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Abstract

Using the Infant Behavior Questionnaire—Revised in a longitudinal sample of
infant siblings of autistic children (HR; n = 427, 171 female, 83.4% White) and a
comparison group of low-risk controls (LR, n =200, 86 female, 81.5% White), col-
lected between 2007 and 2017, this study identified an invariant factor structure of
temperament traits across groups at 6 and 12 months. Second, after partitioning
the groups by familial risk and diagnostic outcome at 24 months, results reveal an
endophenotypic pattern of Positive Emotionality at both 6 and 12 months, (HR-
autism spectrum disorder [ASD] < HR-no-ASD < LR). Third, increased ‘Duration
of Orienting’ at 12 months was associated with lower scores on the 24-month de-
velopmental outcomes in HR infants. These findings may augment efforts for early
identification of ASD.

Abbreviations: ADI-R, Autism Diagnostic Interview—Revised; ASD, autism spectrum disorder; CFA, confirmatory factor analysis; CFI, comparative fit index;
EFA, exploratory factor analysis; ELC, early learning composite; IBQ-R, Infant Behavior Questionnaire—Revised; MANOVA, multivariate analysis of variance;
MSEL, Mullen Scales of Early Learning; NVDQ, nonverbal developmental quotient; RMSEA, root mean square error of approximation; SCQ, Social
Communication Questionnaire; SEM, structural equation model; VABS, Vineland Adaptive Behavior Scale; VDQ, verbal developmental quotient.
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Autism spectrum disorder (ASD) is a neurodevelop-
mental disorder characterized by impairments in so-
cial communication and patterns of restricted and
repetitive behaviors and interests (American Psychiatric
Association, 2013). Given the high heritability associated
with ASD, younger siblings of children with the disorder
are at a significantly elevated likelihood for receiving a
diagnosis relative to the general population (Constantino
etal., 2010; Ozonoff et al., 2011). While the reliability and
stability of ASD diagnosis prior to 18 months is essen-
tially unknown (Chawarska et al., 2007; Guthrie et al.,
2013), a growing body of evidence suggests that early
risk markers of ASD are observable by the end of the
first year of life (Miller et al., 2017; Ozonoff et al., 2010;
Stallworthy et al., 2021; Zwaigenbaum et al., 2021). Thus,
prospectively studying infant siblings of autistic children
is a valuable method to enhance our understanding of
early emerging features of, and developmental trajecto-
ries associated with, ASD.

In attempts to identify markers of risk prior to the
consolidation of ASD symptoms, temperament has
been recognized as a potentially useful construct.
Temperament can be defined as early emerging individ-
ual differences in activity, reactivity, and regulation that
have a biological basis and are shaped by complex in-
teractions between genetic, environmental, and matura-
tional factors (Putnam, 2015; Shiner et al., 2012). Given
the strong constitutional foundation of temperament,
with “constitutional” referring to relatively enduring
biological predispositions, it has been suggested that
associations between temperament and developmen-
tal outcomes are primarily due to common genetic and
environmental factors (Lemery-Chalfant et al., 2008).
Therefore, analyses of temperament traits as possible en-
dophenotypes (Gottesman & Gould, 2003), or features
that may represent better targets for genetic risk than di-
agnostic categories, have illustrative potential for disor-
ders with complex inheritance such as ASD (Garon et al.,
2016; Putnam, 2015; Shiner et al., 2012).

The broader field of temperament includes several
competing models and consequently, varied methods to
quantify temperament traits have been developed with a
focus on differential characterization of specific temper-
ament models (De Pauw, 2017; Shiner & DeYoung, 2013).
Among those, in this study, we focus on Rothbart’s (1981,
2012) model, which is perhaps the most broad and inclu-
sive model that emphasizes both biological reactivity and
self-regulation (Shiner & DeYoung, 2013). Developing
their questionnaire measures of temperament, Rothbart
and colleagues considered other temperament models,
as well as adult temperament and personality mod-
els to assess a wide range of individual differences (De
Pauw & Mervielde, 2010; Shiner & DeYoung, 2013).
Reflecting this inclusive strategy, this approach gener-
ated detailed measures that have made important con-
tributions in the examination of the higher-order factor
structure of temperament. Factor analysis of Rothbart

and colleagues’ questionnaire instruments yielded
three higher-order traits, labeled as Surgency/Positive
Emotionality, Negative Affect, and Effortful Control/
Regulatory Capacity. Surgency captures children's level
of activity, engagement with the environment, and ex-
pression of positive emotions. Negative Affect captures
tendencies toward negative emotions such as fear, sad-
ness, and anger. And Effortful Control captures individ-
ual differences in focusing and sustaining attention and
inhibiting dominant responses in favor of a subdominant
response (De Pauw, 2017). There is, in general, consensus
from conceptual analyses synthesizing the multitude of
proposed temperament models that these three overar-
ching traits in part explain the structure of temperament.
As Rothbart's model is among the most widely used in
the infancy field, the majority of studies investigating
temperament differences between infant siblings of au-
tistic children (those at increased or heightened risk for
subsequent disability or impairment associated with
receiving a diagnosis or HR) and low-risk (or LR) sib-
lings of typically developing children in the first year of
life have used the Infant Behavior Questionnaire (IBQ;
Rothbart, 1981) or the IBQ—Revised (IBQ-R; Gartstein
& Rothbart, 2003).

Table 1 summarizes previous findings on tem-
perament traits and ASD risk status/diagnosis in in-
fancy. First, HR siblings who were later diagnosed
with ASD (HR+) had lower levels of Surgency/Positive
Emotionality and related lower-level traits (i.e., Activity
Level) compared with HR siblings who did not receive a
later diagnosis of ASD (HR-) and LR siblings in most
of the studies (Garon et al., 2016; Paterson et al., 2019;
Pijl et al., 2019; Zwaigenbaum et al., 2005). There is one
discrepant finding where HR+ siblings demonstrated
higher level of Surgency than HR-— siblings around
7 months (Clifford et al., 2013). However, their follow-up
analyses revealed that the difference was observed
only in Perceptual Sensitivity among lower-level traits.
Second, higher levels of Negative Emotionality and re-
lated lower-level traits (i.e., Distress to Limitation and
Fear) have been consistently observed in HR+ siblings
(Clifford et al., 2013; Garon et al., 2016; Paterson et al.,
2019; Pijl et al., 2019; Zwaigenbaum et al., 2005). Lastly,
there were mixed findings on Regulatory Capacity and
related lower-level traits. HR+ siblings scored lower on
Regulatory Capacity as a higher-level trait in most of
the studies (Clifford et al., 2013; Paterson et al., 2019;
Pijl et al., 2019), but scored higher on a specific lower-
level trait, Duration of Orienting (Zwaigenbaum et al.,
2005). In sum, on higher-level traits, HR+/HR siblings
were rated as having lower levels of Surgency/Positive
Emotionality and Regulatory Capacity, but higher lev-
els of Negative Emotionality compared with LR siblings.
Some contradictory results in the opposite direction
were observed in specific lower-level traits.

