-offs in the three sections (Reciprocal Social Interaction; Language/Communication; and Repetitive and Stereotyped Patterns of Behaviours), together with  evidence of abnormality in development at or before 36 months of age.  The ADI-R algorithm threshold is not a clinical diagnosis but can contribute to the diagnostic process.
Adaptation of ADI-R using the Delphi Consensus Methodology
An online Delphi method was used where internationally recruited experts in deaf children with ASD examine each item of the ADI-R and make comments sharing their opinions to seek a shared consensus (Gibson, 1998; McKenna, 1994; Sharkey & Sharples, 2001). Experts comment independently and their opinions are collated by an expert panel . A number of rounds were undertaken (details described below) (Beech, 1999; Sharkey & Sharples, 2001; Sheikh et al., 2008). 
Community and Patient and Public Involvement (PPI)
During the study a hearing parent of a deaf child with ASD and a deaf parent of a child with ASD supported our research attending meetings, checking materials for use with participants and advising on a arrange of issues. At all stages of the research we have involved people with lived experience of being deaf including deaf participants, deaf parents, a number of deaf clinicians/professionals including those trained within the ten centres of the national  deaf child and adolescent mental health service in England and several members of the research team are profoundly deaf.

Delphi International Expert Panel members (DIEP)
International experts in ASD and deafness were identified through: publications, specialist contacts, conferences and relevant organisations. Identification and selection criteria (see figure 1 for methodology flow). 
Independent Research Review Team (IRRT) 
An independent research review team (IRRT) was assembled with representatives including parents of deaf children with autism, educational professionals with experience working with deaf children with autism and deaf and hearing clinical and academic research practitioners in child mental health and linguistics. We prioritised the inclusion of deaf professionals to ensure that the discussions incorporated deaf cultural perspectives. At the end of each Delphi round the IRRT reviewed a summary of the collated DIEP feedback. The IRRT then agreed whether items were accepted or modified and re-circulated to the DIEP for the next round (see figure 1 and description below).













Figure 1
Flowchart Illustrating the ADI-R Delphi International Expert Panel (DIEP) Consensus Process for ADI-R-Deaf Adaption
Letters to recognised international experts
Potential participants were requested to return their expression of interest and eligibility criteria
Potential participants then completed a demographic questionnaire
Participants eligible if met minimum criteria: experience with deaf children with ASD; trained in ADI-R(or equivalent) and had used to assess deaf children in last 2 years.
 Participants were excluded if they did not meet the eligibility criteria:
Have worked with deaf children with ASD
Have used the ADI-R 

ADI-R-Deaf Adaption Delphi International Expert Panel (DIEP)





 






