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ABSTRACT

The Infant Behavior Questionnaire (IBQ) has been widely used to assess infant temperament traits, though there is limited
empirical support for the recommended three-factor structure. The present study examined the replicability and measurement
invariance in the IBQ using a large, multi-site longitudinal study of parent-child dyads (N = 357) in the United States.
Temperament was reported by parents when infants were 4-, 8- and 12-months of age. Results show that the traditional three-
factor structure did not fit our data well, and model modifications were needed to achieve acceptable fit. There was a high
degree of covariance between the latent factors of surgency and orienting/regulation in modified three-factor models, suggesting
that a modified two-factor model may be more appropriate for our data. Our findings also provide evidence that the modified
three-factor structure is not invariant across sociodemographic groups. The findings highlight the need for researchers to
examine the factor structure of the IBQ within their data before creating composites, especially in more diverse samples. If the
three-factor structure does not replicate, we provide recommendations for alternate approaches to using the IBQ for devel-
opmental work.

1 | Introduction temperament highlight the importance of experiential and
contextual factors.

Infant temperament has received considerable attention in

developmental research as early temperament traits are
associated with socioemotional adjustment and psychopa-
thology risk (e.g., Ostlund et al. 2021; Rothbart and
Bates 2006). Broadly conceptualized, temperament traits are
biologically based individual differences in the domains of
activity, reactivity, emotionality, and sociability (Shiner
et al. 2012). While biologically based, contemporary views on

One widely accepted model of temperament focuses on indi-
vidual differences in reactivity and self-regulation in the do-
mains of activity, affect, and attention (Rothbart and
Bates 2006). Reactivity includes arousability of emotional, mo-
tor, and attentional responses, and regulation includes behav-
iors that modulate reactivity (Gartstein and Rothbart 2003). To
assess these behaviors, caregiver reports have the benefit of
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tapping into the extensive knowledge base of caregivers, who
have seen the child in many different contexts responding to a
variety of naturally occurring stimuli (Rothbart and Bates 2006).
The Infant Behavior Questionnaire (IBQ; Rothbart 1981; Gart-
stein and Rothbart 2003) is a widely used parent-report measure
for infants aged 3 to 12 months, and assesses behaviors associ-
ated with fine-grained facets of temperament. From a factor
analysis of a dataset of 3- to 12-month-old infants, Gartstein and
Rothbart (2003) identified a higher order factor structure con-
sisting of three broad dimensions—Surgency/Extraversion,
Negative Affectivity, and Orienting/Regulation.

Despite its wide use, there is some evidence that the three-factor
structure may not fit for all samples, especially from data
collected from families with diverse cultural and sociodemo-
graphic backgrounds (e.g., Enlow et al. 2016). Moreover, prior
work establishes that a consistent pattern of factor loadings can
be identified only after model modification. To replicate stan-
dard loadings of the three-factor structure, researchers have
allowed for cross-loadings of several subscales and the inclusion
of error covariance terms (e.g., Gartstein et al. 2005; Enlow
et al. 2016). These findings point to the lack of replicability in
the three-factor structure, and that certain temperament traits
may load onto multiple factors. Additionally, Enlow et al. (2016)
found a lack of invariance on several factors and subscale scores
by maternal country of birth, race/ethnicity, and household
income. Thus, it may be that the canonical three-factor structure
of the IBQ needs to be adjusted for use in diverse samples.

In this study, we examined the three-factor structure commonly
used for the IBQ in 4-, 8- and 12-month-old infants from a
multi-site longitudinal study. We also examined measurement
invariance of the factor structure by infant sex, family income,
and infant racial-ethnic majority/minority status.