Beyond group-mean differences, findings from Garon
et al. (2016) suggested that the associations among the
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temperament factors and the predictive relations of the
temperament factors to developmental outcomes might
differ between the HR and LR groups. Measured by the
Toddler Behavior Assessment Questionnaire—Revised
(Goldsmith, 1996; Rothbart et al., 2003), the associa-
tion between Negative Affect and Effortful Control was
significant only for the LR group whereas the associa-
tion between Positive Affect and Effortful Control was
significant only for the HR group at 24 months of age.
Furthermore, Effortful Control at 24 months predicted
ASD symptoms at 36 months only for the HR group.

Although all of the aforementioned studies individu-
ally demonstrated interesting associations between tem-
perament and ASD risk status/diagnosis, taken together,
findings about temperament in the first year seem mixed
or discrepant (Paterson et al., 2019; Pijl et al., 2019). It
may be due to analyses conducted on different levels of
traits. For example, Zwaigenbaum et al. (2005) found
that HR+ siblings had higher scores on Duration of
Orienting, a lower-level trait, but other studies (Clifford
et al., 2013; Paterson et al., 2019; Pijl et al., 2019) found
that HR+ siblings had lower scores on Regulatory
Capacity, a higher-level trait including Duration of
Orienting. Some inconsistent findings could be at-
tributed, at least in part, to small sample sizes in some
of the studies (e.g., Clifford et al., 2013). More impor-
tantly, it may reflect differences in the applied constructs
across studies. Most of the aforementioned studies ex-
amined temperament differences on higher-level traits.
However, how those traits were constructed was explicit
only in two studies. Paterson et al. (2019) summed z-
transformed subscale scores to compute factor scores,
whereas Garon et al. (2016) derived factor scores from
confirmatory factor analysis (CFA) models. Given dif-
ferent methods to compute factor scores in these two
studies, traits with the same label might not be readily
comparable. Indeed, Negative Affect in Garon et al.
(2016) consisted of Activity, Distress to Limitation, and
Fear, whereas Negative Affect in Paterson et al. (2019)
consisted of Sadness, Distress to Limitation, Fear, and
Falling Reactivity.

This question about the comparability of constructs
across studies leads to a more fundamental psychomet-
ric question of whether temperament constructs, partic-
ularly the higher-level traits, measured by the IBQ—R are
invariant across HR and LR siblings. To appropriately
compare scores across groups, measurement invariance
should be examined to ensure that measures reflect
the same underlying construct and the construct has
the same meaning and structure across groups (Meehl,
1990; Putnick & Bornstein, 2016). Without measurement
invariance ensured, group comparisons are invalid,
akin to comparing apples with oranges. For example, if
Negative Affect mostly reflects Fear and Sadness in LR
siblings while it mostly reflects Distress to Limitation
and Falling Reactivity in HR siblings, comparing
“Negative Affect” scores between two groups would be
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theoretically invalid. If measurement invariance does
not hold, it also implies that individuals with the same
latent-factor scores could have different probabilities
of endorsing a response on the measure depending on
their group membership (Joo & Kim, 2019). Therefore,
measurement invariance is a fundamental question, both
empirically and theoretically, in any studies involving
group comparisons based on the assumption that the
latent structure underlying the psychometric test scores
was valid across groups.

Despite the importance of establishing measurement
invariance prior to group comparisons in any psycho-
metric test scores, to our knowledge, Garon et al.’s (2016)
study is the only one that examined the measurement in-
variance of temperament constructs and factor structures
between HR and LR siblings using infant temperament
questionnaires based on Rothbart's model. Considering
that Garon et al.’s (2016) study used the IBQ, there is no
study that has examined the measurement invariance of
the IBQ-R between HR and LR siblings. Thus, in this
study, we primarily aim to examine the measurement in-
variance of the IBQ-R between HR and LR siblings to
ensure valid comparisons of group differences in tem-
perament traits. Based on the results of measurement
invariance test, we further aim to compare the scores of
higher-order traits between HR and LR siblings and to
examine whether there exist differential relations among
temperament traits, and differential relations of temper-
ament traits to other developmental outcomes.

The current study

The current study consists of three parts. In Part 1, we
investigated the invariance of temperament structure
between HR and LR siblings using the IBQ-R. In ad-
dition to the invariance across groups, we examined
the measurement invariance across time as well given
that temperament was measured at two time points (6
and 12 months). Because the meaning and structure of
temperament traits can change over time, examination
of the measurement invariance across time is imperative
from a developmental perspective. The results of Part
1 were reflected in subsequent analyses to ensure valid
comparisons across groups and time. In Part 2, we exam-
ined mean-level differences in higher-order temperament
traits by risk status as well as diagnostic outcome at two
time points. In Part 3, we investigated (1) differences in
the associations among higher-order temperament traits
and (2) the extent to which higher-order temperament
traits measured in the first year of life (6 and 12 months)
differently predict a dimensional developmental out-
come related to ASD at 24 months across HR and LR
groups using an SEM framework. As the catalyst for this
study was a focus on measurement invariance, we con-
sider this study more exploratory than confirmatory in
nature.
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GENERAL METHODS
Participants