Delphi Consensus Procedure
Full details are previously reported (Phillips et al., 2021; Wright et al., 2020).  The DIEP members were presented with each ADI-R item and coding definitions and asked to select one of three options: 1) agree the item is acceptable for use with deaf participants; 2) decide item should be discarded; or 3) recommend modification (suggest wording for modification of the individual item in the ADI-R booklet with relevant evidence).  
A pre-specified rate of 80% agreement (to bank an item as accepted or rejected) was used in line with previous Delphi Consensus literature (Beattie & Mackway-Jones, 2004; Brown et al., 2006; Crawford et al., 2004). 
One of the pre-specified goals for the IRRT was to ensure that the modifications of the ADI-R items, including item and coding definitions, were kept to a minimum. This aimed to ensure as much conceptual integrity of the original assessment measure and coding systems to be retained as possible. 
Following completion of the DIEP procedure, the modified ADI-R was referred to as the Autism Diagnostic Interview- Revised Deaf Adaption (ADI-R Deaf Adaption).
Translation
To enable those parents (including deaf parents) whose communication preference might be a signed language and as this study was undertaken in England, there was a need to make the items in the ADI-R Deaf Adaptation to be available in British Sign Language (BSL). To achieve this and in line with previous research, a robust forward and back translation methodology was employed to translate all written mandatory questions (modified and unmodified) into British Sign Language (Moore et al., 2013). This involved  2 bi-lingual forward translators, 2 bi-lingual back translators and an expert panel including expert linguistics, clinicians, psychiatrists and consultants. The translation iteratively went between groups until 100% accuracy was achieved. 
Validation Study
Participants and Recruitment
Parents of children and young people aged 2-18 years with a bilateral hearing status  of at least 40dBHL (i.e. this is classified as ‘moderate’ to ‘profound’ by the main internationally agreed hearing classification systems) (Wright et al, 2018) included those using a range of audiological devices such as hearing aids and cochlear implants, were invited to participate. There were no study exclusions based on language preference or the presence of child intellectual disability or other health or mental health co-morbidities. Recruitment was undertaken across England. The 10 National Deaf Child and Adolescent Mental Health Services (NDCAMHS) and other CAMHS services across England worked with the study team to identify and circulate details of the study to potentially eligible children and their families. Schools for the deaf, mainstream schools with specialist resource bases for deaf children, special educational needs schools and teachers with case lists for all deaf children (<40dbHL) in England were contacted. Recruitment information stressed that we were recruiting parents of deaf children who did not have an existing clinical diagnosis of ASD; deaf children with a diagnosis of ASD; and children and young people for whom parents were seeking assessment or teachers had concerns about a possible ASD. Members of the National Autistic Society, National Deaf Children’s Society and the national ASD-UK and Daslne (Database of Children Living with Autism Spectrum Disorder in the North East) research databases were also contacted.    
ADI-R Deaf Adaptation Interviews
The ADI-R Deaf Adapted interviews were conducted by experienced NDCAMHS clinicians who had received training in the ADI-R Deaf Adaptation delivered at a series of training events across the country. Twenty parents/carers were deaf and met with a deaf clinician who communicated in the parent/carer’s preferred language (e.g. BSL) and carried out the ADI-R Deaf adaptation. These national deaf child and adolescent mental health trained clinicians attended additional training and had access to BSL videos of the mandatory questions in the ADI-R Deaf adaptation, which they could show to parents/carers.   All parents completed both the ADI-R Deaf Adaptation and the NICE guideline standard clinical assessment using their preferred language on separate days.  When working with families with both a deaf and hearing parent/carer together we allowed parents to choose their choice of language but also provided a qualified BSL/English interpreter familiar with the guidance video.  Throughout the duration of the study the same two interpreters were used to conduct the ADI-R Deaf adapted interviews.  Both were very knowledgeable having interpreted preliminary discussions.   
Diagnostic Procedure
Twenty two clinicians, who currently or have recently worked for NDCAMHS were involved in the assessments.   Ten clinicians were trained to use the ADI-R Deaf Adaptation  research assessments and  17  conducted the National Institute for Health and Care Excellence (NICE) guideline standard clinical assessments (NICE, 2017).  Five clinicians were involved in both types of assessment but never with the same child. The assessments were completed at different times, blind to each other and diagnostic status. The order of assessments was scheduled for the convenience of the family and clinicians.   The NICE guideline standard clinical assessment was based on WHO Research Diagnostic Criteria for autism, atypical autism or Asperger Syndrome (referred to hereafter as ASD) (WHO, 1993) (Wright et al., 2012).  Clinicians met with parents and children to gather a comprehensive child history, observed and interacted with children and young people at home or school, and viewed additional professional reports where available (e.g. teacher, speech and language therapy and educational psychology). The clinicians also accessed the Social Communication Questionnaire (SCQ) results (Chandler et al., 2007) filled in by all parent participants using the written form and used the responses as a discussion prompt. All this information was collated using a reporting matrix (WHO, 1993). 
The NICE guideline standard clinical assessment (described above) was used to confirm a clinical ASD diagnosis. In the event that the NICE guideline clinical assessment did not take place, children were classified using the parent report of an ASD diagnosis from a previous professional NHS clinical assessment or a score above the threshold (≥ 15) of the Social Communication Questionnaire (SCQ) (Chandler et al., 2007; Rutter et al., 2003). This created a ‘diagnostic group’ categorisation that was used as the basis for validation. 
Sample Size Calculation for the Validation Study
A sample size of 65 per group was based on estimating the mean difference in the ADI-R Deaf adaptation algorithm domain scores of the ADI-R between deaf children with ASD and deaf children without ASD to within ±0.34 standard deviations (95% confidence interval on each side of the estimate). 
Analysis 
[bookmark: _bookmark8]Descriptive statistics are presented as mean (sd) or number (percentage). To compare deaf children with ASD and deaf children without ASD, a t- test or a chi-square test was used for mean and number values respectively. Diagnostic accuracy refers to the degree of agreement between the results from the ADI-R Deaf Adaptation and those from a reference test (Bossuyt, 2015). To validate the ADI-R Deaf Adaptation, we compared the classification from the ADI-R Deaf Adaptation diagnostic algorithm (referred to in this study as ‘ADI-R Deaf Adaptation positive’) against the established diagnostic groups. We also conducted a sensitivity analysis based on the NICE guideline standard clinical assessment only. To determine the optimal ADI-R Deaf Adaptation algorithm cut-off value, the value with highest Youden Index, which determines the highest Sensitivity + Specificity scores, was used. To explore the reliability of the ADI-R Deaf Adaptation scoring algorithms in deaf children, Cronbach’s alpha was used (Tavakol & Dennick, 2011) to explore internal consistency. A “high” value for alpha does not imply that the measure is unidimensional (Tavakol & Dennick, 2011), so an exploratory factor analysis was undertaken as a method of checking dimensionality. For the factors loadings, a cut-off of 0.5 assures that items were clearly related to the factor. Analysis was undertaken on STATA/SE 14.2 (StataCorp). 2015. Stata Statistical Software: Release 14. College Station, TX: StataCorp LP).

