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Abstract

Background: This project evaluates the psychometric properties of a German translation of the Revised
Comprehensive Autistic Trait Inventory (CATI-R). Previous measures of autistic traits are often based on a
male-referenced conceptualization of autism, which may underestimate autistic traits in other genders. In addi-
tion, these measures tend to rely on neurotypical language, which can make it difficult for autistic people to
respond and may reinforce stigma. To address these shortcomings, the CATI was originally developed as an
alternative to traditional measures, including subscales that capture traits particularly relevant to autistic women.
Building on this, we collaborated in an earlier work with members of the autism community to revise the CATI
(CATI-R), ensuring more inclusive, respectful, and accessible language and concepts across all genders. In the
present study, we translated this revised measure into German and validated it in a large sample of female, male,
and non-binary participants. This study explores if the German translation of the CATI-R measures autistic traits
fairly across genders and identifies potential differences in trait expression.

Methods: To validate the German CATI-R, we analyzed data from a large sample (n = 1057), comprising
German native speakers with a self-reported autism diagnosis (n =29), people who self-identified as autistic (n =
84), and non-autistic participants (n =944).

Results: We successfully validated a German translation of the CATI-R. A confirmatory factor analysis sup-
ported the six-subscale structure (two-factor bifactor model: chi-squared = 2402.85, p < 0.001, root mean square
error of approximation = 0.045, standardized root mean square residual = 0.047, comparative fit index = 0.99,
and Tucker-Lewis Index = 0.99). With Spearman’s rank correlations, we showed positive relationships between
all subscales (all rs >0.37, ps <0.001). Moreover, we demonstrated convergent validity with significant correla-
tions between the German versions of the CATI-R, Autism-Spectrum Quotient (AQ), and Broad Autism
Phenotype Questionnaire (BAPQ): the AQ (rho =0.69, p < 0.01) and BAPQ (rho =0.77, p < 0.01). Finally, a
measurement invariance analysis indicated that total scale scores can be compared across genders, while also
capturing meaningful gender-based differences in autistic trait expression. We additionally found measurement
equivalence across the English and German CATI-R.

Conclusions: This study replicates findings for the English CATI-R. To our knowledge, this is the first validation
of a measure of autistic traits in German that has been developed together with people from the community.

Keywords: Autism spectrum, autistic traits, neurodiversity, self-report measures, psychometric validation,
participatory research, gender disparity, German

Community Brief
Why is this an important issue?

Most autism questionnaires were created without input from autistic people. Many were also designed around
how autism shows up in men, which means they can miss important traits in women and non-binary people. On
top of that, these tools often use confusing or clinical language that can feel stigmatizing or hard to relate to.
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There has never been a German-language autism traits questionnaire that was developed together with the autis-
tic community and validated in a large sample, until now.

What was the purpose of this study?

We wanted to create a German translation of the Revised Comprehensive Autistic Trait Inventory (CATI-R), a
tool originally developed in English with help from autistic people. Our goal was to make sure the German
translation works just as well, meaning it is reliable, respectful, accessible, and nonstigmatizing. We also wanted
to see if it captures autistic traits across different genders fairly.

What did the researchers do?

We worked with native German speakers from the autistic community to translate and adapt the CATI-R. Then, we
tested it with over 1000 German-speaking adults, including people with an autism diagnosis, people who identify as
autistic, and non-autistic people. We used statistical tools to check how well the questionnaire measured what it was
supposed to, how consistent the results were, and whether scores could be fairly compared across genders.

What were the results and conclusions of the study?

The German CATI-R worked very well. It showed the same structure as the English translation and was reliable across
all subscales. It matched well with other tools used to measure autistic traits. Most importantly, it worked equally well
for men, women, and non-binary people. Non-binary participants reported the highest scores overall, and we saw
some expected differences between women and men—for example, women reported more sensory sensitivities.

What is new or controversial about these findings?

This is the first time a German-language autistic traits questionnaire has been codeveloped with the community
and tested in such a large and diverse group. Consistent with outcomes from other participatory research in
autism,! it shows that community-led research can create better tools that reflect real experiences across gender
identities. It also highlights that gender-diverse people often report more autistic traits. While prior research has
already identified gender differences in autistic traits, including among non-binary people, these differences are
still not consistently addressed. Future studies should both continue to investigate how gender shapes autistic
experiences and ensure that gender is systematically considered in autism research and clinical practice.

What are potential weaknesses in the study?

Our study relied on self-reported autism diagnoses, not clinical confirmation. Also, while we had more non-
binary participants than many past studies, that group was still relatively small. More research is needed with
clinically diagnosed and gender-diverse groups to strengthen these results.

How will these findings help autistic adults now or in the future?

The German CATI-R offers a more inclusive and respectful way to explore autistic traits. It may help people
who are seeking diagnosis or understanding their identity. Clinicians and researchers can use this tool to better
support diverse autistic people in German-speaking communities.

Background

elf-report measures of autistic traits are widely used as

brief and inexpensive screening tools in clinical prac-
tice,> to help characterize participants in research® or sup-
port people self-explore or initiate their own diagnosis
journey. Moreover, the assumptions underlying self-report
measures of autistic traits may shape how autistic people are
perceived in society because these measures are usually
available online (e.g., https://embrace-autism.com for a wide
range of measures). This study psychometrically evaluated a
German translation of the Revised Comprehensive Autistic
Trait Inventory (CATI-R), a measure for autistic traits that
was developed in partnership with people from the autistic
and autism® community.®®

Despite their widespread usage, self-report measures of
autistic traits are often limited when it comes to identifying
autistic traits in female or non-binary people.®~!! For exam-
ple, a study by Belcher and colleagues'? revealed that only

“Unlike the framework presented in the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5),° we approach autism as a
condition encompassing both challenges and strengths, rather than
as a disorder. Accordingly, we have chosen not to adopt DSM-5 ter-
minology in this article. In line with preferences expressed by seg-
ments of the autism community, we use identity-first language (e.g.,
“autistic person”) while acknowledging that others may favor
person-first expressions such as “person with autism.”’
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two items on the most widely used measure, the Autism-
Spectrum Quotient (AQ),'3 assess autistic traits similarly
across males and females. Such an imbalance stems from a
broader historical bias in autism research,!4'® where studies
predominantly involved male participants.'®2! As a conse-
quence, traditional measures of autistic traits may not fully
capture the nuanced traits displayed by females or non-
binary people. This constitutes a severe problem when both
researchers and clinicians continue to use measures that are
based on stereotypical or male-referenced conceptualizations
of autism, as autistic females and gender-diverse people will
remain more likely than males to be undiagnosed, misdiag-
nosed, or diagnosed late.'”-'® Misdiagnosis or the lack of a
diagnosis, in turn, complicates access to additional support
and may deteriorate mental and physical health.??23

There is growing recognition of gender” differences in
autistic experiences.!”-?>24730 These gender differences are
apparent across both domains currently used to define autism:
social communication/interaction and restricted and repetitive
behavior. See Wood-Downie et al.3! for a review on differen-
ces in narrow construct inventories of social interaction and
communication. Autistic females may exhibit, for instance,
social behaviors more akin to non-autistic peers®!%32-3¢ and
often mask autistic traits by mimicking neurotypical behav-
ior.>!> This may lead to meltdown, exhaustion, autistic burn-
out, and general poor mental health outcomes.'>37-38 Female
autistic people also show more hypersensitivities than males.>
Male autistic people, on the contrary, show more externalizing
behaviors, such as hyperactivity, impulsivity, and conduct
problems.?**? Growing recognition of these gender differences
has led to intensifying calls for measures that better capture the
experiences of autistic people who are not male.

The CATI and the CATI-R

In contrast to these more traditional measures, which are
grounded in deficit-based and often male-referenced models
of autism, the CATI*! (for a nonvalidated German transla-
tion, see Ref.*?) was developed to capture a broader range of
autistic experiences and to move beyond a solely male-
referenced conceptualization of autism. The CATI aims to
assess subthreshold autistic traits, which resemble core
symptoms of autism but may be present even in people who
do not meet the diagnostic criteria. The 42 items of the hier-
archically multidimensional tool cluster into six subscales
that represent different dimensions of autistic traits (“Social
Interactions (SOC),” “Sensory Sensitivity (SEN),” “Repeti-
tive Behaviors (REP),” “Communication Difficulty (COM),”
“Cognitive Rigidity (RIG),” and “Social Camouflage”). The
Social Camouflage and SEN subscales set the CATI apart from
other widely used autistic trait measures, such as the AQ and
the Broad Autism Phenotype Questionnaire (BAPQ),* as these
scales assess traits that are particularly relevant to female autis-
tic people.*! English and colleagues*' provided evidence that,

Given that the definitions of “sex” and “gender” in previous
research have not always been clearly distinguished,>* we use the
term female here in a broad and inclusive sense. This includes
cisgender women, transgender women, non-binary and gender-
diverse people, as well as anyone who identifies as female or has
been socialized as such.
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compared with the AQ and BAPQ, the CATI shows stronger
internal reliability for both total scale and subscale scores as
well as high predictive ability for classifying autism.*!