The total sample included 627 (257 females, 370 males)
infants; 82.8% were White, 2.7% Black or African
American, 1.1% Asian, and 10.7% identified with more
than one race/ethnicity. Of these, 427 (171 females,
256 males) were HR infants with an older autistic sibling
and 200 (86 females, 114 males) were LR control infants.
ASD in older siblings of the HR infants was deter-
mined using the Social Communication Questionnaire
(SCQ; Rutter et al., 2003) and the Autism Diagnostic
Interview—Revised (ADI-R; Lord et al., 1994) prior to
the infant enrolling in the study. LR infants who had
typically developing older siblings, also screened with
the SCQ, were recruited from many sources including:
flyers in the community, advertisement in parenting
magazines, and outreach at parent events. LR infants
were excluded for a family history of a first- or second-
degree relative with ASD and/or intellectual disability.
Exclusion criteria for both the HR and LR infants in-
cluded the following: (1) history of known genetic syn-
dromes associated with ASD; (2) significant medical
conditions affecting growth, development or cognition
or sensory impairments such as significant vision or
hearing loss; (3) birth weight <2000 g and/or gesta-
tional age <36 weeks; (4) history of significant perina-
tal adversity, or exposure in-utero to neurotoxins; (5)
contraindication for magnetic resonance imaging; (6)
predominant home language other than English; (7)
having been adopted; and (8) family history of a first-
degree relative with psychosis, schizophrenia, or bipo-
lar disorder. The vast majority of infants enrolled at
6 months (a minority enrolled at 12 months) and were
assessed in-person at 6 months (Mage =6.60, SD=0.96),
12 months (Mage = 1245, SD = 3.42), and 24 months
(Mage =24.73, SD = 1.05). At the 24-month visit, diag-
nostic classification of ASD for participants was de-
termined by expert clinical judgment using Diagnostic
and Statistical Manual of Mental Disorders (4th ed., text
revised; DSM-IV-TR) criteria and supported by avail-
able assessment data including the Autism Diagnostic
Observation Schedule (Lord et al.,, 2000), ADI-R,
Vineland Adaptive Behavior Scales (VABS), and the
Mullen Scales of Early Learning. Of the HR infants,
81 infants went on to receive an autism diagnosis at
24 months of age and are designated as HR-positive
(HR+); HR infants who did not receive a diagnosis at
24 months are designated HR-negative (HR-).

As there was some variability in 6 versus 12-month
enrollment, the sample sizes across the three parts of this
study vary to some degree. See Tables S1-S4 for sample
characteristics and demographic information by risk/di-
agnostic group, and Tables S5 and S6 for comparisons
of children who did and did not contribute data to the
analysis in Part 2 and 3.

Measures

The IBQ-R assesses temperament in infants between
3 and 12 months of age. The questionnaire is comprised
of 14 subscales with 191 items. Items are scored on a
7-point Likert-type scale ranging from “never” to “al-
ways” and are averaged to calculate each subscale score.
From these 14 subscales, a three-factor structure is con-
structed. Surgency/Positive Emotionality factor includes
the subscales: Approach, Vocal Reactivity, High-Intensity
Pleasure, Smiling and Laughter, Activity Level, and
Perceptual Sensitivity. Negative Affect consists of the fol-
lowing subscales: Sadness, Distress to Limitation, Fear,
and Falling Reactivity. Effortful Control/Regulatory
Capacity encompasses the remaining subscales: Low
Intensity Pleasure, Cuddliness, Duration of Orienting, and
Soothability. Participants were assessed with the IBQ-R
at 6 and/or 12 months of age. Descriptive statistics and
Cronbach's alpha for each subscale are shown in Table 2.

The Mullen Scales of Early Learning (MSEL) pro-
vides a comprehensive assessment of language, motor,
and perceptual abilities for children of all ability lev-
els, ages birth to 68 months (Mullen, 1995). The MSEL
provides subscales to assess five developmental areas:
(a) gross motor, (b) fine motor, (c) visual reception, (d)
expressive language, and (e) receptive language. Early
learning composite (ELC) scores are generated from
age-normed t-scores of four subscales, fine motor, visual
reception, expressive language and receptive language.
In addition to the ELC, verbal and nonverbal develop-
mental quotients (VDQ and NVDQ, respectively) were
used. VDQ includes scales of expressive language and
receptive language and the NVDQ includes scales of
visual reception and fine motor. Participants were as-
sessed with the MSEL at 6, 12, and 24 months of age.

The VABS-II assesses child adaptive behavior in the
Communication, Socialization, Daily Living Skills, and
Motor domains. This measure is commonly used in stud-
ies of autism and developmental disabilities and clinical
settings to establish an individual's degree of functional
impairment. The VABS-II was collected at 24 months of
age through a semi-structured interview administered to
a parent.

PART 1: THE IBQ-R FACTOR
STRUCTURE IN HIGH- AND LOW-
RISK INFANTS

Part 1: Method

Participants

Of the total sample, IBQ-R data were available for 518
infants (332 HR, 186 LR) at 6 months and 497 infants

(358 HR, 139 LR) at 12 months, with 61.9% contributing
data at both time points.
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TABLE 2 Means and standard deviations of all scales and tests of group differences

