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Abstract
The use of parent-report screeners for early detection of autism is time- and cost-efficient in clinical settings but their utility
may vary by respondent characteristics. This study aimed to examine the degree to which infants’ age and sex impacted par-
ental reports of early behavioral signs of autism captured by the First Years Inventory Version 3.1 (FYIv3.1). The current
sample included 6,454 caregivers of infants aged 6 to 16 months recruited through the North Carolina vital records. Using
moderated nonlinear factor analysis for each of the seven FYIv3.1, we identified differential item functioning in small to
medium effect sizes across 18 out of 69 items, with the majority of biases associated with infants’ age (e.g., object mouthing,
walking, pretend, and imitation), while sex-related biases were minimal. This indicates that differential scoring algorithms by
infants’ age and more closely spaced monitoring may be needed for these constructs for more accurate identification of aut-
ism in infancy.
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Autism is a neurodevelopmental condition that encom-
passes difficulties in various behavioral domains, such
as perceptual processing, sensory reactivity, and motor
coordination, in addition to social communication and
restrictive/repetitive behavior (Canu et al., 2021; Micai
et al., 2020). The manifestations of these behaviors are
heterogeneous, moderated by child and family demo-
graphics and child clinical characteristics (Kim & Lord,
2013), and tend to vary over time, particularly during
the first years of life (Elsabbagh & Johnson, 2007;
Ozonoff et al., 2014). Such individual and developmen-
tal variability of behavioral signs in early life make it
challenging to use them to reliably predict a later diag-
nosis of autism by 18 months (Towle & Patrick, 2016;
Zwaigenbaum et al., 2015). To date, one of the most
time- and cost-efficient methods for developmental sur-
veillance in primary care settings is collecting informa-
tion from parents or caregivers via questionnaires or
interviews about their child’s development, through
which valuable aspects of a child’s behavior beyond clin-
ical contexts are captured (Eapen et al., 2014; Glascoe,
2000). However, the utility of parent-report screening
tools may be influenced by parents’ sensitivity to and
interpretations of their child’s behavioral signs of autism

(Towle & Patrick, 2016), which may hinge on factors
such as child characteristics (e.g., sex, chronological, or
developmental age) and proxy reporters’ backgrounds
(e.g., education, child-rearing experiences, and cultural
differences; Bennetts et al., 2016; Dubay & Watson,
2019). Proxy-report or respondent biases may occur
when caregivers or other respondents rate their child’s
behavior differently not because of what is intended to
be measured (e.g., level of autistic traits, likelihood of
autism) but due to other factors (e.g., respondent or
child characteristics) at the time of the assessment. To
address this, measurement invariance (MI) testing can
be used to empirically test whether an instrument
assesses an unobserved construct (or latent trait) in the
same manner across all respondents (Meredith, 1993). If
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MI is not met, the measure may be biased because it is
not functioning equivalently across the subpopulations
of interest. The assessment of MI has been suggested as
a critical practice prior to observed mean comparisons
across groups or measurement occasions (Martinková
et al., 2017; Walker, 2011). If there are systematic differ-
ences across respondents with different characteristics
(i.e., measurement non-invariance) for a screening tool,
certain subgroups of the targeted population may be
over- or under-identified, thus affecting the screening
performance (Gonzalez & Pelham, 2021). Because such
respondent bias may impact the accuracy of screening
tools, it should be properly addressed before any infer-
ences about group differences and predictive utility can
be made.

Among the many factors that may impact parental
reports of early signs of autism, a child’s age is particu-
larly important for an early screening tool targeting the
first years of life, a period in which infants and toddlers
develop rapidly and variably. Previous studies that
applied parent-report screening tools in a wider age win-
dow for early detection of autism have reported varying
utility by child’s age. A validation study of the Infant-
Toddler Checklist (ITC) targeting a community sample
aged 6 to 24 months has shown higher false positive
rates for infants in the age range of 6 to 8 months
(Wetherby et al., 2008). Previous validation studies of
the Modified Checklist for Autism in Toddlers (M-
CHAT) found that the screening accuracy was lower in
the younger (e.g., \24 months) age groups (Guthrie
et al., 2019; Pandey et al., 2008; Sturner et al., 2017).
The Social Communication Questionnaire (SCQ) was
also reported to show particularly lower specificities
among children aged below 4 years (Corsello et al.,
2007; Oosterling et al., 2010). A previous prospective
study has shown that parental concerns were predictive
of a later autism diagnosis among infant siblings, but
the predictive utility of different types of concerns (or
behavioral domains) was found to vary between 6 and
24 months of age (Sacrey et al., 2015). It is important to
note, however, that all these findings were based on the
observed scores that do not take MI into account.
Without the examination of MI, it remains unknown
whether the differences in screening accuracy related to
age were due to parent-report biases and/or true differ-
ences in behavioral manifestation across children’s
development. Several important behavioral markers of
autism, such as playing pretend games, gaze following,
and declarative or imperative pointing, have been
reported to emerge at later stages of infancy (Carpenter
et al., 1998; Crais et al., 2004; Inada et al., 2010). In
addition, preverbal symbolic behaviors might be too
subtle for parents to notice in infancy (Johnson, 2008).
It is possible that parents do not report these behaviors

because they have not emerged or could not be stably
observed in early infancy (Towle & Patrick, 2016). Thus,
there is a need to examine whether parents report these
behaviors without being systematically biased by their
child’s age across the infancy period when the assess-
ment is taken, as such information may have important
implications for improving the utility of early screeners
(Schjølberg et al., 2022).