Despite its unique advantage with respect to identifying
autistic traits that do not fit the prototypical male-referenced
autism model, autistic participants in our previous work who
completed this measure made us aware that the CATI relies
on neurotypical language and constructs. This was noted as a
common limitation of most currently used measures of autis-
tic traits, and indeed other psychometric assessments. For this
reason, these measures may not fully capture autistic experien-
ces,** they may be understood differently by autistic and
non-autistic people,*>*’ and they may even inadvertently stig-
matize autistic experiences.*®*° Examples include the use of
figurative language or imprecise terms, such as “often,” which
may create an obstacle for autistic people.’® “Often” as an
anchor term can be difficult for autistic people to map onto a
rating scale when evaluating their general agreement with the
statement and the frequency of the experience. Also, other
words, such as the prefix “over” can be understood in pejora-
tive or stigmatizing ways, with some indicating that it implies
pathological behavior. Relating to this, the CATI describes cer-
tain behaviors from a neurotypical perspective (e.g., a change
of plans may distress autistic people instead of simply “annoy”
them) and does not capture several frequently reported autistic
experiences (e.g., despite the common misconception of a lack
of empathy, some people might experience empathetic over-
load.®! Finally, despite the general heterogeneity of the individ-
ual autistic phenotype? and differences in feature profiles of,
for instance, female and male autistic people,32 CATI items are
often restricted to a particular context or scenario. To address
these limitations, Hechler and colleagues have recently revised
the CATI together with 22 people from the autism community
and conducted a validation of the study of the CATI-R.® The
revisions included rewording items to clarify language or make
it more respectful and less stigmatizing and expansion of items
to capture diverse autistic experiences (detailed information
can be found on the project’s Open Science Framework (OSF)
page https://osf.io/vt4d2/).

The current project

Autism research and clinical practice have long been shaped
by the medical model of disability, which frames neurological
differences as abnormalities that should be “prevented,”
“cured,” or “fixed.”>* This model shapes the public perception
of autism as something tragic or shameful.>* By contrast, the
neurodiversity paradigm, developed in the 1990s by autistic
self-advocacy organizations such as Autism Network Interna-
tional in the United States and Aspies for Freedom in the
United Kingdom, emphasizes autistic rights and acceptance,
framing neurological differences as natural human variation
rather than deficits.>>° It thus provides a collective strategy to
challenge stigma and social marginalization.’

However, the neurodiversity paradigm has had limited
uptake in German-language autism research and clinical prac-
tice. For example, as of September 2025, a Google Scholar
search yields 15,100 results for the traditional term “Autis-
mus-Spektrum-Stérung” (autism spectrum disorder) and only
21 results for the term “Neurodiversitit” (neurodiversity).
This comparison does not imply that all research using diag-
nostic terminology adopts a medicalized or deficit-focused



4

perspective—many studies use clinical terms while still draw-
ing on neurodiversity-affirming or acceptance-based frame-
works. Rather, the striking imbalance highlights that work
explicitly framed around the concept of neurodiversity
remains comparatively underrepresented and less visible in
the German-speaking literature. Moreover, the number of
(traditional) self-report measures of autistic traits available in
German that have undergone an extensive validation process
is relatively limited. The most widely used measure in Ger-
man is the AQ.>® Validation studies also exist, for instance,
for the BAPQ> and the Social Responsiveness Scale.®
While the original CATI—designed to move beyond a medi-
calized, deficit-focused framing of autism—has been trans-
lated into German,*? neither the CATI nor the CATI-R,
which further strengthened alignment with neurodiversity-
affirming principles, has been validated in German yet. Vali-
dating the CATI-R in German represents a step toward
embedding neuro-affirming perspectives in both research and
practice. By centering autistic voices in the adaptation of this
measure, the German CATI-R challenges the dominance of
deficit-based models and offers a more respectful, inclusive,
and accessible tool that better captures the lived experiences of
autistic people across genders than previous measures. This
can support fairer assessment, reduce the risk of missed or late
diagnoses, particularly for women and gender-diverse people,
and guide more supportive and affirming interventions.
Accordingly, this project aimed to evaluate the psychometric
properties of the German CATI-R (henceforth CATI-R). The
translation builds on a separate, earlier project that revised the
original CATI to improve gender inclusivity, accessibility, and
the use of nonstigmatizing language. The current study does
not introduce further revisions to the instrument. Instead, it
reports the translation and validation of this already-revised
English CATI-R into German, guided by 14 German native
speakers from the autistic and autism community, who formed
a subset of the larger participatory group from the earlier
CATI-R revision project. Our validation followed the approach
taken in the English CATI and CATI-R validation studies.*!
We performed confirmatory factor analysis (CFA) on various
models, including correlated factors, bifactor, and higher order
factor models. Moreover, we evaluated the CATI-R’s internal
consistency and convergent validity by correlating its scores
with scores from two contemporary measures of autistic traits,
the AQ and the BAPQ. Finally, we assessed whether partici-
pants differed across genders in their response behavior, con-
ducting measurement invariance analysis. This protocol was
preregistered on the OSF (https://osf.io/zgybv/).

Methods
Development of the German CATI-R

The present study is the validation of a German translation
of the revised English language CATI-R questionnaire.® We
translated the CATI-R into German in close collaboration
with 14 native German speakers from the autistic commu-
nity, all of whom had also participated in the original CATI-
R revision process in English. This participatory process
ensured conceptual equivalence with the revised English ver-
sion while maintaining identity-affirming and accessible lan-
guage in German.
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Participants

We recruited participants via Prolific, since Prolific com-
pared with other online study platforms, such as MTurk,
provides superior data quality, as evidenced by better per-
formance on attention checks, more thoughtful responses,
greater adherence to instructions, better recall of earlier con-
tent, unique IP and location data, and slower, more deliberate
response times,%*®2 and the platform was used also for the
English validation of CATI-R. To maximize the number of
autistic participants, we opened the study initially only for
participants who stated in their Prolific profile to be autistic.
Participants had to be at least 18 years old, report German as
their native language, and have a minimum approval rate of
99 on Prolific (representing overall participant reliability
across different online experiments). Following the English
CATI-R validation study,® we removed participants from all
analyses if they: (1) reported a language other than German
as their native language, (2) failed two or more of the four
attention checks embedded within the survey, (3) completed
the questionnaires too quickly (<8° minutes in total). This
resulted in 43 exclusions (4.07%) and a final data set of 1057
participants (M., = 33 years, SD = 10; 540 female, 487
male, 27 non-binary, 3 not reported). This dataset consisted
of participants who self-reported: (1) identifying as autistic
with a formal autism diagnosis (i.e., diagnosis: n = 29; 16
female, 7 male, 6 non-binary, 0 not reported); (2) identifying
as autistic without a formal diagnosis (i.e., self-identify: n =
84; 53 female, 23 male, 6 non-binary, 2 not reported); and
(3) not identifying as autistic and without a formal diagnosis
(i.e., no diagnosis: n = 944; 471 female, 457 male, 15 non-
binary, 1 not reported; see Table 1). We treated participants
who reported a diagnosis or self-identified as autistic as sep-
arate groups in our analyses (see the analysis script on our
OSF page: https://osf.io/zgybv/). Most participants resided
in Germany (n = 720, 68.12%) and the United Kingdom (n =
108, 10.22%; see Table 1 for detailed information). Table 2
shows the ethnic identity of participants. The final data set
contained no missing data, as the design of our survey
required participants to respond to each item before proceed-
ing to the next page.

Materials

The study was hosted on the PCIbex platform, an online
tool for conducting behavioral research.

Demographic questionnaire. To characterize our sam-
ple, we recorded demographic data on participants’ native
language, gender identity, self-reported diagnosis status, and
autism identity (rather than using information from their Pro-
lific profile) to ensure that the information was correct at the
time of data collection.

Autistic traits questionnaires. Following the procedure
in the English CATI and CATI-R validation studies,®*!

