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Abstract The Autism Diagnostic Observation Sched-
ule (ADOS) is widely used to assess symptoms of autism
spectrum disorder (ASD). Given well-documented differ-
ences in social behaviors across cultures, this study exam-
ined whether item-level biases exist in ADOS scores across
sociodemographic groups (race, ethnicity, and gender).
We examined a subset of ten ADOS items among partici-
pants (N=2458). Holding level of overall ADOS behav-
ioral symptoms constant, we found significant item level
bias (measurement noninvariance) for race and ethnicity on
three ADOS items. Item-level bias was not apparent across
gender. Although the magnitude of bias was small, our
findings highlight the need to reevaluate norms and oper-
ational definitions used in assessments to increase ASD
diagnostic accuracy among culturally-diverse groups.

Keywords Autism spectrum disorder - Cross-cultural -
Social norms - ADOS - Measurement bias - Race -
Ethnicity

Introduction

Recent research has begun to identify patterns of variabil-
ity across different cultural groups with regard to autism
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spectrum disorder (ASD) symptom identification thresh-
olds and symptom profiles emerging on a multitude of
ASD screening and symptom measures. In terms of symp-
tom identification, children from ethnic minority groups in
the United States (U.S.) (Liptak et al. 2008; Mandell et al.
2009) and Europe (El Bouk et al. 2009) are less likely to
receive a diagnosis of ASD than White children, and chil-
dren from U.S. ethnic minority groups receive diagnostic
confirmation significantly later than White children (Man-
dell et al. 2002). These differences could be influenced by
biases in minority referrals (Begeer et al. 2009) but could
also reflect a cross-cultural difference in ASD symptom
recognition. For example, families from India identify
impairments in their children approximately 6-10 months
later than U.S. parents due to a range of cultural differ-
ences (Daley 2004). Additionally, ASD features in girls are
identified later than those in boys in some cultures due to
variability in gender roles (Al-Salehi and Al-Hifthy 20009).
Taken together, there is increasing evidence that variability
in ASD rates could relate to the challenges associated with
developing psychometrically sound cross-cultural measures
for assessing heterogeneous ASD symptoms in children
with autism (Soto et al. 2014) as well as neurotypical popu-
lations (e.g., Magiati et al. 2015).

Compared to children with ASD from the ethnic
majority in the U.S., children from ethnic minority back-
grounds have a different symptom profile consisting of
lower scores in language and communication abilities
and lower cognitive composite scores (Chaidez et al.
2012; Landa and Garrett-Mayer 2006). White children
are more likely to have certain ASD symptoms includ-
ing inflexible adherence to nonfunctional routines/rituals
and persistent preoccupation with parts of objects com-
pared to Black children (Sell et al. 2012). With regard to
gender, research has shown that caregivers and teachers
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report different initial pre-diagnostic concerns for males
and females (Hiller et al. 2015) and that in differ-
ent cultural contexts males score systematically higher
than females on a standardized ASD assessment meas-
ure (Freeth et al. 2013). From a more global perspec-
tive, cross-country differences have been documented
on standardized tests of sensory functioning (Caron
et al. 2012), social skills (Sipes et al. 2012), challeng-
ing behaviors (Chung et al. 2012) and ASD symptoms
(Freeth et al. 2013; Matson et al. 2017, 2011). Without
a careful examination of current diagnostic measures,
it is not clear if these findings reflect true differences in
symptom presentation across sociodemographic groups
or if the differences are a function of inherent cross-cul-
tural biases within diagnostic measures.

ASD diagnostic instruments commonly include an
evaluation of basic social behaviors to identify the core
symptoms of social communication impairment (Ameri-
can Psychiatric Association 2013). Most ASD-specific
diagnostic instruments are designed to identify social
deficits through a comparison to operationally-defined
normative social behavior. For example, the criteria for
social-emotional reciprocity is assessed by first observ-
ing the facial expressions and shared enjoyment exhib-
ited by the person being evaluated and then determin-
ing the extent to which the person’s observed social
behaviors match the exemplar defined based on norms
(e.g., Constantino and Gruber 2012; Lord et al. 2012).
Similarly, ASD measures often include items assessing
deficits in non-verbal communication through the quan-
tification of more unitary social behaviors such as eye
contact or gestures (Mundy 1995). These norm-based
comparisons are the cornerstone of gold standard ASD
diagnostic assessment (Ozonoff et al. 2005); however,
it is exceedingly difficult to account for the wide vari-
ability in social norms across cultures. This approach
to measuring social functioning may inadvertently lead
to the formulation of operational definitions that are
based on the majority culture of the U.S. (i.e., Western
males) and lack sensitivity to cross-cultural variability,
which may introduce the possibility of culture-based
biases in assessment instruments (Freeth et al. 2014).
In turn, biased assessments may account for some of the
observed cross-cultural variability in ASD symptom pro-
files. Cross-cultural variability may particularly impact
how social behaviors are rated when the cultural back-
ground of the rater differs from that of the participant.
To further illustrate the potential impact of culture and
gender on aspects of social behavior assessed by ASD
diagnostic instruments, the following sections outline
the literature documenting variability across eye contact,
facial expression, play, and language.