High-risk Low-risk Group comparisons
Scales a M (SD) M (SD) F 7°190% CIJ P Adjusted p
IBQ 6 months
Activity level .81 4.35(0.91) 4.54(0.84) 1.51 .005 [.00; .02] .220 324
Distress to limitation .81 3.82(0.84) 3.69 (0.75) 2.03 .006 [.00; .03] 155 .286
Fear 90 2.35(0.89) 2.38(0.93) 0.16 .000 [.00; .01] .691 756
Duration of orienting .83 3.30(1.07) 3.19 (1.02) 1.91 .006 [.00; .03] 168 .294
Smiling and laughter .83 4.76 (1.06) 5.02(0.93) 2.30 .007 [.00; .03] 130 253
High-intensity pleasure .82 5.95(0.74) 6.07 (0.60) 2.54 .008 [.00; .03] 112 .243
Low-intensity pleasure .83 5.25(0.82) 5.37(0.77) 1.75 .005 [.00; .03] 186 310
Soothability .81 5.09 (0.75) 5.20 (0.70) 0.85 .003 [.00; .02] .358 464
Falling reactivity .84 5.16 (0.88) 5.30(0.72) 1.50 .005 [.00; .02] 222 324
Cuddliness .89 5.88(0.73) 5.96 (0.58) 0.00 .000 [.00; 1.00] 951 968
Perceptual sensitivity .84 3.53 (1.20) 3.75(1.15) 1.51 .005 [.00; .02] 221 324
Sadness .80 3.67 (0.85) 3.50(0.87) 3.41 .011 [.00; .04] 066 196
Approach .85 5.28 (0.92) 5.34(0.86) 0.00 .000 [.00; 1.00] 968 968
Vocal reactivity .82 4.31 (1.00) 4.61 (0.85) 3.49 .011 [.00; .04] .063 196
ELC 6 months 97.31 (11.66) 100.79 (11.33) 5.18 .016 [.00; .05] .024 .103
I1BQ 12 months
Activity level 78 4.36 (0.81) 4.59 (0.84) 3.37 .010 [.00; .04] .067 196
Distress to limitation .82 4.30 (0.84) 4.12 (0.86) 0.46 .001 [.00; .02] 496 .599
Fear .89 3.01 (0.96) 2.96 (0.89) 0.30 .001 [.00; .01] .586 .681
Duration of orienting .84 2.84 (1.02) 2.95(0.99) 0.02 .000 [.00; .00] .897 952
Smiling and laughter .84 4.86 (1.00) 5.18 (0.85) 2.76 .009 [.00; .03] .098 .243
High-intensity pleasure .84 6.09 (0.64) 6.21 (0.53) 1.12 .003 [.00; .02] 291 392
Low-intensity pleasure .82 4.77 (0.89) 4.95(0.87) 0.74 .002 [.00; .02] .389 487
Soothability .81 5.13 (0.71) 5.31 (0.66) 2.60 .008 [.00; .03] .108 .243
Falling reactivity .83 5.21 (0.82) 5.47(0.67) 5.79 .018 [.00; .05] .017 .083
Cuddliness .89 5.39(0.82) 5.54 (0.64) 1.32 .004 [.00; .02] 251 352
Perceptual sensitivity .85 3.43(1.14) 3.80 (1.07) 4.66 .014 [.00; .04] .032 123
Sadness .81 3.74 (0.87) 3.51 (0.91) 3.03 .009 [.00; .03] .083 223
Approach .85 5.73(0.72) 5.83(0.69) 0.27 .001 [.00; .01] .603 .681
Vocal reactivity .84 4.88(0.92) 5.24 (0.79) 6.92 .021 [.00; .05] .009 .052
ELC 12 months 99.51 (13.17) 105.04 (12.69)  14.17 .0421.01; .08] .000 .002
Vineland 24 months
Communication 98.83 (12.47) 104.83 (8.85)  19.87 .058 [.02; .10] .000 .000
Socialization 98.33(12.28) 102.51 (1.30) 1118 .0341.01; .07] .001 .006
Motor skills 98.72 (12.52) 101.71 (9.47) 2.46 .008 [.00; .03] 118 243
Mullen 24 months
Verbal 94.85(22.33) 107.30 (18.24)  31.25 .089 [.04; .14] .000 .000
Non-verbal 99.06 (13.96) 107.42 (15.31)  35.52 .100 [.05; .15] .000 .000

Statistical approach

Assumptions of multivariate normality were evaluated
using the Mardia test (Mardia, 1970), which indicated
violations of multivariate normality. Therefore, maxi-
mum likelihood estimation with robust standard error
was used, conducting CFA. Two possible multivariate

outliers were detected using the Mahalanobis distance
and Q-Q plot. However, they were not excluded from the
analyses because the results yielded without them did
not significantly differ from the results with them.

We used three different models to examine the mea-
surement invariance of the IBQ-R between HR and LR
siblings (Figure SI): (1) the original three-factor model
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suggested by the authors of the IBQ-R (Model 1), (2) a
model adopted from the literature (Model 2), and (3) a
model derived from our own sample (Model 3). Two al-
ternative models in addition to the original model were
examined because the majority of previous studies in-
vestigating the structure of infant temperament using
the IBQ-R in culturally and sociodemographically di-
verse samples (Bosquet Enlow et al., 2016; Dragan et al.,
2011; Gartstein et al., 2005) have used modified models
given the poor fit of the original model in diverse sam-
ples. Therefore, we adopted the second model that was
proposed by Gartstein et al. (2005) using a pooled US
sample (N = 608), which excluded Cuddliness (due to low
factor loadings) and High-Intensity Pleasure (due to sub-
stantial residual covariation), and was relaxed allowing
for several secondary loadings and error covariance be-
tween items.

The third model was derived from our total sample
(LR and HR collapsed) using a split-sample approach.
To ensure comparability of analytic subsamples, the
sample was first stratified by sex and risk status and ran-
domly assigned to one of two groups: the exploratory fac-
tor analysis (EFA) sample (N = 314) and the CFA sample
(N = 313). First, EFA was performed enforcing a three-
factor solution and CIs for factor loadings were con-
structed using the nonparametric bootstrapping. Factor
cross-loadings and residual covariance were further ex-
amined using modification indices adopting EFA within
CFA framework. In this EFA model, for a clearer inter-
pretation of each factor, we (1) excluded scales that did
not clearly load onto any factors and scales that did not
load onto the supposed factor, but did load onto other
factors, (2) allowed only one secondary loading, and
(3) allowed residual covariance only among indicators
within the same factor. Subsequently, we ran CFA testing
the fit of the model generated from our EFA. See Figure
S2 for detailed results of EFA and CFA. Finally, the full
sample was used to assess measurement invariances of
all three models.

Before proceeding to the measurement invariance
test, whether each model fits the data well for HR and
LR respectively was tested (single-group test). The model
fit was evaluated by four indices: the 4° test, the com-
parative fit index (CFI), and the root mean square error
of approximation (RMSEA). Values greater than .90 for
CFI, and values less than .08 for RMSEA were consid-
ered acceptable fit (Little, 2013). All confirmatory fac-
tor analyses were performed using the R-package lavaan
(Rosseel, 2012). The results indicated that Model 3 had a
good fit to the data for both HR and LR groups at both
time points, Model 2 had a good fit to the data except
for HR at 12 months of age, and Model 1 had a poor
fit for the both groups at all time points. More detailed
information on the fit indices of single-group tests for all
three models can be found in Table S7.

The measurement invariance across the HR and LR
groups was tested in a CFA framework, comparing fit

to the data of a hierarchy of models with increasingly
stringent constraints imposed on the factor structure.
Our analysis tested the following four steps of group
invariance: (1) configural invariance, which requires
the same patterns of general factor structure, (2) metric
invariance, which requires the same factor loading ma-
trices across groups, (3) scalar invariance, which con-
strains both factor loadings and intercepts of indicators
to be the same across groups, and (4) residual invariance,
which further constrains the measurement error covari-
ance matrices of indicators to be the same across groups
(Widaman & Reise, 1997).