2 | Methods
2.1 | Participants

Three hundred and fifty-seven infants (50.7% female) and par-
ents were recruited from areas in and around University Park,
Pennsylvania (Site 1), Harrisburg, Pennsylvania (Site 2), and
Newark, New Jersey (Site 3) in the United States for a longitu-
dinal study (Pérez-Edgar et al. 2021). Two hundred and ninety-
eight infants were recruited when infants were 4 months of age
(M,ge = 4.80 months; SD,g. = 0.80), with an additional 46 par-
ticipants enrolled at 8 months (M,e = 8.83 months,
SDuge = 0.73) and 13 participants enrolled at 12 months
(Mage = 12.73, SD,ge = 1.12). Demographic information of par-
ticipants and their parents by site can be found in Table 1. The
present study was conducted according to guidelines laid down
in the Declaration of Helsinki, with written informed consent
obtained from a parent or guardian for each infant before any
assessment or data collection. All procedures involving human
subjects in this study were approved by the Institutional Review
Boards at the Pennsylvania State University (IRB
STUDY00004097) and Rutgers University (#Pro-2020000418).
Parents provided written consent and were compensated for
their participation. Our sample size was determined by the core

research questions and aims of the parent grant and therefore
was not specific to the current study.

2.2 | Procedures and Measures
2.21 | Questionnaires

Dimensions of infant temperament were assessed using care-
givers' ratings on the Infant Behavior Questionnaire-Revised
(IBQ-R; Gartstein and Rothbart 2003) at the 4, 8, and 12
month timepoints. Questionnaires were available in both En-
glish and Spanish and were administered based on the care-
giver's first language. The IBQ-R is a 191-item survey designed
to assess general patterns of behavior associated with tempera-
ment in infancy. Parents rated how often they observed a
behavior in the past week. Each item describes an infant's
behavior using a 7-point scale (1 = never to 7 = always). Parents
are also given a “not applicable” response option when the in-
fant has not been observed in the situation described. Each item
loads onto 1 of 14 subscales: Activity Level, Distress to Limita-
tions, Fear, Duration of Orienting, Smile/Laughter, High-
intensity Pleasure, Low-intensity Pleasure, Soothability, Fall-
ing Reactivity, Cuddliness, Perceptual Sensitivity, Sadness,
Approach, and Vocal Reactivity. The IBQ-R has demonstrated
good internal consistency, reliability, and validity, including
correlations with laboratory observations (Gartstein and Mar-
mion 2008; Parade and Leerkes 2008).

2.3 | Data Analytic Plan
2.3.1 | Missing Data and Attrition

At 4 months, we had data from 274 infants (92% of the sample
enrolled at 4 months) ranging from 2.76 to 6.90 months
(Myge = 4.54, SD = 0.79). At 8 months, we had data from 240
infants (67% of the full sample) ranging from 6.41 to
10.71 months (M,g. = 8.17, SD = 0.69). At 12 months, we had
data from 214 infants (60% of the full sample) ranging from
11.14 to 16.16 months (M,e = 12.34, SD = 0.91). We examined
associations between attrition and demographics (family in-
come, parental education, infant sex, race/ethnicity, and full-
term vs. preterm birth). Only maternal education was signifi-
cantly associated with attrition at 8 (y* = —0.12, p = 0.003) and
12 months (* = —0.16, p < 0.001). We used listwise deletion at
each visit instead of missing data methods such as full-
information maximum likelihood to most appropriately under-
stand the structure of the data collected.

2.3.2 | Confirmatory Factor Analyses

Confirmatory factor analyses (CFA) were conducted in R 4.1.1
using the lavaan package (Rosseel 2012). Maximum likelihood
estimation with robust standard errors were used. We first fit a
three-factor solution to test the previously published model of
the IBQ factor structure (Gartstein and Rothbart 2003). Model
fit was evaluated using y?, the comparative fit index (CFI),
Tucker-Lewis index (TLI), standardized root mean square
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TABLE 1 | Sample demographics by Site assessed at enrollment (4-month), 8-month and 12-month.