Cultural Differences in Eye Contact

Cross-cultural variability regarding the amount and type of
eye contact during social interactions is well documented
(e.g., Fugita et al. 1974; McCarthy et al. 2006) and may, in
part, depend on whether the cultural context is classified as
individualist versus collectivist (Knapp et al. 2013). McCa-
rthy et al. (2006) observed that Japanese participants dem-
onstrated less eye contact when responding to questions
compared to Trinidadian and Canadian participants. These
findings align with theories that cross-cultural differences
in eye contact stem from variability in how eye contact is
valued and interpreted across societies (Knapp et al. 2013).
In some cultural contexts (e.g., Kenya), children are dis-
couraged from making eye contact with adults as a sign of
respect (Carter et al. 2005), while maintaining constant eye
contact during communication is customary in other cul-
tures (Collett 1971). Variability in eye contact might also
relate to differences in basic visual processing across cul-
tural contexts. For example, research shows cross-cultural
variability in patterns of how participants visually scan
social images (Chua et al. 2005).

Differences in eye contact also arise within different
demographic groups within the U.S. In an early study exam-
ining cross-cultural variability in eye contact, Fugita et al.
(1974) found that White students in the U.S. were more
likely than Black students to maintain eye contact during an
interview regardless of the race of the interviewer. Further,
eye contact between White and White dyads is greater than
that between Black and Black or Black and White dyads
(LaFrance and Mayo 1976). Similarly, European Ameri-
can parents and children demonstrate increased rates of
shared eye gaze and heightened overall amounts of child
gaze directed at parents compared to members of Mexican
American families (Schofield et al. 2008). Given the central
role of eye contact in ASD assessment, cross-cultural vari-
ability may impact the degree to which current assessment
instruments can identify abnormal levels of eye contact if
such differences are not reflected in scoring procedures or
operational definitions of typical and divergent behavior.

Cultural Differences in Facial Expressions &
Recognition

There is also evidence of cross-cultural variability across
facial expressiveness and recognition (Elfenbein 2013;
Elfenbein et al. 2007). Using computer technology to map
mental representations of facial expressions, Jack et al.
(2012) found that Easterners are less likely to have a dis-
tinct set of facial expressions to represent each of the basic
emotions as compared to their Western counterparts. Dif-
ferent cultural groups also exhibit distinct non-verbal facial
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cues when expressing emotions (Marsh et al. 2003) as well
as variability in the method of visually processing of facial
cues to interpret facial expressions (Yuki et al. 2007).

Distinctions in facial expressiveness exist even among
ethnic groups within the same country. For example, Black
participants are generally more emotionally expressive than
White participants (Vrana and Rollock 2002). These differ-
ences in facial expression may stem from different value
systems within these cultural groups. One hypothesis is
that Black culture encourages a greater range of expression
than White culture because of a heightened value placed
on spontaneous expression of feelings and self-assertion
(Kochman 1981). In turn, these nuanced multicultural dif-
ferences may affect more overt behavioral differences in
facial expression.

Cultural Differences in Language

Distinct non-verbal cues during communication and dif-
ferent rules used to construct language may impact how a
social partner from a different cultural context interprets
communication. Anthropologists distinguish high-context
cultures that rely more heavily on indirect and implicit
messages from low-context cultures that emphasize verbal
messages (Knapp et al. 2013). To demonstrate these dis-
tinct styles, European and Middle Eastern individuals dem-
onstrate differences in proximity, volume, and non-verbal
cues such as touching and body orientation during conver-
sation (Collett 1971). There are also cultural differences in
pragmatic language. Discourse rules like turn-taking, inter-
rupting, appropriate topics, and humor are often determined
by culture (Carter et al. 2005). Additionally, the frequency
of conversations between children and adults varies across
cultural contexts. For example, children in rural Kenya
may less frequently sit and talk with adults (Carter et al.
2005). This difference may impact how a child performs on
instruments rating conversations and interactions with an
adult examiner such as the Autism Diagnostic Observation
Schedule (ADOS). Finally, for bilingual children, linguistic
variability across cultures in terms of pronoun usage may
also impact the rating of language performance on ASD
assessment scales (Carter et al. 2005).

Cross-cultural differences in language usage may also
be associated with different dialects of English spoken in
the U.S. Distinct grammatical patterns between different
racial groups in the U.S. suggests that variability in lan-
guage or vocabulary may depend on the degree of exposure
to Standard English in one’s environment (Hall and Free-
dle 1975). Regarding proficiency with different English
dialects (Standard English compared to Black Vernacular
English), children perform better when the testing language
matches the language spoken at home (Hall et al. 1975).
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These dialect differences may have implications for diag-
nostic testing that utilizes semi-structured interviewing
techniques to evaluate conversational back and forth (e.g.,
ADOS Modules 3 and 4).