Part 1: Results

Group invariance of infant temperament
factor structure

Table 3 provides a summary of the results of the group
measurement invariance testing. Model 1 demonstrated
poor fit even when no equality constraints were applied,
suggesting that the pattern of fixed and freed factor
loadings was not similar across the groups at both time
points. Given no support for configural invariance, no
further interpretations on measurement invariance were
made.

Model 2, proposed by Gartstein et al. (2005), demon-
strated adequate fit when unconstrained loadings were
estimated, providing support for configural invariance
at both time points. Constraining the factor loadings
to be equivalent yielded adequate fit and the difference
between the models was not significant, suggesting that
factor loadings were equivalent for HR and LR groups
at both time points. Furthermore, constraining the in-
tercepts and error variance to be equivalent across the
groups also produced adequate fit and statistically
non-significant model comparison results at 6 months,
suggesting that HR and LR groups did not differ on ei-
ther subscale intercept or error variance at 6 months. At
12 months, however, a scalar invariance test produced a
significantly poorer fit, suggesting that the groups differ
on subscale intercepts.

Model 3, derived from our sample, demonstrated ad-
equate fit for configural invariance, providing support
for the same general factor structure across the groups
at both time points. Further tests of metric invariance
and scalar invariance revealed that factor loadings and
subscale intercepts were equivalent across the groups at
both time points. Error variance, on the other hand, dif-
fered between the groups at 6 months.

Although both Model 2 and Model 3 satisfied mea-
surement invariance up to the level of scalar invariance,
we adopted Model 3 for the further analyses given its
simpler structure, which would be more generalizable.
Figure 1 shows Model 3 at each time point with all coef-
ficients freely estimated.
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TABLE 3 Summary of measurement invariance tests
df Ve A P* CFI RMSEA  AIC BIC
Model 1
6-month
Configural invariance 148 625.10 765 112 17,074.50 17,457.00
Metric invariance 162 648.12 23.02 .059 760 108 17,069.52 17,392.52
Scalar invariance 173 663.03 14.91 187 758 105 17,062.43 17,338.68
Residual invariance 187 688.65 25.62 .028 753 102 17,060.05 17,276.80
12-month
Configural invariance 148 709.33 730 124 15,999.07 16,377.84
Metric invariance 162 740.68 31.34 .005 722 120 16,002.41 16,322.27
Scalar invariance 173 761.29 20.61 .038 717 117 16,001.02 16,274.58
Residual invariance 187 787.33 26.04 .026 712 114 15,999.06 16,213.70
Model 2
6-month
Configural invariance 84 201.70 922 074 15,088.61 15,496.61
Metric invariance 103 224.59 22.89 242 920 .068 15,073.50 15,400.75
Scalar invariance 112 239.00 14.42 108 916 .066 15,069.91 15,358.91
Residual invariance 124 255.16 16.16 184 913 .064 15,062.07 15,300.07
12-month
Configural invariance 84 238.22 901 .086 14,042.04 14,446.07
Metric invariance 103 259.45 21.23 324 900 .078 14,025.27 14,349.33
Scalar invariance 112 285.29 25.84 .002 .889 079 14,033.11 14,319.30
Residual invariance 124 306.15 20.86 052 .883 077 14,029.97 14,265.65
Model 3
6-month
Configural invariance 42 118.33 938 .084 10,972.71 11,253.20
Metric invariance 52 132.61 14.28 161 934 077 10,966.99 11,204.99
Scalar invariance 58 142.97 10.36 110 931 .075 10,965.35 11,177.85
Residual invariance 66 160.76 17.79 .023 923 074 10,967.14 11,145.64
12-month
Configural invariance 42 157.93 914 .105 9996.61 10,274.37
Metric invariance 52 174.95 17.02 074 909 .098 9993.63 10,229.31
Scalar invariance 58 182.38 7.44 282 908 .093 9989.06 10,199.49
Residual invariance 66 196.65 14.27 075 903 .089 9987.34 10,164.10

#Chi-square difference test.

Longitudinal invariance in the structure of
infant temperament

As the data involves longitudinal temperament assess-
ments at 6 and 12 months, we also tested measurement
invariance across time in addition to groups. A longi-
tudinal model, which included associations between
corresponding factors and subscales across two time
points without any constraints on loadings or inter-
cepts, demonstrated adequate fit, 2 (216) = 491.976,
p < .001, CFI = 917, RMSEA = .065. Constraining
the factor loadings to be equivalent across time and

groups yielded adequate fit, x*(257) = 538.711, p < .00,
CFI = 917, RMSEA = .060, and the difference be-
tween the models was not significant, Ay (41) = 46.735,
p = .249, ACFI = .00l. Next, scalar invariance was
tested. Constraining intercepts of corresponding sub-
scales to be equal between 6- and 12-months and groups
yielded poor fit (Little, 2013), 2(263) = 868.250, p <.001,
CFI = .822, RMSEA = .087, and the difference from the
metric invariance model was statistically significant,
AY(6) = 329.539, p = < .000, ACFI = .095. As scalar in-
variance was not satisfied across two time points, com-
parisons of factor means were made only across groups
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(a) 6 months

.25/.25

(b) 12 months

.10/7.28

FIGURE 1

Exploratory factor analysis (EFA) models of the IBQ-R structure in the current sample. Standardized estimates are presented.

High-risk/low-risk groups. POS, Positive Emotionality; NEG, Negative Emotionality; DO, Duration of Orienting; SL, Smiling and Laughter;
HP, High-Intensity Pleasure; APP, Approach; VR, Vocal Reactivity; DL, Distress to Limitations; FALL, Falling Reactivity; SAD, Sadness

within a time point in Part 2, and metric invariant model
was used for a longitudinal model in Part 3.

PART 2: TEMPERAMENT DIFFERENCES
BY DIAGNOSTIC STATUS

Part 2: Method
Participants
Diagnostic outcomes based on DSM-IV-TR criteria at

24 months were available for 507 participants (96.4% of the
sample from Part 1). Based on risk and diagnostic status,

three groups were identified: low-risk, not diagnosed with
ASD (LR—; N = 146), high-risk, not diagnosed with ASD
(HR—; N=280), and high-risk, diagnosed with ASD (HR+;
N = 81). Low-risk children subsequently diagnosed with
ASD (n = 3) were excluded to maintain the family design.