“We diverged here from the original procedure of excluding
participants who completed the %uestionnaires in less than 5 minutes
in total because, in contrast to,” we collected also responses on a
measure of attitudes toward artificial intelligence (not reported
here).
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TABLE 1. EXPOSURE GROUPS PER COUNTRY
Number of participants Age
Country of residence n Female Male Non-Binary Prefer notto say Minimum Maximum M SD
No diagnosis
Australia 7 5 2 0 0 24 56 36.14 10.56
Austria 73 41 29 3 0 21 70 31.22  9.71
Belgium 1 1 0 0 0 27 27 27.00 NA
Canada 11 7 4 0 0 19 58 3427 1273
Chile 1 1 0 0 0 29 29 29.00 NA
Czech Republic 1 0 1 0 0 26 26 26.00 NA
Denmark 1 1 0 0 0 39 39 39.00 NA
France 1 0 1 0 0 26 26 26.00 NA
Germany 704 325 363 14 2 20 73 31.57  9.07
Greece 1 0 1 0 0 23 23 23.00 NA
Ireland 7 5 2 0 0 19 65 34.00 19.63
Italy 6 3 3 0 0 22 38 30.50 592
Korea 1 0 1 0 0 43 43 43.00 NA
Latvia 1 0 1 0 0 23 23 23.00 NA
Luxembourg 1 0 1 0 0 44 44 44.00 NA
Netherlands 4 2 1 1 0 22 32 26.75  4.99
New Zealand 5 3 2 0 0 18 51 36.00 13.42
Poland 1 1 0 0 0 24 24 24.00 NA
South Africa 1 1 0 0 0 27 27 27.00 NA
Spain 6 5 1 0 0 38 58 4717  6.55
Sweden 1 0 1 0 0 30 30 30.00 NA
Switzerland 29 9 20 0 0 21 70 34.69 11.29
United Kingdom 103 77 23 2 1 19 72 3742 11.78
United States 52 33 19 0 0 18 74 4427 13.54
NA 9 4 4 1 0 32 32 32.00 NA
1028 524 480 21 3 18 74 33.02 1040
Diagnosis
Austria 3 2 0 1 0 23 48 33.00 13.23
Germany 16 8 5 3 0 22 49 30.62 891
Switzerland 2 0 1 1 0 27 38 3250  7.78
United Kingdom 5 4 1 0 0 23 44 34.00  8.80
United States 1 1 0 0 0 38 38 38.00 NA
NA 2 1 0 1 0 NA NA NA NA
29 16 7 6 0 22 49 3193  8.77
1057 540 487 27 3 18 74 33.00 10.00

participants filled in the German CATI-R as well as the Ger-
man AQ3® and BAPQ?.5%-6% To ensure that participants read
each item carefully, we placed an attention-check item at the
midpoint of each questionnaire, directing participants to
select a specific response.

The CATI-R consists of 42 items and six subscales. Each
subscale, “SOC,” “SEN,” “REP,” “COM,” “RIG,” and “Mask-
ing” (MAS), contains seven items. Participants responded on a
5-point Likert response scale (1 = “strongly disagree,” 5 =
“strongly agree”). Four items are reverse-coded. The complete
CATI-R, along with its scoring key, is available alongside our
preregistration (https://osf.io/zgybv/).

dFinally, at the very end of the study, we also collected data for a
separate preregistered project https://osf.io/anrq7/?view_only=
8d3f4a5fabb347t7be45f71cf95e2b91. To this end, participants
responded to the Attitudes Towards Artificial Intelligence Scale
(ATTARI-12).%® However, the resulting data were not included in
the analyses of the current project. Data from this supplementary test
were analyzed separately and will be reported in a subsequent
publication.

The 50-item AQ, developed for assessing autistic traits in
neurotypical individuals,'? allocates items to five distinct
trait dimensions designated as “Social Skill,” “Attention
Switching,” “Attention to Detail,” “Communication,” and
“Imagination.” Participants used a 4-point Likert scale for
their responses (1 = “definitely agree” and 4 = “definitely
disagree”), with approximately half of the items using a
reversed scale. We used the same scoring as in the English
CATI and CATI-R validation studies,®*! that is, 1-4, as this
approach has been proposed to enhance item discriminability
compared with a simple 0-1 scoring originally proposed for
the AQ.

The BAPQ is a 36-item self-report questionnaire origi-
nally created to measure autistic traits in close relatives of
autistic people*? that is now used to measure autistic traits in
the general population. The items are distributed among the
three subscales: “Pragmatic Language,” “Aloof Personality,”
and “Rigid Personality.” Participants responded on a 6-point
Likert scale (1 = “very rarely” and 6 = “almost always”),
with approximately half of the items being reverse-coded.
Responses were scored from 1 to 6, with higher scores indi-
cating greater endorsement of autistic traits.
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TABLE 2. ETHNIC IDENTITIES ACROSS PARTICIPANT GROUPS (PERCENTAGE OF THE TOTAL SAMPLE)

Asian Black Mixed Other White No response
No diagnosis 2.24 0.84 4.21 0.47 87.01 1.31
Diagnosis 0.00 0.00 0.09 0.00 243 0.19
Total 2.24 0.84 4.30 0.47 89.44 1.50
Procedure

The study was carried out in accordance with the proto-
col reviewed and 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. Participants provided consent before
completing the demographic questionnaire. Subsequently,
they responded to the three questionnaires on autistic traits
in a randomized order. The ATTARI-12 was administered
at the very end. We introduced each questionnaire with
separate task instructions. Participants were reimbursed
with £3 for an average duration of 18 minutes.

Analysis

We followed the analyses to validate the CATI-R as a
measure of individual differences in subclinical autistic
traits within the general population reported in the English
CATI-R validation study,8 as well as some further tests on
the questionnaire’s predictive abilities. We report here
only the former. Preliminary analyses exploring the poten-
tial predictive ability of the CATI-R as a screening tool are
reported as Supplementary Material within the OSF project
page (https://osf.io/zgybv/). We performed all statistical
analyses using R Statistical Software (v 4.5.1; R Core
Team 2025). We assessed necessary assumptions, includ-
ing normality and homogeneity of variance and took
appropriate steps, including the use of nonparametric tests
and data transformations. However, given the large sample
size, violations of normality were deemed to have minimal
impact on the results.®

Confirmatory factor analyses. To serve as a valid mea-
sure of autistic traits, the CATI-R should exhibit item group-
ings that align with theoretical factors representing the core
components of the autism construct. We evaluated how well
the proposed theoretical model fits the actual data by analyz-
ing the relationships among CATI-R item responses using
CFA. This analysis was guided by the factor structure origi-
nally proposed for the CATI*!' and replicated for the English
CATI-R.8

e A single, general factor for “autistic traits.”

e Two dimensions informed by the core diagnostic crite-
ria for autism (social communication/interaction
domain and restricted and repetitive behavior domain)
labeled as “social traits” (based on the subscales SOC,
COM, and MAS) and “nonsocial traits” (based on the
subscales SEN, REP, and RIG).

e Six dimensions currently associated with autism, fea-
tured in the six questionnaire subscales of SOC, SEN,
REP, COM, RIG, and MAS.

These factors were entered in the same statistical models
tested in the English CATI and CATI-R validation
studies®*!:

(a) One-Factor Model. A model comprising a single gen-
eral factor.

(b) Correlated Two-Factor Model. A model comprising
a social (SOC, COM, and MAS) and a nonsocial
(REP, RIG, and SEN) factor.

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

(d) Correlated Social and Nonsocial Hierarchical Factor
Model. A model separately grouping the social
(SOC, COM, and MAS) and nonsocial (REP, RIG,
and 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 Bifactor Model. A model in which the
social and nonsocial factors exist in tandem with two
bifactors.

(g) Correlated Six-Factor Model. A model comprising
six correlated factors.

We derived first-order factors from the covariation among
the observed variables. To explain the correlations among
the various first-order factors, we specified second-order
factors. CFA was carried out using the lavaan package in R
(v 0.6.20),% treating the 5-point Likert items as ordinals and
using polychoric correlations with a robust diagonally
weighted least squares estimator (WLSMV). We assessed
model fit using robust close-fit indices, including the root
mean square error of approximation (RMSEA) and the
standardized root mean square residual (SRMR). Following
conventional thresholds, RMSEA and SRMR values below
0.08 were interpreted as indicating an acceptable model fit,
while values under 0.06 suggested a good fit. We also eval-
uated fit using the comparative fit index (CFI) and Tucker—
Lewis Index (TLI), both ranging from 0 to 1, with values
above 0.90 indicating adequate fit and values exceeding 0.95
indicating strong fit.*” Since conventional cutoffs for CFI
and TLI have been criticized as overly rigid and sample-size
dependent,®® we additionally conducted dynamic equiva-
lence testing using the dynamic® package, which provides
sample-size adjusted dynamic fit indices (DFIs), offering a
more realistic benchmark for determining whether model fit
is close, fair, mediocre, or poor. Because the Akaike Infor-
mation Criterion (AIC) is not defined for WLSMV estima-
tion, we did not use it for the primary model comparisons.
However, as a sensitivity analysis, we additionally fitted
models with robust maximum likelihood, where AIC could
be reported and used for relative model comparisons. Con-
sistent with prior validations of the English CATI and
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CATI-R.®* we anticipated support for a bifactor structure,
in which the six subscales were organized under two higher
order dimensions representing social and nonsocial domains
of autistic traits.

In addition to evaluating overall model fit, we examined
the magnitude of item loadings on their respective latent fac-
tors. Higher factor loadings reflect stronger associations
between individual items and the underlying construct they
are intended to measure.” Item loadings were interpreted
based on published guidelines,”! where values of 0.71 or
higher (indicating 50% shared variance) are considered
excellent, 0.63 (40% shared variance) very good, 0.55 (30%)
good, 0.45 (20%) fair, and 0.32 (10%) poor.

