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Autism Spectrum Disorder (ASD, from here on autism or 
ASD) is a neurodevelopmental condition characterized 
by persistent deficits in social communication and social 
interaction and restricted, repetitive patterns of behavior, 
interests, or activities (American Psychiatric Association 
[APA], 2013). Although autism can already be diagnosed 
at the age of two, there is a significant number of people 
who do not get diagnosed way into adulthood (Lai & Baron-
Cohen, 2015; Steiner et al., 2012). Diagnostic instruments 
to assess autism are often developed for children, resulting 
in a scarcity of validated diagnostic tools for adults (Howlin 
& Moss, 2012; National Institute for Health and Care Excel-
lence, 2016). Undiagnosed adults are at high risk for experi-
encing emotional and functional impairments as a result of 
their unrecognized autistic symptoms (Lai & Baron-Cohen, 
2015). Therefore, more research regarding methods to 
assess autism in adults is needed. The current study inves-
tigates the psychometric properties of the Dutch version of 
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Abstract
The current study evaluated a brief, informant-based autism interview: the Developmental, Dimensional and Diagnostic 
Interview – Adult Version (3Di-Adult). Feasibility, reliability and validity of the Dutch 3Di-Adult was tested amongst 
autistic participants (n = 62) and a non-autistic comparison group (n = 30) in the Netherlands. The 3Di-Adult consists of 
two scales based on DSM-5 criteria: A scale ‘Social communication and social interaction’ and B scale ‘Restricted, repeti-
tive patterns of behavior, interests or activities’. ROC curves were used to determine cut-off scores for the A and the B 
scale, using an ASD diagnosis made by an independent clinician as the criterion. Mean administration time was 42 min. 
Internal consistency of the A scale (α = 0.92) and the B scale (α = 0.85) were good. Inter-rater reliability (ICCs = 0.99) 
and inter-rater agreement (ICCs ≥ 0.90) were promising. The 3Di-Adult showed good sensitivity (80.6%) and specificity 
(93.3%). Positive and negative predictive value were 96.2% and 70.0% respectively. Comparisons with the Autism-Spec-
trum Quotient-Short to investigate the convergent validity showed moderate, significant correlations with the 3Di-Adult 
in the total sample. Males, as compared to females, displayed significantly more autistic features on the 3Di-Adult. No 
relationship was found of the 3Di-Adult with education level, intelligence and age of the participants or informants. The 
feasibility and psychometric properties of the Dutch 3Di-Adult are promising, indicating that it can be a time-efficient, 
valid and reliable tool to use in diagnosing autism in adults according to DSM-5 criteria.
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a relatively new informant-based interview for diagnosing 
adults with autism: the Developmental, Dimensional and 
Diagnostic Interview – Adult Version (3Di-Adult; Mandy 
et al., 2018).

There are various reasons why autism may go unnoticed 
until adulthood. People with a normal to high intelligence, 
more subtle autistic features, a strong support-system or 
well-acquired camouflaging techniques, generally display 
less explicit autistic symptoms, causing these symptoms to 
be missed in the diagnostic process (Bargiela et al., 2016; 
Cook et al., 2021; Lai et al., 2011). Furthermore, core symp-
toms of autism appear to become less apparent as the person 
ages (e.g. due to acquired camouflaging techniques, training 
of skills, environmental adjustments), making it more dif-
ficult to diagnose autism in adults (Charman et al., 2011; 
Shattuck et al., 2007). Another problem concerns the finding 
that diagnostic tools developed for children are not always 
appropriate or sensitive enough to be used in adults (Fusar-
Poli et al., 2017). Furthermore, ASD seems to be more 
difficult to diagnose in females (Young et al., 2018). There-
fore, an instrument specifically developed to detect autism 
in adults (as defined by the DSM-5 and ICD-11) is of high 
importance.

The British National Institute for Health and Care Excel-
lence (NICE) acknowledged the problems in diagnos-
ing adults with autism and developed a clinical guideline 
regarding this matter (National Institute for Health and Care 
Excellence, 2016). The diagnostic procedure usually con-
sists of self-report measures on current behaviors or feelings 
(e.g. Autism-Spectrum Quotient; AQ; Baron-Cohen et al., 
2001), observational assessments of real-time behavior (e.g. 
Autism Diagnostic Observation Schedule; ADOS-2; Lord et 
al., 2000) and informant-based assessments in which a close 
other (e.g. parent, sibling) reports about the current and 
early childhood behaviors. Well-known informant-based 
instruments are the Autism Diagnostic Interview-Revised 
(ADI-R; Lord et al., 1994) or the Diagnostic Interview for 
Social and Communication Disorders (DISCO; Wing et al., 
2002). However, known disadvantages of these measures 
are their high costs and long administration time (ADI-R: 
1.5 h; DISCO up to 3 h). Furthermore, the ADI-R may be 
less reliable in adults without an intellectual disability, as 
the sensitivity was found to be low (i.e. 55%) (Fusar-Poli et 
al., 2017). Although sensitivity of the DISCO was found to 
be good, specificity could not be properly evaluated because 
there was no adult control group (Kent et al., 2013).

Given the importance of integrating information on early 
development in the diagnostic work-up, informant-based 
developmental interviews play a pivotal role in diagnos-
ing adults with autism. Therefore, an informant-based 
instrument that is time-efficient, valid and reliable in diag-
nosing adults with autism is of great interest. Other major 

advantages of informant-based interviews are that the 
everyday natural behavior of the person can be assessed, 
that cannot be evoked in an observational setting. Moreover, 
interviews can provide broader information about the per-
son, including the strengths and challenges that are encoun-
tered in daily life, which is useful for further guidance.