Sex is another potential source of reporting bias given
the fact that autism varies in its prevalence and beha-
vioral manifestation across males and females
(Christensen et al., 2018; Lai et al., 2015). Concerns have
been raised regarding the development and validation
process of autism measures that predominantly relied on
male samples, which may exclude behaviors that are
more representative of autistic females (Goldman, 2013;
Kreiser &White, 2014; Lai & Szatmari, 2020). Although
sex differences in autistic traits have been widely investi-
gated across studies varying by samples and methodol-
ogy, there are fewer studies examining sex-related MI on
measures of autistic traits or symptoms, especially in the
prodromal period. Previous studies have reported sex-
related measurement bias in some items across measures
and formats, including self-reports (Autism-Spectrum
Quotient; Murray et al., 2017), parent reports (SCQ
Current form; Wei et al., 2015), and clinical observation
(Autism Diagnostic Observation Schedule, ADOS;
Kalb et al., 2022; Ronkin et al., 2022; Tien et al., 2024)
among autistic and non-autistic populations.
Interestingly, most of the items with significant sex
biases reported in these studies were about restricted
and repetitive behaviors (RRBs), while the study that
only examined a social communication construct of
ADOS-2 toddler module found no evidence of sex dif-
ference in item functioning (Ronkin et al., 2022).
According to the studies that targeted younger popula-
tions but did not directly test MI, parents of male tod-
dlers and preschoolers, regardless of diagnosis or
likelihood of autism, tended to report more autism-
related concerns (Messinger et al., 2015; Øien et al.,
2017; Ramsey et al., 2018). All these findings highlight
the need for a systematic examination of sex-related MI
to clarify the source of sex differences among very young
populations, such as infants and toddlers. Moreover, sex
differences in some behavioral domains seemed to
emerge at different ages (McDonnell et al., 2021;
Ramsey et al., 2018), suggesting potential sources of bias
by age and sex interaction that merit further
investigations.

To elucidate whether age- and sex-related biases are
present when evaluating early behavioral signs of autism
during infancy, the current study focused on the YIv 3.1
(Baranek et al., 2013, 2022), a parent-report question-
naire for early detection of autism among general
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populations of infants aged 6 to 16 months. This version
builds upon a previous version that targeted 12-month-
olds (FYIv2.0; Baranek et al., 2003), whose utility has
been validated in community samples (Reznick et al.,
2007; Turner-Brown et al., 2013; Watson et al., 2007)
and samples of infants with an elevated likelihood for
autism due to familial risk (e.g., Macari et al., 2018;
Meera et al., 2021). To capture the early behavioral signs
that may emerge by the first year, the FYIv3.1 adapted
and expanded the previous version to include a broad
range of autism-related behavioral constructs, such as
social communication, sensory-regulatory functions,
and motor development (Baranek et al., 2022). A recent
study demonstrated the structural validity of the current
version and its ability to differentiate children with vari-
ous clinical outcomes by age 3 (Baranek et al., 2022).
Leveraging moderated nonlinear factor analysis
(MNLFA), we aimed to examine whether the FYIv3.1
items and constructs can be used to estimate the likeli-
hood of a later diagnosis of autism without being biased
by demographic factors such as infants’ age and sex in a
heterogeneous community sample. MNLFA is a novel
and more flexible method for evaluating MI and differ-
ential item functioning (DIF) that combines the
strengths of multi-group and multiple-indicator multi-
ple-cause (MIMIC) confirmatory factor analysis (Bauer,
2017; Schiltz & Magnus, 2021) and allows for the simul-
taneous inclusion of multiple continuous or categorical
covariates (i.e., potential sources of DIF), including
interaction terms (e.g., Age 3 Sex). It was expected that
more items related to social communication would show
DIF across ages, given the later emergence of several
social communication behaviors as mentioned above.
We also expected that FYIv3.1 items related to RRBs
(e.g., sensory interests and repetitions) might show more
significant sex-related DIF, as reported by previous MI
studies using other autism screeners or diagnostic mea-
sures at older ages (Kalb et al., 2022; Murray et al.,
2017; Tien et al., 2024; Wei et al., 2015). Aside from
identifying DIF items, we also evaluated the cumulative
DIF impact at the construct level, which may be negligi-
ble if the item-level biases in opposite directions cancel
out each other (Chalmers et al., 2016). This would pro-
vide clinically relevant insights on whether caution
should be used when making group comparisons or
developing scoring algorithms for autism screening
based on construct scores.

Method

Participants and Procedures

We used age-stratified recruitment from a North
Carolina community sample of 40,000 families with

children ages 6 to 16 months, born between January 1
and December 31, 2013, ascertained through the state
birth registry. To reduce the response time burden, the
FYIv3.1 was split into two complementary forms
(Forms A and B), each consisting of 48 questions with
27 items in common. Each family randomly received
either an A or B form in the recruitment packet and was
asked to answer multiple-choice questions about the fre-
quency of their child’s behaviors. A total of 6,636 care-
givers returned the questionnaire, resulting in a response
rate of around 17%. Of these respondents, 60% were
mothers, 3% were fathers, 2% were multiple respon-
dents, and 35% did not provide this information.
Regarding their racial backgrounds, 77% were non-
Hispanic White, 11% Black, 3% Asian or American
Indian/Hawaiian, and 8% multiracial or other.
Children’s ages were adjusted for premature babies born
below 36 weeks of gestation. After removing duplicates
(N = 23), incomplete responses (i.e., \75% of items
completed; N = 142), and those with corrected chrono-
logical ages outside the 6 to 16 month range (N = 17),
the final sample for analysis included 6,454 infants (see
Table 1 for the sample demographics). Those who
received an A form or a B form did not differ in demo-
graphic characteristics. All procedures were approved
by the Institutional Review Board of the University of
North Carolina at Chapel Hill (IRB #13-2648).

