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Abstract

Background In this study, we revised the comprehensive autistic trait inventory (CATI)—a self-report inventory

of autistic traits, in collaboration with autistic people and provided preliminary evidence for its validity as a self-report
measure of autistic traits in the general population. An established strength of the CATl is its ability to capture female
autistic traits. Our project aimed to extend this further, to increase the inventory’s accessibility, and to minimise stigma
induced by deficit-based representations of autistic experience.

Methods Together with 22 individuals from the autism and autistic communities, we created the Revised Com-
prehensive Autistic Trait Inventory (CATI-R). Revisions included rewording items to increase clarity or reduce stigma
and expanding items to capture diverse autistic experiences. We also present a series of guidelines for developing
self-report inventories of subclinical neurodivergent traits. We validated the CATI-R within a large sample (n = 1439),
comprising people with a self-reported autism diagnosis (n = 331), people who self-identified as autistic (n = 44),
and non-autistic participants (n = 1046).

Results We successfully validated a revision of the CATI. A confirmatory factor analysis supported the six-subscale
structure (two-factor bifactors model: Chi-squared = 2705.73, p < .001, RMSEA = .04, SRMR = .03, CFI = .95, TLI = .94).
Spearman’s rank correlations showed positive relationships between all subscales (all rs > .56, ps < .001). Convergent
validity was demonstrated by significant correlations between the CATI-R and two contemporary inventories of autis-
tic traits: the AQ (rho = .86, p < .01) and BAPQ (rho = .82, p < .01). Finally, a measurement invariance analysis indicated
that total-scale scores can be compared across genders.

Limitations Our study presents only initial evidence for the validity of the CATI-R that should be enriched with fur-
ther analyses and types of data, including a larger number of participants who do not identify as male or female.

Conclusions This project provides a revised trait inventory that resonates with actual autistic experience,
along with guidelines for creating self-report measures that are sensitive, accessible, and non-stigmatising.
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Lay abstract

Autistic people know what it means to be autistic. So autistic people may be especially well-placed to determine
how autistic traits and experiences should be measured and described. Until now, most autism questionnaires have
been made by non-autistic people. In our project, autistic people—including those with and without academic
research backgrounds—edited an autism questionnaire called the ‘Comprehensive Autistic tTrait Inventory’, or 'CATI'
for short. This is a survey that requires people to read a list of statements and indicate how much each relates to their
own experiences. It is used to measure the extent to which people in the general population (including those who
are not autistic) have experiences associated with autism. In a large online study, we found that the edited meas-

ure consistently and accurately measured autistic traits. We also propose basic guidelines for developing measures
that better capture autistic people’s experiences by using questions that are respectful and follow language prefer-

ences of the community.

Participatory research, Gender disparity

Keywords Autism spectrum, Autistic traits, Neurodiversity, Psychological testing, Psychometric validation,

Background

Self-report screening and assessment methods of autis-
tic! traits play an important role in both research and
practice. These tools are often brief, inexpensive, non-
invasive, and low-burden screening tools [3] during the
individual diagnosis process [4] or for characterising
participants in research [5] and clinical practice [6]. At
the same time, these inventories have a direct impact on
society and the way autistic people are perceived because
they are available online and used by interested mem-
bers of the public (see [7] on the phenomenon of autistic
self-diagnosis). As such, it is critical that these tools cap-
ture a wide range of autistic experiences and are easy to
understand. This project aimed to improve these aspects
for the Comprehensive Autistic Trait Inventory (CATI;
[8]) in a collaborative project with individuals from the
autism and autistic communities.

The most widely used inventory of autistic traits is
the Autism-Spectrum Quotient (AQ; [9]), with more
than 4506 citations on Scopus. Other commonly used
and popular inventories are the Broad Autism Pheno-
type Questionnaire (BAPQ; [10]), and the adult version
of the Social Responsiveness Scale (SRS; [11]), with 137
and 2920 citations on Scopus, respectively. Despite their
widespread use, several problems have been identified
with existing inventories of autistic traits. A key consider-
ation is that these inventories are believed to be less valid
and sensitive for characterising autistic traits in females”

1 We would like to stress that, in contrast to the Diagnostic and Statisti-
cal Manual of Mental Disorders (DSM-5; [1]), we understand autism as a
condition that includes strengths and difficulties rather than a disorder.
Furthermore, we will follow preferences from parts of the autism commu-
nity to use identity-first language in this paper (e.g. “autistic person”) while
recognising that some individuals prefer the use of person-first language
(e.g. “person with autism”; [2]).

than in cis-gender males [13—15]. Belcher et al. [16], for
instance, concluded that only two items of the AQ assess
autistic traits similarly across female and male test takers.

Male biases in autistic trait inventories are, in part, a
symptom of a broader historical bias in autism research,
which has been based on studies involving mostly male
autistic people (see [17-19]). This imbalance has led to
a male-oriented conceptualisation of autism [20-22].
However, characteristics of female and male autistic
people often differ across the two DSM-5 domains of
(1) social communication/interaction and (2) restricted
and repetitive behaviour (see [23] for a review). For
instance, social communication behaviours in autistic
females are more similar to those of non-autistic peers
(e.g., [24—26]) with greater engagement and better expe-
rience of friendship quality [27]). Likewise, repetitive
behaviours and interests are either less common and/
or harder to detect in autistic females [28, 29]. Autistic
females also engage in more ‘masking’ or ‘camouflag-
ing’ behaviours to appear more neurotypical [13, 21,
30]). Furthermore, autistic females’ non-verbal behav-
iour (e.g., facial expressions and eye contact; [13, 14])
and verbal behaviour (e.g., speaking rate; [31]) are more
similar to those of their non-autistic peers. While autis-
tic males tend to exhibit more externalising behaviours,
such as hyperactivity, impulsivity, and conduct prob-
lems, autistic females more often face internalising chal-
lenges like anxiety, depression, and eating disorders [32,
33]. Such mental health difficulties may be associated
with a greater social pressure on females to mask autis-
tic traits [34], requiring cognitive effort that often leads

% Since previous research often did not clarify how they differentiated
between ‘sex” and ‘gender’ [12], we will use the term “female” broadly here
referring to cisgender women, transgender, non-binary, and gender diverse
people, as well as anyone who was socialised, or identifies as female.
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to meltdown, exhaustion, autistic burnout, and poor
mental health outcomes in general [21, 35, 36]).

Autistic females and gender-diverse people show addi-
tional difficulties, such as cognitive or intellectual impair-
ment [37], and they are more likely than males to be
undiagnosed, misdiagnosed, or diagnosed late because of
their differing experiences of autism [38—45]. These out-
comes can be compounded when both researchers and
clinicians continue to use measures that are based on ste-
reotypical or male-oriented conceptualisations of autism
[43, 46]. Growing recognition of gender differences in the
autistic experience (e.g., [38—45]) has led to intensifying
calls from the autism community for research on this
topic (e.g., [47]).

The Comprehensive Autistic Trait Inventory

The Comprehensive Autistic Trait Inventory (CATIL
[8]) is a new inventory of autistic traits designed to bet-
ter represent female experience of autism than earlier
inventories. It measures ‘sub-threshold’ autistic traits that
resemble the features of autism that may be experienced
by people who do not meet the diagnostic criteria for
autism. The CATI comprises 42 items that assess six trait
dimensions: ‘Social Interactions, ‘Communication Diffi-
culty, ‘Social Camouflage, ‘Repetitive Behaviours, ‘Cog-
nitive Rigidity, and ‘Sensory Sensitivity. While some of
these subscales (e.g. ‘Communication Difficulty’), overlap
with those in widely used inventories of autistic traits like
the AQ [9] and the BAPQ [10], the Social Camouflage
and Sensory Sensitivity subscales are unique to the CATI,
making the questionnaire particularly sensitive for iden-
tifying autistic traits in females. English and colleagues|
] presented evidence for the CATI's convergent validity
when using both the total-scale and subscale scores. They
also demonstrated high subscale reliability and evidence
for consistent item interpretation in male and female
respondents [8]. The original CATI validation study also
demonstrated better internal reliability for total-scale
scores compared to the AQ and the BAPQ and greater
predictive ability for classifying autism (in a sample of
self-identifying autistic people).