A few years ago, the Developmental, Dimensional and 
Diagnostic Interview – Adult Version (3Di-Adult; Mandy 
et al., 2018) has been developed, based on the initial child 
version which has been studied and compared to existing 
instruments (Evers et al., 2020, 2021; Slappendel et al., 
2016). This informant-based interview assesses develop-
ment and current functioning of the person, using DSM-5 
criteria for autism. Preliminary results showed that the 3Di-
Adult was fast, reliable, valid, and easy to assess, since it 
can be administered over the telephone in less than 40 min 
(Mandy et al., 2018). This enables the clinician to collect 
information regarding both the early development and 
current functioning of the person, without the expensive 
and time-consuming processes entailed by the ADI-R and 
DISCO. The 3Di-Adult can be used to establish a diagnos-
tic classification, but also for mapping the profile of autistic 
features of the individual, which is useful for further guid-
ance (American Psychiatric Association [APA], 2013). The 
3Di-Adult was preliminary tested in England, comparing 
three groups with a mean age ranging from 28 to 32: ASD 
participants (n = 39), control participants (n = 29) and clini-
cal control participants (n = 20). Results showed excellent 
specificity (92%) and sensitivity (95%). Internal consis-
tency was high, and inter-rater agreement was very high. 
These promising results encouraged further development 
and investigation of the 3Di-Adult, by creating and testing 
a Dutch version of this interview to evaluate whether this 
instrument is also a valuable tool in the Netherlands.

The current study aimed to investigate the feasibility and 
psychometric properties – i.e. reliability and validity - of the 
Dutch version of the 3Di-Adult, in a sample of adults with 
and without an ASD diagnosis. This information will pro-
vide us with more information on whether the Dutch 3Di-
Adult can be used in clinical practice as well as for research.

Methods

Participants

All ASD participants and part of the control participants 
were recruited via the ‘Nederlands Autisme Register’ (NAR, 
for more information: https://nar.vu.nl/), which is a Dutch 
database of data from people with ASD and controls without 
ASD, which has been approved by the Permanent Commit-
tee on Science and Ethics (VCWE) of the VU University 
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Amsterdam (number: VCWE-2020-041R1). This study 
was part of a larger study for which ASD participants were 
recruited via the NAR. Permission to contact one of their 
relatives was asked. Control participants were recruited for 
this study only, partly through the NAR, but also through 
personal networks and online recruitment. If control partici-
pants were not registered at the NAR yet, they were asked to 
register, so that more information about them (demograph-
ics, other autism measurements) could be obtained. The 
only exclusion criterion for the control group was an ASD 
diagnosis. Inclusion criteria for both groups were (1) age 
of 18 years or older, and (2) permission to contact one of 
their relatives to assess the 3Di-Adult. The informant, which 

refers to the person with whom the interview was conducted, 
was required to have sufficient knowledge of the Dutch lan-
guage and had to be sufficiently involved in the participant’s 
(early) life. Therefore, a parent or sibling was the preferred 
person to conduct the interview with. For the ASD group, 
participants had to have obtained their ASD diagnosis from 
either a psychologist, remedial educationalist, psychiatrist, 
doctor or a multidisciplinary team. Participants’ character-
istics and autistic features other than 3Di-Adult information 
were obtained by the standardized questionnaires that were 
filled out after registering at the NAR. See Table 1 for the 
participants’ characteristics.

Table 1 Sample characteristics (n = 92)
ASD group (n = 62) Control group (n = 30) Group difference

Informant Participant Informant Participant Informant Participant
Gendera ns ns
 Male, n (%)
 Female, n (%)

9 (14.8%)
52 (85.2%)

25 (40.3%)
36 (58.1%)

7 (23.3%)
23 (76.7%)

6 (21.4%)
22 (78.6%)

Relationship ns -
 Mother
 Father
 Sibling
 Partner
 Otherb

42 (67.7 %)
4 (6.5%)
9 (14.5%)
4 (6.5%)
3 (4.8%)

-
-
-
-
-

17 (56.7%)
1 (3.3%)
6 (20.0%)
6 (20.0%)
0 (0.0%)

-
-
-
-
-

Age, in yearsc ns ns
 Range
 Mean (SD)

28-81
61.56 (12.58)

20–54
41.53 (9.00)

37-82
62.40 (9.25)

21-74
44.96 (17.67)

Intelligence leveld - ns
 Low
 Medium
 High

-
-
-

9 (14.8%)
10 (16.4%)
42 (68.9%)

-
-
-

0 (0.0%)
5 (17.9%)
23 (57.1%)

-
-
-

Education levele p <.01 p < .05
 Low, n (%)
 Medium, n (%)
 High, n (%)

17 (27.9%)
18 (29.5%)
26 (42.6%)

10 (16.1%)
18 (29.0%)
32 (51.6%)

3 (10.3%)
3 (10.3%)
23 (79.3%)

0 (0.0%)
4 (13.3%)
18 (60.0%)

Ethnicityf - ns
 Dutch - 60 (96.8%) - 27 (96.4%)
 Otherg - 2 (3.2%) - 1 (3.6%)
Age of diagnosish

 Range
 Mean

-
-

5.00-50.92
33.35 (11.30)

-
-

-
-

-
-

-
-

Note. ASD = Autism Spectrum Disorder; ns = not significant on an alpha level of 0.05 using an independent samples t-test for continuous data 
and either a Chi squared test or Fisher Exact test for categorical data
a For two control participants and one ASD participant, self-reported gender was unknown
b ‘Other’ referred in two cases to a friend and one case to a son
c For two control participants, age was unknown
d Low = IQ < 86, medium = 86–115, high > 115. Intelligence level is based on either self-reported intelligence estimates, or results from an IQ 
test. Two control participants’ intelligence level was missing. IQ estimates for informants are unknown
e Education level is classified as prescribed by the ‘Standaard Onderwijsindeling’ (Centraal Bureau voor de Statistiek, 2021). Information was 
missing for one control informant and one ASD informant. For the participants, information was missing for 8 control participants and 2 ASD 
participants
f No information regarding the ethnicity of the informants. For 2 control participants, information regarding ethnicity was missing
g One ASD and one control participant that were part of the ‘Dutch’ category also had an ‘other’ nationality besides their Dutch nationality
h Data of four ASD participants were missing
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a maximum score of 6 for the A scale (sum of 3 subscales) 
and 8 for the B scale (sum of 4 subscales). A score above 
the cut-off on the A scale and the B scale is indicative for 
an ASD diagnosis. Mandy and colleagues (2018) calculated 
cut-off scores for the A scale and the B scale for the English 
version of the 3Di-Adult, based on their sample using ROC 
curves. The current study also used ROC curves to calculate 
cut-off scores for the A and the B scale of the Dutch 3-Di 
Adult, based on our sample of Dutch participants.