Site 1 Site 2 Site 3
University Park, PA Harrisburg, PA Newark, NJ Combined

Demographics N = 167 N=381 N =109 N = 357
Infant sex

Female 50.30% 45.68% 55.05% 50.70%

Male 49.70% 54.32% 44.95% 49.30%
Infant race

Asian/Pacific Islander 4.35% 0% 2.13% 2.73%

Hispanic 4.96% 12% 46.81% 18.48%

White, non-Hispanic 81% 52% 8.51% 54.24%

Black, non-Hispanic 0% 22.67% 35.11% 15.15%

Native American 0% 0% 3.19% 0.91%

Multiracial 8.70% 13.33% 4.26% 8.48%
Maternal age at birth

Mean (SD) 31.5 (4.42) 30.1 (4.53) 28.9 (6.14) 30.43 (5.09)
Family income at enrollment

$15,000 or less 2.99% 16.05% 35.78% 15.97%

$16,000-20,000 2.40% 6.17% 11.93% 6.16%

$21,000-30,000 3.59% 7.41% 10.09% 6.44%

$31,000-40,000 4.79% 9.88% 3.67% 5.60%

$41,000-50,000 8.98% 3.70% 3.67% 6.16%

$51,000-60,000 13.77% 6.17% 1.83% 8.40%

Above $60,000 59.28% 41.98% 7.34% 39.50%

Decline to answer 4.19% 8.64% 25.69% 11.76%
Marital status at enrollment

Married 87.12% 61.33% 44.68% 71.23%

Divorced 0.61% 1.33% 2.12% 1.05%

Single 4.91% 17.33% 27.66% 13.68%

Living with partner 7.36% 20% 26.60% 14.04%
Parental years of formal education at enrollment

Parent 1 mean (SD) 17.38 (2.44) 15.15 (2.78) 13.28 (3.56) 15.92 (3.28)

Parent 2 mean (SD) 16.77 (2.74) 14.49 (2.80) 12.74 (3.50) 15.53 (3.31)
Questionnaire language at 8M

English 100% 100% 55.74% 88.98%

Spanish 0% 0% 44.26% 11.02%
Questionnaire language at 12M

English 100% 97.5% 60.34% 88.94%

Spanish 0% 2.5% 39.66% 11.06%

residual (SRMR), and the root mean square error of approxi-
mation (RMSEA). Good model fit is indicated by p < 0.05,
CFI > 0.95, TLI > 0.95, RMSEA < 0.08 (Hu and Bentler 1999),
though fit indices of CFI > 0.90 and TLI > 0.90 may indicate
acceptable fit. Modification indices were examined and included
when our criteria for “good” model fit was not met. In the case
of testing non-nested model structures, improvement in fit can
be determined by > 0.005 change in CFI, < —0.010 change in
RMSEA (Kass and Raftery 1995). We conducted post hoc power

analyses using the semPower package (Moshagen and
Bader 2024) to ensure that we had sufficient sample sizes to test
our specified CFA models.

2.3.3 | Measurement Invariance

Measurement invariance based on infant sex, infant racial-
ethnic majority/minority status, and family income were
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tested through running configural, metric, and scalar invariance
models where factor loadings are constrained. While we
collected income data on all families, we did not have data on
household size for a portion of our participants. On average, the
household size was 4 based on data collected (N = 157). We then
selected $30,000, the federal poverty level for a family of 4, as
the criteria to test invariance by family income. Configural
invariance means that the factor structure of the measure is the
same across groups. Metric invariance refers to equal strengths
of relations between subscales and their latent construct across
groups. Lastly, scalar invariance means that individuals with the
same scores on the latent variables would have the same scores
on the observed items across groups; across-group differences in
the means of the observed scale items are due to differences in
the means of the underlying constructs.

3 | Results

3.1 | Descriptive Statistics

Descriptive statistics and Cronbach's alphas for subscales on the
IBQ at 4, 8, and 12 months are in Table 2. Correlations among

subscales at each time point are in Supporting Information S1
(Tables S1-S3).

3.2 | Confirmatory Factor Analyses

Model fit information for CFA models using 4-, 8- and 12-month
data are presented in Table 3. The original three-factor solution
did not have adequate model fit at any of the three timepoints.
However, we were able to modify the original three-factor so-
lution by allowing cross-loadings and covariances. Based on fit
indices, the modified three-factor solutions fit the data signifi-
cantly better than the original three-factor solution at all
timepoints.