While the CATI represents an improvement from pre-
vious inventories—particularly in better-capturing the
female autism phenotype—some autistic participants in
our current research identified further aspects that could
be improved. In particular, autistic people highlighted that
the use of ‘neurotypical language’ in the CATI, and other
autistic trait measures, means that some items may: (1) not
fully capture the autistic experiences (e.g., [48, 49]); and (2)
not be understood in the same way by autistic and non-
autistic people (e.g., [50-52]); or (3) inadvertently stigma-
tise the autistic experience (e.g., [53, 54]).
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To ensure that measures of autistic traits are accurate,
accessible and mitigate stigma, autistic people themselves
should be involved in the design of autism-related meas-
ures [55]. Autistic people often manifest strong interest
in and knowledge about autism and have demonstrated
important contributions through participatory research
by increasing the validity and accuracy of research meth-
ods and dissemination [47, 54, 56—60] and by ensuring
that research meets the needs and priorities of its stake-
holders in a respectful way [61-63].

The current project

The current study was initiated by autistic people who
participated in a recent study involving the administra-
tion of the CATL Two key priorities emerged: (1) revising
the language used in the CATI to improve accessibility
and mitigate stigma and (2) increasing the measure’s sen-
sitivity to the experiences of female and gender-diverse
people. In collaboration with autistic people, we aimed
to co-design a revision of the CATI to address these
priorities. In a second step, we evaluated the revised
inventory’s psychometric properties as a research tool
to measure individual differences in sub-clinical autistic
traits within the general population following the proto-
col of the original CATI [8].

Methods

Revision of the CATI

Between January and March 2023, we received feedback
on the original CATI [8] and co-designed revised ver-
sions (see below) through an iterative revision process
with 22 individuals contacted by the research team. These
individuals included autistic collaborators (n = 13; some
with autism-related work), a mother of an autistic child,
and professionals working with autistic people as car-
ers, therapists, and clinicians (n = 8). Four non-academic
autistic people contributed significantly to the revision
and became co-authors of this project. Our engagement
process involved various methods tailored to their pref-
erences and availability (e.g., in-person meetings, video
calls, or email correspondence) and progressed through
multiple stages of feedback and revision.

Based on this feedback, we made revisions to all
but six CATI items and added three new items. Since
our collaborators were located in Australia, Germany,
Switzerland, and Italy, we translated the CATI into
German, and Italian (including back-translations, see
https://www.cati-autism.com/translations), to meet the
language needs of all collaborators. In-depth descriptions
and justifications of our revisions with a table that
presents each item of the revised CATI (CATI-R)
against the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5; [1]) core criteria for autism can be
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found on the Open Science Framework page of this
project (https://osf.io/vt4d2/). The revisions comprised
two key types of revision: rewording and expansion. Our
rewording addressed the community research priorities
of ‘Respect’ and ‘Accessibility’

Respect

+ We adopted a neurodiversity framework (e.g., [54])
and replaced language that was deemed by autis-
tic partners as exclusionary or unnecessarily nega-
tive. For example, we substituted “react poorly” with
more neutral language (“have strong reactions”), and
used “masking” instead of “camouflage’, which was
a preferred term among our collaborators. A reason
for this preference was the fact that animals, in con-
trast to autistic people, camouflage naturally without
spending great amounts of cognitive effort. Moreo-
ver, “camouflage’, when used in a military context
(with which our collaborators did not want to be
associated), implies an intentional tactic or strat-
egy. Masking, in contrast, does not always reflect an
explicit strategy engaged by autistic people, and may
be associated with a cognitive or affective cost—
either during or after the masking experience (see
e.g. [21, 35, 36)).

+ We also aimed to mitigate the potential for items to
propagate stigma or autism stereotypes such as the
idea that autistic people have no desire or motivation
for social interactions (see [64]). We also added autis-
tic experiences not captured in the original CATI
items, such as the experience of empathy overload
[65].

+ Whenever possible, we clarified whether behaviour
referred to interactions with non-autistic people or
autistic people. This distinction is important because
some challenges arise only when individuals from
these two groups interact (i.e., the ‘Double Empathy
Problemy’; [51]). Autistic people might, for example,
be misunderstood by non-autistic interlocutors but
not necessarily by other autistic interlocutors (e.g.,
[66, 67]).

Accessibility

+ We clarified language to make the CATI more
accessible. We aimed to align the literal interpre-
tation of each item with its intended meaning to
mitigate the misinterpretation of items in an overly
literal way [68]. Therefore, we avoided figurative
language and metaphors, or quotation marks to
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indicate conditional word meanings, opting for
explicit language instead. For instance, we replaced
the figurative term “unspoken rules’ of social situ-
ations” with “norms” and removed the quotation
marks.

+ We removed abstract or imprecise terms, like
“often’, to reduce uncertainty and increase response
reliability.

+ When necessary, we broadened items by always
giving at least two examples. This also ensured that
the examples did not unintentionally narrow the
perceived relevance of the item.

+ We reformulated items that required an intro-
spective analysis of one’s behaviour (e.g., chang-
ing “I look for strategies to..” to “I make an effort
to..”). We also added additional items that can be
answered by individuals who are less aware of their
behaviours or strategies. For example, we added an
item that refers to the result of atypical behaviour
during social interaction (“People who do not know
me well tend to misunderstand me”).

To capture diverse autistic experiences, we added
new items as well as alternative examples within
existing items. These changes better reflect the
heterogeneity of the individual autistic phenotype
(see e.g., [69, 70]). We merged items addressing the
same aspect or experience to accommodate for the
addition of new items while keeping the number
of items per scale constant. For instance, the items
“I find social interactions stressful” and “Social
occasions are challenging for me” were merged into
“I find social occasions challenging/tiring/stressful”
(see the documentation of all revision steps on the
Open Science Framework (https://osf.io/vt4d2/).
This way, we extended, for example, the Masking
subscale (referred to as “Social Camouflaging” in
the original CATI) since we considered this aspect
particularly important for capturing female autistic
traits (see Background above). Moreover, previous
inventories have often assumed that autistic traits are
static or dispositional. However, there is now growing
recognition that some autistic traits or experiences
may change over time, to the extent that diagnostic
criteria may no longer be met in some cases [71,
72]. Repetitive sensory and motor behaviours, for
instance, seem to correlate negatively with age
[73]. Potential reasons for changes in autistic traits
include intervention, compensation strategies [74],
masking, or increased autonomy and control over
the environment. Therefore, we instructed people
to consider the relevance of statements both in the
present and across their lifetime.


https://osf.io/vt4d2/
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Validation of the CATI-R

We conducted a validation study on the revised items using
the same protocol reported by English and colleagues for val-
idating the CATI [8]. Our protocol was pre-registered on the
Open Science Framework (https://osf.io/vt4d2/).

Participants

As in the original CATI validation study [8], we recruited
participants via Prolific (Mg = 37 years, SD = 13; 688
female, 659 male, 82 non-binary, 10 not reported). Par-
ticipants had to be at least 18 years old, native English
speakers, and reside in one of five English-speaking coun-
tries (UK, USA, Canada, Australia, New Zealand). We
also required participants to have a minimum approval
rate of 99 on Prolific (representing overall reliability of
the participant across different online experiments). Pro-
lific provides superior data quality compared to other
online studies (e.g., [75, 76]). Consistent with the origi-
nal validation protocol [8], we excluded participants from
all analyses if they: (1) reported English as a non-primary
language, (2) failed two or more of the four attention
checks embedded within the survey, (3) completed the
questionnaires too quickly (< five minutes in total).

This resulted in 42 exclusions (2.84%) and a final data
set of 1439 participants (320 more than in the original
validation study; see Table 1 for more detailed demo-
graphics). The remaining data set contained no missing
data as the design of our survey required participants to
respond to each item before proceeding to the next page.