Cultural Differences in Play

An examination of play across 20 societies demonstrated
variability regarding type of play (i.e., imaginary versus
functional) and objects used in play (Ember and Cunnar
2015). Anthropological research by Lancy (2007) also
demonstrates variability in play partners across cultures,
such that in some cultures there is limited play with parents
and extremely rare play with unfamiliar adults. To empha-
size these differences in cross-cultural play, Lancy (2007)
explains that “psychologists see mother—child play as natu-
ral; anthropologists see it as cultural (p. 273).”

There is less research examining play differences among
cultural groups within the U.S.; however, Kochman (1981)
theorizes that the same cross-cultural differences in self-
assertion between Black and White children that may influ-
ence facial expression may also impact play styles. For
example, more serious, methodical, and purposeful play
seems to be more highly valued in White culture, while
more unrestrained types of play seems to be viewed more
positively in Black culture. Similarly, European-Amer-
ican mothers appear to engage in symbolic and pretend
play, while play in Mexican American mother/child dyads
resembled more of a shared work activity (Farver and
Howes 1993).

Gender Differences in Behavioral Interactions

Socio-cultural gender roles vary across cultural contexts
and play an important role in differential social develop-
ment (Lai et al. 2015). Gender influences social behavioral
norms including play styles and emotion expression both
among typically developing children and those with ASD.
For example, boys tend to play more actively and with
construction materials and girls engage in more pretend
play routines with dolls and house toys (Knickmeyer et al.
2008). With regard to facial expression, males and females
demonstrate differences in overall facial expressiveness
(Vrana and Rollock 2002) and in the number of different
emotions expressed (Hess et al. 2005; LaFrance and Hecht
2000). A meta-analysis also documents gender differences
in facial expression processing attributable to variable early
exposure to modeling and parent scaffolding (McClure
2000). The emotional interpretation of facial expres-
sion varies depending on gender, such that male faces are
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usually associated with anger whereas female faces are usu-
ally associated with surprise (Zebrowitz et al. 2010).

Potential Impact of Cross-Cultural Variability
in ASD Diagnostic Assessment

Taken together, cultural and gender-based variability in
social and communication behaviors indicate that the con-
cept of “normal” is not consistent across all cultural con-
texts whether referring to culture differences in terms of
race, ethnicity or gender. It is important to consider how
this variability may impact ASD assessment, which is
highly reliant on quantifying how observed behaviors devi-
ate from an operational definition of “normal” across social
and communication domains. Specifically, operational defi-
nitions used in ASD diagnostic measures must account for
the wide variability in social norms across cultures to avoid
over- or under-identifying social impairment as a result of
cultural variability. A review by Kirkovski et al. (2013)
discusses how the gender invariance observed in the preva-
lence of ASD might be in part due to a failure to recognize
culturally variant profiles of ASD.

The ADOS is a diagnostic measure that rates observed
social behavior as impaired or not based on operational
definitions of behavior ranging from typical to consist-
ent with ASD. As evidenced by its translation into 25 lan-
guages (Western Psychological Services 2016), the ADOS
has wide use across cultural contexts. Although the ADOS
includes items that examine social behaviors with cross-
cultural variability (e.g., eye contact and facial expression),
little research has examined the potential impact of cross-
cultural variability in social behaviors on ADOS diagnos-
tic outcomes (Norbury and Sparks 2013). Thus, the goal
of this research was to examine potential item-level bias in
ADOS items according to race (Caucasian, African Ameri-
can, or Asian), ethnicity (Hispanic or non-Hispanic), and
gender (male or female) in the U.S. Our specific question
was to determine if there is evidence of differential item
functioning (DIF) by group.

Method
Participants

We analyzed data from the Simons Simplex Collection
(SSC), which includes phenotypic and genetic information
on simplex families (one child affected with ASD) across
North America. Participants aged 4-18 were included in
the SSC if they were the only child in the family who met
criteria for ASD based on scores on standardized ASD
diagnostic instruments (Fischbach and Lord 2010). Given

inconsistent clinical ratings across sites (Fischbach and
Lord 2010), participants were not provided DSM-IV-TR
labels (American Psychiatric Association 2000) but were
included in the sample if they were identified as having an
ASD, as consistent with the proposed changes to DSM-5
(American Psychiatric Association 2013). Participants
were recruited from 13 university clinics in the U.S. and
Canada specializing in ASD evaluations [Michigan, Yale,
Emory, Columbia, Vanderbilt, McGill, Washington, and
Harvard Universities and the Universities of Washington,
Illinois (Chicago), Missouri, California (Los Angeles), and
the Baylor College of Medicine]. All parents in the SSC
completed university Institutional Review Board approved
informed consents. Additional details regarding inclusion
and exclusion criteria can be found in the SFARI Base/SSC
Researcher Welcome Packet (Simons 2010) or in a previ-
ous study describing the study methodology in detail (Fis-
chbach and Lord 2010).