Results
Delphi Consensus
Forty five international experts responded to the invitation letter sent to 150 people identified as potentially suitable. Forty professionals completed the demographic questionnaire; of these 17 had experience using the ADI-R or equivalent. Nine experts  were available to complete the Delphi Consensus process; one expert reported their hearing status as deaf. 
The professional groups involved are shown in Table 1.  
Table 1
Demographic Characteristics for Delphi Consensus Experts
	
	Completed Demographic Questionnaire
	Reviewed
ADI-R

	
	Participants
(%)
	Participants
(%)

	Total
	40
	9

	Background
	
	

	Parent/Carer
	1 (2.5)
	-

	Professional
	39 (97.5)
	9  (100)

	Gender
	
	

	Female
	34 (85)
	7 (78 )

	Male
	6 (15)
	2 (22 )

	Hearing status
	
	

	Deaf
	4 (10)
	1 (11 )

	Hearing
	36 (90)
	8 ( 89 )

	Preferred Language ᵅ
	
	

	English
	38
	9 (100)

	Australian Sign Language (AUSLAN)
	3
	1 (11 )

	American Sign Language (ASL)
	2
	1 (11 )

	British Sign Language (BSL)
	2
	-

	Dutch
	1
	-

	Country
	
	

	England
	15
	4  ( 44 )

	Australia
	14
	3  (33 )

	United States 
	8
	2 ( 22 )

	Netherlands
	2
	-

	Russia
	1
	-

	Occupation
	
	

	Psychologist 
	11 (27.5)
	2  (22 )

	Psychiatrist 
	8 (20)
	5 ( 56 )

	Speech and Language therapist or pathologist 
	5 (12.5)
	1 (11 )

	Teacher of the Deaf 
	4 (10)
	-

	Sign Language Model (teacher Aide)
	3 (7.5)
	1  (11 )

	Professor or academic researcher
	2 (5)
	-

	Developmental Paediatrician 
	2 (5)
	-

	Educational Advisor 
	2 (5)
	-

	Deaf Service consultant 
	1 (2.5)
	-

	Program Manager 
	1 (2.5)
	-

	Trainee clinical psychologist 
	1 (2.5)
	-


ᵅ 2 members selected 2 languages as their preferred language.
One hundred and seventy four items were reviewed in round one, 78 items in round two and 10 items in round three. Seventy seven ADI-R items were recommended for modification.  No items were deleted. DIEP consensus was achieved for all items (mandatory questions and coding definitions) after three rounds. 
DIEP Recommended Modifications 
No changes were made to the overall structure of the key domains of functioning in the ADI-R (Rutter et al., 2003). Modifications were made in several areas (detailed in supplementary materials table A-C and Figures A-F for details):
1) The General Layout
Background: Family History; and the Deaf Child’s Social, Education and Medical History.
Prompts were added to capture information about the deaf child’s current and past health, including the cause (if known) and time course of being deaf; other physical and mental health problems; and any technical aids and/or resources the child, family or school were accessing. Further detail about the child’s language and communication history, their education setting(s) and any other support received were also added. 
Acquisition and Loss of Language/Level of Communication
The questions to parents about the development of their child’s language (Items 9 and 10) were expanded to capture the development of spoken (new Item 9a and 10a) and signed languages (Items 9b and 10b) (see table A and B supplementary materials section).  
Additional Item and Adaptation of Items
Item 37 Pronominal reversal was modified (Item 37a) based on research in deaf children (Shield et al., 2012) and a new item to consider sign reversal (Item 37b) was created with suggested prompts and coding. This item will enable clinicians and researchers to capture new information (Shield et al., 2015) (see figure A in supplementary material section).
Item 39 Verbal/Signing Rituals was modified to include non- linguistic verbal utterances (see figure F in supplementary material section). The question has been expanded to enable the assessor to gain information about verbal or signing deaf children/young people.