To further evaluate whether the German CATI-R supports
the use of both general and subscale scores, we computed
bifactor indices for the best-fitting model, using the R pack-
age BifactorIndicesCalculator.”> These indices allow an
assessment of the proportion of variance attributable to a
general factor compared with specific subfactors, and thus
inform the appropriateness of reporting total versus subscale
scores.”® Specifically, we examined the following: explained
common variance (ECV), the proportion of common var-
iance accounted for by the factors; w, the reliability of factor
scores, including both general and specific variance (values
>0.70 indicate acceptable, 20.80 good, and =20.90 excellent
reliability); w hierarchical, the reliability attributable to the
general factor alone, after controlling for subfactors (values
>0.80 suggest that a total score can be interpreted as essen-
tially unidimensional); construct replicability (H), the likeli-
hood that factors can be replicated across studies (values
>0.70 indicate that the latent factor is well-defined by its
indicators); and factor determinacy (FD), the correlation
between estimated and true factor scores (values >0.90 indi-
cate that factor scores are reliable estimates of the latent
factors).

Correlations between CATI-R subscales. To account for
potential violations of normality, we examined associations
between CATI-R subscale scores using Spearman’s rank-
order correlation. In line with findings from the English
CATI and CATI-R validation studies,®*! we anticipated
strong intercorrelations among all subscales.

Internal consistency. To evaluate the internal reliability
of the CATI-R subscales, we first computed Cronbach’s o,
with values of 0.80 or above considered indicative of suffi-
cient internal consistency. Alongside this, we also assessed
the average interitem correlation. This parameter defines
Cronbach’s o together with the scale length and is thus a
more adequate index of internal consistency for scales with
more than 40 items,”* such as the CATI-R. Based on prior
recommendations,”” we regarded average interitem correla-
tions between 0.15 and 0.50 as desirable.

For the total CATI-R score, we calculated McDonald’s @
hierarchical, which estimates reliability based on intersubs-
cale relationships rather than individual item correlations,”®
and we also computed stratified Cronbach’s « across sub-
scales.”” These additional indices help address the risk of
inflating reliability estimates in multidimensional measures
such as the CATI-R when relying solely on Cronbach’s o.”8
In line with the English CATI and CATI-R validations,®*!
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we anticipated high internal consistency, with previous
benchmarks, including Cronbach’s o values between 0.81
and 0.94, o hierarchical at 0.81, and stratified « at 0.95.

Convergent validity evidence. To assess the convergent
validity of the CATI-R, we examined the relationship
between the total CATI-R score and total scores on the AQ
and BAPQ using Spearman’s rank-order correlation. This
nonparametric method was again chosen due to its robust-
ness against non-normal distributions. We anticipated strong
positive correlations between CATI-R scores and both AQ
and BAPQ scores, consistent with the convergent validity
findings reported in the English CATI and CATI-R valida-
tion studies.®*!

Examination of gender differences

Total Scale and Subscale Scores. The CATI and CATI-R
were designed to be particularly sensitive to traits that do
not conform to traditional, male-centric models of autism.
We performed analyses on gender using two separate sub-
samples: one limited to male and female participants and
another that included male, female, and non-binary partici-
pants. To examine gender-based differences in CATI-R
total and subscale scores, we applied separate Mann—Whit-
ney U tests for comparisons between female and male par-
ticipants, using the stats R package (v 4.5.1). For analyses
including female, male, and non-binary participants, we
conducted Kruskal-Wallis tests, followed by post hoc Wil-
coxon rank-sum tests for pairwise comparisons, using the
rstatix package (v0.7.3).”° To explore the effects of gender,
subscale (SOC, COM, MAS, RIG, REP, SEN), and their
interaction on individual item responses, we fitted linear
mixed-effects models for both sample subsets (binary and
gender-diverse). These models were estimated via restricted
maximum likelihood. Significance testing was performed
using the ImerTest R package (v 3.1.3),8° with an « threshold
of 0.05. Based on findings from the English CATI-R valida-
tion study,® we expected males to score higher than females
on the COM subscale, while females would show higher
scores on the SEN subscale.

Measurement Invariance Analysis (Female vs. Male). To
interpret observed score differences as reflecting actual
group differences rather than measurement bias, we aimed to
confirm that items function equivalently across groups (mea-
surement invariance).®! Based on the best-fitting CFA
model, we tested for measurement invariance through a
series of increasingly constrained models:

(1) Configural Invariance assessed whether the same fac-
tor structure (i.e., number and configuration of fac-
tors) held across groups.

(2) Metric/Weak Invariance tested whether factor load-
ings were equivalent, indicating that items related
similarly to the latent constructs in all groups.

(3) Scalar/Strong Invariance examined whether item
thresholds or intercepts were consistent across groups,
ensuring that group differences in observed scores
reflected differences in the latent traits.

(4) Residual/Strict Invariance added constraints on resid-
ual variances, testing whether items had the same



amount of unique and error variance across groups.
With ordered indicators, residual variances are often
not freely estimated, and strict invariance may there-
fore be less informative in this context.

(5) Mean Invariance further constrained the factor
means, loadings, and thresholds to equality, allowing
for comparisons of latent mean levels.

(6) Variance—Invariance constrained the latent variances
to equality across groups, testing whether the degree
of heterogeneity (dispersion) of autistic traits was
similar between genders.

(7) Variance—Covariance-Invariance additionally con-
strained latent covariances to equality, testing whether
the relations among latent dimensions of autistic traits
were comparable across genders.

At each step, we evaluated model fit using changes in chi-
square, CFI, and RMSEA. We considered a decrease in CFI
greater than 0.01 or an increase in RMSEA above 0.015 as indi-
cators of noninvariance.®?#3 In line with findings from the Eng-
lish CATI and CATI-R validation studies,>*' we anticipated
support for measurement invariance across gender groups.

Criterion validity. While the CATI and CATI-R were not
designed for diagnostic purposes, we conducted the same
analyses as® to assess the CATI-R’s potential to distinguish
between people with a formal autism diagnosis and those
without. These analyses included linear mixed-effects mod-
els, logistic regression, hierarchical logistic regression, and
evaluations using Youden’s index. Full results are publicly
available via the project’s OSF page (https://osf.io/zgybv/).
Preliminary findings indicate that, similar to the English
CATI-R, the German CATI-R may hold promise as a screen-
ing instrument. We calculated preliminary cutoff scores
using Youden’s index. These cutoffs differed by gender,
with non-binary people showing the highest and males
showing the lowest cutoff scores. However, further valida-
tion is needed—ideally involving comparisons with gold
standard diagnostic tools such as the Autism Diagnostic
Observation Schedule, Second Edition (ADOS-2)3* to con-
firm the diagnosis of those who exceed these thresholds and
a larger non-binary sample—to support its application in
clinical or screening contexts and across genders.

Cross-language measurement equivalence. We tested
measurement invariance of the CATI-R across English and
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German using multigroup CFA with ordered indicators and
WLSMV estimation. Following the standard sequence, we
fit configural, metric (equal loadings) and scalar invariance
models; for ordinal data, scalar invariance was implemented
by constraining thresholds. Because residual variances are
not freely estimated under WLSMV with ordered indicators,
strict invariance was not applicable. We also evaluated struc-
tural invariance by constraining latent variances and then
latent covariances across groups. Model comparisons used
ACFI <0.010 and ARMSEA <0.015 as primary decision
rules. To avoid nonidentifiability from empty response cate-
gories, rare/empty categories were collapsed to adjacent lev-
els symmetrically in both groups before modeling. This
measurement invariance analysis was not preregistered and
was conducted post hoc in response to peer review. We
therefore treat this analysis as exploratory.

Results
Confirmatory factor analysis

To evaluate the alignment of the CATI-R with prevailing
theoretical models of autism, we performed CFA, which
identified the same two models as best-fitting as the English
CATTI and CATI-R validation studies.®*#! Model selection
was based on fit indices (CFI, TLI, RMSEA, SRMR), as
AIC is not defined for WLSMV estimation. As shown in
Table 3, the Two-Factor Bifactors Model demonstrated the
best overall fit, with CFI and TLI values in the acceptable
range and RMSEA and SRMR within recommended thresh-
olds.®> Moreover, the TLI difference between the two best-
fitting models was only 0.01, which falls below the 0.01
threshold for practical significance.®” The DFI-adjusted
thresholds indicated that our empirical values fall within the
close-to-excellent range. Specifically, the RMSEA was
below the cutoff for close fit (0.058), and the CFI met the
cutoff for excellent fit (=0.986). These results suggest that,
once sample size and model complexity are considered, the
model provides a good representation of the data (see OSF:
https://osf.io/zgybv/ for detailed equivalence testing results).
Parallel analyses using Maximum Likelihood Estimation
with Robust Standard Errors (MLR; see OSF) yielded the
same pattern of results; for those models, AIC values also
favored the Six-Factor Bifactor Model over competing
structures.