Measures

The FYIv3.1 is a parent-report questionnaire with a
total of 69 items designed to identify infants aged 6 to 16
months who may have an elevated likelihood of autism
among the general population. It measures the fre-
quency of children’s behaviors with a 5-point Likert-
type scale (from 0 = never to 4 = always), comprising
seven constructs derived from a validated factor struc-
ture (Baranek et al., 2022): Communication, Imitation &
Play (CIP), Social Attention & Affective Engagement
(SAE), Sensory Hyperresponsiveness (HYPER),
Sensory Hyporesponsiveness (HYPO), Self-regulation in
Daily Routines (SREG), Sensory Interests, Repetitions,
& Seeking Behaviors (SIRS), andMotor Coordination &
Milestones (MCM). Since the items assess both typical
and atypical behaviors, the responses of items about typ-
ical behavior were reversely coded so that higher scores
indicate a higher likelihood of autism. The item-level
endorsement rates by sex and age for the current sample
are shown in Table S1 (SupplementaryMaterials).

Data Analyses

All factor analyses, including MNLFA, were performed
in Mplus 8.6 (Muthén & Muthén, 2018) with robust
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maximum likelihood estimation. Single-factor models
were fitted to each of the seven FYIv3.1 constructs for
testing the assumption of unidimensionality.
Comparative fit index (CFI) ø .95 and root mean
square error of approximation (RMSEA) \ .08 were
used to determine the factor model fit (Hu & Bentler,
1999). A set of MNLFA was then performed for each
construct with the child’s corrected chronological age
(continuous: between 6 months 0 days and 16 months 30
days), sex (categorical: 0 = male, 1 = female), and the
age3 sex interaction term as covariates. Infants’ age was
mean-centered to facilitate interpretation of the results.
To begin with, a baseline model was specified by allow-
ing all covariates to predict the latent mean and variance
(see Figure 1). Next, covariate effects were introduced on
the item parameters (i.e., item intercept and factor load-
ing) for one item at a time while treating other items as

anchor items (i.e., items without DIF). If the introduc-
tion of the covariate effects on the item parameters
caused a significant change in model fit compared to the
baseline model as indicated by likelihood ratio test
(LRT) statistics, the item would be considered as having
intercept and/or loading DIF. This process was repeated
for each of the items under the same latent factor.
Finally, all the items flagged with DIF were estimated
simultaneously while any non-significant covariate effect
was removed from the model (Bauer, 2017). As the iden-
tification of DIF items relies on the chi-square test
(Kleinman & Teresi, 2016), which is sensitive to sample
size, effect size (Pearson’s r for age-related DIF and
Cohen’s d for sex-related DIF) was calculated for the
intercept and loading DIF effects in the final model to
determine their salience. Based on effect size benchmarks
for behavioral research (Brydges, 2019; Gignac &

Table 1. Sample Demographics by the Completed Version of FYIv3.1 Form (Total N = 6,454).

Child and Parent Demographics
FYIv3.1-A Form

(N = 3,213)
FYIv3.1-B Form

(N = 3,241)

Infants’ age in months [M (SD)] 12.1 (2.2) 12.0 (2.2)
Infants’ sex (male) 1,669 (52.0%) 1,603 (49.5%)
Infants’ race

White 2,505 (78.0%) 2,480 (76.5%)
Black 339 (10.5%) 399 (12.3%)
Asian 75 (2.3%) 78 (2.4%)
American Indian/Hawaiian 25 (.8%) 21 (.7%)
Multi-racial/Other 269 (8.4%) 263 (8.1%)

Parents’ education (6% missing)
Both parents have a college degree (or beyond) 1,300 (40.5%) 1,251 (38.6%)

One of the parents has a college degree (or beyond) 645 (20.0%) 629 (19.4%)
None of the parents has a college degree (or beyond) 1,007 (31.3%) 1,106 (34.1%)

Age

Sex

Age*Sex
FYI 

Construct

Item kItem 1

λ1

Item 2 …

λ2 λk

ψ

Baseline model (with regression paths between covariates and latent mean and variance)

DIF model (with additional regression paths between covariates and item intercept and factor loading)

λ = factor loading

ψ = latent variance

Figure 1. Model Specification of Moderated Nonlinear Factor Analysis (MNLFA).
Baseline model (with regression paths between covariates and latent mean and variance). DIF model (with additional regression paths between covariates

and item intercept and factor loading).
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Szodorai, 2016), r= .10, .20, and .30 for continuous cov-
ariates (i.e., age and Age 3 Sex) and d = .15, .40, and
.75 for categorical covariates (i.e., sex) are, respectively,
considered small, medium, and large in magnitude.

To assess the cumulative DIF impact at the construct
level for each individual in our sample, we compared dif-
ferences between the latent factor scores derived from
the baseline model (accounting for impacts on latent
mean and variance) and those from the final MNLFA
model (accounting for impacts on latent mean and var-
iance as well as DIF). Differences larger than the median
standard error of the latent factor estimates were consid-
ered as indicating salient cumulative DIF impact
(Kleinman & Teresi, 2016). The percentage of partici-
pants flagged with salient DIF impact for each construct
was examined.

Results

Preliminary Tests of Unidimensionality

Single-factor models revealed adequate fit across the
seven constructs (CFI = .901–.973, RMSEA = .015–
.045; see Table S2), indicating that the assumption of
unidimensionality was met for MNLFA.