We then explored two-factor models given the high covariance
between surgency and effortful control factors in the modified
three-factor solutions. High covariance between factors suggests
lack of orthogonality between these two factors. Given prior
work that suggests that self-regulatory aspects to temperament
modulate reactivity as the child develops (Rothbart 1989), we
tested an alternative two-factor model focusing on reactivity. As
this model was more exploratory, we allowed for items falling

TABLE 2 | Means, standard deviations, and Cronbach's alpha of IBQ subscales at 4, 8, and 12 months.
4 months 8 months 12 months
IBQ subscale M (SD) Range @ [95CI] M (SD) Range @ [95CI] M (SD) Range a [95 CI]
Activity level 4.04 1.93-6.27 0.79 4.62 2.40-6.40 0.72 4.57 1.50-6.33 0.75
(0.83) [0.73, 0.83] (0.72) [0.65, 0.77] (0.84) [0.69, 0.80]
Distress to 3.46 1.62-5.20 0.77 3.69 1.56-6.13 0.84 3.96 1.00-7.00 0.81
limitations (0.77) [0.70, 0.82] (0.89) [0.80, 0.87] (0.86) [0.75, 0.85]
Approach 4.57 1.00-7.00 0.85 5.43 2.09-7.00 0.85 5.69 3.00-7.00 0.80
(1.20) [0.79, 0.89] (0.83) [0.80, 0.89] (0.70) [0.73, 0.85]
Fear 2.39 1.12-7.00 0.93 2.68 1.00-6.12 0.94 3.06 1.07-7.00 0.90
(1.00) [0.91, 9.94] (1.06) [0.92, 0.95] (1.06) [0.88, 0.92]
Duration of 4.20 1.25-7.00 0.87 3.80 1.09-6.45 0.85 3.80 1.00-6.33 0.87
orienting (1.14) [0.82, 0.90] (1.05) [0.79, 0.89] (1.12) [0.82, 0.90]
Smiling and 4.75 2.11-7.00 0.84 4.85 1.00-7.00 0.82 5.10 1.00-7.00 0.80
laughter (1.13) [0.79, 0.88] (1.04) [0.77, 0.86] (0.92) [0.74, 0.84]
Vocal reactivity 4.37 1.33-7.00 0.82 4.73 1.83-7.00 0.87 5.30 3.00-7.00 0.83
(1.07) [0.73, 0.88] (0.98) [0.82, 0.90] (0.81) [0.77, 0.86]
Sadness 3.18 1.00-7.00 0.81 3.37 1.23-7.00 0.83 3.34 1.00-6.00 0.75
(0.94) [0.75, 0.86] (0.97) [0.78, 0.87] (0.93) [0.64, 0.82]
Perceptual 3.70 1.00-7.00 0.88 3.97 1.00-6.75 0.87 4.42 1.00-7.00 0.90
sensitivity (1.31) [0.76, 0.93] (1.28) [0.81, 0.91] (1.29) [0.86, 0.93]
High intensity 5.35 3.00-7.00 0.81 5.78 3.09-7.00 0.77 5.99 1.00-7.00 0.83
pleasure (0.89) [0.73, 0.86] (0.70) [0.68, 0.84] (0.72) [0.77, 0.87]
Low intensity 5.30 2.33-7.00 0.83 5.04 2.00-7.00 0.89 5.08 2.23-7.00 0.88
pleasure (0.87) [0.78, 0.86] (0.93) [0.85, 0.92] (0.89) [0.83, 0.91]
Cuddliness 5.96 3.50-7.00 0.85 5.51 1.00-6.86 0.87 5.31 2.00-7.00 0.89
(0.59) [0.81, 0.88] (0.80) [0.84, 0.89] (0.81) [0.86, 0.92]
Soothability 5.03 3.12-6.67 0.79 5.13 2.94-6.72 0.86 5.14 1.00-7.00 0.84
(0.70) [0.74, 0.84] (0.77) [0.82, 0.89] (0.85) [0.78, 0.88]
Falling reactivity 5.19 2.50-6.90 0.78 5.23 2.10-7.00 0.82 5.30 2.00-7.00 0.80
(0.79) [0.72, 0.82] (0.87) [0.77, 0.86] (0.86) [0.74, 0.84]
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TABLE 3 | Fit indices of CFA models using 4-, 8-, and 12-month data.