A multivariate normality assessment revealed that the data
met the assumption of skewness but violated the assumption

TABLE 3. RoBUST FIT INDICES FOR THE SEVEN MODELS TESTED IN THE CONFIRMATORY FACTOR ANALYSIS

Lower bound

Model Chi-square p RMSEA  SRMR CFI TLI RMSEA CI
Two-Factor Bifactors Model 2390.28 <0.001 0.040 0.050 0.990 0.990 0.050
Six-Factor Bifactor Model 353422  <0.001 0.060 0.060 0.980 0.980 0.060
Correlated Six-Factor Model 5479.84  <0.001 0.070 0.070  0.960 0.960 0.080
Correlated Social and Nonsocial Hierarchical 6287.30 <0.001 0.080 0.070  0.960 0.960 0.080
Factors Model
Single Hierarchical Factor Model 6589.98 <0.001 0.080 0.070  0.960 0.950 0.080
Correlated Two-Factor Model 11,526.54  <0.001 0.110 0.100 0.920 0.910 0.110
One-Factor Model 15,260.97 <0.001 0.130 0.110  0.890 0.880 0.130

RMSEA, root mean square error of approximation; SRMR, standardized root mean square residual; CFI, comparative fit index; TLI,

Tucker—Lewis Index.
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of kurtosis (Mardia’s test of kurtosis, p < 0.01). This out-
come was anticipated given the CATI-R’s hierarchically
multidimensional structure—unidimensional at the higher
order level with interrelated subfactors at the lower order
level—and results reported in the English CATI-R validation
study.® Despite this non-normality, robust WLSMYV fit indi-
ces remained valid, and the parallel MLR analyses confirmed
the robustness of our findings.

We conducted a further evaluation of individual item per-
formance by examining whether factor loadings were suffi-
ciently high to indicate that each item was meaningfully
associated with its intended latent factor in the Two-Factor
Bifactors Model.”! According to established guidelines, fac-
tor loadings of 0.60 or higher are considered strong indica-
tors of construct validity.3® For the social traits factor,
standardized loadings (4) ranged from 0.25 to 0.75, with 19
out of 21 items demonstrating at least a “fair” level of associ-
ation. For the nonsocial traits factor, / values ranged from
0.29 to 0.71, with 21 of 21 items loading at a “fair” level or
higher. Table 4 presents the range of 4 values for each sub-
scale. A subset of items (18, 22, 24, 26, 32, 33, 34, 39, 43,
44, 47) showed “poor” loadings (i.e., 4 < 0.32) on their
assigned subscale factor (see the OSF project page https://
osf.io/zgybv/ for detailed loadings for all items).”! However,
these items exhibited moderate-to-strong loadings on the
broader social or nonsocial traits factor, suggesting that those
items do meaningfully contribute to a dimension, but that
dimension may not be the only originally theorized one (e.g.,
an item thought to be about SOC may share variance across
multiple facets such as SOC + MAS).

Further support for this more nuanced picture came from
an exploratory factor analysis, which demonstrated that these
items nonetheless loaded moderately to strongly onto emer-
gent factors, suggesting that their contribution to the broader
construct of autistic traits remains meaningful. The full
exploratory factor analysis is available on the OSF project
page: https://osf.io/zgybv/.

Finally, bifactor indices (see Table 5) indicated that the
general CATI-R factor explained a substantial proportion of
common variance, with ECV values of 0.59 for the social
domain and 0.56 for the nonsocial domain. In contrast, spe-
cific subscales each accounted for less than half of their com-
mon variance uniquely (ECV range = 0.33-0.49). Reliability
estimates were excellent overall: all factors had w >0.80,
with social (0.93) and nonsocial (0.92) domains exceeding

TABLE 4. RANGE OF FACTOR LOADINGS ACROSS SUBSCALES
FOR THE TwO-FACTOR BIFACTOR MODEL

Scale Minimum Maximum
Social traits
SOC 0.07 0.69
COM 0.12 0.76
MAS 0.21 0.66
Nonsocial traits
RIG 0.27 0.65
REP 0.30 0.57
SEN 0.24 0.61

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

9

0.90. However, o hierarchical values showed that most of
this reliability was attributable to the general factor (0.77 for
social; 0.73 for nonsocial). Subscale w hierarchical values
were substantially lower (0.23—.41), indicating that subscales
capture relatively little unique reliable variance once the gen-
eral factor is controlled. Construct replicability was high for
all factors (=0.66), and FD values (all >0.83; general factors
around 0.95) confirmed that estimated factor scores closely
reflected the underlying latent constructs.

Correlations between CATI-R subscales

Consistent with findings from the English CATI and
CATI-R validation studies,®*!' all CATI-R subscales were
significantly and positively correlated (see Table 6). After
applying a Bonferroni correction to account for multiple
comparisons (o = 0.05/64 = 0.001), all correlations remained
statistically significant (all adjusted ps < 0.001).

In line with previous findings with the English CATI-R, a
significant correlation was also observed between the over-
arching social and nonsocial bifactors (» = 0.62), and nota-
bly, this correlation was stronger than that reported in the
English CATI (r = 0.58), further indicating a close associa-
tion between these two higher order dimensions in the trans-
lated German measure.

Internal consistency

To evaluate the internal consistency of the CATI-R sub-
scales, we calculated Cronbach’s o for each. Almost all sub-
scales demonstrated high reliability, with « values exceeding
the threshold of 0.80 (see Table 7). An exception was the
REP scale with a Cronbach’s o 0.78. These internal consis-
tency estimates were generally higher than those obtained
for the AQ within our sample. When considering all 42 items
as part of a single overarching construct, internal consistency
remained robust, as indicated by McDonald’s o hierarchical
and stratified Cronbach’s o (see Table 8). These estimates
surpassed those for the AQ and BAPQ.

To assess potential item redundancy, we also examined
the degree to which individual item scores were correlated
with scores on all other items. As presented in Table 9, the
average interitem correlations for the CATI-R and BAPQ
fell within the recommended range of 0.15-0.50, indicating
an appropriate balance between internal coherence and item
distinctiveness.” The correlation for the AQ fell below this
range. To explore reliability across diagnostic groups, we
also examined internal consistency for the CATI-R, AQ, and
BAPQ separately within autistic and non-autistic partici-
pants. The CATI-R showed consistently strong internal reli-
ability across both groups, with similar Cronbach’s alpha
scores as for the full dataset (see OSF: https://osf.io/zgybv/).

Convergent validity evidence

To provide further evidence for convergent validity, we
examined the associations between CATI-R total scores and
those of the AQ and BAPQ—two instruments designed to
assess similar constructs. As was the case with the original
CATIL* CATI-R total scores showed strong positive correla-
tions with both the AQ (p = 0.69, S = 61730619, p < 0.01)
and the BAPQ (p =0.77, § =45211670, p < 0.01).
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TABLE 5. BIFACTOR INDICES FOR THE TWO-FACTOR BIFACTOR MODEL
Factor Explained common variance ~ Omega  Omega hierarchical Construct replicability ~Factor determinacy
Social 0.5909738 0.9304462 0.7677045 0.9171766 0.9497222
Nonsocial 0.5626394 0.9212703 0.7314563 0.9021312 0.9401892
SoC 0.4693982 0.8987725 0.3952649 0.7701039 0.8967497
CoOM 0.3257187 0.8572230 0.2346226 0.6830502 0.8668098
MAS 0.4235337 0.8062265 0.3316279 0.6568902 0.8351751
RIG 0.4605397 0.8634739 0.3937702 0.7183997 0.8628116
REP 0.4511504 0.8370075 0.3756605 0.6741472 0.8428343
SEN 0.3993989 0.8496551 0.3204085 0.6613491 0.8373090

SOC, Social Interactions; COM, Communication Difficulty; MAS, Masking; RIG, Cognitive Rigidity; REP, Repetitive Behaviors; SEN,

Sensory Sensitivity.

Examination of gender differences
Total scale and subscale scores by gender

Male Versus Female. To examine gender-related differ-
ences in scores, we compared total scale results across male
and female participants. Male participants had significantly
lower total scores (Mj;,;. = 124.29) than female participants
(M remaie = 128.25; W = 39685129, p < 0.01), although the
observed effect size was small to moderate (r = —0.26). To
further explore the role of gender, subscale type (SOC,
COM, MAS, RIG, REP, and SEN), and their interaction in

shaping individual item responses, we used a linear mixed-
effects model using transformed scores. A random intercept
was included for each participant to account for repeated
measures across subscales. The main effect of gender was
not statistically significant (f = 0.05, SE = 0.04, p = 0.202),
indicating no consistent differences in response patterns
between female and male participants across subscales.
However, there was a significant interaction between gen-
der and subscale, driven by higher endorsement of items on
the SEN subscale by female participants (f = 0.26, SE =
0.05, p < 0.01) and higher endorsement on the COM scale