Impact on Item Intercepts and Factor Loadings (DIF)

The MNLFA revealed that 48 out of 69 FYIv3.1 items
(70%) were flagged with intercept and/or loading DIF
given the significant LRT results (p \ .05) across all
constructs. However, the DIF effects in most of the
items were negligible (r \ .10 or d \ .15). A total of 18
items (9 CIP, 3 SAE, 2 SREG, 2 SIRS, and 2 MCM
items) were flagged with intercept/loading DIF in small
to medium effect sizes (Table 2; for complete MNLFA
results, see Tables S3 to S5). Among these 18 items, 14
items were flagged with salient intercept DIF by age.
That is, when holding constant the latent construct
scores, the response categories that indicate a higher
likelihood of autism were more likely to be endorsed by
parents of younger infants for the 10 items with negative
intercept DIF across the constructs of CIP, SAE,
SREG, SIRS, and MCM (Items 16, 34, 39, 42, 54, 57,
59, 63, 66, and 69; b = 2.17 to 2.04, SE= .01, all p \
.001, r =.11 to .27) and by parents of older infants for
the three CIP items (Items 14, 43, and 65) with positive
intercept DIF (b = .08 to .09, all SE = .01, p \ .001, r
= .12 to .18). There were three CIP and oneMCM items
(Items 13, 41, 53, and 54) showing salient loading DIF
by age (b = 2.09 to 2.06, SE = .01, p \ .001, r = .14
to .22), which suggests that they are weaker indicators of
the latent factor for older infants. There were only 2 CIP
items and 1 SAE item (Items 13, 45, and 58) flagged with

salient intercept DIF by sex (b = .11 to .28, SE= .02 to
.03, all p \ .001, d = .16 to .26), which means that the
parents of girls were more likely to endorse the response
categories that indicate a higher likelihood of autism for
these items when holding the construct scores constant.
None of the items was flagged with salient loading DIF
by sex as well as intercept/loading DIF by age and sex
interaction.

Impact on Latent Means and Variances

As shown in Table 3, younger infants had significantly
higher latent factor means for the CIP, SAE, SIRS, and
MCM constructs (b = 2.37 to 2.04, SE = .01–.02, all
p \ .001, r = .05–.42) but a lower factor mean for
HYPER (b = .06, SE = .01, p \ .001, r = .07) before
accounting for DIF. Larger latent variances were
observed for younger infants in the CIP and MCM con-
structs (i.e., more individual variability around the esti-
mated latent means of CIP and MCM; b = 2.10 to
2.36, SE = .02–.08, both p \ .001, r = .06). After
accounting for DIF, the age effects on the latent mean
of SAE and the latent variance of CIP became non-sig-
nificant. Regarding sex effects, boys showed higher
latent means across all constructs (b = 2.23 to 2.07, all
SE = .03, p \ .05, d = .0–.19) except for HYPER.
Larger latent variances in the CIP, SAE, HYPO, and
MCM constructs were also observed for boys (b =
2.57 to 2.12, SE = .05–.14, all p \ .05, d = .05–.10).
After accounting for DIF, the sex effects on the latent
mean of SREG and the latent variance of HYPO
became non-significant. No significant effect of age and
sex interaction was found for latent means and variances
across constructs. The individual DIF-adjusted factor
scores by age and sex are visualized in Figure S1.

Cumulative DIF Impact at the Construct Level

To examine the cumulative DIF impact on the individ-
ual latent factor estimates, the differences between factor
scores unadjusted for DIF (from the baseline model)
and adjusted for DIF (from the final MNLFA model)
were calculated for each individual and plotted against
age and sex (see Figure 2). None of the participants were
identified with salient changes in the factor estimates of
SAE, HYPER, SREG, and SIRS as the differences were
smaller than the median standard error of latent factor
estimates across constructs. However, salient changes in
factor estimates were found in a small portion of partici-
pants: a total of 53 participants (.8%) for CIP, 8 partici-
pants (.1%) for HYPO, and 103 participants (1.6%) for
MCM.
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Discussion

In this study, we assessed whether parents exhibited differ-
ential endorsement of FYIv3.1 items when administered
to infants aged 6 to 19 months and of different sexes, while
controlling for behavioral trait levels. As a result, 48 out
of 69 (70%) of the FYIv3.1 items showed statistically
detectible amounts of item-level biases related to infants’
age and/or sex given the large sample size, but most of
these biases were of negligible effect size. Among the 48
items, there were only 18 items showing DIF in small to
medium effect sizes. Two items ‘‘object mouthing’’ and
‘‘walking’’ showed the largest magnitude of intercept DIF
by age, with parents of younger infants more likely to
endorse the response categories that indicate a higher

likelihood of behaviors associated with autism. The nega-
tive intercept DIF by age observed in ‘‘walking’’ and other
items tapping adaptive behaviors or abilities, such as ‘‘sim-
ple pretend actions,’’ ‘‘point to communicate,’’ ‘‘response to
sadness,’’ ‘‘stop on command,’’ and ‘‘pincer grasp on small
objects’’may be due to that these items assess developmen-
tal skills typically not mastered at younger ages. When
examining the endorsement rates (as shown in Table S1),
large discrepancies across infants’ ages were found for the
above-mentioned six items. Taking the item ‘‘simple pre-
tend actions’’ as an example, less than 30% of the parents
of 11-month-olds reported that their child always or
almost always showed this behavior, while this rate surged
to around 80% for infants aged ø 13 months, resonating

Table 2. FYIv3.1 Items Flagged With DIF in Small to Medium Effect Sizes.