In the current study, the 3Di-Adult was translated to 
Dutch by two independent researchers that were native in 
Dutch and fluent in English, taking into consideration the 
Dutch translation of the 3Di child version (Slappendel et 
al., 2016). Consensus was made about the final translation, 
in cooperation with a third independent researcher with 
knowledge about the purpose of the 3Di. Then, this version 
was back translated by a native English and Dutch speaker. 
Based on this back translation, adjustments were made to 
the Dutch translation. Four pilot assessments took place in 
which the interview was tested. Hence, the final version was 
made.

Autism-Spectrum Quotient-Short (AQ-Short; Hoeks-
tra et al., 2011). The Dutch, abridged adult version of the 
original 50-item questionnaire was used to assess autis-
tic traits. This self-report measure consists of 28 items, 
divided over two higher-order factors: ‘social behavioral 
difficulties’ (23 items e.g. “I enjoy social occasions”) and ‘a 
fascination for numbers and patterns’ (5 items e.g. “I am fas-
cinated by dates”). Items are rated on a 4-point Likert scale, 
ranging from 1 = ‘definitely agree’ to 4 = ‘definitely not 
agree’. Total scores could range from 28 to 112, with higher 
scores representing more autistic traits. A cut-off score of 
65 has been suggested for screening purposes (Hoekstra et 
al., 2011). Psychometric properties have shown to be good, 
with high sensitivity and specificity (Hoekstra et al., 2011).

In the current study, all participants filled out the AQ-
Short when registering at the NAR. All ASD participants 
obtained a total AQ-Short score above 65 (mean = 87.00, 
SD = 8.91). Except for one control participant who scored 
66, all control participants scored below the cut-off of 65 
(mean = 47.36, SD = 9.07).

Procedure

Participants with ASD were recruited for a larger study, to 
which this study is linked. Permission was asked to contact 
an informant of their inner circle (e.g. parents/sibling) via 
e-mail. Participants were free to choose their informant, but 
a parent or sibling was recommended by the researchers, 
given their involvement during early development. Once 
participants gave permission, the informant was called to 
ask whether he/she was willing to participate. When the 

Materials

Developmental, Dimensional and Diagnostic Interview – 
Adult Version (3Di-Adult; Mandy et al., 2018). The 3Di 
was originally developed to assess ASD in children and 
adolescents (Skuse et al., 2004). Psychometric properties 
have shown to be strong, with high levels of inter-rater 
reliability and test-retest agreement (intraclass correlation 
coefficients > 0.86). Criterion validity, in which the ADI-R 
formed the comparison, showed to be excellent and sensitiv-
ity and specificity were high (1.0; >0.97, respectively). The 
Dutch version of the 3Di child version showed sufficient 
psychometric properties as well (Slappendel et al., 2016).

Mandy and colleagues (2018) developed an adult ver-
sion based on the original 3Di, which led to the 3Di-Adult 
– a structured interview. They selected an initial pool of 
items that had already shown to be especially discriminat-
ing (Chuthapisith et al., 2012; Santosh et al., 2009; Skuse 
et al., 2004). Hence, the items were distributed across the 
DSM-5 criteria, resulting in two scales: the A scale ‘social 
communication and social interaction’ and the B scale 
‘restricted, repetitive patterns of behavior, interests or activ-
ities’. Both scales consist of subscales that directly map 
onto the DSM-5 criteria – i.e. A scale: A1 ‘social emotional 
reciprocity’ (12 items), A2 ‘nonverbal behavior for social 
interaction’ (17 items), and A3 ‘forming, maintaining and 
understanding relationships’ (18 items) and B scale: B1 ‘ste-
reotyped, repetitive behavior and language’ (3 items), B2 
‘insistence on sameness’ (5 items), B3 ‘restricted fixated 
interests’ (5 items), and B4 ‘abnormal sensory response’ 
(5 items). The total interview contains 65 scored items of 
which 47 belong to the A scale and 18 items to the B scale. 
In addition, there are 4 items regarding the age of reach-
ing developmental milestones (i.e. sitting unsupported, first 
steps, first words, first sentence), which are not included in 
the DSM-5 algorithm to calculate the final scores, but give 
additional clinical information that is relevant for classify-
ing ASD (Greaves-Lord et al., 2022). The majority of the 
items (i.e. 48) assess current behavior, and the remaining 
items (i.e. 21) assess (early) childhood behavior.

Items are scored on either a 3-point Likert scale (0 = often, 
1 = sometimes, 2 = never), or a 4-point Likert scale (0 = No, 
1 = Yes, minimal, 2 = Yes, persistent, 3 = Yes, persistent with 
functional impairment). All items with a score of 3 were 
recoded to 2 ensuring an equivalent weighting of every item. 
Items to which participants did not know the answer, were 
recoded to 0. Fifteen items are reversely phrased and need to 
be recoded, so that higher scores reflect more autistic symp-
toms. The subscales are calculated by averaging the scores 
of the corresponding items, resulting in a maximum score of 
2 for every subscale. The A and B scales were calculated by 
summing the averaged scores of the subscales, resulting in 
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Hence, reliability - i.e. internal consistency, inter-rater 
agreement and inter-rater reliability - was assessed. Cron-
bach’s alpha was calculated to assess internal consistency of 
the 3Di-Adult scales. The inter-rater reliability (IRR) and the 
inter-rater agreement (IRA) were calculated using the intra-
class correlation coefficient (ICC). IRR and IRA are terms 
that are often used interchangeably, but there is a technical 
distinction: IRR can be defined as the extent to which raters 
consistently distinguish between different items on a mea-
surement scale, whereas IRA relates to the extent to which 
different raters assign the exact same rating to the same item 
(Gisev et al., 2013). To calculate the IRR and IRA, the ICC 
estimates and their 95% confidence interval were based on a 
mean-rating of the three raters (k = 3), consistency, two-way 
random model. IRR and IRA were calculated per A and B 
scale. To interpret the ICC, guidelines of Koo and Li (2016) 
were used, stating that the 95% confidence interval of the 
ICC should be interpreted according to the following guide-
lines: <0.5 is poor, 0.5 to 0.75 moderate, 0.75 to 0.90 good 
and ≥ 0.90 excellent.