TABLE 6. SPEARMAN’S RANK CORRELATIONS BETWEEN THE REVISED COMPREHENSIVE AUTISTIC TRAIT
INVENTORY SUBSCALES

Spearman’s rank

Subscale 1 Subscale 2 correlation coefficient Statistic p Value
SOC COM 0.61 76,714,857 <0.001
SOC MAS 0.48 103,310,561 <0.001
SOC RIG 0.38 122,947,921 <0.001
SOC REP 0.35 127,107,277 <0.001
SOC SEN 0.42 114,721,856 <0.001
SOC Social Traits 0.87 24,765,885 <0.001
SOC Nonsocial Traits 0.47 103,415,467 <0.001
COM MAS 0.45 108,004,761 <0.001
COM RIG 0.40 118,200,890 <0.001
COM REP 0.39 119,329,157 <0.001
COM SEN 0.37 123,802,434 <0.001
COM Social Traits 0.82 34,603,492 <0.001
COM Nonsocial Traits 0.48 101,588,197 <0.001
MAS RIG 0.47 103,750,232 <0.001
MAS REP 0.53 93,357,041 <0.001
MAS SEN 0.41 117,033,325 <0.001
MAS Social Traits 0.75 50,045,319 <0.001
MAS Nonsocial Traits 0.59 81,161,449 <0.001
RIG REP 0.39 120,850,977 <0.001
RIG SEN 0.45 107,302,286 <0.001
RIG Social Traits 0.50 99,165,026 <0.001
RIG Nonsocial Traits 0.75 48,496,012 <0.001
REP SEN 0.47 103,770,185 <0.001
REP Social Traits 0.50 98,229,232 <0.001
REP Nonsocial Traits 0.78 43,514,030 <0.001
SEN Social Traits 0.48 101,816,646 <0.001
SEN Nonsocial Traits 0.82 35,653,365 <0.001
Social Traits Nonsocial Traits 0.62 75,293,072 <0.001

SOC, Social Interactions; COM, Communication Difficulty; MAS, Masking; RIG, Cognitive Rigidity; REP, Repetitive Behaviors; SEN,

Sensory Sensitivity.
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TABLE 7. CRONBACH’S ALPHA ACROSS QUESTIONNAIRES

Subscale Cronbach’s alpha
CATI-R
Social Interactions 0.88
Communication Difficulty 0.83
Repetitive Behaviors 0.78
Cognitive Rigidity 0.84
Sensory Sensitivity 0.81
Masking 0.83
Social Bifactor 0.90
Nonsocial Bifactor 0.89
AQ
Social Skill 0.81
Attention Switching 0.72
Attention to Detail 0.64
Communication 0.73
Imagination Items 0.64
BAPQ
Aloof 0.92
Pragmatic Language 0.83
Rigid 0.88

AQ, Autism-Spectrum Quotient; BAPQ, Broad Autism Phenotype
Questionnaire.

by male participants (f = —0.13, SE = 0.05, p < 0.01). This
interaction effect, however, accounted for only a small pro-
portion of variance (R2 =0.004).

We also examined differences in subscale scores
between male and female participants, which are detailed
in Table 10. Results from the individual Mann—Whitney
U tests for each subscale are presented in Table 11. Spe-
cifically, male participants scored significantly higher
than females on the COM subscale, with a small effect
size (r =—0.10), whereas female participants had signifi-
cantly higher scores on the SEN subscale, with a medium
effect size (r=-0.31).

Male Versus Female Versus Non-Binary. Nonbinary
participants exhibited the highest mean total score across all
three gender groups (Myon-pinary = 149.74). A Kruskal-
Wallis test indicated a significant difference in total scores
among female, male, and non-binary participants (y*(2) =
391.28, p < 0.001), with a large effect size (5> = 0.37). Post
hoc Wilcoxon rank-sum tests revealed that non-binary par-
ticipants scored significantly higher than both female (p <
0.001, r = —-0.49) and male participants (p < 0.001, r =
—0.49), although the effect size was likely inflated due to the
relatively small non-binary sample. A significant difference

TABLE 8. McDONALD’S OMEGA HIERARCHICAL AND
STRATIFIED CRONBACH’S ALPHA ACROSS QUESTIONNAIRES
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also emerged between male and female participants (p <
0.01), but the associated effect size was small (r = —0.25).

We further examined whether gender (female, male, non-
binary), subscale (SOC, COM, MAS, RIG, REP, and SEN),
and their interaction influenced individual item responses
using a linear mixed-effects model applied to transformed
data. A random intercept accounted for repeated measures.
Non-binary participants scored significantly higher than both
male (f =-0.31, SE = 0.13, p = 0.018) and female partici-
pants (f = —0.39, SE = 0.13, p < 0.008), although both
effects were small (R = 0.001).

Finally, we examined differences in subscale scores
between male, female, and non-binary participants. Results
of separate Kruskal-Wallis tests for each subscale, with Wil-
coxon rank-sum post hoc comparisons, are presented in
Table 12. Across most subscales, non-binary participants
scored significantly higher than both female and male partic-
ipants, although most effect sizes remained small (r < 0.3).

Measurement invariance analysis (female vs. male). We
conducted a measurement invariance analysis to examine
whether the CATI-R functions similarly for males and
females or whether the differences between male and female
participants reported above are attributable to measurement
bias. We used the best-fitting model from our CFA (Two-
Factor Bifactors Model) to test whether the CATI-R func-
tioned equivalently across genders. Our initial focus was on
participants identifying as female or male, comprising a total
of 1027 individuals. Among them, 23 were autistic (16 iden-
tified as female), and 1004 were non-autistic (524 identified
as female). We then expanded this analysis to include non-
binary participants. The full results of this broader analysis
are accessible via the OSF: https://osf.io/zgybv/.

In sum, our results supported configural invariance, as the
fit indices from the configural model (see Table 13) met the
established criteria for acceptable model fit.3> This indicates
that the general factor structure of autistic traits—defined by
the same arrangement of fixed and free loadings—was con-
sistent across gender groups. When we imposed equality
constraints on the factor loadings to test metric invariance,
the model fit did not worsen (ACFI = —0.003, ARMSEA =
0.004, suggesting that factor loadings are equivalent for
female and male participants. We proceeded to examine sca-
lar invariance, which assesses whether item thresholds are
equivalent across groups. The comparison between the scalar
and metric models showed no meaningful decline in fit, sup-
porting scalar invariance. Subsequent testing of residual
(strict) invariance, where residual variances were constrained

TABLE 9. AVERAGE INTERITEM CORRELATION FOR THE
REVISED COMPREHENSIVE AUTISTIC TRAIT INVENTORY,
THE AUTISM-SPECTRUM QUOTIENT, AND THE BROAD
AUTISM PHENOTYPE QUESTIONNAIRE

Total McDonald’s omega Stratified Cronbach’s

scale hierarchical alpha Questionnaire Average Interitem correlation
CATI-R 0.70 0.93 CATI-R 0.25

AQ 0.57 0.86 AQ 0.11

BAPQ 0.66 0.93 BAPQ 0.29

CATI-R, Revised Comprehensive Autistic Trait Inventory
Subscales; AQ, Autism-Spectrum Quotient; BAPQ, Broad Autism
Phenotype Questionnaire.

CATI-R, Revised Comprehensive Autistic Trait Inventory
Subscales; AQ, Autism-Spectrum Quotient; BAPQ, Broad Autism
Phenotype Questionnaire.



12 HECHLER ET AL.

TABLE 10. MEAN SCORE PER GENDER GROUP ACROSS SUBSCALES

COM MAS REP RIG SEN SocC
Male 16.61 21.90 21.95 22.96 19.26 21.42
Female 15.71 22.64 22.57 2343 23.40 21.14
Non-binary 20.74 25.00 28.52 25.89 26.63 25.44
Prefer-not-to-say 23.00 27.67 29.00 26.67 32.67 26.33
Total 16.27 22.37 22.46 23.28 21.60 21.40

COM, Communication Difficulty; MAS, Masking; REP, Repetitive Behaviors; RIG, Cognitive Rigidity; SEN, Sensory Sensitivity;

SOC, Social Interactions.

alongside loadings and thresholds, could not be meaning-
fully evaluated because residuals are not estimated under
DWLS with ordinal indicators. When latent means were con-
strained to equality, model fit worsened (ACFI = —0.008,
ARMSEA = 0.014), indicating mean differences between
females and males. Finally, we extended the analysis to
structural invariance. The Variance—Invariance model, which
constrained latent variances to be equal across genders, dem-
onstrated no meaningful worsening of fit compared with the
Mean-Invariance model, indicating comparable variability
of autistic traits. Adding constraints on both latent variances
and covariances (variance—covariance—invariance) likewise
produced negligible changes in fit, suggesting that the asso-
ciations among latent trait dimensions were similar across
genders. Together, these results provide evidence for mea-
surement invariance of the CATI-R across gender groups.