Participants included in the current analyses (n=2459)
had complete data and fell within one of the racial catego-
ries identified as sufficiently powered for analysis: White
(n=2245), Black/African American (n=103), or Asian
(n=111). Race (White, Black/African, and Asian) and eth-
nicity (Latino and non-Latino) categories align with those
of the U.S. Census Bureau and the National Institutes of
Health (Richesson et al. 2014; United States Census Bureau
2017). The majority of participants classified their ethnicity
as not Hispanic or Latino (n=2165) rather than Hispanic or
Latino (n=294) and were male (n=2129). See Table 1 for
participant descriptive data.

Measures

SSC participants completed the original version of the
ADOS (Lord et al. 2002), and we examined a subset of ten
items from this measure. The ADOS is designed to rate
behaviors commonly associated with ASD using a semi-
structured, observation-based approach. Each item assess-
ing social communication or repetitive and stereotyped
behaviors has a detailed operational definition describing
the item theme. Possible scores on items range from either
0-2 or 0-3 (raw scores were not converted to algorithm
scores), with higher scores representing a profile more con-
sistent with behaviors observed among individuals with
ASD. For each score option, operational definitions are
provided to serve as a coding anchor. The ADOS has been
widely studied and demonstrates overall excellent psycho-
metric properties (Lord et al. 2000; Mazefsky and Oswald
20006).

To increase our study power, we included partici-
pants that had completed any of the four ADOS modules.
ADOS items were included in analyses if they were (a)
part of at least three of the four ADOS Modules and (b)
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Table 1 Participant

e Characteristic Overall African Hispanic Asian White
characteristics (N =2458) American
Number of observations 2458 (100) 95 (100) 293 (100) 111 (100) 1959 (100)
Sex [n (%)]
Female 330 (134) 14 (15 34 (11.6) 14 (12.6) 268 (13.7)
Male 2128 (86.6) 81 (85) 259 (88.4) 97 (87.4) 1691 (86.3)
Age (years) [mean (SD)] 9.06 (3.58) 88 (3.2) 84 (32) 85 (33) 921 (3.66)
Father’s education [n (%)]
Less HS degree 309 (127) 12 (13) 63 (22) 4 (3.6) 230 (11.8)
HS degree 721  (29.6) 25 (27) 57 (199) 59 (53.6) 580 (29.8)
Some college/associate degree 644  (26.5) 30 (32) 108 (37.6) 15 (13.6) 491 (25.3)
College degree 760 (31.2) 26 (28) 59 (20.6) 32 (29.1) 643 (33.1)
Mother’s education [n (%)]
Less HS degree 205 (84) 9 9) 47  (16.1) 6 5.5 143 (7.3)
HS degree 650 (26.5) 27 (28) 60 (20.5) 48 (43.6) 515 (264)
Some college/associate degree 713 (29.1) 26 (27) 96 (329) 20 (18.2) 571 (29.2)
College degree 883  (36) 33 (35 89 (30.5) 36 (32.7) 725 (37.))
Household income [n (%)]
1: <$20k 68 29 o6 (@) 15 (53) 6 5.7) 41 2.2)
2: $21-35k 112 4.8) 8 ©) 21 (74) 5 @7 78 4.2)
3: $36-50k 202 (87 15 (16) 34 (12) 4 (3.8) 149 (8
4: $51-65k 259  (11.1) 9 10y 36 (12.7) 9 8.5) 205 (11.1)
5: $66-80k 330 (14.1) 14 (15 37 (13.1) 9 8.5) 270 (14.6)
6: $81-100k 404  (17.3) 11 (12) 50 (17.7) 16 (151) 327 (17.6)
7: $101-130k 354 (152) 12 (13) 36 (12.7) 20 (189) 286 (15.4)
8: $131-160k 217 (93) 6 @) 22 (7.8) 11 (104) 178 (9.6)
9: over $161k 380 (16.7) 10 (11) 32 (11.3) 26 (24.5) 321 (17.3)
1Q [mean (SD)] 814 (2777) 64 (24 76 (25) 72 (32) 83.6 (27.6)
ADOS module [n (%)]
1 433 (17.6) 31 (33) 71 (242) 40 (36.0) 291 (149
2 544 (22.1) 32 (34) 83 (283) 32 (28.8) 397 (20.3)
3 1411 (57.4) 32 (34) 136 (464) 38 (342) 1205 (61.5)
4 70 28 0 0) 3 100 1 0.9 66 (34

worded the same across all ADOS Modules in the scor-
ing protocol, both in terms of the general item descrip-
tion and the operational definitions accompanying each
score category. For example, items assessing Overall
Level of Non-Echoed Spoken Language and Imagina-
tion/Creativity had consistent item descriptions but dif-
ferent operational definitions across modules and were
therefore omitted. There were two exceptions to retaining
questions not syntactically verbatim: (a) items including
an additional clause to specify interactions with either
the examiner or caregiver and (b) when the content of
examples was altered to align with developmental level
without altering the root question or response option con-
tent. Items were included from both the Social Affect and
Restricted and Repetitive Behavior ADOS domains. We
excluded items included in the “E” category that measure
behaviors associated with disorders commonly comorbid
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with ASD that may impact performance on the ADOS
(i.e., Overactivity; Tantrums, Aggression, Negative or
Disruptive Behavior; and Anxiety) but do not specifically
assess ASD symptoms.