To investigate criterion validity of the 3Di-Adult, the 3Di-
Adult results were compared to a gold standard, i.e. the ASD 
diagnosis made by an independent clinician. Cut-off scores 
of the 3Di-Adult were determined for the A and the B scale 
separately, using ROC curves in which the clinical diagno-
sis formed the criterion measure. Area Under Curves (AUC) 
were estimated with values ranging from 0.50 to 0.70 refer-
ring to low accuracy, 0.70 to 0.90 to moderate accuracy and 
0.90 to 1.00 to high accuracy (Fischer et al., 2003). In order 
to determine cut-off scores for the A and B scale, Youdens 
J was used. The highest Youdens J index was selected for 
the A and the B scale, which refers to the optimal trade-
off between sensitivity and specificity. A score above the A 
scale and the B scale is considered to be indicative for ASD. 
Participants were then assigned to one of the four following 
groups: (1) true positives (i.e. score above the cut-off for 
ASD on the A and B scale of the 3Di-Adult + clinical ASD 
diagnosis), (2) true negatives (i.e. score below the cut-off 
for ASD on 3Di-Adult A and/or B scale + no clinical ASD 
diagnosis), (3) False negatives (i.e. score below the cut-off 
for ASD on 3Di-Adult A and/or B scale + clinical ASD diag-
nosis), (4) False positives (i.e. score above the cut-off for 
ASD on the A and B scale of 3Di-Adult + no clinical ASD 
diagnosis). Hence, specificity, sensitivity, positive predic-
tive value (PPV) and negative predictive value (NPV) of 
the 3Di-Adult were calculated. Sensitivity and specificity 
values above 70% were considered good (Glascoe, 2000). 
No general cut-off scores for a good PPV/NPV exist as these 
values are dependent on the prevalence of control versus 
ASD participants in the sample (Tenny & Hoffman, 2020).

Construct validity was assessed by examining the conver-
gent and divergent validity. Convergent validity was tested 

informant agreed to take part in the study, an information let-
ter including an informed consent was sent by post, and the 
informant was called to make an appointment to administer 
the 3Di-Adult. The procedure for control participants was 
slightly different, since these participants were not part of 
the larger study. Control participants were also approached 
per e-mail to ask permission for contacting one of their 
close relatives. The informants then received an e-mail to 
ask for permission, with an information letter attached to the 
e-mail. If they replied that they were willing to participate, 
one of the researchers called them to make an appointment 
to administer the interview. No incentives were provided to 
the participants and the informants.

The 3Di-Adult interview was administered over the 
phone by trained interviewers. Interviewers consisted of 
master students and researchers who received a training by 
a licensed professional. At the end of the training, all train-
ees had to code one golden standard interview to test their 
reliability. All interviewers produced a reliability rating of 
at least 85%.

In order to assess the inter-rater reliability and the inter-
rater agreement - see the analyses section for an explana-
tion regarding these concepts - audio recordings from three 
random participants were made. Consent to record the inter-
view was asked before the start of the interview. After the 
first researcher finished the interview, two other researchers 
rated the interviews while being unaware of the condition 
(i.e. ASD or control participant) and the scoring of the pre-
vious rater.

Analyses

IBM SPSS Statistics version 25 was used to analyze the 
data. First, the number of missing data and the administra-
tion time of the 3Di-Adult was described. If no more than 
50% of the 3Di-Adult items were missing, scores for the 
A and B (sub)scales were calculated. Secondly, differences 
between the ASD and control group on 3Di-Adult (sub)
scales were tested using independent samples t-test. Effect 
sizes were calculated, using Glass Delta when variances 
between the groups were unequal. If variances were equal, 
Hedges’ g was reported which is suitable for unequal sam-
ple sizes between the groups. Effect sizes of 0.2, 0.5 and 
0.8 were considered small, medium and large respectively 
(Cohen, 1988). To check whether the A and B scale of the 
3Di-Adult measure the same underlying construct, i.e. ASD, 
correlations between the A and B scales were calculated. 
Spearman’s Rho (rs) was used to protect from outliers and 
non-normal distributed data. The strength of the correlations 
were interpreted as follows: 0.00 to 0.30 was considered 
weak, 0.40 to 0.60 as moderate and ≥ 0.70 as strong (Ako-
glu, 2018).
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and informants’ characteristics, i.e. gender, age, education 
level (3 levels as prescribed by the ‘Standaard Onderwi-
jsindeling’; Centraal Bureau voor de Statistiek, 2021) and 
IQ levels (3 levels, i.e. low = IQ < 86, medium = 86–115, 
high > 115 as assessed by an intelligence test when avail-
able, if not, a self-reported estimation of one’s intelligence 
level was used). Independent samples t-test, Spearman’s 
Rho and 2 ANOVA tests were conducted, respectively.

Results

Administration Time and Missing Data

The mean administration time was 41.78 min, ranging 
from 19 to 84 min. Interviews in the ASD group took sig-
nificantly longer (mean = 46.55 min, SD = 13.46, ranging 
from 23 to 84 min) than in the control group (mean= 31.93, 
SD = 10.58 min ranging from 19 to 60 min), p < .001.

Missing data ranged from 0 to 30 out of 69 items, with 
an average number of missing items of 5.80 (8.40%), and 
a median of 3 missing items. Of the 47 scored items of the 
A scale, on average there were 3.63 missing items (7.72%), 
with a median of 2 missing items. For the B scale, consisting 
of 18 scored items, on average answers on 1.36 items were 
missing (7.56%) with a median of 0. For every participant, 
no more than 50% of the items were missing, enabling us to 
calculate scores on the 3Di-Adult for all participants.