Age Model df Y TLI CFI RMSEA 90% CI (RMSEA)
4 months Three factor solution (Gartstein and Rothbart 2003) 74 323.85 0.71 0.762 0.113 0.10-0.13
Modified three factor model 65 15391 0.88 0.915 0.072 0.06-0.09
Modified two factor model 69 160.96 0.88 0.912 0.071 0.06-0.09
8 months  Three factor solution (Gartstein and Rothbart 2003) 74 325.88 0.65 0.713 0.124 0.11-0.14
Modified three factor model 66 149.74 0.87 0.904 0.076 0.06-0.09
Modified two factor model 67 152.01 0.837 0.903 0.076 0.06-0.09
12 months Three factor solution (Gartstein and Rothbart 2003) 74 317.01 0.58 0.659 0.127 0.11-0.14
Modified three factor model 63 13346 0.836 0.901 0.074 0.06-0.10
Modified two factor model 64 13547 0.86 0.901 0.073 0.06-0.09
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FIGURE 1 | Modified three-factor and two-factor models for 4-month data. 1A is the modified three-factor model; 1B is the modified two-factor

model.

under the orienting/regulation factor to cross-load with both
surgency and negative affect factors (i.e., positive and negative
reactivity) as the covariance between orienting/regulation and
negative affectivity was also significant. We then proceeded to
remove loadings that were not significant to improve model fit.
Figures 1-3 contain the modified three- and two-factor models
at each timepoint. Based on fit indices, the two-factor models
demonstrated similar fit to the modified three-factor models (see
Table 3).

3.3 | Measurement Invariance by Demographic
Characteristics

We examined measurement invariance of the modified three-
factor model by infant sex (as assigned at birth), household

income, and infant racial-ethnic majority/minority status using
the modified three-factor solutions for each timepoint. For
household income, we stratified income at $30,000, the federal
poverty level for a family of 4. We tested the modified three-
factor model instead of the exploratory two-factor model given
the prevalent use of the three-factor model in the field. Below,
we describe results of measurement invariance testing by de-
mographic characteristics, and measurement models of config-
ural or metric variance can be found in Supporting Information
S1 (Figures S1-S7).

3.3.1 | Infant Sex

Results of measurement invariance testing by infant sex are
presented in Table 4. Findings were not consistent across
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timepoints. At 4 months, the model fit across all groups was
acceptable (y* = 227.96, p < 0.001, CFI = 0.91, TLI = 0.87,
RMSEA = 0.08), which means that the overall factor structure

holds up similarly across infant sex. However, the p-value for
the test comparing configural and metric invariance was
significant; thus, equal factor loadings across sex are not
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TABLE 4 | Results from measurement invariance testing of modified three-factor model (1B, 2B, and 3B) by infant sex.

Age Model df CFI RMSEA AIC BIC X i diff.  df diff. D
4 months Configural 130 0.91 0.078 8247.1 8625.3 227.96
Metric invariance 144 0.89 0.080 8248.1 8578.1 257.76 29.80 14 0.008"
Scalar invariance 155 0.88 0.080 8246.1 8536.7 276.89 19.12 11 0.059
8 months Configural 132 0.92 0.072 6855.7 7210.0 204.11
Metric invariance 146 0.91 0.070 6845.3 7152.8 221.74 17.63 14 0.224
Scalar invariance 157 0.89 0.076 6852.2 7122.9 250.62 28.88 11 0.002°
12 months Configural 126 0.85 0.101 6062.5 6423.8 245.78
Metric invariance 139 0.83 0.101 6062.5 6381.8 271.72 25.93 13 0.017"
Scalar invariance 150 0.82 0.102 6062.8 6346.7 294.08 22.37 11 0.022°
*p < 0.05.