The DIEP agreed to retain the Undue general sensitivity to noise but recommended an additional item (72b) Undue general sensitivity to sensations (that the child might see, hear or feel such as perfume, certain food textures, movements or appliances). The modified wording was agreed following Round 2 (see figures B + C in supplementary material section).
The title for item 40 has been modified to the term Prosody (previously termed Intonation/volume/rhythm/rate). The revised wording is to include the alternative expression of prosody in signed languages alongside verbal prosody (for example facial expression, hand shapes and signing space usage) (Corina et al., 1999; Dachkovsky & Sandler, 2009). 
2. Language and Communication Functioning
The inclusion of use of signs and visual language as well as words and spoken language throughout the ADI-R Deaf Adaptation is integrated into the coding.  Some additional prompts also gather information about the child’s social communication interactions with deaf and hearing individuals separately.  
The DIEP highlighted the importance of Deaf culture as well as language (e.g. how to gain attention from a deaf person).  These modifications mainly apply to item definitions and questions rather than wording changes to coding. The definitions for gestures and signs have been expanded for Item 45 Conventional /instrumental gestures to clarify the difference between some gestures used by hearing individuals and the use of some iconic linguistic signs in children  using a signed language (Wright et al., 2020). (See figure E in supplementary materials section).
3. The algorithm
The items included in the algorithm remain unchanged and the items (some reworded) included within it are detailed in supplementary table C.

Validation Results
[bookmark: _bookmark10]Two hundred and four parents with a deaf child were recruited from across England. 139 completed the ADI-R Deaf Adaptation, with one child having an incomplete ADI-R Deaf Adaptation so final diagnosis was not possible using the threshold for autism based on scores exceeding the specified cut-offs in all three sections, together with  evidence of abnormality in development at or before 36 months of age (see Figure 2). Blinded NICE guideline standard clinical assessment was undertaken to determine whether deaf children/young people had ASD or not. This was missing for 4 children/young people and so the SCQ higher validated threshold (15) score was used as defined in the protocol (3 children scored in the ASD range and 1 scored below this threshold and so was placed in the non-ASD group). 
Figure 2
STARD Flowchart for ADI-R Deaf Adaptation
[bookmark: _bookmark11][bookmark: _bookmark12][bookmark: _bookmark13][bookmark: _bookmark14][image: ]  
[bookmark: _bookmark15]The characteristics of the children in the total eligible sample compared to those whose parents completed the ADI-R Deaf Adaptation were similar in terms of age, gender, ethnic group and language used (see Table 2). In those taking part (and completing the ADI-R Deaf adaptation), the deaf children with ASD group had an older age profile, a higher proportion of males (85% vs. 74%) and were comparable based on ethnicity compared to the deaf without ASD.  Methods of communication used by Deaf children and young people, parents and guardians  included: spoken English, Sign Supported English (SSE) or British Sign Language (BSL) (see Table 2).  Supplementary Table 1 shows the parent reported co-morbid diagnoses of the children and Supplementary Table D shows the assistive devices used).  A lower proportion of deaf children with ASD used BSL (37% vs. 66%) and Other communication (19% vs. 3%) compared to deaf children without ASD but similar proportions used spoken English and sign supported English.
 Table 2
Demographic Characteristics by Diagnostic Group.
	