No significant correlation was found between the number 
of missing items on the A and the B scale and the adminis-
tration time (rs < − 0.12, p’s > 0.25). The number of missing 
items on the A and the B scale did not significantly differ 
between the ASD and control group (p’s > .54).

3Di-Adult: A and B Scale Scores Per Group

Table 2 shows the scores on the 3Di-Adult, showing that 
the ASD participants scored significantly higher than the 
control participants on all the (sub)scales (p’s < 0.001). All 
effect sizes indicated large differences, except for the B1 
subscale which showed a moderate effect size.

For the total sample, Spearman’s Rho indicated a signifi-
cant, strong positive relationship between the A and B scale, 
rs = 0.77, p < .001, indicating that both scales measure the 
same underlying construct. Within the ASD group, a signifi-
cant correlation of moderate strength was found between the 
A and B scale, rs = 0.46, p < .001, and a significant strong 
positive correlation was found between the scales for the 
control group, rs = 0.80, p < .001.

by investigating the correlations between the two higher-
order scales of the AQ-Short (i.e. ‘social behavioral difficul-
ties’ and ‘a fascination for numbers and patterns’) to the A 
and B scale of the 3Di-Adult respectively, using Spearman’s 
Rho. The first AQ-Short scale, ‘social and behavioral dif-
ficulties’, was expected to correlate significantly to the 3Di-
Adult A scale as both scales seem to be conceptually close. 
The AQ-Short scale ‘a fascination for numbers and patterns’ 
on the other hand was expected to be significantly correlated 
to the 3Di-Adult B scale as these scales seem to measure 
comparable constructs.

Divergent validity was assessed by exploring relation-
ships between the 3Di-Adult A and B scores and participants’ 

Table 2 Scores on each (sub)scale of the 3Di-Adult, per group
ASD (n = 62) Controls 

(n = 30)
Differ-
ence 
between 
groups

Effect 
size of 
group 
difference

A scale ‘Social communication and social interaction’
 Mean (SD)
 Range

2.04 (0.89)
0.06-3.64

0.50 (0.51)
0.00-1.92

p < .001 Glass’s 
delta = 
-1.74

A1 subscale: ‘Social emotional reciprocity’
 Mean (SD)
 Range

0.63 (0.37)
0.00-1.58

0.16 (0.22)
0.00-0.83

p < .001 Glass’s 
delta = 
-1.27

A2 subscale: ‘Nonverbal behavior for social interaction’
 Mean (SD)
 Range

0.65 (0.36)
0.00-1.29

0.15 (0.18)
0.00-0.71

p < .001 Glass’s 
delta = 
-1.40

A3 subscale: ‘Forming, maintaining and understanding 
relationships’
 Mean (SD)
 Range

0.77 (0.35)
0.068-1.56

0.20 (0.19)
0.00-0.67

p < .001 Glass’s 
delta = 
-1.65

B scale: ‘Restricted, repetitive patterns of behavior, interests or 
activities’
 Mean (SD)
 Range

3.42 (1.34)
0.20–6.67

0.73 (0.81)
0.00-2.60

p < .001 Glass’s 
delta = 
-2.00

B1 subscale: ‘Stereotyped, repetitive behavior and language’
 Mean (SD)
 Range

0.41 (0.47)
0.00–2.00

0.13 (0.19)
0.00-0.60

p < .001 Glass’s 
delta = 
-0.62

B2 subscale: ‘Insistence on sameness’
 Mean (SD)
 Range

1.33 (0.59)
0.00–2.00

0.19 (0.29)
0.00–1.00

p < .001 Glass’s 
delta = 
-1.94

B3 subscale: ‘Restricted fixated interests’
 Mean (SD)
 Range

0.95 (0.46)
0.00-1.80

0.25 (0.32)
0.00–1.00

p < .001 Hedges’ 
g = -1.67

B4 subscale: ‘Abnormal sensory response’
 Mean (SD)
 Range

0.72 (0.44)
0.00-1.80

0.17 (0.20)
0.00-0.80

p < .001 Glass’s 
delta = 
-1.25

Note. ASD = Autism Spectrum Disorder; SD = Standard Deviation. 
Differences between the ASD and control group were tested using 
independent samples t-tests
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Validity

Criterion Validity

To determine optimal cut-off scores for the Dutch version 
of the 3Di-Adult, ROC-curves were computed per A and B 
scale, using the diagnosis made by an independent clinician 
as the criterion. For the A scale, the AUC was 0.93, 95%CI 
[0.88-0.98], p < .001, reflecting high accuracy. The highest 
Youden’s J, i.e. J = 0.74, for the A scale was found for the 
cut-off score of 1.06, resulting in a sensitivity of 83.9% and 
a specificity of 90%. For the B scale, the AUC was 0.95, 
95%CI[0.91-0.99], p < .001, reflecting high accuracy. The 
highest Youden’s J, i.e. J = 0.74, was found for a cut-off 
score of 1.37 for the B scale, resulting in a sensitivity of 
94% and a specificity of 80%.

Hence, we calculated the number of participants being 
correctly classified as ASD by the 3Di-Adult – i.e. a score 
of ≥ 1.06 on the A scale and a score of ≥ 1.37 on the B 
scale – and as control participant – i.e. a score of < 1.06 
on the A scale and/or a score of < 1.37 on the B scale (see 
Table 3), when compared to their clinical diagnosis (i.e. the 
criterion). A total of 50 out of 62 ASD participants got cor-
rectly classified as ASD, i.e. sensitivity of 80.6%. Of the 12 
false negative cases, 2 participants scored below the cut-off 
score of both the A and the B scale, whereas 8 participants 
scored below the cut-off on the A scale only, and 2 partici-
pants scored below the cut-off of the B scale only. The AQ-
Short total scores of all ASD participants were above the 
suggested cut-off score for an ASD diagnosis of 65.

A total of 28 of 30 control participants were correctly 
classified as control participants, i.e. specificity of 93.3%. 
The remaining two false positive cases scored above the 
cut-off on both the A and the B scale. Their AQ-Short total 
scores were 51 and 58, which were below the cut-off of 65 
for ASD. Of the 28 true negative cases, 1 participant scored 
above the cut-off score on the A scale and 4 participants 
scored above the cut-off score of the B scale.