Based on these selection criteria, ten ADOS items were
retained. The majority of these items are included in the
revised diagnostic coding algorithms (see Table 2; Gotham
et al. 2008). We examined the following items: (1) Ste-
reotyped/Idiosyncratic Use of Words or Phrases, (2) Unu-
sual Eye Contact, (3) Facial Expression Directed to Oth-
ers, (4) Quality of Social Overtures, (5) Quality of Social
Response, (6) Unusual Sensory Interest in Play Material/
Person, (7) Hand and Finger and Other Complex Manner-
isms, (8) Immediate Echolalia, (9) Overall Quality of Rap-
port, and (10) Self-Injurious Behavior. See Table 2 for a
more detailed description of the examined ADOS items,
factor assignment, and module/algorithm inclusion.
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Table 2 ADOS items included
in analyses

ADOS item Factor Module I Module2 Module3 Module 4
Unusual eye contact SA A A A A
Facial expression directed to others SA A A A A
Quality of social overtures SA A A A A
Quality of social response SA X A A
Overall quality of rapport SA A A A
Immediate echolalia RRB X X X X
Stereotyped/idiosyncratic use of words or phrases RRB A A A A
Unusual sensory interest in play material/person  RRB A A A A
Hand and finger and other complex mannerisms RRB A A A A
Self-injurious behavior RRB X X X X

X included in module, A included in module and an algorithm item, RRB restricted and repetitive behavior,

SA social affect

Statistical Analysis

We used item response theory (IRT) methods within
a structural equation modeling framework to evaluate
the psychometric properties of the harmonized ADOS
items. IRT describes a family of statistical models devel-
oped to describe the internal characteristics of tests and
measures. The specific model we used is referred to as a
graded response model, with covariates. The model can
also be described as a MIMIC (Multiple Indicators, Mul-
tiple Causes) model. This description implies that we used
multivariate logistic regression for ordered response vari-
ables, with latent variables. All parameter estimates were
obtained with Mplus software (Version 7.4; Muthén and
Muthén 2005). All scripts and detailed output are available
upon request.

The analytic approach first confirms a reasonable latent
variable model to account for the covariation among
selected ADOS items, and then determines if the measure-
ment parameters of that latent variable model differ sig-
nificantly across gender, race, or ethnicity. The latent vari-
able measurement model is a form of confirmatory factor
analysis suitable for categorical dependent variables. The
measurement slopes (akin to factor loadings) and item
thresholds (boundaries between response categories) are
the basic measurement model parameters that are of inter-
est for describing DIF. If these parameters are different
across group, it implies that a particular item may be more
or less relevant for characterizing increases in underlying
severity and/or that the level of severity on the latent trait
is differentially represented by endorsement of particular
symptoms in a specific group. However, before assuming
a group difference in measurement properties exists, it is
necessary to rule out if the difference may be attributable to
a third variable (i.e., age or cognitive scores), and therefore,
we included these as covariates with the confirmatory fac-
tor analysis model.

With multiple covariates and multiple outcomes (the
ADOS symptoms), we estimated a MIMIC model. We used
the multiple group formulation of the MIMIC model to
test for differences across gender, race, and ethnicity sub-
groups. Details on the modeling approach and technical ref-
erences are described elsewhere (Jones 2006). Briefly, the
approach began with a multiple group confirmatory factor
analysis with covariates, where the grouping variable was
the variable for which we evaluated the presence of DIF.
Initially, all measurement parameters (thresholds, loadings,
and variances) were held equal across groups. Latent varia-
ble intercepts are allowed to vary across groups to allow for
group heterogeneity. Item by item, we allowed for thresh-
olds and loadings to vary across groups and collect Chi
square difference tests using nested model likelihood ratio
tests. We identified model modifications to measurement
model parameters with the greatest improvement in model
fit, and accept that as evidence of measurement noninvari-
ance and possible DIF if statistically significant (x=0.05).
The model with the mean and thresholds free by group
so identified became the new null model, and the item by
item specification search process was repeated until no sta-
tistically significant model modifications were found. The
impact of DIF was suggested by comparison of the DIF-
naive (i.e., initial) and DIF-controlled (i.e., final) model
group mean differences in the underlying latent traits.