Table 1 Exposure groups per country
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We collected data in separate batches to give people
from all included countries an equal chance to partici-
pate. Each batch was published at the same local time
each day for one of the included countries (e.g., Batch 1: 6
pm for UK/London; Batch 2: 6 pm for USA/Los Angeles).
Most participants resided in the UK (n = 828, 57.54%)
and the USA (n = 409, 28.42%; see Table 1 for detailed
information). We classified participants with respect
to their native language, gender identity, self-reported
diagnosis status, and autism identity based on responses
to a demographic questionnaire (rather than their Prolific
profile) to ensure that the information was correct at the
time of data collection. Data collection proceeded in 14
separate batches. We started with a sample of 605 people
without screening based on self-reported autism diagno-
sis. Next, we recruited 400 additional participants who
were screened by Prolific as having a self-reported autism
diagnosis. Moreover, we recruited a further 400 partici-
pants screened for not having a self-reported diagnosis
(again, see Table 1). Finally, we recruited an additional set
of individuals registered as non-binary on Prolific. Data
from this group were collected for a separate exploratory
analysis that comprehensively investigated gender differ-
ences on the CATI-R. This additional set comprised 38
participants (Mg = 33.31, SD = 10.98) but 12 of these
participants did not indicate that they were non-binary
on our questionnaire and were classified according to this
response.

The final dataset included participants who self-
reported: (1) identifying as autistic with a formal autism

Country of residenle Number of participants Age
n Female Male Non-binary Prefer-not-  Minimum Maximum M sD
to-say
No diagnosis
Australia 62 19 41 0 20 64 3393 11.58
Canada 104 53 48 1 20 70 3571 12.32
New Zealand 13 5 8 0 24 72 41.23 15.27
United Kingdom 656 381 258 12 5 18 77 39.86 13.60
United States 271 102 141 26 2 18 73 35.17 11.58
NA 2 2 0 0 0 NA NA NA NA
1108 562 496 42 8 18 77 38.01 1312
Diagnosis
Australia 15 7 5 3 0 21 47 29.40 7.35
Canada 5 2 2 1 0 20 34 2640 5.55
New Zealand 1 0 1 0 0 26 26 26.00 NA
United Kingdom 172 74 82 15 1 18 63 32.62 10.08
United States 138 43 73 21 1 19 59 31.73 9.39
331 126 163 40 2 18 63 31.99 9.64
1439 688 659 82 10 18 77 37.00 13.00
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diagnosis (i.e., diagnosis: n = 331; 126 female, 163 male,
40 non-binary, 2 not reported); (2) identifying as autis-
tic without a formal diagnosis (i.e., self-identify; n = 44;
18 female, 18 male, 7 non-binary, 1 not reported); (3)
not identifying as autistic and without a formal diagno-
sis (i.e., no diagnosis: n = 1108; 562 female, 496 male, 42
non-binary, 8 not reported; see Table 1). Compared to
the original CATI validation study, our sample comprised
significantly more autistic people who reported having
received a formal diagnosis (current: 23%; original: 0.8%).
We did not combine the diagnosis and self-identify group
in our analyses (see the analysis script on our Open Sci-
ence Framework page: https://osf.io/vt4d2/). Table 2
shows the ethnic identity of participants.

Materials
The study was hosted on the PClbex platform, an online
tool for conducting behavioural research.

Demographic questionnaire Participants filled in a
demographic questionnaire that collected information on
age, sex, gender, primary language, self-reported autism
diagnosis status, and autistic self-identity.

Autistic-traits questionnaires All participants filled in
the CATI-R as well as the AQ and the BAPQ [8]. To ensure
that participants read each item carefully, an attention-
check item was placed at the midpoint of each question-
naire, directing participants to select a specific response.

The CATI-R In line with the original design [8], the
CATI-R consists of 42 items divided into six subscales
each comprising seven items: (1) Social Interactions
(SOC); (2) Sensory Sensitivity (SEN); (3) Repetitive
Behaviours (REP); (4) Communication Difficulty (COM);
(5) Cognitive Rigidity (RIG); (6) and Masking (MAS; pre-
viously referred to as “Social Camouflaging”). Items are
rated on a 5-point Likert scale, as in the original CATI
[8]. The original order of items, which distributed items
from the different subscales as well as negatively formu-
lated items evenly, was maintained, except for the five
items that were merged or substituted. The complete
version of the CATI-R, along with its scoring key, can be
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found alongside our preregistration on the Open Science
Framework (https://osf.io/vt4d2/).

The AQ We also administered the 50-item Autism
Quotient (AQ), developed for assessing autistic traits
in non-autistic people [9]. AQ items are allocated to
five distinct trait dimensions designated as ‘Social

Skill, ‘Attention Switching, ‘Attention to Detail,
‘Communication, and ‘Imagination. Participants
responded wusing a 4-point Likert scale with

approximately half of the items using a reversed scale.
We followed the scoring method used in the original
CATI validation study. Responses were allocated a score
of 1-4 along the four-point score reflecting degree of
endorsement. This scoring method has been shown
to enhance item discriminability [77] compared to the
dichotomous scoring method that is typically used
for the AQ that only scores items as ‘agreement’ (1) or
‘disagreement’ (0).

The BAPQ Finally, we administered the Broad Autism
Phenotype Questionnaire (BAPQ), which is a 36-item
self-report questionnaire. It was originally created to
assess autistic traits in close relatives of autistic peo-
ple [10], but it is now widely used to measure variation
of autistic traits in the general population. The items are
evenly distributed among three subscales: ‘Pragmatic
Language, ‘Aloof Personality, and ‘Rigid Personality’. For
each task, participants responded on a 6-point Likert
scale, with approximately half of the items being reverse-
coded. Responses were scored from 1 to 6, with higher
scores indicating greater endorsement of autistic traits.

Procedure

The study was approved by the University of Potsdam’s
Human Ethics Committee (protocol number: 84/2021),
which is compliant with the Declaration of Helsinki and
its later amendments. After providing consent, partici-
pants completed the demographic questionnaire and,
subsequently, the three questionnaires on autistic traits
in a randomised order. Each questionnaire was intro-
duced with a separate task instruction. Participants
were reimbursed with £ 5.25 for an average duration of
14 min.

Table 2 Ethnic identities across participant groups (percentage of the total sample)

Asian Black Mixed Other White No response
No diagnosis 598 4.17 3.75 1.39 60.95 0.76
Diagnosis 042 1.04 1.53 0.76 19.11 0.14
Total 6.40 521 528 2.15 80.06 0.90
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Analysis

We implemented the same analyses undertaken in
Study 2 of the original CATI validation process [8], as
well as some further exploratory tests. We will report
here only the subset of these analyses relevant to vali-
date the CATI-R as a measure of individual differences
in sub-clinical autistic traits within the general popu-
lation. We have also conducted preliminary analyses
exploring the potential predictive ability of the CATI-R
as a screening tool, which are reported as a supplemen-
tary material within the project’s Open Science Frame-
work project page (https://osf.io/vt4d2/).

All statistical analyses were performed using R Sta-
tistical Software (v4.3.0; R Core Team 2023). Necessary
assumptions including normality and homogeneity of
variance, were assessed (see the Open Science Frame-
work page of this project: https://osf.io/vt4d2/). Given
the large sample size, violations of normality were
deemed to have minimal impact on the results [78].
When assumptions were in doubt, appropriate steps
were taken, including the use of non-parametric tests
and data transformations.

Confirmatory factor analyses

To be an adequate inventory of autistic traits, the
CATI-R items should cluster into groups related
through latent variables or factors that conform with
theory of the underlying ‘autism’ construct. To assess
the fit between observed data and the theoretically
grounded model of autism, we tested correlations
between responses of the CATI-R using Confirmatory
Factor Analysis (CFA). We conducted CFA, using the
factor structures assumed to be underlying the original
CATI [8]:

+ A single, general factor for ‘autistic traits’

+ Two dimensions informed by the core diagnostic
criteria for autism (social communication/interac-
tion domain and restricted and repetitive behav-
iour domain) labelled as ‘social traits’ (based on the
subscales SOC, COM, and MAS) and ‘non-social
traits’ (based on the subscales SEN, REP, and RIG).

« Six dimensions currently associated with autism,
featured in the six questionnaire subscales of SOC,
SEN, REP, COM, RIG, and MAS.

We entered these factors in the same statistical models
tested in the original CATI validation study [8]:

(a) Ome-factor model A model comprising a single gen-
eral factor.
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(b) Correlated Two-factor model A model comprising
a social (SOC, COM, MAS) and a non-social (REP,
RIG, SEN) factor.

(c) Single hierarchical factor model A model compris-
ing six factors (SOC, COM, MAS, REP, RIG, SEN)
as part of a higher-order factor.

(d) Correlated social and non-social hierarchical fac-
tors model A model separately grouping the social
(SOC, COM, MAS) and non-social (REP, RIG,
SEN) factors at the second-order level.