	
	Total eligibleᵅ
n=204
	ADI_R-Deaf Adaption
n=139

	
	
	Deaf with ASD
n=78
	Deaf without ASD
n=126
	Deaf with ASD
n=65
	Deaf without ASD
n=74

	
Gender
	Male
	65 (83%)
	92 (74%)
	55 (85%)
	55 (74%)

	
	Female
	13 (17%)
	33 (26%)
	10 (15%)
	19 (26%)

	

Age
	2-3
	6 (8%)
	16 (13%)
	4 (6%)
	11 (15%)

	
	4-9
	29 (37%)
	61 (49%)
	25 (39%)
	37 (50%)

	
	10+
	43 (55%)
	48 (38%)
	38 (55%)
	26 (35%)

	


Ethnicity
	White
	60 (77%)
	106 (85%)
	49 (75%)
	61 (82%)

	
	Black
	2 (3%)
	5 (4%)
	1 (2%)
	4 (4%)

	
	Asian
	8 (10%)
	8 (6%)
	8 (12%)
	5 (7%)

	
	Mixed
	7 (9%)
	5 (4%)
	6 (9%)
	3 (6%)

	
	Other
	1 (1%)
	1 (1%)
	1 (2%)
	1 (1%)

	Languages Used (yes)
	Use BSL
	31 (40%)
	82 (66%)
	24 (37%)
	49 (66%)

	
	Spoken English
	48 (62%)
	71 (57%)
	41 (63%)
	27 (50%)

	
	Sign supported English
	26 (33%)
	33 (26%)
	22 (34%)
	19 (26%)

	
	Other spoken language
	1 (1%)
	3 (2%)
	1 (2%)
	1 (1%)

	
	Other
	15 (19%)
	4 (3%)
	12 (19%)
	2 (3%)


ᵅMissing data for 1 deaf child without ASD

[bookmark: _bookmark16][bookmark: _bookmark17]
[bookmark: _bookmark18][bookmark: _bookmark19][bookmark: _bookmark20][bookmark: _bookmark21]There were statistically significant differences in scores between deaf children with and without ASD for all the three ADI-R algorithm behavioural domain scores (p<0.001) (see Table 3).
The items included in the ADI-R published algorithms for each domain have not changed in the ADI-R Deaf Adaptation (Rutter et al., 2003).  
Table 3 Mean Scores for ADI-R-Deaf Adaptation Algorithm Domains by Diagnostic Group
	
	Deaf with ASD
	Deaf without ASD
	Mean difference (SE), (95% CI)
	

p value

	
	Mean (SD)
	
n
	Mean (SD)
	
n
	
	

	A: Reciprocal Social Interaction
	23.7 (4.3)
	65
	8.5 (8.1)
	73
	15.2 (1.1),
(13.0, 17.5)
	p<0.001

	B: Communication – verbal/signing *
	16.5 (4.4)
	48
	6.5 (6.5)
	59
	10.0 (1.1).
(7.8, 12.1)
	p<0.001

	B: Communication – non verbal/non signing*
	11.9 (2.6)
	17
	4.8 (4.5)
	14
	7.2 (1.3).
(4.5, 9.8)
	p<0.001

	C: Restricted, repetitive and stereotyped patterns of
behaviour
	
6.7 (3.0)
	
65
	
2.5 (2.7)
	
74
	4.1 (0.5).
(3.2, 5.1)
	
p<0.001


*‘Verbal/signing’ defined as functional use of 3 word / sign phrases  (see item 30 ADI-R -deaf adaptation (2020) 
[bookmark: _bookmark22]The sensitivities and specificities for each of the domain scores for the existing published and optimal domain cut-off scores are presented in Table 4. In deaf children, the optimal cut-off scores were higher than the published cut-off scores for all the domain scores. For participants whose scores exceeded the specified cut-offs in all three algorithm content areas and for whom the onset of disorder was evident by 36 months of age, the sensitivity was 89% (95 CI: 79%, 96%) and specificity 81% (95% CI: 70%, 89%). The sensitivity analysis using only the NICE guideline standard ASD clinical assessment data gave a sensitivity of 88% (77%, 95%) and a specificity of 81% (70%, 90%). These perform as well as recent published systematic review data from the ADI-R, which quote overall figures of 75% and 82% respectively (Lebersfeld et al, 2021).
Table 4
ADI-R Deaf Adaptation Algorithm Domain Scores against Diagnostic Group
	
	
AUC (95% CI)
	N
(Deaf with ASD/Deaf without ASD)
	