Statistical approach

Temperament factor scores were computed using Model
3 from Part I, constraining factor loadings and inter-
cepts of corresponding subscales to be equal across
groups within each time point. A multivariate analy-
sis of variance (MANOVA) was used with group as
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the independent variables, and temperament factors
(Positive Emotionality, Negative Emotionality, and
Duration of Orientating) as the dependent variables.

Part 2: Results

Figure 2 shows the temperament factor scores for the
three groups. Results of the MANOVA indicated a sig-
nificant group effect for the temperament factor scores,
F(2504) = 5.66, h* = .06, 90% CI [.00; .05], p < .001. After
correction for multiple comparisons using the Benjamini—
Hochberg procedure, results of F-tests for each tempera-
ment factor score indicated that Positive Emotionality
and Negative Emotionality at 6 and 12 months differed
by group. The HR+ group had significantly lower scores
on Positive Emotionality compared with both the LR—
group and HR— group; #(225) = 6.04, p < .001, d = .82,
95% CI [.55; 1.09] and #(359) = 3.73, p < .001, d = 47,
95% CI [.26; .68] at 6 months and #(225) = 7.26, p < .001,
d = 1.00, 95% CI [.72; 1.28] and #(359) = 4.71, p < .001,
d = .59, 95% CI [.40; .82] at 12 months. When compar-
ing the LR— group and HR— group, the HR— group
had significantly lower scores on Positive Emotionality
at both 6 and 12 months, #(424) = 3.02, p < .01, d = .32,
95% CI [.12; .51] and #(424) = 3.19, p < .01, d = .33, 95% CI
[.14; .52], respectively. The HR+ group had significantly
higher scores on Negative Emotionality compared with
LR- group; #(225)=2.89, p < .05, d = .41, 95% CI [.15; .67]
at 6 months and #(225) =2.97, p < .01, d = .43, 95% CI [.17;
.69] at 12 months. The HR+ group, however, did not dif-
fer from the HR— group in Negative Emotionality. The
LR— group had significantly lower scores on Negative

Emotionality compared with the HR— group only at
6 months, #(424) =2.45, p < .05, d = .25, 95% CI [.06; .45].

PART 3: LONGITUDINAL MODEL
PREDICTING DEVELOPMENTAL
OUTCOMES AT 24 MONTHS

Part 3: Method
Participants

The sample included 526 infants (214 females, 312 males)
who completed the MSEL and/or VABS-II at 24 months.
The majority of the sample (91.3%) completed both as-
sessments. Of these, 368 were HR infants and 158 were
LR control infants.

Statistical approach

Given that the assessments had different ranges, each
variable was re-scaled to range from 0 to 1, using the for-
mula: (x; — min(x))/(max(x) — min(x)). Preliminary analy-
ses indicated that metric invariance held across males
and females, fully at 6 months and partially at 12 months
with 3 loadings freely estimated. Therefore, sex was in-
cluded in the longitudinal model only as a covariate.
For developmental outcomes at 24 months, three sub-
scales of the VABS-II (Communication, Socialization,
and Motor) and two scores derived from the MSEL
(VDQ and NVDQ) were used to generate a data-driven
latent outcome variable. A one-factor model with factor
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FIGURE 2 Factor scores by risk status and diagnostic status. Note: Scores on the temperament factors and Duration of Orienting as a
function of familial risk and diagnostic status at 24 months. Asterisks represent p values < .05, .01, and .001, respectively. Error bars represent

1 SD. IBQ, Infant Behavior Questionnaire
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loadings constrained to be equal across the HR and LR
groups demonstrated good fit, ¥*(15) = 74.96, p < .000,
CFI = 919, RMSEA = .147, providing evidence that the
factor loadings across the groups were invariant.

Ideally, diagnostic outcome would also be incorpo-
rated into this model. However, the HR+ sample size
was insufficient for inclusion as an independent group.
In an attempt to determine whether the differences ob-
served between the HR and LR groups in this SEM may
have been driven primarily by the presence of children
with ASD, a second SEM was constructed which ex-
cluded the HR+ infants. All analyses were performed
using the R-package lavaan (Rosseel, 2012) and maxi-
mum likelihood estimation with robust standard error
was used.

Part 3: Results

Predicting developmental outcomes at
24 months

Using a structural equation model (SEM), we examined
the association between 6- and 12-month temperament
factors, sex, ELC at 6 and 12 months, and the develop-
mental outcome factor (described above) in a longitudi-
nal model incorporating invariance constraints on factor
loadings across time and group. The full model showed
mediocre fit (Little, 2013), #*(526) = 1103.052, p < .001,
CFI = .871, RMSEA = .065. Direct paths from 6-month
temperament factors to 24-month developmental out-
come factor were not significant for both groups, and
hence trimmed from the model. The trimmed model also
showed mediocre fit (Little, 2013), »*(534) = 1105.858,
p <.001, CFI=.872, RMSEA = .064, and did not signifi-
cantly differ from the full model, AY8) = 2.806, p =.946,
ACFI = —.001. The trimmed model, in fact, showed
better fit using relative fit index (e.g., CFI) as Adf was
greater than Ay’ between the models. Figure 3 shows the
trimmed model and coefficients for both groups.

For both HR and LR groups, 12-month temperament
factors were predicted by respective 6-month temperament
factors, with all coefficients being significant, p < .001,
which indicated continuity within the constructs over this
time period. With regard to the association among the tem-
peramental factors, Positive Emotionality and Duration
of Orienting at 6 months were significantly associated for
both HR (r=.26, p <.000) and LR (r=.28, p=.004) groups.
At 12 months, however, the association between Positive
Emotionality and Duration of Orienting was significant
only for the LR group, r= .24, p = .047.

ELC at 12 months was significantly predicted by ELC
at 6 months for both HR (f=.22, p<.0l)and LR (= .29,
p < .001) groups. At 6 months, there was a significant
association between ELC and Positive Emotionality for
both HR (r=.25, p=.001)and LR (r=.42, p=.001) groups.
At 12 months, on the other hand, ELC was significantly

associated with Negative Emotionality only for the HR
group, r =.19, p =.0009.