(e) Six-factor bifactor model A model in which six fac-
tors exist in tandem with a bifactor.

(f) Two-factor bifactors model A model in which the
social and non-social factors exist in tandem with
two bifactors.

(g) Correlated six-factor model A model comprising six
correlated factors.

First-order factors were derived from the covariation
among the observed variables. Second-order factors
accounted for the covariation among the multiple first-
order factors. The CFA was conducted using the 1avaan
R package (v0.6.17; [79]) with polychoric correlations and
weighted least squares estimation. Goodness-of-fit for
the models was evaluated against robust close-fit indices,
including the root mean square error of approximation
(RMSEA) and standardised root mean square residual
(SRMR). RMSEA and SRMR values below .08 were con-
sidered indicative of fair fit, and values below .06 were
considered indicative of good fit. In addition, the com-
parative fit index (CFI) and Tucker—Lewis index (TLI),
which range from 0 to 1, were also used as measures of
model fit. CFI and TLI values above .90 were consid-
ered indicative of fair fit and values above .95 were con-
sidered indicative of good fit [80]. We also reported for
model evaluation the Akaike information criterion (AIC).
If the difference between models was between 2 and 7,
we considered the model with the lower AIC as moder-
ately better and if the difference was greater than 10 we
considered it to be significantly better [81]. We expected
that, as in the validation study of the original CATI [8], fit
indices would support the six subscales structured within
a bifactor model with second-order factors separately
encompassing items loading on a social and non-social
subscale.

Besides assessing overall model fit, we considered the
strength of the item loadings on the intended factors.
Greater factor loadings indicate that a variable is
correlated with the respective factor [82]. The following
thresholds for individual item loadings have been
recommended [83]: .71 (50% overlapping variance) =
excellent, .63 (40% overlapping variance) = very good, .55
(30% overlapping variance) = good, .45 (20% overlapping
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variance) = fair, and .32 (10% overlapping variance) =
poor.

Correlations between CATI-R subscales

To address potential concerns arising from non-normal-
ity, we tested for potential relationships between CATI-R
subscale scores using Spearman’s rank correlation tests.
We expected a strong correlation between all subscales,
similar to the validation study of the original CATI [8].

Internal consistency

To measure the internal reliability of the CATI-R sub-
scale scores, we first calculated Cronbach’s «, setting a
threshold of .80 or higher as a value indicating adequate
internal consistency. In addition to Cronbach’s «, we
also calculated the average inter-item correlation. We
assumed an average inter-item correlation in the range of
.15 to .50 to be desirable [84].

For the total scale, we computed McDonald’s omega
hierarchal, an alternative index based on inter-subscale
correlations rather than inter-item correlations [85], and
Cronbach’s « stratified across subscales [86]. This index
mitigated the potential overestimation of total-scale
internal consistency for the multi-dimensional CATI-R
when using Cronbach’s « [87]. We expected internal con-
sistency across the scale and subscales to be as good as or
better than for the original validation where Cronbach’s «
ranged from .81 to .94, McDonald’s omega hierarchal was
.81, and Cronbach’s « stratified across subscales was .95.

Convergent validity evidence

To provide evidence for the CATI-R’s convergent validity,
we calculated the correlation between the CATI-R total-
scale score and total scores of the AQ and the BAPQ
using Spearman’s rank correlation. We expected to estab-
lish convergent validity, evidenced by high correlations
between CATI-R scores and AQ and BAPQ scores, simi-
lar to those observed in the CATI validation study [8].

Examination of gender differences

One of our aims during the revision process was to make
the inventory more sensitive for people not fitting the
traditional male-biased conceptualisation of autism,
including female and non-binary people. Since our focus
was on behavioural traits and psychosocial factors of
gender, rather than physiological factors, we investigated
gender differences rather than biological sex differences.
This also allowed us to consider data from non-binary
participants. Previous studies evaluating inventories of
autistic traits only compared biologically female and
male individuals (e.g., [8, 16]), whereas autistic people are
more likely than non-autistic people to be gender diverse
[88, 89]. Therefore, we conducted analyses on two sample
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Table 3 AIC values for all models tested in the CFA (smaller
values indicate better model fit)

Model AIC

Two-factor bifactors model 174,829.2
Six-factor bifactor model 174,854.3
Correlated six-factor model 176,363.2
Correlated social and non-social hierarchical factors model 176,422.4
Single hierarchical factor model 176,451.1
Correlated two-factor model 181,3654
One-factor model 182,914.1

subsets. The first only included male and female partici-
pants (i.e., male vs. female) to closely follow the original
CATI validation study, and the second included non-
binary participants (i.e., male vs. female vs. non-binary).

Total scale and subscale scores To compare mean dif-
ferences in total-scale as well as subscale scores across
genders, we conducted separate Mann—Whitney U tests
for the female versus male data using the stats R pack-
age (v4.3.0). For the data including female, male, and
non-binary data, we conducted Kruskal-Wallis tests with
post-hoc pairwise comparisons using the Wilcoxon rank-
sum test using the rstatix R package (v0.7.2; [90]).2
To investigate the effect of gender, subscale (SOC, COM,
MAS, RIG, REP, SEN), and their interaction on individual
responses, we fitted linear-mixed models for both sample
subsets (female vs. male; female vs. male vs. non-binary).
The models were fitted using restricted maximum likeli-
hood estimation. All p-values were estimated using the
lmerTest R package (v3.1.3; [91]), with a significance
criterion of o < 0.05. Consistent with original validation
findings, we expected to find differences between male
and female participants in the form of higher scores on the
COM and REP subscales for males compared to females,
and higher scores on the SEN subscale for females com-
pared to males [8].

Measurement  invariance  analysis  (female  ver-
sus male) For meaningful group comparisons between
female, male, and non-binary test takers, measurement
invariance is required [92]. That is, items should function
similarly across groups. Two indices for comparing classi-
fication agreement among groups are sensitivity and spec-
ificity. Using the model with the closest fit in our CFA, we
tested for measurement invariance in different consecu-
tive steps. In each, we fitted a more restricted model:

3 The originally preregistered analysis of gender differences, which was
based on the analysis of the original CATI validation, were revised following
a suggestion from a reviewer.
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Table 4 Robust fit indices for the seven models tested in the CFA

Model Chi square p RMSEA SRMR CFI TLI Lower bound BIC
RMSEA CI

One-factor model 10,879.55 <.001 .09 07 72 71 .09 183,356.9

Correlated two-factor model 9328.86 <.001 09 07 .76 75 09 181,813.5

Single hierarchical factor model 4404.53 <.001 06 06 90 89 06 176,925.5

Correlated social and non-social 4373.90 <.001 06 06 90 90 06 176,902.2

hierarchical factors model

Six-factor bifactor model 2678.66 <.001 04 .03 .95 94 04 1755778

Two-factor bifactors model 2705.73 <.001 04 03 95 94 04 175,597.6

Correlated six-factor model 4298.70 <.001 05 06 90 90 06 176,885.1

(1) Configural invariance refers to the equivalence of
the basic structure of the measurement model (i.e.,
the number of factors and the items associated with
each factor) across groups.

(2) Metric/weak factorial invariance tests whether the
relationship between each item and the underlying
construct is similar across groups, as indicated by
equivalent factor loadings across those groups.

(3) Scalar/strong factorial invariance refers to the equiva-
lence of item intercepts or thresholds (ie, whether
mean differences in the construct capture all mean dif-
ferences in the shared variance of the items).

(4) Residual/strict invariance compares the sum of
specific variance (variance of the item that is not
shared with the factor) and error variance (meas-
urement error) across groups.

(5) Mean invariance constrains the factor loadings,
intercepts, and means to be equal across groups.

For each step, we report %2, CFI, and RMSEA difference
tests, comparing the current model with the previous
one. ACFI >.01 and ARMSEA >.015 were considered to
be indicative of a violation of the invariance assumption
[93, 94]. We expected, as in the original CATI validation
study [8], to find evidence for measurement invariance.