Existing Cut-offᵅ
	
Sensitivity
	
Specificity
	Optimal 
cut-off using highest Youden Index
	
Sensitivity
	
Specificity

	Aspirational success
criteria
	
	
	
	70%
	60%
	
	
	

	A: Reciprocal Social Interaction
	0.921
(0.874, 0.968)
	138 (65/73)
	=10
	100% 
(95%, 100%)
	65%
(54%, 76%)
	=20
	85% (74%, 92%)
	89% (80%, 95%)

	B: Communication - verbal/signing *
	0.870
(0.801,0.939)
	107 (48/59)
	=8
	100% 
(93%, 100%)

	66%
 (53%, 78%)
	=11
	92% (80%, 98%)
	73% (60%, 84%)

	B: Communication – non verbal/non signing*
	0.917
(0.813,1.000)
	31 (17/14)
	=7
	94% 
(71%, 100%)
	57%
 (29%, 82%)
	=10
	88% (64%, 99%)
	86% (57%, 98%)

	   B: Communication combined
	
	
	
	98% 
(92%, 100%)
	64% 
(52%, 75%)
	
	91% (81%, 97%)
	75% (64%, 85%)

	C: Restricted, repetitive
and stereotyped patterns of behaviour
	0.843
(0.777,0.908)
	139 (65/74)
	=3
	91% 
(81%, 97%)
	58% 
(46%, 69%)
	=5
	80% (68%, 89%)
	77% (66%, 86%)

	Scores in all three content areas exceed the specified cut-offs, and onset of the disorder is evident by 36 months of age.
	
	138 (65/73)
	
	89%
 (79%, 96%)
	81%
 (70%, 89%)
	
	
	


ᵅ Published cut-offs scores for the ADI-R (Rutter et al., 2003)
*‘Verbal/signing’ defined as functional use of 3 word / sign phrases  (see item 30 ADI-R -deaf adaptation (2020) 

[bookmark: _bookmark23][bookmark: _bookmark24]Reliability of the ADI-R Deaf Adaptation Scoring Algorithm
Section A: Reciprocal Social Interaction (n=138)
[bookmark: _bookmark25]The alpha coefficient was 0.91, showing that the items have high internal consistency. The factor analysis revealed only one factor, explaining 85% of the variation, suggesting that these items are unidimensional. Comparing the factor scores between deaf children with and without ASD showed a significant difference between groups (p=<0.001). 
Section B: Qualitative Abnormalities in Communication (n=138)
For children with language the alpha coefficient was 0.81 (n=106), suggesting that the items have high internal consistency. The factor analysis revealed only one factor (explaining 67% of the variation), suggesting that these items are unidimensional. Comparing the factor scores between deaf children with and without ASD showed a significant difference between groups (p=<0.001). 
For non-linguistic children, the alpha coefficient is 0.80 (n=31), suggesting that these items also have high internal consistency. The factor analysis revealed only one factor, explaining 85% of the variation, suggesting that these items are unidimensional. Comparing the factor scores between deaf children with and without ASD showed a significant difference between groups (p=<0.001). 
[bookmark: _bookmark26]Section C: Restricted, Repetitive or Stereotyped Patterns of Behaviour (n=139)
[bookmark: _bookmark27][bookmark: _bookmark28][bookmark: _bookmark29] The alpha coefficient was 0.81, suggesting that the items have a high internal consistency. The factor analysis revealed two factors. The eigenvalue for the first factor is distinctly larger than the eigenvalue for the second factor (3.437 versus 1.264), explaining 59% of the variation. Only 2 items fall into the second factor (Verbal/signing rituals and Hand and finger mannerisms; Table 5). Comparing the factor scores between deaf children with ASD and deaf children without ASD shows a significant difference for Factor 1 (p=<0.001), but not Factor 2 (p=0.226). 
Table 5
Component Matrix for ADI-R-ADS Section C: Restricted, Repetitive or Stereotyped Patterns of Behaviour
	
	             Factor loading

	
	1
	2

	Section C1
	
	

	Unusual preoccupations
	0.701
	

	Circumscribed interests
	0.618
	

	Section C2
	
	

	Verbal/signing rituals
	
	-0.539

	Compulsions/rituals
	0.680
	

	Section C3
	
	

	Hand and finger mannerisms
	
	0.708

	Other complex mannerisms or stereotyped body movements
	0.713
	

	Section C4
	
	