Abbreviated items

Age Sex

Intercept Loading Intercept Loading

b (SE) ES (r) b (SE) ES (r) b (SE) ES (d) b (SE) ES (d)

Communication, Imitation, & Play (CIP)
13a. Get attention to play

games
.03 (.01)** .05 2.06 (.01)*** .17 .14 (.03)*** .16

14a. Repeat after imitation .09 (.01)*** .18 .08 (.03)** .10
39a. Point to communicate 2.10 (.01)*** .14 2.03 (.00)*** .09
41a. Social clap 2.07 (.01)*** .10 2.09 (.01)*** .22 2.09 (.03)** .10
43a. Get attention by

making sounds &
looking

.08 (.01)*** .12 .09 (.03)** .10

45a. Typical play with toys 2.04 (.01)*** .09 .28 (.03)*** .26 .05 (.02)* .06
53a. Use gestures 2.06 (.00)*** .18 2.06 (.02)** .08 2.05 (.02)* .06
57a. Simple pretend

actions
2.11 (.01)*** .14 2.03 (.01)** .05 2.13 (.04)*** .09

65a. Copy sounds or
noises

.09 (.01)*** .16

Social Attention & Affective Engagement (SAE)
34a. Response to sadness 2.06 (.01)*** .11 .11 (.04)** .11
58a. Laugh without

physical games
.11 (.02)*** .16

66a. Stop on command 2.06 (.01)*** .14 2.03 (.01)** .06
Self-regulation in Daily Routines (SREG)

16. Choke or gag 2.04 (.01)*** .11 .03 (.01)* .04
42. Wake up two or more

times
2.06 (.01)*** .11 2.02 (.01)* .03 2.11 (.03)*** .09

Sensory Interests, Repetitions, & Seeking Behaviors (SIRS)
59. Object mouthing 2.14 (.01)*** .27 .06 (.01)*** .10
63. Repeatedly flap hands

or arms
2.10 (.01)*** .19 2.04 (.01)*** .07

Motor Coordination & Milestones (MCM)
54a. Pincer grasp on small

objects
2.07 (.01)*** .12 2.07 (.01)*** .14 2.10 (.03)*** .13

69a. Walk 2.17 (.01)*** .25

Note. Sex was coded as 0 = male, 1 = female. DIF = differential item functioning, ES = effect size. The DIF effects with small to medium effect sizes are

bolded. The results for two FYIv3.1 constructs (Sensory Hyper- and Hyporesponsiveness) and Age 3 Sex DIF effect are omitted here given their

negligible effect sizes.
aItem responses were reversely coded.

*p\ .05. **p \ .01. ***p \ .001.
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with the previously reported pass rates that vary across
ages for several social communication and play items on
the M-CHAT (Inada et al., 2010). The current analysis
demonstrated that these endorsement differences across
age remained substantial even when controlling for the
level of trait, indicating age biases on the item thresholds.
On the other hand, items that assess potentially maladap-
tive behaviors flagged by negative intercept DIF by age—
such as ‘‘object mouthing,’’ ‘‘repeatedly flap hands or arms,’’
‘‘choke or gag,’’ and ‘‘wake up two or more times’’—are
more common in early infancy and are therefore more
likely to be endorsed by parents of younger infants. It is
noteworthy that motor stereotypies are commonly
observed at the early stages of motor development
(Thelen, 1979; Wolff et al., 2016) and therefore behaviors
such as hand flapping might be difficult for parents of
younger infants to differentiate whether they are adaptive
or maladaptive.

Interestingly, a few items in the construct of
Communication, Imitation & Play showed significant
intercept DIF by age in the opposite direction: parents
of older infants were more likely to report that their
children less frequently ‘‘repeat (a sound) after imita-
tion,’’‘‘get attention by making sounds and looking,’’
and ‘‘copy sounds or noises,’’ given the same trait level.

Since these three items are all related to making
sounds, such preverbal behavior is likely replaced by
more complex verbal skills as children grow older and
thus less frequently endorsed by parents. In addition,
four items (‘‘get attention to play games,’’ ‘‘social clap,’’
‘‘use gestures,’’ and ‘‘pincer grasp on small objects’’)
were flagged with negative loading DIF by age in small
to medium effect size, indicating that they contribute
less to the construct of Communication, Imitation &
Play or Motor Coordination & Milestones for the older
infants. As these items tend to reflect developmental
milestones, most children at older ages may have mas-
tered these behaviors earlier in their development and/
or acquired more advanced skills to replace them,
resulting in lower discrimination performance for
older infants in the general population.

As for the sex-related biases, there were only three
items about the play (‘‘typical play with toys,’’ ‘‘get atten-
tion to play games,’’ and ‘‘laugh without physical games’’)
showing intercept DIF by sex in small effect size. That
is, parents of girls tended to report that their child per-
formed these behaviors less frequently when holding the
level of trait constant. Girls were reported to develop
more variations or complexities in toy manipulations
earlier than boys (Barbu et al., 2011; Cherney et al.,

Table 3. Age and Sex Effects on Latent Means and Variances Before and After Accounting for DIF.

Not accounting for DIF Accounting for DIF

Age Sex Age Sex

b (SE) ES (r) b (SE) ES (d) b (SE) ES (r) b (SE) ES (d)

Communication, Imitation, & Play (CIP)
Mean 2.37 (.01)*** .42 2.23 (.03)*** .19 2.37 (.01)*** .42 2.26 (.03)*** .22
Variance 2.10 (.02)*** .06 2.12 (.05)* .06 2.02 (.02) .01 2.12 (.05)* .06

Social Attention & Affective Engagement (SAE)
Mean 2.04 (.01)*** .05 2.14 (.03)*** .12 2.02 (.01) .02 2.14 (.03)*** .12
Variance 2.04 (.02) .02 2.20 (.07)** .07 2.04 (.02) .02 2.17 (.06)** .07

Sensory Hyperresponsiveness (HYPER)
Mean .06 (.01)*** .07 .04 (.04) .02 .06 (.01)*** .07 .04 (.04) .02
Variance .02 (.02) .01 2.02 (.08) .00 .02 (.02) .01 2.01 (.08) .00