Exploratory analyses

Although neither the CATI nor the CATI-R was origi-
nally developed as a diagnostic tool, we conducted pre-
liminary investigations into the ability of the CATI-R to
differentiate between autistic (diagnosis) and non-autis-
tic people (no diagnosis). To this end, we performed a
series of analyses, including linear-mixed models, logistic
regression, hierarchical logistic regression, and Youden’s
Index. The detailed results, available on the project’s
Open Science Framework page (https://osf.io/vt4d2/),
suggest that the CATI-R shows potential as a screening
tool with distinct cut-off scores for female, male, and
non-binary people. However, further research is required

to validate its use as a screening tool, particularly through
the administration of a gold-standard autism measure,
such as the ADOS-2 [95], in conjunction with the CATI-
R. The current study was unable to verify diagnoses due
to the sample size constraints required for the primary
analyses.

Results

Confirmatory factor analysis

To assess whether the CATI-R was consistent with cur-
rent models of autism, we conducted CFA that identi-
fied the same two models as the best fit to the data as
the original CATI validation study [8]. As reported in
Table 3, the Two-Factor Bifactors Model had the smallest
AIC value (AIC = 174,829), indicating significantly bet-
ter model fit than the model with the second lowest AIC
value, the Six-Factor Bifactor Model (AIC = 174,854).

A multivariate normality test indicated that, while the
skewness assumption was held, the kurtosis assump-
tion was violated (Mardia’s test of kurtosis, p < .01),
which was not surprising, given that the original CATI
is a hierarchically multidimensional scale (i.e., unidimen-
sional at the higher-order level, with correlated subfac-
tors at the lower-order level). Although CFA is known
to be relatively robust to moderate violations of kurto-
sis, particularly when the sample size is large (i.e., > 200;
[78]), we addressed the non-normality of the data using
Robust Maximum Likelihood estimation, which adjusts
standard errors and chi-square statistics to account for
non-normality. The Two-Factor Bifactors Model exhib-
ited good model fit (x2 = 2678.66, df = 761, NFI = .93,
CFI = .95, TLI = .94, SRMR = .031, RMSEA = .042 with
90% CI 0.04—0.044; see Table 4),* with CFI (.95), SRMR
(.031) and RMSEA (.042) values above the recommended
threshold for good fit [96]. The TLI difference between

* The same model in the original CATI validation had the following fit
indices: x? = 3172.37, p < .001, CFI = .955, and TLI = .950, SRMR = .054,
RMSEA = 053 [8].
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Table 5 Range of factor loadings across subscales for the Two-
Factor Bifactors Model

Scale Minimum Maximum
Social traits

SOC 43 61

CcOM 07 54

MAS 20 55
Non-social traits

RIG 18 57

REP 28 54

SEN 26 64

SOC Social Interactions, COM Communication Difficulty, MAS Masking, RIG
Cognitive Rigidity, REP Repetitive Behaviours, SEN Sensory Sensitivity

the two best-fitting models was — .001 and, thus, below
the threshold of .01 for practical improvement [80].

We further evaluated each item by assessing whether
its factor loading was sufficiently large to predict the item
response based on the intended underlying factor in the
Two-Factor Bifactors Model [83]. At least four items in
the social traits and non-social traits factors had loadings
of .60 or higher [97]. Specifically, we found that A values
on the social traits factor ranged from .08 to .76 with 39
of 42 items showing at least ‘fair’ loadings. The 4 values
on the non-social traits factor ranged from .42 to .77
with 40 of 42 items showing at least ‘good’ loadings. The
ranges of / values on each subscale factor can be found
in Table 5. Items 11, 20, 21, 22, 24, 25, 26, 31, 32, 34, 39,
43, 44, 47 only achieved ‘poor’ loadings on their respec-
tive subscale factor (/ < .32; [83]). However, each of these
items had good to excellent loadings on the respective
social traits and non-social traits factor, indicating that
these items loaded higher on one of the other subscales
(see the Open Science Framework page of this project:
https://osf.io/vt4d2/ for the individual loadings).

Correlations between CATI-R subscales

As expected from the original CATI validation study
[8], all subscales were significantly positively correlated
(see Table 6). Following the Bonferroni correction for
multiple comparisons (¢ = .05/28 = .002), these corre-
lations remained significant (all adjusted ps < .001). We
observed less variation than the original CATI valida-
tion. The magnitude of these correlations ranged only
between r = .56 and r = .68, whereas the original vali-
dation study observed a range from r = .26 and r = .55
[8]. Thus, for the CATI-R, the associations between trait
dimensions were more uniform than those of the CATI
subscales. Again, as in the original validation study [8],
we also found a significant correlation between the social
and non-social bifactors (r = .79) and this correlation was

Page 10 of 21

Table 6 Spearman’s rank correlations between CATI-R subscales

Subscale 1 Subscale 2 Spearman’s Statistic p value
rank correlation
coefficient
SOC CcoOM 67 164,505,476 <.001
SOC MAS 57 214,774,542 < .001
SOC RIG 57 215,932,001 <.001
SOC REP 56 216,080,216 < .001
SOC SEN 57 213,875,696 < .001
SOC Social traits 88 60,673,401 < .001
SOC Non-social traits .64 176,596,871 < .001
COM MAS 60 199,274,674 < .001
com RIG .60 200,331,788 < .001
coOM REP 62 189,389,502 < .001
CcoOM SEN 59 203,527,374 <.001
COM Social traits 88 61,526,609 <.001
COM Non-social traits .68 157,055,015 <.001
MAS RIG 63 185,097,878 <.001
MAS REP 67 164,497,853 < .001
MAS SEN 59 202,336,859 <.001
MAS Social traits 82 91,227,903 <.001
MAS Non-social traits .72 140,766,957 < .001
RIG REP 67 165,921,552 < .001
RIG SEN 61 191,486,898 < .001
RIG Social traits 69 155,179,712 < .001
RIG Non-social traits .85 75,023,613 <.001
REP SEN 68 157,855,798 < .001
REP Social traits 71 142,429,398 < .001
REP Non-social traits .90 49,955,323  <.001
SEN Social traits 68 160,251,930 <.001
SEN Non-social traits .88 61,112,245 < .001
Social traits Non-social traits .79 105,113,446 < .001

SOC Social Interactions, COM Communication difficulty, MAS Masking, RIG
Cognitive Rigidity, REP Repetitive Behaviours, SEN Sensory Sensitivity

higher than the one in the original CATI validation study
(r=.58).

Internal consistency

We tested how closely related the items of each sub-
scale were by calculating Cronbach’s «. All CATI-R
subscales exhibited high internal consistency (i.e., o
>.84; see Table 7). These values were greater than those
observed for the AQ and the BAPQ in our sample. All
Cronbach’s « values were comparable to those observed
in the original CATI validation study [8] and, for four
subscales as well as for the social and non-social bifac-
tors, the CATI-R Cronbach’s « values exceeded those
observed for the original CATIL. We further investigated
the internal consistency of each measure and subscale for
the CATI-R, AQ and BABQ separately for autistic and
non-autistic participants. This revealed comparably high
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Table 7 Cronbach’s alpha across questionnaires

Subscale Cronbach’s
alpha
CATI-R
Social Interactions 89
Communication Difficulty 87
Repetitive Behaviours 84
Cognitive Rigidity 89
Sensory Sensitivity 90
Masking 89
Social bifactor 93
Non-social bifactor 94
AQ
Social Skill 88
Attention Switching 83
Attention to Detail 76
Communication 85
Imagination Items .76
BAPQ
Aloof 85
Pragmatic Language 83
Rigid 89

internal consistency of the CATI-R in both autistic and
non-autistic samples (see the analysis script on the Open
Science Framework page of this project: https://osf.io/
vtdd2/).

When all 42 items were evaluated in a single factor,
the internal consistency remained high, as assessed by
McDonald’s omega hierarchical and stratified Cronbach’s
a (see Table 8). These values were, again, higher than
those of the AQ and the BAPQ in our sample and slightly
higher than those of the CATI in the original validation
study [8].

We further examined the extent to which scores on one
item were related to scores on all other items to rule out
item redundancy. As Table 9 shows, the average inter-
item correlation value for all three questionnaires was in
the desirable range of .15 to .50 [84].