	Repetitive use of objects or interest in parts of objects
	0.782
	

	Unusual sensory interests
	0.745
	


Discussion
The findings suggest that the ADI-R Deaf Adaptation is a valid and useful measure for the assessment of deaf children with suspected ASD. This includes children who are verbal or non-verbal and those using signing or spoken language. 
Some key changes have been made that address concerns raised by parents and clinicians about the ASD diagnostic assessment process (Brenman et al 2017; Young et al 2019). For example, information about the deaf child’s language and communication history and their environment (including family communication and educational environment), sign language milestones together with new ADI-R scoring code descriptors to allow equivalence of signed and spoken languages in assessment and rating are included in the ADI-R Deaf Adaptation. The new version also includes peer-reviewed research findings, including sign reversal seen in deaf children with autism (Shield & Meier, 2012) and problems using sign language prosody (as distinct from spoken language prosody) in deaf children. Changes also recognise the emerging research literature that proposes that, from linguistic and neuroimaging perspectives, spoken language/gesture has equivalence to sign language/gesture (Goldin-Meadow & Brentari, 2017).
The existing published ADI-R algorithm was found to be reliable and able to discriminate well (with good enough sensitivity and specificity) between deaf children with and without ASD in this community sample. Retaining the existing algorithm thresholds has the advantage that it avoids confusion across ADI-R versions and enables comparisons across different studies. Interestingly the Youden Index for optimal cut-offs in the ROC curve suggests that when used with deaf children the thresholds are higher in all domains compared to the existing algorithm. This finding is in keeping with the observation that deaf children without ASD have some behaviours that score on the ADI-R but deaf children with ASD show many more of these types of behaviours. Previous studies highlight that these overlapping behaviour profiles can lead to diagnostic uncertainty during assessment (Wright & Oakes, 2012).  Clinicians need to undertake a detailed developmental history which includes detail about being deaf as part of the multisource assessment process to minimise errors in diagnosis (Phillips et al, 2021). 
The algorithm items in the reciprocal social communication and qualitative abnormalities of communication domain showed high reliability and internal consistency with one main factor identified - replicating previous studies {Rutter et al, 2003).  Interestingly in our population of deaf children for the Restricted, Repetitive or Stereotyped Patterns of Behaviour (RRB) domain there is a significant difference for Factor 1 (p=<0.001), between those with ASD and those without ASD but not for Factor 2 (p=0.226). Factor 2 includes hand and finger mannerisms and verbal/signing rituals. Developing deaf children without ASD engage in many varied hand and finger movements as part of language exploration (Roos, 2013) and communicative non-linguistic verbal utterances (Lederberg & Everhart, 1998). Thus scoring on these items has little/no discriminative diagnostic value. The additional questions included in the ADI-R deaf adaptation provide a useful framework for this part of the assessment of deaf children.  High scores in some domains for some deaf children could be related to a range of co-morbidities seen in deaf children (see supplementary table E).
It is of note that lower proportions of deaf children with ASD use BSL as their main language than deaf children without ASD. This may reflect additional challenges for a deaf child with ASD accessing learning and using a signed language; although there is no research we are aware of confirming this belief. It is also possible that common misunderstandings about language acquisition for deaf children (Humphries et al, 2016) may mean some parents are advised not to use sign language with their deaf children despite evidence that this may be harmful (Hall, 2017). 
The ADI-R Deaf Adaptation mandatory questions were translated into BSL using a robust forward and backwards translation process (Moore et al., 2013) so that for this first validation study,  the interview was available in BSL and in English. In addition for parents (informants) who were deaf and whose preferred language was BSL, our study team recommended that a deaf clinician who communicated using BSL administered the interview (or worked with a qualified interpreter if this was not possible) (Ackroyd & Wright, 2018).  For this subset the deaf parents reported that this process worked well but further analysis was not possible due to the small sample. 
[bookmark: _bookmark67][bookmark: _bookmark68]Strengths and Limitations
Parents of deaf children were recruited from a variety of community and referral sources. As such the sample is likely to be representative of both deaf children requiring an ASD diagnostic assessment and deaf children without ASD.  Our sample included some older children, more males and children with a range of co-occurring conditions as expected in a sample of deaf children (Brett et al, 2016; Fortnum et al, 2002). However the comorbidity data needs to be treated with caution as it is based on parent report and despite the sample size (relatively large for an ASD study) a larger validation study would be needed to investigate specific subgroups such as children of different ages or levels of learning disability (Havdahl et al, 2016). Our sample also included children using a range of assistive devices for hearing or none at all and represent a wide range of child and family backgrounds.