Sensory Hyporesponsiveness (HYPO)
Mean .00 (.01) .00 2.13 (.03)*** .11 .01 (.02) .01 2.13 (.03)*** .11
Variance .03 (.05) .01 2.29 (.14)* .05 2.04 (.04) .01 2.26 (.14) .05

Self-regulation in Daily Routines (SREG)
M 2.02 (.01) .02 2.07 (.03)* .02 2.00 (.01) .00 2.03 (.03) .02
Variance .00 (.02) .00 .03 (.06) .01 .01 (.02) .01 .03 (.06) .01

Sensory Interests, Repetitions, & Seeking Behaviors (SIRS)
Mean 2.07 (.01)*** .09 2.09 (.03)** .08 2.04 (.01)** .05 2.13 (.04)*** .08
Variance .00 (.02) .00 2.03 (.06) .01 .02 (.02) .01 .03 (.06) .01

Motor Coordination & Milestones (MCM)
Mean 2.15 (.02)*** .09 2.22 (.03)*** .15 2.20 (.03)*** .08 2.18 (.03)*** .15
Variance 2.36 (.08)*** .06 2.57 (.14)*** .10 2.25 (.03)*** .10 2.43 (.11)*** .10

Note. Sex was coded as 0 = male, 1 = female. DIF = differential item functioning, ES = effect size. Higher latent mean estimates indicate greater

difficulties or more atypical behaviors for that construct.

*p \ .05. **p \ .01. ***p \ .001.
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2003; Goldberg & Lewis, 1969) and thus parents of girls
may be prone to report that their child does not play
with toys in typical ways. As for the items ‘‘get attention
to play games,’’ and ‘‘laugh without physical games,’’ the
examples given for these items, such as peek-a-boo and
taking turns to roll a ball, may predominantly reflect
physical play activities that are potentially preferred by
boys (Pellegrini & Nathan, 2011). As previous evidence
has shown sex differences in toy preference among
preschool-aged autistic children and play complexity
that differed from non-autistic peers (Harrop et al.,
2017), further investigations may be merited on how
such sex-related bias for early play behaviors observed
in the general population would further impact early
detection of autism. Overall, while prior studies on older

children or adults revealed potential sex-related biases
for RRB items (Kalb et al., 2022; Murray et al., 2017;
Tien et al., 2024; Wei et al., 2015), our results indicated
an absence of such concerns among FYIv3.1 items
applied to 6- to 16-month-olds.

When examining the latent means and variances as a
function of age and sex, most of the age and sex effects
remained significant after accounting for DIF (as shown
in Table 3). Particularly, the age difference in latent
means remained large for the construct of
Communication, Imitation & Play, indicating that age-
specific cutoffs for this behavioral construct may be
needed for a more accurate estimation of the likelihood
of autism in infants ages 6 to 16 months. This finding
may speak to why varying utility across age bands has

Figure 2 Individual-Level DIF Impact by Infants’ Age and Sex Groups
Note. DIF = differential item functioning; FS = factor scores. The x-axes denote the differences between factor scores after versus before adjusting for DIF,

which were plotted by age (grouped by 2-month intervals as shown on y-axes) and sex (indicated by colors; males are shown at the top of each age range

row). The gray vertical lines denote the 6 median standard errors; differences in individual factor scores beyond the range were considered salient.
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been commonly observed in several autism screening
tools (e.g., M-CHAT, ITC, and SCQ) that focus predo-
minantly on social communication behaviors (Corsello
et al., 2007; Guthrie et al., 2019; Oosterling et al., 2010;
Pandey et al., 2008; Sturner et al., 2017; Wetherby et al.,
2008). Sex differences in latent means were overall mini-
mal, indicating that sex-specific cutoffs may not be nec-
essary for parent-report screeners administered during
infancy. However, relatively large sex differences were
observed in the constructs of Communication, Imitation
& Play and Motor Coordination and Milestones, indicat-
ing that boys are less likely to show expected behaviors
measured by these constructs, consistent with the previ-
ous evidence of slower developmental gains in key beha-
vioral domains related to autism in male toddlers among
the general population (Øien et al., 2017). An interesting
finding is that the latent variance of Motor Coordination
& Milestones scores was observed to be larger for boys
(irrespective of age) as well as infants at younger ages,
indicating more heterogeneous manifestations of motor-
related behaviors on the FYIv3.1 and potentially more
challenges of using them to assess the likelihood of aut-
ism for these subgroups. This finding agrees with the
prior observation that parents of autistic boys were less
consistent in their first concerns about motor delays
(Dillon et al., 2021), thus stressing the importance of
parsing the individual variability of motor behaviors in
infancy to improve the utility of this construct for early
identification of autism (Hudry et al., 2020).

Further, we examined the cumulative impact of item-
level biases by age and sex on the latent factor estimates
for each participant. Clinically salient differences were
observed in the construct scores of Communication,
Imitation & Play, Sensory Hyporesponsiveness, and
Motor Coordination & Milestones before versus after
accounting for DIF in a small number (less than 2%) of
our participants. Despite this small portion of our sam-
ple with clinically significant DIF, more accurate DIF-
adjusted estimates are still recommended to be used for
further statistical inferences (Gonzalez & Pelham, 2021;
Putnick & Bornstein, 2016). Decisions such as whether
to drop the items with salient DIF and whether to use
DIF-adjusted scores for further measurement validation
need to be weighed against the practical utility of the
items and other qualitative factors, such as the clinical
significance of behaviors measured by these items and
feasibility for applying different scoring algorithms or
cutoffs in clinical practices across subpopulations
(Jones, 2019; Teresi et al., 2012). As the examination of
DIF has been suggested as a routine part of instrument
development and validation (Martinková et al., 2017;
Walker, 2011), the current study serves as an important
initial step toward more accurate early identification of

the likelihood of autism in the general population
through parent-report screeners such as the FYIv3.1.