Table 8 McDonald’'s omega hierarchical and stratified
Cronbach’s alpha across questionnaires

Total scale McDonald’s omega Stratified
hierarchical Cronbach’s
alpha
CATI-R 82 96
AQ 67 93

BAPQ 69 92
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Table 9 Average inter-item correlation for the CATI-R, the AQ,
and the BAPQ

Questionnaire Average
inter-item
correlation

CATI-R 38

AQ 22

BAPQ 26

Convergent validity evidence

We further tested how strongly CATI-R scores were cor-
related with AQ and BAPQ scores, two questionnaires
assumed to measure the same constructs. As for the orig-
inal CATI [8], the CATI-R correlated at the total-scale
score level with both the AQ (p = .86, S = 71,117,196,
p <. 01) and the BAPQ (p = .82, S = 86,936,630, p < .01).
These correlations were similarly high as those reported
in the original CATI validation study [8], providing evi-
dence for convergent validity.

Examination of gender differences

Total scale and subscale scores by gender

Male versus female Our revision aimed to further extend
the gender representativeness of the CATI. Thus, we eval-
uated how CATI-R results differed across genders. On the
total scale, male participants scored significantly higher
(Mpgaze = 129.99) than female participants (Mgya. =
128.85; W = 67,621,853, p = .003), although the effect size
was small, r =—.08.

To investigate whether gender (female, male), subscale
(SOC, COM, MAS, RIG, REP, SEN), and their interac-
tion had an effect on individual responses, we ran a lin-
ear-mixed model on transformed data, with a random
intercept for participants to account for repeated meas-
urements. The main effect of gender was non-significant
(B=-—10.03, SE = 0.04, p = 0.53), indicating no difference
in individual responses between female and male partici-
pants. However, the effect of the individual subscales was
significant, and subscale interacted with gender in that
females endorsed items on the SEN subscale more than
males (8 = 0.2, SE = 0.05, p < .01). However, the associ-
ated effect size was small (R? < =.001).

As Table 10 shows, male and female participants dif-
fered in some of the subscale scores. Separate Mann—
Whitney U tests for each subscale score can be found in
Table 11. Male participants scored significantly higher
than female participants on the COM subscale, with a
medium effect size (r = —.10), and female participants
scored significantly higher than males on the SEN sub-
scale, with a large effect size (r = —.14).
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Table 10 Mean score per gender group across subscales

COM MAS REP RIG SEN SOoC
Male 18.72 22.70 21.29 24.03 20.02 24.09
Female 1749 22.50 20.74 23.39 2224 2357
Non-binary 23.34 26.17 27.06 26.88 27.94 27.85
Prefer-not-to-say 19.60 24.30 22.50 22.70 26.10 2640
Total 1840 2281 21.36 23.87 21.58 24.07

COM Communication Difficulty, MAS Masking, REP Repetitive Behaviours, RIG Cognitive Rigidity, SEN Sensory Sensitivity, SOC Social Interactions

Table 11 Mann-Whitney U test: subscale score by gender (male,

female)

Comparison Statistics Effect size
SOC score

Female versus male W =234915p =25 r=—203
COM score

Female versus male W =252,419,p < 001 r=—210
MAS score

Female versus male W =230,966, p = .55 r=—202
RIG score

Female versus male W =237,081,p =.15 r=—204
REP score

Female versus male W =235124,p = 24 r=—203
SEN score

Female versus male W =190,330, p < .001 r=—2714

SOC Social Interactions, COM Communication Difficulty, MAS Masking, RIG
Cognitive Rigidity, REP Repetitive Behaviours, SEN Sensory Sensitivity

Male versus female versus non-binary Non-binary par-
ticipants had the highest mean score of all three gender
groups (Mp. = 155.81). A Kruskal-Wallis test was con-
ducted to compare total scores across the three gender
groups. This revealed a statistically significant difference
in scores between the groups (x%(2) = 676.31, p < .001),
with a large effect size (% = .47). Post-hoc pairwise com-
parisons using the Wilcoxon rank-sum test indicated
significant differences between female and non-binary
(p < .001) and between male and non-binary participants
(p < .001), with non-binary participants scoring signifi-
cantly higher than both female and male. The effect size
for these two comparisons was large (r < —.66), likely
due to the small number of non-binary participants in
our sample. Male and female participants differed as well
(p = .01). However, the effect size was small (r < —.07).
As for the male versus female comparison, we inves-
tigated whether gender (female, male, non-binary),
subscale (SOC, COM, MAS, RIG, REP, SEN), and their
interaction had an effect on individual responses. We ran
a linear-mixed model on transformed data, with a ran-
dom intercept for participants to account for repeated

measurements. Non-binary participants had significantly
higher scores than males (8 =— .3, SE = .09, p < .01), with
a small effect size (R* = .001) and females (8 = — .41,
SE = .09, p < .01), with a small effect size (R?> = .001).
The effect of the individual subscales was significant and
subscale interacted with gender in that non-binary par-
ticipants endorsed items on the SEN subscale more than
males (8 = — .38, SE = .1, p < .01). The effect size was
small (R? < .001).

Separate Kruskal-Wallis tests with pairwise compari-
sons using the Wilcoxon rank-sum test for each subscale
score can be found in Table 12. Non-binary participants
scored significantly higher than both females and males
on all subscales. However, effect sizes were mostly small
(r <.03).

Measurement invariance analysis (female vs. male)

We entered the model that showed the closest fit to
our data in the CFA (two-factor bifactors model) in a
measurement invariance analysis with respect to gender.
Following the original CATI validation process [8], we
only report here the analysis on female and male data,
using data from the 1347 participants. The autistic group
consisted of 289 participants, with 126 identifying as
female and the non-autistic group consisted of 1058
participants, with 562 identifying as female. This analysis
was then repeated, including also non-binary participants
(for results, see the Open Science Framework page of this
project: https://osf.io/vt4d2/).

We found evidence for configural invariance since the
fit indices from the configural model (see Table 13) were
aligned with the guidelines for good model fit [96]. Thus,
the latent factors of autistic traits had the same pat-
tern of free and fixed loadings across the two genders.
When we constrained the loadings across groups and
compared this metric model to the previous configural
model (a test for metric invariance), the scaled x?2 test
was significant (p < .001) but the ACFI was < .01 and
the ARMSEA was < .015 [93, 94]. Since x?2 is sensitive to
sample size, we assumed that the CATI-R still exhibited
metric invariance. In other words, all items contributed
to the construct to a similar degree across female and
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Table 12 Kruskal-Wallis and pairwise Wilcoxon rank-sum tests: subscale score by gender (female, male, non-binary
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Comparison

Statistics

Effect size

SOC score

Female versus non-binary
Male versus non-binary
Female versus male

COM score

Female versus non-binary
Male versus non-binary
Female versus male

MAS score

Female versus non-binary
Male versus non-binary
Female versus male

RIG score

Female versus non-binary
Male versus non-binary
Female versus male

REP score

Female versus non-binary
Male versus non-binary
Female versus male

SEN score

Female versus non-binary
Male versus non-binary
Female versus male

Chi-squared (2) = 27.73,p < .001
U= 18,448, p (adjusted) < .001
U= 18,126, p (adjusted) < .001
U= 234915, p (adjusted) < .001

Chi-squared (2) = 4843, p <.001
U= 16,185, p (adjusted) < .001
U=17,2855, p (adjusted) < .001
U =252,419, p (adjusted) < .001

Chi-squared (2) = 27.34, p < .001
U =18582.5, p (adjusted) < .001
U = 17,806, p (adjusted) < .001

U = 230,966, p (adjusted) < .001

Chi-Squared (2) = 21.37,p < .001
U=19572, p (adjusted) < .001
U=19,731, p (adjusted) < .001
U =237,081.5, p (adjusted) < .001

Chi-squared (2) = 46.86, p < .001
U= 15,560, p (adjusted) < .001

U=15,190.5, p (adjusted) < .001
U = 235,124, p (adjusted) < .001

Chi-squared (2) =82.76, p < .001
U =16,350, p (adjusted) < .001
U=11,528, p (adjusted) < .001
U =190,330, p (adjusted) < .001

Eta squared = .02
r=-.13
r=-—.12
r=-.01

Eta squared = .03

r=—.09

Eta squared = .02

r<.001

Eta squared = .01
r=—.11
r=-.10
r=-.02

Eta squared = .03
r=—.17
r=-—.17
r=-.01

Eta squared = .06
r=-.16
r=-.22
r=-.13

SOC Social Interactions, COM Communication Difficulty, MAS Masking, RIG Cognitive Rigidity, REP Repetitive Behaviours, SEN Sensory Sensitivity

Table 13 Multi-group factorial analysis assessing measurement invariance of the CATI-R as a function of participant gender (female vs.

male)

Model Chi? df RMSEA  (90%Cl) Delta Chi2 Delta RMSEA  Decision
Configural invariance 2404.61 1524 03 (.03-.03) - Accept
Metric (weak) invariance 2800.81 1601 03 (.03-.04) —396.20 Accept
Scalar (strong) invariance 2906.06 1716 03 (.03-.03) —105.25 Accept
Residual (strict) invariance  2906.06 1716 03 (03-.03) <.001 Accept
Mean invariance 3367.76 1723 04 (.04-.04) —461.70 Accept

male participants. Next, we tested for scalar invariance,
which examines whether the item intercepts are equiva-
lent across groups. We found no evidence for reduced
model fit in the scalar invariance model compared to the
metric invariance model. Then, we established residual

invariance, or equivalence of item residuals by further
constraining the factor loadings, intercepts, and residual
variances to be equal across groups. Finally, we also con-
strained means to be equal across groups. Both ACFI and
ARMSEA were, again, below the thresholds implying that
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the invariance assumption still held across all stages of
the analysis.