A further strength is the composition of the research team which included specialist clinical academics supported by the NDCAMHS all with expertise in ASD and deafness. However this also highlights a national challenge, namely that these skills are not more widely available in community child health services.  The team also emphasised the important contribution of people with deaf lived experience (deaf researchers and deaf professionals). Anecdotally it is encouraging to note that NDCAMHS is now receiving more requests to train deaf clinical staff in the ASD diagnostic assessment process.  
A limitation of the research is that despite wide international recruitment strategies the Delphi Consensus process identified just 17 experts who met the criteria to take part in our study and due to different time commitments and other pressures only 9 experts (one of whom was deaf) were able to complete the Delphi process.  We used a number of strategies with the aim of mitigating this issue including time extensions with the support of our funder. The study has benefitted from the participation of many people with perspectives on deaf experiences including the deaf PPI members , deaf parents of participants, members of the IRRT and the valued contributions of the deaf researchers within the research team - the trial co-ordinator and 5 research assistants. Despite this we believe we could have improved on this believing that it is essential to have deaf perspectives at the heart of research of this nature.
A further limitation facing many research groups is the difficulty finding a gold standard assessment for deaf people to compare the new assessments with, given that there were no available validated measures in deaf children. We addressed this by using the best current practice namely the NICE guideline recommended assessment process. Several children were given a new diagnosis of ASD as a result of these NICE guideline assessments (but not as a result of the ADI-R Deaf adaptation which was being researched). 
[bookmark: _bookmark69][bookmark: _bookmark70]Further Research
Whilst this new tool was developed for use with informants about the development and current functioning of  deaf children whether they used spoken or signed language we researched this in a context where spoken English and British Sign Language were the main languages being used in our recruited families. A future step will be to ascertain whether the findings can be replicated in other settings (in the UK and further afield) including the feasibility and validity in different countries with different linguistic and cultural backgrounds. 
It will also be interesting to investigate whether the use of standardised instruments for the assessment of suspected ASD in deaf children can contribute to improving standards and service provision and whether this will lead to a reduction in average age of assessment and diagnosis in deaf children. 
A further key area for future research is whether this instrument can differentiate between ASD and those deaf children who have had limited early life exposure to language learning (some have termed this ‘language deprivation’) (Hall et al, 2017). Our new adaptations included a range of questions about language learning experiences at home and at school, which  the DIEP highlighted as an important consideration. However this study was not designed to compare findings between deaf children who have experienced language deprivation and those without. This is an important area for future research.
 Implications for Policy and Practice
Our findings are encouraging and certainly if replicated indicate that the ADI-R Deaf Adaptation could be considered for use in the assessment of deaf children with suspected ASD.  This research contributes to the emerging body of work recommending that validated ASD diagnostic assessment tools may be helpful when assessing deaf children (Syzmanski & Brice, 2008).  Improved training in the use of validated tools should enable more community child health services to provide ASD diagnostic services appropriately modified for deaf children/young people. 
[bookmark: _bookmark71]The National Deaf Child and Adolescent Mental Health Service (found in ten centres across England) has made the strategic decision through its clinical network to have improved autism assessment processes that include using these new tools and to  expand the training of clinical staff in the use of ASD assessment and diagnostic measures specifically adapted for use with deaf children. There are inevitably resource implications for this endeavour. 
Conclusion
This is the first validation of a parent semi-structured interview to assess for ASD in a deaf population. Against a backdrop of limited research in this field (Hansen & Scott, 2017) this provides a very welcome addition for clinical practice. Our findings indicate that the ADI-R Deaf Adaptation is a valid measure for use in the deaf child population in the UK context, no matter what languages or communication methods they use. Further validation work is necessary in other linguistic and cultural contexts, as is further research into the presentation of ASD in deaf people. The improved use of validated ASD diagnostic assessment processes may help reduce inequities in diagnostic age and accuracy in deaf children, which could in turn facilitate improved planning of appropriate educational provision and early parental support.
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