Although the large sample size in this study is a
strength, findings should be interpreted cautiously con-
sidering the following limitations. First, the data collec-
tion approach of splitting into two forms resulted in
some analytic challenges. Although there is no difference
in demographics between participants who received
either form, and robust maximum likelihood estimation
was applied to address the split-form missingness for
factor analyses, the item-level analyses (i.e., DIF testing)
for items that are unique to either form might be subject
to more uncertainty in estimation. Another caveat is
that the current sample may not accurately represent the
general population of the United States, as recruitment
was limited to one state and 77% of the families identi-
fied as White race/non-Hispanic ethnicity, which
exceeds the estimated 64% proportion in the state’s gen-
eral population at that time (Tippett, 2014). Also,
around 35% of our participants did not indicate who
was the respondent in the current study, and thus we did
not examine parent education level as a potential source
of bias. Future research may be necessary to ensure that
the estimation of the likelihood of autism is not biased
by parent education level and other factors such as race/
ethnicity, sibling status, and child’s comorbidity with
other conditions. Another important direction for future
work is to include long-term outcome data (e.g., whether
the child is later diagnosed with autism) and to develop
a refined scoring algorithm for predicting a later diagno-
sis, informed by the current findings. Incorpo-rating sta-
tistical learning methods, such as Classification and
Regression Trees (CART), may offer the potential for
developing finer-tuned algorithms that account for DIF
in predictive models (Classe & Kern, 2024; Finch et al.,
2016).

Conclusion

The current study aimed to investigate potential respon-
dent biases related to infants’ age and sex when applying
the FYIv3.1, a parent-report screener for early detection
of autism, to a general population aged 6 to 16 months.
While the DIF analyses revealed minimal concerns for
sex-related biases, relatively large age-related biases were
observed in multiple items, particularly those related to
sensory seeking or repetitions (e.g., object mouthing),
motor development (e.g., walking), play (e.g., imitation,
pretend), and preverbal communication (e.g., pointing).
This is consistent with our expectation that many of
these behaviors emerge or mature at different age points
during the infancy period and may thus influence par-
ents’ reports of these behaviors. However, the item-level
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biases in the opposite directions might potentially cancel
out at the construct level, as reflected by merely a small
portion of our sample with salient differences in latent
factor scores before and after accounting for DIF for
some constructs. Nevertheless, the age differences in
DIF-adjusted scores remained evident for the constructs
of Communication, Imitation & Play and Motor
Coordination & Milestones, indicating that age-specific
scoring algorithms or cutoffs and more close-spaced
monitoring may be needed for these constructs. These
findings have important implications for understanding
age and sex differences in the manifestation of autism-
related behaviors in infancy among the general popula-
tion, and for improving the utility of the FYIv3.1 as well
as other early autism screeners when being applied to a
developmentally sensitive period. Applying psycho-
metric strategies, such as MNLFA, to parent-report
measures can help address potential respondent biases
and enhance the accuracy of estimating the likelihood of
autism or the level of autistic traits. This, in turn, can
contribute to the development of more effective early
identification and screening measures.
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Eapen, V., Črnčec, R., Woolfenden, S., & Blackmore, R.

(2014). Screening for Autism Spectrum Disorders using the

PEDS and M-CHAT. Journal of Mental Health Research in

Intellectual Disabilities, 7(1), 1–13. https://doi.org/10.1080/

19315864.2012.704489
Elsabbagh, M., & Johnson, M. H. (2007). Infancy and autism:

Progress, prospects, and challenges. Progress in Brain

Research, 164, 355–383. https://doi.org/10.1016/S0079-

6123(07)64020-5

Finch, W. H., Hernández Finch, M. E., & French, B. F.

(2016). Recursive partitioning to identify potential causes

of differential item functioning in cross-national data. Inter-

national Journal of Testing, 16(1), 21–53. https://doi.org/10.

1080/15305058.2015.1039644
Gignac, G. E., & Szodorai, E. T. (2016). Effect size guidelines

for individual differences researchers. Personality and Indi-

vidual Differences, 102, 74–78. https://doi.org/10.1016/j.

paid.2016.06.069
Glascoe, F. P. (2000). Early detection of developmental and

behavioral problems. Pediatrics in Review, 21(8), 272–280.

https://doi.org/10.1542/pir.21.8.272
Goldberg, S., & Lewis, M. (1969). Play behavior in the year-

old infant: Early sex differences. Child Development, 40(1),

21–31. https://doi.org/10.2307/1127152

Goldman, S. (2013). Opinion: Sex, gender and the diagnosis of

autism—A biosocial view of the male preponderance.

Research in Autism Spectrum Disorders, 7(6), 675–679.

https://doi.org/10.1016/j.rasd.2013.02.006
Gonzalez, O., & Pelham, W. E III. (2021). When does differen-

tial item functioning matter for screening? A method for

empirical evaluation. Assessment, 28(2), 446–456. https://

doi.org/10.1177/1073191120913618
Guthrie, W., Wallis, K., Bennett, A., Brooks, E., Dudley, J.,

Gerdes, M., Pandey, J., Levy, S. E., Schultz, R. T., &

Miller, J. S. (2019). Accuracy of autism screening in a large

pediatric network. Pediatrics, 144(4), e20183963. https://

doi.org/10.1542/peds.2018-3963
Harrop, C., Green, J., & Hudry, & PACT Consortium. (2017).