Discussion

Autistic trait inventories play an important role in
research and practice, as well as the public portrayal of
autism. However, they are not always in line with current
academic research, can be biased or stigmatising, and
may not be easily accessible for autistic people, or those
who experience prominent autistic traits. In this partici-
patory project with autistic collaborators, we revised the
CATI [8] and provided preliminary evidence of its strong
psychometric properties as a measure of individual dif-
ferences in autistic traits.

The collaborative revision of the CATI-R as a positive
experience

Prompted by the autistic community members, we
revised the CATI using a participatory approach. Col-
laborators judged the revised inventory as easier to inter-
pret, less stigmatising, and more accurate in capturing
autistic traits than the original CATI. In particular, female
and non-binary contributors reported that their involve-
ment in the project helped them advocate for themselves.
One non-binary autistic collaborator noted:

I just read your revisions to the questionnaire,
and I'm really impressed. You use considerate and
understandable vocabulary, avoiding confusion or
too many interpretation challenges (e.g, through
concrete examples or precise explanations of what
often’ or over-sensitive’ could mean). I'm confident
that future autistic participants will be able to
engage well with the test, and many questions have
been clarified.

The current study took the first critical step to involve
autistic people in the development and evaluation of trait
measures that directly relate to their lived experience.
This has resulted in a measure that more accurately and
sensitively captures autistic traits and experiences, can
be appropriately understood by both autistic and non-
autistic participants, represents the experiences of people
with different gender identities, and mitigates the stigma-
tisation of autism. In doing so, this study has extended
the many benefits of participatory autism research (e.g.,
[47, 57-59, 62, 98]), to the science of psychometric tools
used in autism research and practice.

Empirical support for the validity of the CATI-R

as a measure of individual differences in autistic traits

in the general population

Our validation analyses largely replicated the results
from the original CATI validation study [8]. First, CFA

Page 14 of 21

supported the six-subscale structure of the CATI-R and
suggests that it is in line with the current diagnostic
criteria for autism, which are grouped into social and
non-social traits [1]. For the best-fitting model, several
items showed poor loadings on their respective subscale.
Some of these items might load onto multiple factors,
given the correlations we observed, or load better onto
another factor. In fact, these items loaded highly on
the respective social or non-social traits factor. Future
research should conduct an exploratory factor analysis to
further explore potential other models.

Second, all CATI-R subscales as well as the social and
non-social bifactors were closely related to each other.
These correlations were not only stronger than in the
original CATI validation study [8] but also more uniform,
indicating that our revisions were consistent with captur-
ing autistic traits as a multifaceted but single concept.

Third, the CATI-R demonstrated excellent internal
consistency when assessed for the total scale and sepa-
rate subscales. Indeed, internal consistency for the CATI-
R appears to be stronger than for the original CATI, AQ,®
and BAPQ for the current sample [87]. Likewise, the
intercorrelation of the CATI-R items was higher than the
one of the AQ or the BAPQ.

Fourth, we provided evidence for the nomological
validity of the CATI-R at the individual level, by anchor-
ing it in an existing framework, showing its correlation
with the AQ and the BAPQ as measures of the same or
closely related constructs.

Fifth, differences between male and female participants
were limited to two subscales, suggesting that the CATI-R
did not lose its original sensitivity to female autistic traits.
Males scored significantly higher than females on the
COM subscale and females scored significantly higher
than males on the SEN subscale. While this difference
may be the result of our large sample size [101], stronger
communication difficulties in males align with research
indicating a greater propensity for female autistic
people to engage in social activities and communication
(e.g., [13, 14, 24-27, 31]) as well as with findings for
other measures of autistic traits. Looking at the AQ,
for instance, Belcher and colleagues found, that female
participants were more likely to endorse items related
to social skills and communication [16]. One reason for
such a different gender profile in autistic people might
be a different socialisation of girls and boys in Western
societies. Gender stereotypes may suggest the need

® We used the AQ as a comparison although, in previous research, evidence
does not support the proposed factor structure of the AQ (for an overview
see [5]). In clinical research and practice, including epidemiological and
cross-cultural research on autism [99], the AQ remains worldwide one of
the most frequently used inventories for screening autism related behav-
iours [100]
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for girls to be more sociable and empathic than boys
[102]. To some extent, they may even be more ‘trained’
in social interactions. Alternatively, females might be
less willing to endorse items related to communication
difficulties because that would be less socially acceptable.
For the same reason, males might endorse items related
to sensory sensitivity less. Thus, to some extent, score
differences on these items may also represent gender-
based differences in response patterns rather than true
differences in the construct of autistic traits.

Looking at the difference between female, male,
and non-binary participants, non-binary participants
scored higher than female and male participants; both
on the total scale and on all subscales. This is in line
with research suggesting that a higher proportion of
autistic people identify as non-binary [88, 103]. How-
ever, our non-binary sample was also relatively small.
As such, these trends warrant further investigation, in
larger, prospective studies. Nevertheless, our results on
gender reported here (as well as results in the further
analyses examining the CATI-R’s predictive ability for
discriminating between autistic and non-autistic par-
ticipants based on self-report data; see our Open Science
Framework page: https://osf.io/vt4d2/) emphasises the
need to explicitly include non-binary people in autism
research (see [104], for a discussion on under-represen-
tation of specific demographic groups in research on
neurodivergence).

Finally, inventories of autistic traits, such as the AQ,
can be gender biased (see [16]), leading to higher or
lower scores on certain items in specific gender groups.
Such measurement bias or non-invariance indicates
that the construct assumed to be reflected in the
respective measure (e.g., autistic traits) does not have an
equivalent structure or meaning across gender groups.
Measurement non-invariance becomes particularly
problematic when questionnaire scores are used for
clinical decisions (see [6]). Therefore, we conducted a
measurement invariance analysis to evaluate whether
observed scores are comparable across female and male
test takers (see the Open Science Framework page of this
project: https://osf.io/vt4d2/ for an analysis including
non-binary participants) by sequentially imposing
between-group equality constraints on factor loadings,
indicator intercepts, residual variances, and means
[105]. This analysis indicated that the same underlying
construct in the same way was being measured across
the two gender groups. Specifically, we demonstrated the
CATI-R scores could be meaningfully interpreted and
compared between males and females, with evidence for
(1) configural invariance; (2) metric invariance; (3) scalar
invariance; and (4) residual/strict invariance. Therefore,
we can assume that, across genders, participants neither
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interpreted the CATI-R differently nor differed in their
likelihood of endorsing an item, indicating that CATI-R
scores can be meaningfully interpreted and compared
between gender groups.

Limitations and future research

The data reported here provides initial evidence for the
validity of the CATI-R as a measure of individual differ-
ences in autistic traits in the general population. How-
ever, we acknowledge that a measure’s true validity must
be established via an iterative process that requires vari-
ous empirical approaches [106, 107] and a nomological
network built across multiple studies, possibly conducted
by different researchers [108, 109]. We, thus, invite
researchers to continuously develop and validate this
questionnaire and others in a participatory manner.