For the HR group, the developmental outcomes at
24 months was significantly predicted by four variables:
sex, 12-month ELC, 12-month Positive Emotionality, and
12-month Duration of Orienting. Being female predicted
higher developmental outcome scores at 24 months
(p=—.17, p = .001). Higher scores on ELC at 12 months
predicted higher scores on the developmental outcomes
at 24 months (f = .28, p < .001). Interestingly, higher
scores on Positive Emotionality predicted higher scores
on the developmental outcomes at 24 months (f = .22,
p = .004), but lower scores on Duration of Orienting at
12 months predicted higher scores on the developmental
outcomes at 24 months (f = —.20, p = .002). For the LR
group, sex and 12-month ELC significantly predicted
the developmental outcomes at 24 months. Being fe-
male predicted higher developmental outcome scores at
24 months (f = —.13, p = .040). Higher scores on ELC at
12 months predicted higher scores on the developmental
outcomes at 24 months (4 = .31, p <.001).

Finally, we tested the SEM model using 6- and 12-
month temperamental profiles excluding HR+ children
to test whether the differences observed between the HR
and LR groups were driven by HR+ children. Figure
S3 shows the model with coefficients for both the HR-
and LR groups. Most of the coefficients remained signif-
icant in the model excluding HR+ children. Importantly,
developmental outcome at 24 months was significantly
predicted only by Duration of Orienting at 12 months for
the HR— group, g = —.20, p = .002 and the associations
between temperament factors at 12 months were still
significant, albeit with an alpha level of .10, only in the
LR- group (r = .21, p = .087), which demonstrated that
the different associations among the HR and LR groups
mostly remained unchanged excluding HR+ children.

DISCUSSION

In the present study, we characterized differences in tem-
peramental profiles and the predictive value of early tem-
perament measures for developmental outcome in infants
at high and low risk for developing autism on solid psy-
chometric grounds with measurement invariance ensured.

Part 1

We tested measurement invariance of the IBQ-R and the
results revealed that (1) temperament factors derived from
the IBQ-R reflected the same underlying constructs and
(2) the constructs have the same meaning and structure
between HR and LR groups. To test measurement invari-
ance, we compared two data-driven modified models along
with the original IBQ-R factor model. The poor fit of the
original factor model, as demonstrated in previous studies,
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FIGURE 3 The structural equation model predicting 24-month developmental outcome. Note: High-risk/low-risk groups. Non-significant
direct paths from 6 to 24 months are dropped from the model. Standardized path coefficients that are statistically significant at p < .05 are
presented except for the path from Sex to Duration of Orienting at 12 months in low-risk group (b= —.16, p = .048). Non-significant correlations
in both groups are displayed as dotted lines in the figure. DO, Duration of Orienting; ELC, early learning composite; NEG, Negative

Emotionality; POS, Positive Emotionality

was replicated in our sample. Two data-driven modified
models, however, both satisfied configural, metric, and
scalar invariance. This result validated further compari-
sons of mean scores of the IBQ—R factors and their predic-
tive relations to later developmental outcomes. Although
measurement invariance tests showed utility for both mod-
els, Model 3, derived from our sample, was selected for
subsequent analyses because it had a simpler, hence more
interpretable and generalizable, structure with a fewer
cross-loadings (1 vs. 5) and residual covariance allowed
among indicators of different factors (0 vs. 2). Negative
Emotionality in Model 2, particularly, was difficult to in-
terpret and generalize to other studies because four out
of five indicators of Surgency/Positive Emotionality—
Activity, Smiling and Laughter, Perceptual Sensitivity and
Approach—also loaded on Negative Emotionality.

Part 2

Using the scalar invariant model of Model 3, the factor
scores of the IBQ-R were compared between groups
subdivided into LR—, HR—, and HR+, and a MANOVA
indicated a significant group effect on the factor scores.
The HR+ group showed lower Positive Emotionality
scores than both the HR— and LR groups at both 6 and
12 months, providing evidence of a disorder specific ef-
fect. Additionally, the LR group significantly differed
from the HR— group at 6 and 12 months, suggestive of an
endophenotype pattern of results (LR > HR— > HR+).
The LR group showed lower Negative Emotionality

scores than both the HR— and HR+groups, providing
putative evidence of a familial pattern.

This is not the first study to indicate lower positive
affect in both high risk infants (Clifford et al., 2013)
or infants who go on to receive an autism diagnosis
(Garon et al., 2016). In the current study, however, pro-
spective parent report has revealed a disorder-specific
difference in temperamental profiles that is evident by
6 months of age, a time prior to the emergence of many
of the behavioral signatures associated with autism.
Similar to recent work using a novel parent report
version of the Autism Observation Scale for Infants
(Sacrey et al., 2018), this finding points to the prognos-
tic value of parent report questionnaires in the first
year of life. This and other evidence, much of which
comes from the high-risk infant sibling literature, im-
plicates the second half of the first year of life as a
particularly critical window for understanding the de-
velopment of autism. There is no evidence of overt ob-
servable behavioral features of autism at 6 months of
age. A small number of studies reveal overt observable
behavioral features at 9 or 10 months of age (Miller
et al., 2017; Nystrom et al., 2018; Stallworthy et al.,
2021). But by 12 months of age, an increased number
of overt behavioral symptoms associated with autism
are evident, indexed at the group level, such as differ-
ences in emerging language/communication abilities
(Estes et al., 2015; Ozonoff et al., 2014: Zwaigenbaum
et al., 2021) and repetitive behaviors (Elison et al., 2014;
Ozonoff et al., 2008; Wolff et al., 2014). Certain tem-
peramental features, such as lower positive affect, may
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represent a pre-symptomatic risk marker for autism,
but this finding warrants replication.

Part 3

Using the metric invariant model of Model 3, we exam-
ined whether the IBQ-R factors differently predicted
later developmental outcomes at 24 months of age. Here,
we used a composite variable created by combining meas-
ures of adaptive and cognitive function to derive a con-
tinuous, latent outcome measure. Notably, there were no
direct 6-month predictors of 24-month outcome; rather,
this relationship was mediated by 12-month development.
Temperament factors at 12 months were predicted by 6-
month temperament, suggesting that the IBQ-R may in-
deed be tapping into similar constructs over time, even if
those constructs show different patterns of associations
with other variables over development.