The positive predictive value of the 3Di-Adult was 96.2%, 
referring to the percentage of participants that scored above 
the threshold of the 3Di-Adult – i.e. above the cut-off score 
on the A and B scale – that actually had ASD according to 
their clinical diagnosis. The negative predictive value was 
70.0%, reflecting the percentage of participants that scored 
below the threshold and were control participants (i.e. no 
diagnosis of ASD).

Construct Validity

Convergent Validity: 3Di-Adult and the AQ-Short For inves-
tigation of the convergent validity, correlations between 
the 3Di-Adult and the AQ-Short were calculated. The 3Di-

Reliability

Internal Consistency

Internal consistency of the A scale was excellent (α = 0.92) 
and internal consistency of the B scale was good (α = 0.85).

Inter-rater Reliability and Inter-rater Agreement

According to the ICC estimates, the IRR for scale A was 
excellent, ICC (2,3) = 0.99, 95%CI [0.90 to 1.00], F(2, 
4) = 110.34, p < .001. The IRR for scale B was good to excel-
lent, ICC (2,3) = 0.99, 95%CI [0.84 to 1.00], F(2,4) = 65.60, 
p < .01. This indicates that all 3 raters discriminated between 
the different items in a consistent way.

The IRA for the A scale was difficult to interpret, because 
of the broad 95% confidence interval, which is probably 
due to the fact that only 3 participants were scored by 3 rat-
ers, ICC (2,3) = 0.90, 95%CI [0.19 to 1.0], F(2,4) = 110.34, 
p < .001, reflecting a poor to excellent IRA. The IRA for 
the B scale can be considered as good to excellent, ICC 
(2,3) = 0.98, 95%CI [0.82 to 1.00], F(2,4) = 65.60, p < .01. 
This indicates that the raters had a high agreement in their 
scores for the B scale, meaning that they often assigned 
exactly the same scores to the same items.

Table 3 Agreement between clinical diagnosis and 3Di-Adult diagno-
sis using cut-off scores as determined by ROC-curves

Golden standard Total 
(n = 92)ASD 

(n = 62)
Control 
(n = 30)

Scale A ASD 
rangea

52 3 55

Con-
trol 
range

10 27 37

Scale B ASD 
rangeb

58 6 64

Con-
trol 
range

4 24 28

A and B ASD 
range

50c 2d 52

Con-
trol 
range

12e 28f 40

Note. In order to be classified as ASD according to the 3Di-Adult, a 
score above the cut-off of the A and the B scale was required
a Referring to a score of ≥ 1.06
b Referring to a score of ≥ 1.37
c True positive cases
d False positive cases
e False negative cases
f True negative cases

1 3



Journal of Autism and Developmental Disorders

total sample, nor for the ASD group and control group sepa-
rately (p’s > 0.31).

Informants’ Characteristics Age of the informant was 
not correlated with the A scale (rs = − 0.07, p = .49) and B 
scale (rs = − 0.11, p = .31) for the total sample, nor within 
the ASD and control group (rs‘s <-.18, p’s > 0.16). No sig-
nificant differences were found between gender of the infor-
mant and scores on the A scale (t(89) = -1.38, p = .17) and B 
scale (t(89) = -0.80, p = .43) for the total sample, nor within 
the ASD and control group (p’s > .31). An ANOVA revealed 
that education level of the informant was not related to the 
A scale (p = .89), nor the B scale (p = .52) for the total sam-
ple, nor for within the ASD and control group separately 
(p’s > .24).

Discussion

In the current study, we evaluated the psychometric proper-
ties of the Dutch 3Di-Adult, an informant-based, structured 
interview intended to assess ASD in adults based on DSM-5 
criteria. Results indicate that the Dutch 3Di-Adult is a valid, 
reliable and time-efficient tool to assess ASD in adults in 
less than 45 min. The 3Di-Adult showed high internal con-
sistency measures, as well as promising inter-rater agree-
ment and inter-rater reliability measures. Furthermore, the 
3Di-Adult showed a good ability to discriminate ASD par-
ticipants from non-ASD participants, as reflected by high 
sensitivity and specificity measures. Our findings suggest 
a moderate convergent validity with moderate, significant 
correlations between the 3Di-Adult and the AQ-Short for 
the total sample. Tests with respect to the divergent valid-
ity showed that males scored significantly higher, i.e. more 
autistic features, than females on both the A and the B scale 
of the 3Di-Adult for the total sample. No significant rela-
tionships were found between the 3Di-Adult and partici-
pants’ and informants’ education level, intelligence level, 
and age though a bordering significant trend was found for 
less autistic features in older ASD participants compared to 
younger ASD participants.

The average administration time was around 41 min, 
which makes the 3Di-Adult a substantially faster tool than 
the ADI-R or the DISCO, which can take up to three hours 
(Lord et al., 1994; Wing et al., 2002). The 3Di-Adult took 
longer for the ASD group (mean = 46.55 min) than for the 
control group (mean = 31.93 min). In the current study, this 
difference in duration was probably mostly seen, because 
informants in the ASD group recognized the asked behav-
iors and elaborated on these by giving rich examples. The 
administration time was not related to the number of miss-
ing items during the interview – i.e. the number of ques-
tions the informant answered ‘don’t know’ to. The number 

Adult A scale was expected to be significantly correlated 
with the AQ-Short higher order scale of ‘social behavioral 
difficulties’ and the 3Di-Adult B scale was expected to be 
significantly correlated with the AQ-Short scale of ‘a fas-
cination with numbers and patterns’. For the total sample, 
the A scale correlated moderately, significantly with the 
AQ-Short ‘social behavioral difficulties’ scale (rs = 0.60, 
p < .001). The B scale correlated moderately, significantly 
with the AQ-Short scale ‘a fascination with numbers and 
patterns’ (rs = 0.57, p < .001). Correlations per ASD and 
control group showed insignificant correlations between the 
A scale and the AQ-Short scale ‘social behavioral difficul-
ties’ (rs’s < 0.36), and the B scale and the AQ-Short scale ‘a 
fascination with numbers and patterns’ (rs’s < .29).