We evaluated the fit of our models using standard
methods. Overall model fit was assessed with the root
mean square error of approximation (RMSEA; Browne
et al. 1993) and the comparative fit index (CFI; Bentler
1990). The RMSEA provides a measure of discrepancy
per model degree of freedom. The RMSEA will approach
0 as model fit improves. Hu and Bentler (1998) suggest
that values close to 0.06 or less represent adequately fit-
ting models. The CFI is based on the model Chi square,
with values that range between O and 1. CFI values
greater than 0.95 are generally accepted as describing
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adequately fitting models (Hu and Bentler 1998). The
significance of group differences in measurement model
was informed with nested model comparisons and com-
putation of a model-Chi square difference test (Satorra
2000). The Mplus robust maximum likelihood estimator
was used. This model includes all observations, includ-
ing those with missing data, and invokes the missing at
random (MAR) assumption, which is a less restrictive
assumption than what would be possible under a miss-
ing completely at random (MCAR) analysis model (e.g.,
pairwise complete under multivariate probit weighted
least squares or analysis of complete data only). This
is an important analysis feature, because some module
respondents are missing for analysis variables because a
representative question was not included in the module.
Under our analysis approach, we theoretically obtain
unbiased estimates of other item parameters using maxi-
mum likelihood.

Results

The response frequencies for the analysis variables are
illustrated in Table 3. As can be seen, there was wide vari-
ability in the response frequencies across items. In the sum-
mary item assessing Quality of Social Response, only about
5% of participants were rated in the “0” category, indicat-
ing that very few participants showed a range of appro-
priate social responses. Conversely, about 94% of partici-
pants were rated in the “0” category for the Self Injurious
Behavior item, indicating that it was much more rare for
individuals to be rated as exhibiting this symptom during
the ADOS.

Results of the confirmatory factor analysis are reported
in Table 4. In line with previous research (Gotham et al.
2008), a two factor model provided optimal fit (CFI=0.932,
RMSEA =0.044), and each was indicated by five items
with loadings between 0.4 and 0.83 on their respective

Table 3 Item response

. i Item Responses Total
frequencies (entries are counts)
0 1 2 3 NA
y1: overall quality of rapport 350 1137 514 24 433 2458
y2: quality of social response 121 1407 480 17 433 2458
y3: quality of social overtures 165 1580 656 57 0 2458
y4: facial expressions directed to others 298 1691 469 0 0 2458
y5: unusual eye contact 210 0 2248 0 0 2458
y6: self-injurious behavior 2311 101 46 0 0 2458
y7: stereotyped/idiosyncratic use of words or phrases 337 1025 828 37 231 2458
y8: unusual sensory interest in play material/person 912 729 817 0 0 2458
y9: hand and finger and other complex mannerisms 1389 404 665 0 0 2458
y10: immediate echolalia 1502 561 283 11 101 2458
NA not available
Table 4 Results of confirmatory factor analysis
Item Label Standardized factor Threshold 1 Threshold 2 Threshold 3
loading
F1 by
yl Overall quality of rapport 0.79 -0.74 0.74 232
y2 Quality of social response 0.83 -1.31 0.84 2.49
y3 Quality of social overtures 0.79 -1.20 0.88 2.39
y4 Facial expressions directed to others 0.55 —-1.05 0.99
y5 Unusual eye contact 0.40 -1.14
F2 by
y6 Self-injurious behavior 0.44 1.87 2.41
y7 Stereotyped/idiosyncratic use of words or phrases 0.54 -0.79 0.44 221
y8 Unusual sensory interest in play material/person 0.58 0.01 0.78
y9 Hand and finger and other complex mannerisms 0.57 0.42 0.89
y10 Immediate echolalia 0.73 0.67 1.48 2.90

Model confirmatory fit index (CFI)=0.93, root mean squared error of approximation (RMSEA)=0.044
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factors. The factor correlation was 0.49. Fit of the two fac-
tor model was superior to a one factor model (CFI=0.825,
RMSEA =0.067). Thus, we determined that a two factor
model fit the data well and mapped on to ADOS domains
as well as DSM 5 symptom clusters of social communica-
tion and repetitive and stereotyped behaviors. This allowed
us to examine these two factors independently as the latent
traits instead of using total ADOS or algorithm scores.
Investigating the dimensions independently is particularly
important given the heterogeneity observed in ASD symp-
tom profiles.

Results of the DIF detection are summarized in Fig. 1,
panels a—d. Four items were found to have significant
DIF. The first (panel a, top panel) was Unusual Eye Con-
tact, which was different between White and Black par-
ticipants. The trace function or item characteristic curve
(ICC) is plotted for White participants (smooth heavy black
line) and Black participants (smooth heavy red line). The
observed mean item response is shown with a light line of
matching color. The purpose of showing both the model-
implied and observed item response functions is to give a
visual impression of model fit. We also show with box-and-
whisker plots the distribution of underlying trait scores,
illustrated in matching colors. Fitted ICCs are only drawn
over the range of observed latent trait scores (derived from
the fitted model using Bayesian plausible values). The
vertical reference line illustrates the location of the item
threshold(s). Panel a illustrates that, at a given level of
underlying severity on the first latent factor underlying the
ADOS, Black participants are rated more highly (i.e., more
impaired) on the Unusual Eye Contact item.