There were, however, some differences between the
LR and HR groups. Both groups showed a significant
positive association between ELC scores and Positive
Emotionality at 6 months; at 12 months, Negative
Emotionality was positively associated with ELC in
just the HR group. At 6 months, a significant posi-
tive association between Positive Emotionality and
Duration of Orienting was observed in both the HR
and LR groups; at 12 months, this relationship was
significant only for the LR group. It is unsurprising
that higher 12-month ELC predicted higher 24-month
developmental outcome in the HR group; more inter-
esting is the finding that higher Duration of Orienting
predicted lower developmental outcome at 24 months,
which occurred only in the HR group. The impetus for
re-running the SEM without the HR+ sample was to in-
vestigate whether the most compelling difference from
the full SEM were driven primarily by the presence of
individuals who would go on to receive an autism diag-
nosis. Indeed, the significant negative relationship be-
tween 12-month Duration of Orienting and 24-month
outcome did remain. These results suggest that dura-
tion of orienting may represent a broader familial risk
marker. While this may seem contrary to findings from
other studies, which have shown an association between
ASD and lower effortful control, it is vital to keep in
mind that the model used in this analysis excluded all
regulatory subscales aside from Duration of Orienting.
The items assessed in the Duration of Orienting sub-
scale (e.g. “How often during the last week did the baby
stare at a mobile, crib bumper, or picture for 5 min or
longer?”) seem to reflect aspects of sustained or per-
haps perseverative attention, specifically.

In normative samples, “duration of orienting” ap-
pears to decline over the first year of life (Gartstein &
Rothbart, 2003). This decrease is consistent with a rela-
tive increased engagement of top-down endogenous con-
trol attention systems across the latter half of the first

year (Colombo & Cheathem, 2006), more flexible and
efficient visual orienting skills, and increases in informa-
tion processing speed. This shift is typically attributed
to maturation in the attentional system including de-
velopment of a fronto-parietal brain network associ-
ated with spatial orienting (Petersen & Posner, 2012;
Posner & Rothbart, 1991). Atypical visual orienting in
infancy has been implicated in the early developmental
course of autism (Bryson et al., 2018; Elison et al., 2013;
Elsabbagh et al., 2013; Zwaigenbaum et al., 2005). These
abnormalities in orienting among HR+ infants have been
associated with abnormal functional specialization of
posterior cortical brain circuits (Elison et al., 2013). In
this context, the association between higher duration of
orienting and poorer developmental outcome observed
in the current HR+ sample may reflect delayed or altered
specialization of attentional networks.

The relationship between positive affect and dura-
tion of orienting may also be an important piece of this
story. Adult studies have shown that approach-motivated
positive affect reduces the breadth of attention or in-
creases focused attention (Gable & Harmon-Jones, 2008;
Harmon-Jones & Gable, 2009), which might help explain
the positive association between Positive Emotionality
and Duration of Orienting observed in both groups at
6 months of age. However, in our study only the LR group
showed an association between Positive Emotionality and
Duration of Orienting at 12 months of age. This finding
complements a recent report showing the important con-
tribution of shared positive affect in the context of joint
attention episodes on subsequent sustained attention (Yu
& Smith, 2016). Sustained or focused attention without
the correlated support of positive affect, as observed in
the HR group at 12 months, may yield different levels
of processing/engagement. The question as to when sus-
tained or focused attention becomes perseverative and
maladaptive is open for future inquiry.

Limitations

One important limitation of this study is that the HR+
sample size was insufficient to test the SEM using diag-
nostic outcome, rather than simply high versus low risk
for ASD. The SEM in Part 3 was re-run after excluding
the sample of HR+ infants (as well as infants for whom
the DSM-IV checklist was not completed), and the as-
sociation between Duration of Orienting and the latent
developmental outcome remained the same. This sug-
gests that the SEM findings were not driven by diag-
nostic outcome, but by risk status; that is, the broader
temperamental profiles observed in the HR group may
be indicative of familial risk.

A second potential limitation is that diagnostic out-
come, in this study, is assessed at 24 months of age. There
is no gold standard age of diagnosis for ASD, but there
is evidence that a proportion of HR children who do not
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meet criteria for a clinical-best-estimate diagnosis at
24 months, will at 36 months of age (Ozonoff et al., 2015;
Zwaigenbaum et al., 2016). In addition, these tempera-
mental factors are hypothesized to be relatively stable,
but we know less about the stability of the ASD symptom
profile in this age range and how this variability relates
to dimensions of temperament.

Another important limitation is that this study in-
cluded primarily White-Non-Hispanic, and upper-
middle income class children. Although it is difficult to
address in this sample considering the longitudinal na-
ture of the study, including racially, ethnically, and so-
cioeconomically diverse children in a future study will
strengthen the generalizability of the findings.

Although it was beyond the scope of this paper, anal-
ysis of more fine-grained results, such as individual
subscales, would likely present compelling insights (see
Paterson et al., 2019). In addition, while the finding re-
lating lower positive affect at 6 months of age to autism
diagnostic outcome at 24 months is scientifically com-
pelling, it is less clinically meaningful without individ-
ual level prediction. Practically speaking, this suggests
that the IBQ-R, or subscales therein could be employed
as part of a battery geared towards such prediction.
Future work should also incorporate samples enriched
for risk for other neurodevelopmental disorders, such
as intellectual disabilities, Down syndrome, ADHD, or
fragile X syndrome, to characterize the specificity of
the temperamental features or profiles associated with
autism.

CONCLUSIONS

We established measurement invariance of the IBQ-R
factor structure using two data-driven modified mod-
els and, meanwhile, provided a model that fit our sam-
ple of infants at high and low risk of autism at both
6 and 12 months of age, which will benefit from fol-
low-up studies using CFA in other samples. We also
report that 6-month-old high-risk infant siblings sub-
sequently diagnosed with autism show lower Positive
Emotionality compared with both high- and low-risk
infants not diagnosed with autism at 24 months. An
SEM using this factor structure revealed that sex,
Positive Emotionality/Surgency, and Duration of
Orienting were associated with a dimensional risk out-
come in HR siblings at 24 months of age, of which the
Duration of Orienting finding appears specific to fa-
milial risk. These findings, coupled with recent work
from the Canadian Infant Sibling Study (Sacrey et al.,
2018) highlight the value of parent report in identi-
fying early signs that differentiate infants who later
develop autism. These findings have implications for
(1) establishing psychometric evaluation priorities for
using the IBQ-R for group comparisons of children
enriched for ASD risk, and (2) future efforts aimed at
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population-based screening for ASD risk in the first
year of life using early temperament traits.
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