Divergent Validity: 3Di-Adult and Demographic Mea-
sures Participants’ Characteristics An independent sam-
ples t-test revealed that males had significantly higher 
scores on the A scale (mean = 1.96, SD = 1.09) compared 
to females (mean = 1.33, SD = 0.97), for the total sample, 
t(87) = 2.82, p = .006. However, when the analysis was run 
per ASD and control group, significance was only found in 
the ASD group (ASD males: mean = 2.30, SD = 0.88, ASD 
females: mean = 1.83, SD = 0.83) t(59) = 2.11, p = .04), but 
not in the control group (males: mean = 0.56, SD = 0.65; 
females: mean = 0.50, SD = 0.49) t(26) = 0.23, p = .82). 
On the B scale, a significant difference was found for the 
total sample in which males scored significantly higher 
(mean = 3.02, SD = 1.61) than females (mean = 2.29, 
SD = 1,67), t(87) = 2.01, p < .05. However, when analyz-
ing these differences per group, no significant differences 
were found (ASD group; meanmales = 3.56, SDmales = 1.25, 
meanfemales = 3.24, SDfemales = 1.31, t(59) = 0.96 p = .34, 
control group; meanmales = 0.82, SDmales = 0.92, meanfemales 
= 0.74, SDfemales = 0.83 t(26) = 0.20, p = .85).

Spearman’s rho revealed no significant correlation 
between age and the A scale (rs = − 0.16, p = .12) nor 
with the B scale (rs = − 0.15, p = .63) for the total sample. 
Analyses within groups revealed a bordering significance 
trend for the ASD group with somewhat lower scores for 
older ages (A scale: rs = -0.25, p = .06, B scale: rs = -0.22, 
p = .09), which was not found in the control group (A scale: 
rs = 0.06 p = 75, B scale: rs = 0.10, p = .63). An ANOVA 
showed that education levels of the participant – divided in 
three levels – was not related to the A scale (p = .28) nor 
the B scale (p = .24) for the total sample, nor for the ASD 
and control group separately (p’s > 0.77). Intelligence level 
of the participants – divided in 3 levels - was not related to 
both the A scale (p = .36) nor the B scale (p = .28) for the 
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consisted of more females and higher intelligence levels. 
Females with ASD tend to show less obviously autistic 
social behavior compared to males with ASD (Kopp & 
Gillberg, 2011). Autistic females with normal range IQ are 
known to use camouflaging strategies, which could make it 
more difficult to diagnose their autistic behavior (Bargiela 
et al., 2016). In the current (total) sample, we found that 
females scored significantly lower on the 3Di-Adult than 
males, i.e. displaying less autistic features. However, when 
associations were calculated for the ASD and control group 
separately, ASD females scored lower on the A scale but 
not on the B scale. Based on our results, we advise to con-
sider creating cut-off scores for men and women separately. 
Future research, including larger and more representative 
sample sizes should further investigate this.

Convergent validity was assessed by calculating the cor-
relations between the 3Di-Adult and the AQ-Short. Moder-
ate, significant correlations were shown for the total sample, 
indicating moderate convergent validity. However, when 
correlations were calculated per group (ASD versus con-
trol), the correlations became insignificant. Though this 
may be a result of less power due to lower sample sizes, 
it may also reflect the complementing information both 
instruments provide. As all ASD participants obtained a 
score above the cut-off for ASD on the AQ-Short, and most 
ASD participants also scored above the cut-off for ASD on 
the 3Di-Adult, both instruments seem to provide relevant, 
complementing, information regarding ASD features. We 
believe that this highlights the need for a multi-informant 
approach to create a complete picture of the experience of 
the individual and the environment as they may provide 
different information (Rankin et al., 2017). The need for 
a multi-informant approach was also emphasized by our 
results of the self-report AQ-Short total scores of the par-
ticipants that were incorrectly identified by the 3Di-Adult 
(i.e. false negative and false positive cases). Their AQ-Short 
total score did show agreement with their group status (i.e. 
ASD or control), providing important additional informa-
tion to the 3Di-Adult results.

Results regarding the divergent validity showed that 
- aside from males scoring significantly higher, i.e. more 
autistic, than females in the total sample – no relationship 
was found between scores on the 3Di-Adult and age, edu-
cation level and IQ levels of both the participant and the 
informant. However, a trend was found within the ASD 
group for age and scores on the 3Di-Adult, in which the 
scores seemed to decrease when age increased. This is in 
line with literature showing that autistic features seem to 
become less visible when people age (Charman et al., 2011; 
Shattuck et al., 2007), which may be due to various reasons 
such as well-acquired camouflaging strategies. Potentially, 
cut-off scores for the 3Di-Adult should be adjusted to the 

of missing items was not related to group (ASD versus con-
trol), indicating that informants of both groups were equally 
able to answer the questions asked.

The 3Di-Adult showed high internal consistency for both 
the A and the B scale. Additionally, the inter-rater reliabil-
ity was good to excellent, indicating that raters consistently 
discriminated between different items. Inter-rater agreement 
was difficult to interpret for the A scale due to the broad 95% 
confidence interval, which may be a result of the inclusion 
of only three participants. Agreement was good to excel-
lent for the B scale, meaning that raters often assigned exact 
same scores to the same items for the B scale.

The Dutch 3Di-Adult shows good sensitivity (80.6%) 
and specificity (93.3%), indicating that the participants with 
ASD were in 80.6% percent of the cases correctly classified 
as ASD by the 3Di-Adult, and that control participants were 
correctly classified as non-ASD by the 3Di-Adult in 93.3% 
of the cases. Furthermore, even though there are no official 
guidelines for interpreting the percentages of the PPV and 
NPV, the PPV of the current study seems to be high (i.e. 
96.2%), indicating that most of the participants that were 
classified as ASD by the 3Di-Adult, indeed had ASD accord-
ing to the gold standard, i.e. a diagnosis obtained by an 
independent clinician. The NPV seemed adequate (70.0%), 
indicating that 70% of the participants that were classified 
as non-ASD by the 3Di-Adult, were indeed control partici-
pants – i.e. no ASD diagnosis. However, it is important to 
note that the PPV and NPV values are highly dependent 
on the prevalence of ASD in the sample being investigated 
(Tenny & Hoffman, 2020). Samples with a higher preva-
lence of the condition being investigated – in this case ASD 
– tend to produce higher PPV values and lower NPV values 
as it is simply ‘easier’ to find an ASD case. Therefore, future 
research should test the 3Di-Adult in a sample in which the 
prevalence of ASD is close to the prevalence of the setting 
in which the instrument will be used.