TABLE 5 | Results from measurement invariance testing of modified three-factor model (1B, 2B, and 3B) by household income (stratified at

$30,000, the federal poverty level for a family of 4).

Age Model df CFI RMSEA AIC BIC Ve i diff.  df diff. D
4 months Configural 130 0.91 0.073 7880.1 8255.1 211.36
Metric invariance 144 0.92 0.066 7859.0 8185.4 218.30 6.94 14 0.937
Scalar invariance 155 0.89 0.074 7874.3 8162.5 255.60 37.30 11 < 0.001"
8 months Configural 132 0.92 0.078 6619.4 6971.6 198.88
Metric invariance 146 0.91 0.070 6610.9 6916.6 218.36 19.47 14 0.148
Scalar invariance 157 0.87 0.082 6634.5 6903.7 264.05 45.69 11 < 0.001"
12 months Configural 126 0.90 0.082 5608.0 5964.9 202.63
Metric invariance 139 0.87 0.088 5615.6 5930.1 235.25 32.62 13 0.002"
Scalar invariance 150 0.82 0.100 5641.1 5921.6 283.74 48.49 11 < 0.001"
*p < 0.05.

supported. At 8 months, the p-value for the test comparing
configural to metric invariance was not significant, and equal
factor loadings across sex was supported. However, as the test
comparing metric to scalar invariance is significant, strong
invariance was not supported. We therefore cannot compare
the values of the latent means across the two groups when
using the current factor structures. Lastly, the model fit
indices for a configural model across infant sex at 12 months
were not acceptable ()(2 = 245.76, p < 0.001, CFI = 0.85,
TLI = 0.78, RMSEA = 0.10), indicating that the overall factor
structure does not hold up similarly across infant sex.
Modification indices suggest that cuddliness should load onto
negative affectivity for girls, but replication is needed in larger
samples.

3.3.2 | Household Income

Table 5 contains the measurement invariance testing results by
household income. At 4 and 8 months, equal factor loadings
across family income were supported. However, as the test
comparing metric to scalar invariance was significant, latent
means across the two groups are not comparable. At 12 months,
the fit indices for the configural model across household income
was acceptable ()(2 = 202.63, p < 0.001, CFI = 0.90, TLI = 0.85,
RMSEA = 0.08), which suggests that the overall factor structure

holds up similarly across the groups, although equal factor loads
were not supported.

3.3.3 | Infant Racial-Ethnic Majority/Minority Status

We also examined measurement invariance of the three-factor
model by infant racial-ethnic majority/minority status (Table 6).
At 4 and 8 months, equal factor loadings across groups were
supported, though scalar invariance was not supported. However,
at 12 months, the model fit indices for configural model showed
that the factor structure did not hold up similarly across groups
O’ = 241.29, p < 0.001, CFI = 0.86, TLI = 0.79, RMSEA = 0.099),
suggesting that subscales may be loading onto different factors
dependent on infant race/ethnicity. Modification indices suggest
that smiling loads onto negative affectivity for infants who are
White, non-Hispanic while soothability loads onto negative affect
for infants from minority racial-ethnic groups, though replication
is needed in larger samples.

4 | Discussion
The present study examined the replicability of the traditional,

three-factor structure of temperament in the Infant Behavior
Questionnaire using data from a longitudinal, multi-site study
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TABLE 6 | Results from measurement invariance testing of modified three-factor model (1B, 2B, and 3B) by infant racial-ethnic majority/minority

status.
Age Model df CFI RMSEA AIC BIC Ve i diff.  df diff. D
4 months Configural 130 0.91 0.073 8126.2 8504.3 214.43
Metric invariance 144 0.91 0.068 8110.3 8439.4 226.49 12.06 14 0.601
Scalar invariance 155 0.84 0.089 8166.2 8456.8 304.40 77.91 11 < 0.001"
8 months Configural 132 0.92 0.069 6762.6 7116.9 196.76
Metric invariance 146 0.91 0.069 6757.4 7064.9 219.55 22.79 14 0.064
Scalar invariance 157 0.87 0.083 6773.7 7044.5 269.66 50.10 11 < 0.001"
12 months Configural 126 0.86 0.099 5913.5 6274.8 241.29
Metric invariance 139 0.81 0.107 5939.4 6258.8 293.20 51.91 13 < 0.001"
Scalar invariance 150 0.73 0.125 5993.7 6277.6 369.46 76.26 11 < 0.001"
*p < 0.05.