Panel b of Fig. 1 illustrates the second item found with
DIF, which is the same as the first item (Unusual Eye
Contact), but the group comparison is Hispanic or Latino
participants relative to White participants. As with Black
participants, Hispanic participants are rated higher on the
Unusual Eye Contact item than are Whites when compar-
ing at the same level of the underlying trait (Social Com-
munication). Panel c illustrates that Black participants are
rated more highly on the Stereotyped/Idiosyncratic Use of
Words or Phrases item than are White participants when
compared at the same level of the second factor (Repetitive
and Stereotyped Behaviors), and are rated higher (panel d)
on the Immediate Echolalia item than comparably severe
White respondents.

We assessed the impact of DIF in two ways. First, we
examined the estimated difference in latent trait levels
across race and ethnicity group with and without statisti-
cal control for DIF. In the parlance of the multiple group
MIMIC model, we compared the estimated means for the
latent trait with and without including the detected thresh-
old and slope differences across race/ethnicity group.
This evaluation of DIF impact provided an estimate of the

study-wise bias incurred by ignoring measurement differ-
ences. The second way we evaluated the impact of DIF
was by contrasting individual participant’s estimated latent
trait levels with and without controlling for DIF. Whereas
the study may find minimal impact of DIF on average, the
impact for some individual participants may be large. To
make this comparison, we contrasted estimated latent trait
levels (obtained using modal a posteriori factor score esti-
mates) with and without control for DIF.

For the group-level impact analysis, we found that the
DIF-naive difference in factors 1 and 2, respectively, for
Black participants was 0.068 and 0.215 without controlling
for DIF, and was 0.048 and 0.091 with controlling for DIF.
Thus, the impact of controlling for DIF would change our
inference that there existed a small to medium effect size
difference in the mean level of factor 2 between White and
Black participants when we do not control for DIF. How-
ever, when we control for DIF, the racial group difference
is in the trivial to small range. We judge this to be a non-
trivial difference in interpretation. For Hispanic or Latino
participants relative to White participants, the DIF-naive vs
DIF-adjusted mean differences were —0.186 (F1) and 0.111
(F2) vs. —0.210 and 0.110, respectively. In this case, we do
not observe a substantial impact on the judgment of group
differences when DIF is controlled.

For the individual level DIF analysis, none of the Black
participants had more than a trivial (<l0.2| standardized
units) difference in their estimated level on the first latent
trait (social communication), when comparing the DIF-
adjusted to DIF-naive factor scores on the first trait. How-
ever, about three quarters of the Black participants had a
difference in their estimated level on the second trait (repet-
itive and stereotyped behaviors) between the conditions
where DIF was ignored compared to where DIF was mod-
eled. This individual level impact analysis reinforces the
group impact analysis.

Discussion

A measurement noninvariance analysis was used and
approached using a MIMIC model analytic framework to
examine bias on ADOS items for ethnicity, race, and gen-
der. Holding ADOS subdomain (Social Communication;
Repetitive and Stereotyped Behaviors) scores constant,
we found significant item level bias according to race and/
or ethnicity for three items of the ten ADOS items exam-
ined: Unusual Eye Contact, Stereotyped/ldiosyncratic
Use of Words or Phrases, and Immediate Echolalia. More
specifically, Black children were more likely to have
higher (i.e., more atypical) ratings on the ADOS items
assessing levels of Unusual Eye Contact, Stereotyped
or Idiosyncratic Word Use, and Immediate Echolalia.
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Fig. 1 Results of differential Panel A
item functioning (DIF) detec-
tion. Each panel illustrates an
expected item response func-
tion, which plots the expected
(i.e., model-implied) value on
the response item (y-axis) as a
function of the underlying latent
trait level (x-axis). The reference
group is represented by a heavy
black line and the focal group
by a heavy red line. We also 04
illustrate the observed mean

response (thin and not smoothed -3 -2 -1 0 1 2 3 4
lines) as an indication of overall Latent trait estimate (f,)

model fit. Above the y-axis,

box-and-whisker plots show the Panel B
range of estimated latent trait unusual eye contact by Hispanic ethnicity
levels for the reference (black) 11
and focal groups (red). Finally,
we illustrate the location of
item response level thresholds
with vertical bars. The extent
to which the smoothed response
functions separate from each
other for the reference and focal
group describes the magnitude 1,=-13
of the differential item function- 01 N
il’]g. The tOp line in each ﬁgure T T T T T T T T T T T T T T T T
aligns with the racial/ethnic 3 2 - 0 1 2 s 4
minority group. (Color figure Latent trait estimate (f)

online) Panel C

stereotyped/idiosyncratic use of words or phrases by Black or African-American

unusual eye contact by Black or African-American

=== Black or African-American

E(y/f)

== White, non-Hispanic

=== Hispanic ethnicity

E(y/f)

=== White, non-Hispanic

== Black or African-American
=== White, non-Hispanic

T,=-1.0 17,=05 T,=2.6

Latent trait estimate (f)

Panel D

immediate echolalia by Black or African-American

Black or African-American
=== White, non-Hispanic
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@ Springer



J Autism Dev Disord (2017) 47:2770-2782

2779

In terms of ethnicity, Hispanic children were also more
likely to have higher ratings on the item assessing levels
of Usual Eye Contact. No item level biases were observed
for gender. In a diagnostic assessment context, this vari-
ability within ADOS items may result in overestimation
of impairment for Black and Hispanic groups.