Our results are in line with expectations and previous 
research by Mandy and colleagues (2018), who found good 
reliability and validity for the English version of the 3Di-
Adult. Mandy and colleagues reported a higher sensitivity 
(i.e. 95%) and slightly lower specificity (i.e. 92%) than was 
found in the current study among Dutch participants (i.e. 
80.6% and 93.3%). This may be due to natural fluctuation 
or random error, but it may also be a result from differences 
between the samples. In the study of Mandy and colleagues, 
scores on the A and B scale showed larger differences 
between the ASD group and control group compared to our 
study. Therefore, it may have been slightly more challeng-
ing to discriminate the ASD group from the control group 
in the current sample. In addition, the sample of Mandy 
and colleagues included a broader range of intelligence lev-
els, and contained more males, whereas the current sample 
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status. This can be achieved by administering the interview 
to consecutive referrals presenting to diagnostic services, 
prior to the outcome of their autism assessment. This is of 
high importance, since a design in which the participants 
already obtained a diagnosis is likely to produce an inflated 
sensitivity. It will also be useful to design studies incorpo-
rating a clinical comparison group to investigate whether 
the 3Di-Adult is able to discriminate between ASD and 
other psychiatric conditions that may overlap with autistic 
symptomatology. Furthermore, it would be interesting to 
carry out a subgroup analysis on type of informant. In this 
study, informants were in most cases the mother. However, 
it should be sorted out whether information provided by a 
sibling, or even a partner, is as reliable as the information 
given by the (often) primary caregiver. Last, as we found 
a trend in the ASD group for lower 3Di-Adult scores with 
increasing age, more research regarding the impact of age 
on 3Di-Adult scores is needed, including reasons for why 
this is the case (i.e. acquired camouflaging strategies) using 
a sample with a broader and preferably evenly distributed 
age range.

Results of the current study seem promising and allow us 
to formulate certain implications and clinical recommenda-
tions. The 3Di-Adult can be a useful tool contributing to 
the diagnostic process of adults with suspected (or unsus-
pected) ASD. We emphasize that the 3Di-Adult should not 
be used alone to make clinical diagnostic decisions, but 
rather should form one component of a multi-modal assess-
ment in which direct observation, self-report and infor-
mant report are included (National Institute for Health and 
Care Excellence, 2016). Moreover, it provides the clinician 
with a broader view of the participant, including strengths 
(e.g. finds it easy to meet new people) of the person but 
also challenges that are encountered (e.g. difficulties with 
maintaining relationships), making it a useful tool for fur-
ther guidance. Furthermore, considering the relatively fast 
administration time, the 3Di-Adult may be a helpful tool 
for researchers as well because they often want to confirm 
their participants’ (self-reported) diagnosis, while using 
the ADI-R or the DISCO – other informant-based inter-
views - have a much longer administration time (De Bildt 
et al., 2004; Lord et al., 1994; Wing et al., 2002). Since the 
3Di-Adult is a substantially faster interview with promis-
ing reliability and validity measures, it may form a valu-
able alternative for the currently used interviews. Further 
research is needed to test this assumption.
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age of the participant, but more research is needed to draw 
firm conclusions.

Several limitations to the study have been identified. 
First, using a sample consisting of 2 clearly different and 
pre-distinguished groups - i.e. participants with ASD diag-
nosis versus without an ASD diagnosis – might have made 
it relatively easy for the interview to distinguish the groups. 
In clinical practice, adults being tested are not in one of 
these clear groups (yet) and may show subclinical autistic 
features, setting a more difficult task for the interview(er). 
Therefore, the current sensitivity and specificity may be 
overestimated. However, it was not entirely certain that our 
control participants did not have autism, as the requirement 
was to have no official ASD diagnosis but not to have had an 
ASD assessment to rule out autism. Potentially, some of our 
control participants were willing to participate in the study 
out of interest in autism because they recognized some of 
their own behaviors as being somewhere along the autism 
spectrum. Initially, we considered this to be a limitation of 
the study, but in light of the first limitation, it may have led 
to less inflated sensitivity and specificity measures. Another 
limitation is that our sample was not representative, as ASD 
seems to be more prevalent among males and in people 
with a below average intelligence level (Charman et al., 
2011; Loomes et al., 2017), though the prevalence numbers 
may be biased, because ASD might be more visible (bet-
ter observable), and therefore easier to diagnose, in males 
and amongst people with a below average intelligence level 
(Dean et al., 2017; Höfer et al., 2019). Another shortcom-
ing, which was also present in the study of Mandy and col-
leagues, was that the interviewers and informants were not 
blind to condition. This may have influenced the behavior of 
both parties: the interviewer may have had certain expecta-
tions, resulting in a confirmation bias. Informants of par-
ticipants with ASD are likely to already have experience 
with these type of questions, and have acquired knowledge 
about the autistic behavior of the participant, enabling them 
to more easily report about the autistic traits compared to 
when the informant would not know whether the participant 
has ASD (e.g. when the participant is still in a diagnostic 
procedure). However, there were also multiple strengths to 
the study. All raters received the same official, certified 3Di-
Adult training. In addition, in order to assess the inter-rater 
reliability and inter-rater agreement, the second and third 
rater were blind to the condition of the participant (i.e. ASD 
or control). Furthermore, a multi-informant approach was 
used, i.e. self-report and informant-report measures, which 
provides more reliable information compared to single-
informant procedures.

Further research should assess the psychometric prop-
erties of the 3Di-Adult in a more representative sample 
with raters and participants blind to their autism diagnostic 
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