in the United States. Our results are consistent with prior
studies that find lack of replication for the traditional three-
factor structure. Although we were able to achieve acceptable
fit indices for three-factor models after allowing for cross-
loadings, there was significant covariance between orienting/
regulating and surgency factors, which led us to then explore
modified two-factor models. Additionally, our findings highlight
the need to examine measurement invariance in temperament
measures such as the IBQ, underscoring the importance of
robust measurement in studying early infant behaviors in
studies inclusive of more diverse families.

We were unable to achieve a good fit with modified models unless
we allowed for double loadings. While these cross-loadings make
the factors harder to interpret, it may accurately reflect that
temperamental traits may not always be orthogonal in behavior.
Additionally, there are some key differences between the sample
demographics that may explain our inability to replicate the
traditional three-factor structure. For example, Gartstein and
Rothbart (2003) had a much wider range of ages in determining
the factors, while we aimed to replicate factor structure within
single timepoints. This is important to consider given how man-
ifestations of temperament may change across infancy due to
developmental processes—for example, activity level increases
throughout infancy (Buss and Plomin 1975).

In our study, fear positively loaded onto both surgency and
negative affectivity in the modified models at 4 months. How-
ever, at 8 and 12 months, fear only loaded onto negative affec-
tivity and was no longer loading onto the surgency factor. As
fear develops, it may more strongly reflect individual differences
in negative affectivity as opposed to reactivity more broadly.
Additionally, Gartstein et al. (2006) examined differences in
stability in IBQ subscales in 3-, 6-, and 9-month-old infants from
the United States, Spain, and China. Findings showed that there
were differences in stability across certain subscales (e.g.,
distress to limitations, duration of orienting) across these three
groups, highlighting that culture may play a role in develop-
mental change in temperament traits as well. We were limited
by power to conduct longitudinal invariance testing; however,
our study provides preliminary evidence that there may be
changes in factor structure across development as the subscales
cross-loaded differently on temperament factors at each

timepoint. Dias et al. (2021) found evidence for stability in the
IBQ factor structure at 2 weeks, 3, 6, and 12 months in a Por-
tuguese sample; however, it should be noted that their sample
demographics differed significantly from ours, and they did not
examine cross-loadings across multiple timepoints. Future work
should examine change in factor structure across development
across diverse populations to better understand how different
dimensions of reactivity and regulation may develop across in-
fancy. Our results should also be interpreted with the caveat
that maternal education was significantly associated with attri-
tion at 8 and 12 months. While there are developmental changes
reflected in our data, it may also be the case that it is driven by
demographic differences due to attrition.

The modified three-factor models also showed that the broader
three factors were not orthogonal. More specifically, orienting/
regulation was associated with both surgency and negative
affectivity. This may highlight the interplay and reciprocal as-
sociations between reactive and regulatory processes during this
period of development. While they may be conceptually distinct,
it should be noted that the covariance between surgency and
regulation was very high across all three ages in our sample. The
high covariance may indicate lack of discriminant validity be-
tween surgency and orienting factors. To address this issue, we
examined a modified two-factor model of positive and negative
reactivity that includes subscales from the regulatory factor. It
could be that it is difficult at these ages for parents to distinguish
between reactive and regulatory behaviors, especially as infants
are still developing their regulatory capabilities. As we did not
have a priori hypotheses about a two-factor model, this was an
exploratory alternate structure which will require empirical
replication in other samples.