Play complexity and toy engagement in preschoolers with

autism spectrum disorder: Do girls and boys differ? Autism,

21(1), 37–50. https://doi.org/10.1177/1362361315622410
Hu, L. T., & Bentler, P. M. (1999). Cutoff criteria for fit

indexes in covariance structure analysis: Conventional cri-

teria versus new alternatives. Structural Equation Modeling:

A Multidisciplinary Journal, 6, 1–55. https://doi.org/10.

1080/10705519909540118
Hudry, K., Chetcuti, L., & Hocking, D. R. (2020). Motor

functioning in developmental psychopathology: A review

of autism as an example context. Research in Developmental

Disabilities, 105, 103739. https://doi.org/10.1016/j.ridd.

2020.103739
Inada, N., Kamio, Y., & Koyama, T. (2010). Developmental

chronology of preverbal social behaviors in infancy using

the M-CHAT: Baseline for early detection of atypical social

development. Research in Autism Spectrum Disorders, 4(4),

605–611. https://doi.org/10.1016/j.rasd.2009.12.003

Johnson, C. P. (2008). Recognition of autism before age 2

years. Pediatrics in Review, 29(3), 86–96. https://doi.org/10.

1542/pir.29.3.86
Jones, R. N. (2019). Differential item functioning and its rele-

vance to epidemiology. Current Epidemiology Reports, 6(2),

174–183. https://doi.org/10.1007/s40471-019-00194-5
Kalb, L. G., Singh, V., Hong, J. S., Holingue, C., Ludwig, N.

N., Pfeiffer, D., Reetzke, R., Gross, A. L., & Landa, R.

(2022). Analysis of race and sex bias in the Autism Diag-

nostic Observation Schedule (ADOS-2). JAMA Network

Open, 5(4), e229498. https://doi.org/10.1001/jamanetwor-

kopen.2022.9498
Kim, S. H., & Lord, C. (2013). The behavioral manifestations

of autism spectrum disorders. In J. D. Buxbaum & P. R.

Hof (Eds.), The neuroscience of autism spectrum disorders

(pp. 25–37). Elsevier. https://doi.org/10.1016/B978-0-12-

391924-3.00002-8
Kleinman, M., & Teresi, J. A. (2016). Differential item func-

tioning magnitude and impact measures from item response

theory models. Psychological Test and Assessment Model-

ing, 58(1), 79–98.
Kreiser, N. L., & White, S. W. (2014). ASD in females: Are we

overstating the gender difference in diagnosis? Clinical

Child and Family Psychology Review, 17(1), 67–84. https://

doi.org/10.1007/s10567-013-0148-9

Chen et al. 11

https://doi.org/10.15585/mmwr.ss6513a1
https://doi.org/10.1177/01466216241238743
https://doi.org/10.1177/01466216241238743
https://doi.org/10.1111/j.1469-7610.2007.01762.x
https://doi.org/10.1111/j.1469-7610.2007.01762.x
https://doi.org/10.1044/1092-4388(2004/052)
https://doi.org/10.1044/1092-4388(2004/052)
https://doi.org/10.1007/s10803-021-05385-y
https://doi.org/10.1007/s10803-021-05385-y
https://doi.org/10.1016/j.rasd.2019.02.005
https://doi.org/10.1016/j.rasd.2019.02.005
https://doi.org/10.1080/19315864.2012.704489
https://doi.org/10.1080/19315864.2012.704489
https://doi.org/10.1016/S0079-6123(07)64020-5
https://doi.org/10.1016/S0079-6123(07)64020-5
https://doi.org/10.1080/15305058.2015.1039644
https://doi.org/10.1080/15305058.2015.1039644
https://doi.org/10.1016/j.paid.2016.06.069
https://doi.org/10.1016/j.paid.2016.06.069
https://doi.org/10.1542/pir.21.8.272
https://doi.org/10.2307/1127152
https://doi.org/10.1016/j.rasd.2013.02.006
https://doi.org/10.1177/1073191120913618
https://doi.org/10.1177/1073191120913618
https://doi.org/10.1542/peds.2018-3963
https://doi.org/10.1542/peds.2018-3963
https://doi.org/10.1177/1362361315622410
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1016/j.ridd.2020.103739
https://doi.org/10.1016/j.ridd.2020.103739
https://doi.org/10.1016/j.rasd.2009.12.003
https://doi.org/10.1542/pir.29.3.86
https://doi.org/10.1542/pir.29.3.86
https://doi.org/10.1007/s40471-019-00194-5
https://doi.org/10.1001/jamanetworkopen.2022.9498
https://doi.org/10.1001/jamanetworkopen.2022.9498
https://doi.org/10.1016/B978-0-12-391924-3.00002-8
https://doi.org/10.1016/B978-0-12-391924-3.00002-8
https://doi.org/10.1007/s10567-013-0148-9
https://doi.org/10.1007/s10567-013-0148-9


Lai, M. C., Lombardo, M. V., Auyeung, B., Chakrabarti,

B., & Baron-Cohen, S. (2015). Sex/gender differences

and autism: Setting the scene for future research. Journal

of the American Academy of Child & Adolescent Psychia-

try, 54(1), 11–24. https://doi.org/10.1016/j.jaac.2014.10.

003
Lai, M. C., & Szatmari, P. (2020). Sex and gender impacts on

the behavioural presentation and recognition of autism.

Current Opinion in Psychiatry, 33(2), 117–123. https://doi.

org/10.1097/YCO.0000000000000575
Macari, S. L., Wu, G. C., Powell, K. K., Fontenelle, S.,

Macris, D. M., & Chawarska, K. (2018). Do parents and

clinicians agree on ratings of autism-related behaviors at

12 months of age? A study of infants at high and low risk

for ASD. Journal of Autism and Developmental Disorders,

48(4), 1069–1080. https://doi.org/10.1007/s10803-017-

3410-z
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