Importantly, the latent trait (ADOS subdomain score)
would only be impacted with a systematic difference
observed across items. While this wouldn’t be the case
for Hispanic ethnicity since only one of the examined
items demonstrated a bias, identifying multiple items
biased for Black children indicates that the problem may
be more pronounced for this particular group. In a closer
examination to see how the biased items might impact
the total score, we investigated whether the biased items
appeared in the algorithm. For Modules 1, 2, and 3, only
2 of 14 algorithm items demonstrated a bias; for Mod-
ule 4, only one of ten algorithm items demonstrated a
bias. Therefore, it appears unlikely that in this sample
the overall score is being impacted by item-level bias.
Although this study found a minimal impact of DIF when
averaged across participants, it is possible that this bias
may impact diagnostic decisions about individual chil-
dren (not examined here). This possibility highlights
the relevance of the current findings in clinical settings,
where clinicians should use caution when applying these
three items to children from minority backgrounds.

Further, characteristics of the sample may increase the
likelihood that we have underestimated the potential item
bias. Data were collected from families who self-referred
to a university setting, which has a documented referral
bias in favor of White, middle to high SES families as
compared to those seen in community settings (Begeer
et al. 2009). Thus, although our initial findings suggest
that there might be a relatively low impact of item-level
bias on ASD assessment on average, these results suggest
the need for a more careful examination of how cultural
variability in social behaviors may impact diagnostic
measures reliant on operational definitions anchored in
one cultural context.

Although our overall sample was large, the number of
participants identifying as racial or ethnic minorities or
female was relatively small. To increase the power of this
study, we only examined items that were equivalent across
all ADOS Modules; however, this required the omission
of multiple items from the diagnostic algorithms. This is a
notable limitation of the study, as it prohibited an exami-
nation of how the total ADOS score might be impacted
by item level-biases. Future investigations with access
to larger samples of diverse individuals with ASD may
want to examine all items included in the ADOS scoring
algorithm to allow for an examination of Differential Test
Functioning (DTF; Pae and Park 2006; Runnels 2013) to

better understand the impact of cultural variability in social
behaviors on ADOS outcomes.

Given the variability in social behaviors between males
and females, we were surprised that none of the examined
ADOS items, particularly Facial Expression Directed to
Others, demonstrated a gender bias. It is possible that an
item examining a different aspect of facial expression
(more an emphasis on quality than quantity) or the inclu-
sion of items assessing play styles may have resulted in
different findings with regards to gender biases. Although
the sample was insufficiently powered to look at gender-
by-race/ethnicity interactions, given the low numbers of
girls and racial minorities, this may be an additional area
of emphasis in future research. While we were able to
examine whether race, gender, and ethnicity may impact
ADOS scores, we realize this presents a narrow examina-
tion of cultural variables that may impact social interaction.
Future investigations would benefit from further unpacking
the variables associated with one’s culture (e.g., socioeco-
nomic status, birth country, immigration history, language
spoken, and acculturation) that may impact how a person
interacts in a social context. Similarly, future research may
benefit from consideration of the cultural background of
the examiner or the cultural match between examiner and
examinee.

While the field has made significant gains in providing
increased global access to measures like the ADOS through
translation (Western Psychological Services 2016), we
must emphasize the importance of cultural as well as lin-
guistic adaptation in readying measures for cross-cultural
use (Bracken and Barona 1991). As the ADOS has become
an important component of thorough ASD diagnostic
evaluations both domestically and internationally, identi-
fying methods for increasing the cross-cultural sensitivity
of this measure is essential. As insufficient norms endure
as a primary criticism of ASD diagnostic instruments such
as the ADOS (Matson et al. 2007), one approach may be
to develop norms that can be used for different cultural
contexts. The complexity of human behavior across cul-
tures presents substantial practical barriers to developing
multiple sets of norms; yet, this would represent impor-
tant forward progress. The issue of non-diverse norms is a
widespread issue in the ASD field and is not limited to the
ADOS. Indeed, norm-based and criterion-based approaches
both rely on comparisons to a majority standard.

Ethnic and racial minorities are continuously underrep-
resented in ASD research (Hilton et al. 2010). This sam-
ple bias is particularly concerning in light of disparities
among racial/ethnic groups in the United States in terms
of age and rate of ASD diagnosis and subsequent treat-
ment quality and utilization (Magafia et al. 2013; Man-
dell et al. 2002). The current research adds to the body of
research aiming to understand mechanisms of disparities in
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ASD by highlighting a potential bias in diagnostic instru-
ments. These findings generally speak to the need for more
research assessing the reasons for identified differences in
ASD symptom presentation and diagnostic rates across dif-
ferent racial and ethnic groups to aid in more accurate diag-
nosis. Forward progress in this area may help to both more
clearly hone in on an etiological explanation for observed
race/ethnicity-based differences in rates of ASD diagnosis
and reduce disparities.
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