Sample demographics are also important to consider when
examining dimensions of infant temperament, especially given
the need for more inclusive research, and including increased
representation of families from marginalized groups. Although
we were able to identify modified factor structures with
acceptable fit across all timepoints, it was evident there is no
measurement invariance across sociodemographic characteris-
tics. More specifically, there was generally support for metric
invariance (i.e., subscales contributed to factors similarly
across groups) at 4 and 8 months. However, the factor
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structure did not replicate across infant sex and infant race/
ethnicity at 12 months. Enlow et al. (2016) found that factor
means differed across White, Hispanic, and Black/Haitian
participants in their study. However, in our study, we found
that more fine-grained temperament traits (as assessed by the
subscales on the IBQ) may contribute differently to the latent
constructs of surgency, negative affectivity and orienting
depending on infants' sex and racial-ethnic majority/minority
status at 12 months. This lack of invariance at 12 months may
reflect differences in postnatal experiences across groups that
may modulate developmental changes in temperament, though
it may also be due to differences in our participants due to
attrition. Future studies should consider how sociocultural
contextual factors may contribute to differences in the struc-
ture of temperament across infancy.

Due to limitations in our sample size, we could not focus on
specific racial/ethnic groups or take a within-group approach to
better understand the differences in the overarching tempera-
ment factors in racial-ethnic minority groups. For example, it is
likely there may be some confounding of race/ethnicity and
language in our sample. Additionally, it is important to note that
we used household income, which is an imperfect measure of
economic stress and hardship compared to other metrics such as
income-to-needs ratios. However, we hope that the present
study will call attention to how sociodemographic variables,
such as race/ethnicity and socioeconomic status, are important
to consider in measurement issues around temperament. Future
studies should aim to examine how contextual processes within
and across racial-ethnic minority groups may be associated with
infant temperament.

One limitation of the current study is that we evaluated mea-
surement invariance by testing the factor structure by bivariate
groups without consideration of other correlates or moderators.
This is an important limitation to consider, as it does not ac-
count for the intersectional identities of families. Future work
with larger sample sizes could utilize methods such as moder-
ated nonlinear factor analysis (Bauer 2017), which would allow
for simultaneous evaluation of measurement invariance over
multiple background variables.

These results have important implications for future research.
First and foremost, researchers using parent-report measures of
temperament such as the IBQ should examine the factor
structure within their datasets for the three broader tempera-
ment factors of surgency, negative affectivity, and orienting.
Without this step, researchers are making the assumption that
(1) their data fit the three-factor structure well, and (2) the
constructs of surgency, negative affectivity, and orienting are
invariant (i.e., equal) across different groups or measurement
occasions. Without testing these assumptions, researchers may
be adding noise and can contribute to errors in conclusions
regarding how temperament may be associated with later out-
comes. These assumptions can be problematic, especially in
larger, multi-site studies collected from culturally and socio-
demographically diverse families. As developmental research
moves toward greater inclusivity, it is imperative to interrogate
the measurement tools we use to assess infant behaviors and
ensure that we are accurately capturing temperament

constructs. If the factor structure does not replicate, it may be
better to create composites based on conceptual, theoretical
justification in line with research questions. For example, we
used the subscales of sadness, distress to limitations, and fear to
create a composite of negative emotionality given our interests
in associations with maternal internalizing symptoms (Zhou
et al. 2023).

An alternative method for characterizing infant temperament
could rely on person-centered analyses to identify different
temperament profiles (e.g., Beekman et al. 2015). For example,
Beekman et al. (2015) identified different temperament profiles
using the IBQ subscales of activity level, distress to novelty,
distress to limitations, duration of orienting, soothability, and
smiling and laughing. This data-driven approach would allow
researchers to identify latent sub-groups of temperament pro-
files without assuming that specific subscales contribute to
broader factor scales.

In conclusion, our study examined the replicability of the tradi-
tional, three-factor structure of temperament in the Infant
Behavior Questionnaire using data from a longitudinal, multi-site
study in the United States. Our results are consistent with prior
work that the widely used factor structure does not always fit the
data well. Our findings highlight the importance of considering
measurement invariance in temperament measures, and that it
may not be appropriate to compare factor means when examining
temperament in a diverse sample. Researchers should examine
factor structure thoughtfully in their own datasets before creating
composites and consider how sociodemographic characteristics
of their samples may impact their data.
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