For instance, there would be value in assessing the
measure’s discriminant validity in future work confirm-
ing that the CATI-R does not correlate with measures
that are supposed to measure distinct constructs. This
includes investigating the questionnaire’s psychometric
distinguishability from the original CATI to demonstrate
its incremental value [110]. It would also be interesting to
further investigate the CATI-R’s nomological/criterion-
based validity by examining intercorrelations between
CATI-R scores and other theoretically related constructs,
such as the Big Five personality traits, which account
for 70% of variance in autistic-trait scores [111] or con-
structs that might be mistaken for autism (e.g.,, ADHD,
see [112]). Finally, order effects should be investigated by
assessing the CATI-R’s psychometric properties when
the order of items is randomised, and its test—retest reli-
ability (i.e., reliability over time).

Despite our extensive examination of gender differ-
ences on the CATI-R, several important future avenues
for exploration remain. Specifically, future work should
explore if gender differences are similar for autistic
and non-autistic people and whether these differences
are moderated by age. While our wide age range in the
autistic group (18-63 years) and the non-autistic group
(18-77 years) indicates that our findings were unlikely
to be confounded by age or historical changes in autism
diagnosis, this aspect should be further investigated, con-
sidering research showing how some autistic individuals
may no longer meet diagnostic criteria, depending on
when their original diagnosis was received [71, 72, 113].
Furthermore, the relatively small number of non-binary
participants in our sample restricts the generalisability
of our findings to this population. Although practically
challenging, future studies should target this population
more extensively to examine the measure’s psychometric
properties for each gender and diagnostic group.
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As the data came from five English-speaking countries,
it might not capture the cultural diversity of other popu-
lations. Given that socio-cultural expectations for appro-
priate behaviour can differ across cultures, future studies
should include samples with more distinct socio-cultural
backgrounds to also assess the cross-cultural validity of
the CATI-R. This validation is particularly important
given that the CATI and the CATI-R contain several
items that reflect on a person’s social experiences and
behaviours.

Moreover, the current validation did not compre-
hensively assess participants for other potential mental
health conditions that may impact CATI-R responses.
Prospective research is needed to understand how differ-
ent mental health conditions impact performance on the
CATI-R, including conditions known to impact related
constructs (e.g., social cognition and communication),
such as anxiety, depression and psychosis [114—-116].

Finally, our exploratory analyses suggest that the CATI-
R holds the potential to be used as a screening tool. How-
ever, autistic people in our sample—as in the original
CATI study [8]—were classified as autistic on self-report
data alone, and of these participants, 88% reported hav-
ing received a formal diagnosis. Whilst this rate is higher
than that in the original CATI study, future work exam-
ining the validity, sensitivity and specificity of the CATI-
R as a screening tool requires a data collection protocol
that can confirm the diagnosis of autistic people using
gold standard measures at the time of scale completion
(e.g., ADOS-2; [95]).
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Insights gained from the participatory project

In collaboration with all contributors, our project devised
a set of guiding principles that shaped the revision. These
principles can be applied to future endeavours for devel-
oping or updating individual difference measures that
are related to neurodevelopmental or psychiatric diver-
gences (Table 14; see the Open Science Framework page
of this project: https://osf.io/vt4d2/ for more detailed
guidelines).

Personality style measures for subclinical neurodiver-
gent traits that are accessible and minimally stigmatising,
reduce their negative impact on the test taker and lead
to less biased results. Likewise, inventories that capture
autistic experiences in a way that is not biased by the test
taker’s gender, improve the inventories’ performance. In
research, gender-invariant inventories can help recruit
more diverse samples. In clinical practice, these measures
may inform the development of training programs that
aim to enhance recognition and understanding of the dif-
ferent autism phenotypes, allowing more individuals to
access relevant services.

In contrast to meticulously planned participatory
research projects (e.g., the recent development of the Self
Assessment of Autistic Traits; [117]), this participatory
project was organically initiated by autistic community
members upon completing the original CATI in research
they participated in. The benefit of this organic process
was that autistic collaborators were highly motivated
and entirely shaped the focus and priorities of the pro-
ject. However, a more systematic approach to engaging
in a participatory design study (e.g., [118]) would have
had the additional benefits of prospectively determining

Table 14 Guidelines for personality style measures for sublcinical neurodivergent traits

Guideline Example

Respect
Use a neurodiversity approach
Use gender-inclusive language 'he’versus ‘they’
Think non-stereotypically
Accept language preferences of the community

Differentiate between in-group and out-group
interaction partners

Consider positive aspects of neurodiversity
Involve the community in all its diversity
Accessibility

Be literal

Be precise

Be broad enough but not too general

Do not assume awareness of strategies
Address past and present behaviour

Give additional room for explanation

‘impaired’ versus different’

‘| do not feel a desire for social interactions’versus | prefer social interactions to occur in certain ways'
‘person with autism'’ versus ‘autistic person’
‘Other people tend to misunderstand me’versus ‘Non-autistic people tend to misunderstand me’

authenticity, honesty, loyalty, and deep focus

‘I rely on scripts when [ talk with others'versusl plan how | will interact with others’
‘often’versus ‘five times a day’

Give at least two examples

‘I look for strategies to appear more sociable’versus ‘| make an effort to appear more sociable’
Add instructions like ‘Think about yourself both now and across your life’

Add optional free-text comments
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roles and contributions, and modes of participation.
Given that the current project transitioned from private,
simultaneous conversations with participants in a previ-
ous study to a legitimate research endeavour, we grappled
for instance, with how to acknowledge and recognise all
of the contributions made by informants when the pro-
ject rapidly but unexpectedly developed. In our study,
collaboration and codesign involved neurodivergent and
neurotypical researchers partnering with lay community
members in our team. The modes of participation varied
and included consultation (i.e. we sought their input),
collaborative (i.e., we worked together on specific aspects
of the project only, such as item revision), and collegiate
(i.e., we worked together on all aspects of the research
project, including data analysis). For future similar pro-
jects, we would consider the following aspects vital:

+ clearly define the decision-making method before the
start of the project,

« find roles and methods of engagement that fit every-
one,

+ offer opportunities for collaborators to engage in all
stages of the research process (problem identifica-
tion, research question development, data collection,
interpretation of results),

« apply for funding to pay the non-academic collabora-
tors, and

+ embrace the heterogeneity of the autism community
[69, 70] by including more diverse autistic people,
including non-verbal individuals who have been
widely excluded from research [119] instead of their
parents or caregivers (for an exploration of how to
address this challenge, see [120, 121]).

Conclusion

The current participatory project aimed to create an
inventory of autistic traits that is not only empirically
supported but also relevant to and accessible for autis-
tic people. To this end, autistic and non-autistic people
revised the CATI, an existing inventory of subclinical
autistic traits, and applied a collective set of tests to
provide preliminary evidence for the validity and relia-
bility of the revised inventory. In sum, we argue that the
CATI-R demonstrates substantial evidence for its valid-
ity as a self-report measure of autistic traits in the gen-
eral population, whilst also capturing the experience
of autistic people in accessible and non-stigmatising
language. Moreover, our validation study indicates that
the CATI-R demonstrates satisfactory measure invari-
ance across genders. However, our findings—particu-
larly involving non-binary participants—highlight the
need for more research examining autistic traits across
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different gender profiles. Finally, this project demon-
strated that research collaborations between neuro-
typical and neurodivergent people can foster shared
learning, challenge stereotypes and advance autism
research.

Abbreviations

AIC Akaike information criterion
AQ Autism-Spectrum Quotient
ANOVA  Analysis of variance

BAPQ Broad Autism Phenotype Questionnaire

CAM Camouflage (CATI subscale)

CATI Comprehensive autistic trait inventory

CFA Confirmatory factor analysis

CFl Comparative fit index

al Confidence interval

COM Communication Difficulty (CATI & CATI-R subscale)
df Degrees of freedom

EFA Exploratory factor analysis

M Mean

MAS Masking (CATI-R subscale)

REP Repetitive Behaviours (CATI & CATI-R subscale)
RIG Cognitive Rigidity (CATI & CATI-R subscale)
RMSEA  Root mean square error of approximation

SD Standard deviation

SEN Sensory Sensitivity (CATI & CATI-R subscale)
SOC Social Interactions (CATI & CATI-R subscale)
SRMR Standardised root mean square residual

SRS Social Responsiveness Scale

TLI Tucker—Lewis index
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