Cross-language measurement equivalence

We conducted multigroup CFA, comparing English ver-
sus German CATI-R, using the best-fitting model from our
CFA (Two-Factor Bifactors Model). As Table 14 shows, the
configural model fits well, indicating the same factor struc-
ture across languages. Imposing metric (weak) invariance
further supported equal factor loadings. Imposing scalar
(threshold) invariance supported equivalence of item thresh-
olds. Constraining latent means to equality significantly
worsened fit by robust %, despite small A indices; accord-
ingly, we did not assume mean equality and instead

TABLE 11. MANN-WHITNEY U TEST: SUBSCALE SCORE BY
GENDER (MALE, FEMALE)

Comparison Statistics Effect size
SOC score

Female vs. male =~ W = 135,655, p =0.38 r=-0.03
COM score

Female vs. male =~ W =147311, p <0.001 r=-0.10
MAS score

Female vs. male W =121,512, p=0.04 r=-0.07
RIG score

Female vs. male W =126,897, p =0.33 r=-0.03
REP score

Female vs. male =~ W = 123,865, p=0.11 r=-0.05
SEN score

Female vs. male W =84,019, p <0.001 r=-0.31

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

estimated latent mean differences under the accepted scalar
model. Constraining latent variances (vs. scalar) and latent
covariances (vs. variances) also met fit criteria, supporting
structural invariance across languages. Taken together, the
English and German CATI-R versions demonstrate configu-
ral, metric, scalar, and structural invariance, indicating that
both versions assess the same constructs with comparable
measurement properties, and that latent means can be legiti-
mately compared across languages.

Discussion
Confirmatory factor analysis

The present study aimed to validate the German transla-
tion of the CATI-R. We found a similar pattern of statistical
significance, in the same direction as the previous English
CATI and CATI-R validation studies.®*! CFA supported the
Two-Factor Bifactor Model—previously identified as the
best-fitting model in the English CATI and CATI-R valida-
tion—demonstrating good model fit. These findings replicate
the structural properties of the original measure. The DFI
approach, with cutoffs adjusted to the specific sample and
model, showed that fit indices corresponded to close-to-
excellent fit. This suggests that the German CATI-R retains
the theoretically expected bifactor structure once evaluated
with more robust criteria.

Although the overall model fit for the Two-Factor Bifactor
Model was good, a subset of items exhibited low loadings
on their assigned subscale factor. These items may require
further scrutiny, as low loadings suggest that they may not
strongly represent the latent subscale constructs they are
intended to measure. However, these items still showed
moderate-to-strong loadings on the broader social or nonso-
cial bifactor, which implies that while their subscale specific-
ity may be weaker, they still capture variance related to
overarching autistic traits. This pattern may indicate that
some items cut across subdomains. Exploratory Factor Anal-
ysis further supported the interpretation that, rather than indi-
cating measurement flaws, the lower CFA subscale loadings
likely reflect the complex, overlapping nature of autistic trait
dimensions, where certain behaviors or sensitivities are not
strictly confined to a single subdomain. Our findings support
the multifaceted and interconnected structure of the CATI-R
as intended by its theoretical framework.

Future item-level analyses and community feedback could
help determine whether certain items would benefit from
revision or reassignment to improve the internal structure of
the measure in the German context. Bifactor indices pro-
vided further support for the structural validity of the
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TABLE 12. KRUSKAL-WALLIS AND PAIRWISE WILCOXON RANK-SUM TESTS: SUBSCALE SCORE BY GENDER

(FEMALE, MALE, NON-BINARY

Comparison

Statistics

Effect size

SOC score
Female vs. nonbinary
Male vs. nonbinary
Female vs. male

COM score
Female vs. nonbinary
Male vs. nonbinary
Female vs. male

MAS score
Female vs. nonbinary
Male vs. nonbinary
Female vs. male

RIG score
Female vs. nonbinary
Male vs. nonbinary
Female vs. male

REP score
Female vs. non-binary
Male vs. non-binary
Female vs. male

SEN score
Female vs. non-binary
Male vs. non-binary
Female vs. male

Chi-squared (2) = 10.08, p < 0.001

Eta-squared = 0.01

U =4699.5, p (adjusted) <0.001 r=-0.09

U =4403.5, p (adjusted) <0.001 r=-0.08

U = 135,655, p (adjusted) = 1.00 r=0.000000
Chi-squared (2) =20.9, p < 0.001 Eta-squared = 0.02
U =4439.5, p (adjusted) <0.001 r=-0.10

U =4505.5, p (adjusted) = 0.02 r=-0.07

U = 147,311, p (adjusted) = 0.003 r<0.001
Chi-squared (2) = 11.32, p < 0.001 Eta-squared = 0.01
U = 5403, p (adjusted) = 0.07 r=-0.06

U =4370.5, p (adjusted) <0.001 r=-0.08

U = 121,512, p (adjusted) = 0.11 r<0.001
Chi-squared (2) = 6.56, p = 0.04 Eta-squared = 0.004
U = 5466.5, p (adjusted) = 0.08 r=-0.05

U =4699.5, p (adjusted) = 0.04 r=-0.06

U = 126,897, p (adjusted) = 1.00 r=—4e-05
Chi-squared (2) = 27.58, p < 0.001 Eta-squared = 0.02
U = 3495, p (adjusted) <0.001 r=-0.13

U = 2582, p (adjusted) <0.001 r=-0.16

U = 123,865, p (adjusted) = 0.32 r=-0.03
Chi-squared (2) = 114.5, p < 0.001 Eta-squared = 0.11
U = 5222, p (adjusted) = 0.04 r=-0.06

U =2622, p (adjusted) <0.001 r=-0.16

U =840,19.5, p (adjusted) <0.001 r=-0.31

SOC, Social Interactions; COM, Communication Difficulty; MAS, Masking; RIG, Cognitive Rigidity; REP, Repetitive Behaviors; SEN,

Sensory Sensitivity.

German CATI-R. The high w hierarchical values for the gen-
eral factor, combined with ECV estimates above 0.50, sug-
gest that the CATI-R total score should be considered the
most reliable and informative representation of autistic traits.
While subscale scores demonstrated adequate reliability
(o > 0.80), their lower w hierarchical values (0.23-0.41)
indicate that much of their variance is shared with the gen-
eral factor rather than being unique. Thus, subscales may
offer additional descriptive nuance but should be interpreted
with caution and not treated as fully independent constructs.
These findings are consistent with recent recommendations
for bifactor evaluation”® and underscore the value of the
CATI-R as a broad measure of autistic traits, with strongest
support for its use as a total score, with social and nonso-
cial domain scores providing additional but secondary

information, and individual subscales contributing primar-
ily to the breadth rather than the precision of measurement.

Correlations between CATI-R subscales

Correlation analyses supported construct validity. All sub-
scales were significantly interrelated after Bonferroni correc-
tion. Compared with the original CATI, we observed less
variability in the strength of these associations. Specifically,
the range of correlation coefficients in the current sample
spanned from r = 0.35 to r = 0.61, whereas the original study
reported a broader range of r = 0.26-0.55.*! However, the
variability in our study was still larger than the one in the
English CATI-R validation study,® where it ranged only
from = 0.56 to 0.68.

TABLE 13. MULTIGROUP FACTORIAL ANALYSIS ASSESSING MEASUREMENT INVARIANCE OF THE REVISED COMPREHENSIVE
AUTISTIC TRAIT INVENTORY AS A FUNCTION OF PARTICIPANT GENDER (FEMALE Vs. MALE)

Delta Delta

Model Chi-square  df  CFI RMSEA  (90% CI)  chi-square Delta df Delta CFI RMSEA Decision
Configural invariance 2915.66 1524 0.99 0.04 (0.04-0.04) — — — — Accept
Metric (weak) invariance 3388.25 1600 0.99 0.05 (0.04-0.05) 472.59 76.00 —0.00 0.00  Accept

Scalar (strong) invariance 3489.64 1718 0.99 0.04 (0.04-0.05) 101.39 118.00 0.00 —0.00  Accept
Residual (strict) invariance NA NA NA NA NA NA NA NA NA Not applicable
Mean invariance 4540.86 1726 0.98 0.06 (0.05-0.06) 1051.23 8.00 -0.01 0.01  Accept
Variance invariance 3653.62 1726  0.98 0.05 (0.04-0.05) —887.24 0.00 0.01 —0.01 Accept
Variance + Covariance invariance 4185.75 1741 0.98 0.05 (0.05-0.05) 532.13 15.00 0.00 —0.01 Accept

Residual (strict) invariance was not applicable due to DWLS estimation with ordered (categorical) indicators—residual variances not estimated.
RMSEA, root mean square error of approximation; CFI, comparative fit index.
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TABLE 14. MULTIGROUP FACTORIAL ANALYSIS ASSESSING MEASUREMENT INVARIANCE OF THE REVISED COMPREHENSIVE
AuUTISTIC TRAIT INVENTORY AS A FUNCTION OF LANGUAGE (ENGLISH, GERMAN)

Delta Delta

Model Chi-square df  CFI RMSEA  (90% CI)  chi-square Delta df Delta CFI RMSEA Decision
Configural invariance 4347.429 1524 0.995 0.039 (0.037-0.040) — — — — Accept

Metric (weak) invariance 6900.996 1600 0.990 0.052 (0.050-0.053) 2553.567 76.00  —0.005 0.013  Accept

Scalar (strong) invariance (thresholds)  6854.411 1714 0.991 0.049 (0.048-0.050) —46.585 114.00 0.000  -0.003  Accept
Residual (strict) invariance NA NA NA NA NA NA NA NA NA  Not applicable
Mean invariance 8596.473 1722 0.987 0.057 (0.055-0.058) 1742.062 8.00  —-0.003 0.008  Accept
Variance invariance 9322.574 1722 0.986 0.059 (0.058-0.061) 2468.163 8.00 —0.004 0.010  Accept
Variance + covariance invariance 12006.79 1737 0.981 0.069 (0.068-0.070) 2684.216 15.00 0.005 —0.009 Accept

Residual (strict) invariance was not applicable due to DWLS estimation with ordered (categorical) indicators—residual variances not estimated.
RMSEA, root mean square error of approximation; CFI, comparative fit index.

Internal consistency

Global indices—McDonald’s o hierarchical and stratified
Cronbach’s a—indicate that the measure captures a well-
defined construct without excessive redundancy. Internal
reliability was consistently superior to that of the AQ and
comparable with the BAPQ, highlighting the CATI-R’s
robustness as a psychometric tool. While all internal consis-
tency indexes were slightly lower than those reported in the
English CATI and CATI-R validation studies,®*! the same
was the case for the AQ and BAPQ. This finding may be
attributable to several factors, including differences in sam-
ple size and demographics. For instance, studies with larger
or more homogeneous samples tend to report more stable
reliability estimates.”® In contrast, smaller, more heterogene-
ous samples, such as the ones in this study, often exhibit
slightly lower internal consistency due to increased variabil-
ity in responses. In addition, demographic differences—such
as gender—may affect how participants interpret and
respond to the items, potentially influencing reliability esti-
mates. Despite these minor differences, our findings high-
light the CATI-R’s robustness as a psychometric tool for
assessing autistic traits.

Convergent validity evidence

Total CATI-R score showed strong convergence with
both the AQ and the BAPQ. Although the convergent cor-
relations were slightly lower than those reported in the
English CATI-R validation study,® the differences are
unlikely to be of practical significance. All observed
associations remained strong, indicating that the German
CATI-R aligns well with established measures. Differen-
ces in convergent validity coefficients across studies may
reflect sample variation, cultural or linguistic nuances in
item interpretation, or differences in translation quality of
the AQ and BAPQ, rather than limitations in the CATI-R
itself. Some of the inclusive and stigma-reducing revi-
sions in the CATI-R may make it more conceptually dis-
tinct from tools such as the AQ and the BAPQ, especially
when adapted cross-linguistically. Further analysis could
explore which subscales diverge most in convergence.
Taken together, our results confirm the CATI-R’s concep-
tual alignment with established measures while also cap-
turing unique variance likely associated with its broader,
more inclusive subscale structure.

Examination of gender differences
Total scale and subscale scores by gender

Male Versus Female. The CATI-R effectively differen-
tiated trait expression across gender identities. Male and
female participants differed significantly in total scores,
although with a small effect size. In contrast to the English
CATI-R validation, where males scored slightly higher than
females, males scored slightly lower than females. Subscale
analyses revealed that male participants scored higher on
COM, while female participants endorsed significantly more
SEN traits. These findings align with prior evidence suggest-
ing gendered patterns of autistic trait expression, particularly
in sensory and social domains.® Nevertheless, compared
with the English CATI-R validation, the gender-related
effect for the SEN subscale in the German sample was more
pronounced. It is possible that the reversed effect on total
scores and the stronger effect on the Sensitivity subscale are
partially attributable to differences in sample composition,
as our sample was smaller and less heterogeneous than that
of the English CATI-R validation study.

Male Versus Female Versus Non-Binary. In analyses
that included non-binary participants, gender differences
became more pronounced. Non-binary participants scored
higher than both male and female participants across all sub-
scales, with small effect sizes. While the small sample size
of non-binary participants warrants interpretive caution, the
consistently elevated scores across all CATI-R subscales in
this group deserve further attention. These findings align
with emerging research suggesting that gender-diverse indi-
viduals may report higher levels of autistic traits.8’~°° Poten-
tial reasons may be reduced masking of neurodivergent traits
or increased exposure to minority stressors that amplify trait
expression. In our sample, differences were particularly pro-
nounced for sensory sensitivity and repetitive behaviors,
which may reflect heightened vulnerability to sensory over-
load and structured coping strategies in contexts where both
gender identity and neurodivergence intersect. Future studies
with larger and more representative gender-diverse samples
are needed to validate these patterns and explore how experi-
ences of gender marginalization may shape the reporting and
manifestation of autistic traits. Nevertheless, our findings
underscore the CATI-R’s utility in capturing the full spec-
trum of autistic trait diversity beyond the binary gender
framework.
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Measurement invariance analysis (female vs. male). To
meaningfully interpret the differences in observed scores
across different genders requires measurement invariance®’
in that the probability of endorsing an item is not influenced
by gender. In fact, the German CATI-R showed configural,
metric, and scalar invariance across binary gender groups.
Residual invariance could not be meaningfully assessed
because residual variances are not freely estimated under
DWLS estimation with ordinal indicators. When latent
means were constrained to equality, model fit worsened,
indicating that females and males differ in their average lev-
els of autistic traits; importantly, this reflects true structural
mean differences, not measurement bias. We also found evi-
dence for variance invariance, suggesting that the variability
of autistic traits was comparable between female and male
participants, and for variance—covariance—invariance, indi-
cating that the relationships among latent dimensions of
autistic traits were similar across genders. Taken together,
these results show that the CATI-R functions equivalently
across genders (psychometric invariance), while also captur-
ing meaningful latent mean differences (structural differen-
ces). This distinction is important for both research and
clinical applications: the CATI-R can be used confidently to
compare scores across genders, and observed group differen-
ces can be interpreted as genuine differences in autistic trait
levels rather than artifacts of measurement.

Cross-language measurement equivalence

We additionally evaluated whether the English and Ger-
man CATI-R forms operate equivalently. Multigroup CFA
with ordered indicators supported configural, metric, and
scalar invariance across languages. Structural constraints on
latent variances and covariances were also acceptable. These
results indicate that the two versions measure the same con-
structs with comparable loadings and thresholds, permitting
valid latent-mean comparisons and cross-language infer-
ences about relations with other variables. This cross-
language invariance analysis was not preregistered and was
conducted post hoc in response to peer review, and we there-
fore treat it as exploratory. Future work should confirm these
findings in an independent sample.

Limitations and future research

While this study provides a robust validation of the Ger-
man CATI-R, future research may further enrich the evi-
dence. In particular, autism status was based on self-report,
limiting the ability to validate scores against gold standard
diagnostic assessments such as the ADOS-2. Future work
should examine the measure’s accuracy in distinguishing
between autistic and non-autistic people using clinical sam-
ples and consider longitudinal applications of the CATI-R to
explore trait stability over time. Second, due to the limited
sample of German native speakers on Prolific, the number of
people who reported an autism diagnosis remained small
(n =29). Only 118 German participants were registered as
“autistic” at the time of data collection, of which 72 partici-
pated in our study. Only 14 of these participants confirmed
having an autism diagnosis in our demographic question-
naire. Likewise, although the non-binary sample was larger
than in many previous studies, it remains small (n = 27),
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warranting caution in generalizing subgroup differences and
a replication on other platforms.

Although the current study focused on validating the Ger-
man translation of the CATI-R, it is important to highlight
that the measure was developed through a participatory pro-
cess with partners from diverse backgrounds. These partners
played an integral role in shaping the content and language
of the measure, ensuring that it aligned with community val-
ues and was respectful, accessible, and nonstigmatizing.
Including this context is crucial, as the CATI-R’s sensitivity
to diverse lived experiences—specially those of females and
gender-diverse people—is directly rooted in this collabora-
tive design. Future CATI-R adaptations or other psychomet-
ric developments may similarly benefit from direct
engagement with the autistic community. In particular, the
original CATI-R article proposed a set of practical guidelines
for the development of self-report measures targeting neuro-
divergent traits. These include community engagement,
avoiding metaphoric or ambiguous language, and using
identity-affirming language rooted in the neurodiversity par-
adigm. These principles may guide future work, even if
some linguistic nuances and cultural assumptions may differ
across demographic groups.

Conclusion

The current study provides initial evidence for the valid-
ity, reliability, and inclusiveness of the German CATI-R. It
replicates the factor structure of the original measure, dem-
onstrates strong internal consistency, and confirms conver-
gent validity with established autism trait inventories.
Importantly, it shows that the CATI-R performs equivalently
across gender groups, while also capturing meaningful
gender-based differences in autistic trait expression, and
across German and English versions, while remaining sensi-
tive to meaningful gender-based differences in autistic trait
expression. These findings underscore the CATI-R’s poten-
tial as a culturally adaptable and gender-sensitive tool for
both research and applied settings in the German-speaking
world. The validation of the CATI-R in German is therefore
more than a psychometric contribution: it fosters research
and clinical practice that acknowledge and take into account
neurodivergent identities, thereby promoting better mental
health and social outcomes.
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