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Abstract

This study investigated the factor structure of observational indicators of children’s temperament
that were collected across the first three years of life in the Family Life Project (N = 1205) sample.
A four-factor model (activity level, fear, anger, regulation), which corresponded broadly to
Rothbart’s distinction between reactivity and regulation, provided an acceptable fit the observed
data. Tests of measurement invariance demonstrated that a majority of the observational indicators
exhibited comparable measurement properties for male vs. female, black vs. white, and poor vs.
not-poor children, which improved the generalizability of these results. Unadjusted demographic
group comparisons revealed small to moderate sized differences (Cohen ds =].23 — .42]) in
temperamental reactivity and moderate to large sized differences (Cohen ds = —.64 — -.97) in
regulation. Collectively, demographic variables explained more of the variation in regulation (R
= .25) than in reactivity (R2 = .02 — .06). Follow-up analyses demonstrated that race differences
were substantially diminished in magnitude and better accounted for by poverty. These results
help to validate the distinction between temperamental reactivity and regulation using
observational indicators.
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1.0 The Epidemiology of Observed Temperament: Factor Structure and

Demographic Group Differences

Numerous models and definitions of temperament exist (Goldsmith et al., 1987; Rothbart,
Derryberry, & Posner, 1994; Strelau, 1994), a consensus definition characterizes
temperament as individual differences in behavioral tendencies that are evident early in life
and reflect early biological predispositions that are shaped by contextual experience
(Rothbart & Bates, 1998). Scholars from a wide range of disciplines are empirically
interested in the construct of temperament. For example, scientists who study prenatal
development routinely consider temperament as an early outcome that is associated with
early exposure to toxicants, (non)prescription drugs, and general stressors (Blair, Glynn,
Sandman, & Davis, 2011; Grey, Davis, Sandman, & Glynn, 2013; Mayes, 2002;
Richardson, Goldschrmidt, & Willford, 2008; Schuetze, Molnar, & Eiden, 2012; Weiss,
Jonn-Seed, & Harris-Muchell, 2007). Cognitive neuroscientists have characterized
temperament as “model area of study” for questions focused on the inter-relations of
cognitive and emotional functioning (Bell & Wolfe, 2004; Henderson & Wachs, 2007;
Wolfe & Bell, 2004). Clinical psychologists and psychiatrists are concerned with the
prognostic value of temperament to forecast emergent psychopathology in early and middle
childhood (Bijttebier & Roeyers, 2009; Martel, 2009; Muris & Ollendick, 2005; Nigg, 2006;
Rapee & Coplan, 2010).

Parent-report inventories remain the most widely utilized method for measuring
temperament (Garstein, Bridgett, & Low, 2012). The popularity of parent-reports of
temperament is due both to their ease of administration and acknowledgment of parents’
unique vantage of their children’s behavioral tendencies across time and settings. Due to the
ease of administration and scoring, large-scale studies have typically relied exclusively on
parent report questionnaires to measure temperament (Henrichs et al., 2009; Kaplan et al.,
2014; Sanson, Prior, Garino, Oberklaid, & Sewell, 1987; Wessman et al., 2012). Studies
involving parent reported inventories of temperament have provided empirical support for
sub-dividing the construct of temperament into two broad domains—reactivity and
regulation (Putnam & Stifter, 2008). Whereas reactivity has been defined as “the speed,
strength, and valence [positive or negative] of an individual’s characteristic response to
stimulation”, regulation has been defined as “behaviors the individual uses to control their
behavioral and emotional reactions to sources of both positive and negative stimulation”
(Henderson & Wachs, 2007; p. 400).

Despite their ease of use, parent reports of temperament have been criticized because they
tend to be weakly associated with observed temperamental behaviors (Forman et al., 2003;
Seifer, Sameroff, Dickstein, Schiller, & Hayden, 2004; Vaughn, Bradley, Joffe, Seifer, &
Barglow, 1987; VVaughn, Taraldson, Crichton, & Egeland, 1981). Characteristics of parents
(personality, psychopathology, stress) and parent-child interaction quality have been
identified as potential threats to the validity of parent reports of temperament (Forman et al.,
2003; Leerkes & Crockenberg, 2003; Mebert, 1991; Parade & Leerkes, 2008; Sameroff,
Seifer, & Elias, 1982). Conversely, the novelty and artificiality of observational tasks that
are used to elicit temperamental behaviors, the variations in time scale in which behaviors
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are observed (seconds-minutes for observational measures vs. days/weeks for ratings), and
contextual differences all represent alternative explanations for the weak associations
between parent reported and observed temperament. Regardless of the specific reasons, the
lack of a strong relation between parent report and observed temperament undermines
conventional measurement wisdom, which implies that there is scientific value in
aggregating information across informant and methods (Campbell & Fiske, 1959;
Podsakoff, MacKenzie, & Podsakoff, 2012). Specifically, to the extent that parent reports
and observed temperament are weakly associated, there exists little shared variation to
define the latent constructs of interest.

Data collectors who conduct laboratory or in-home visits represent another potential source
of information on children’s temperament that are not subject to the same concerns related
to parent rated temperament (e.g., Matheny, 1983). Data collector’s global impressions of
children’s temperament complements information that is obtained from microsocial (e.g.,
second by second) coding of children’s responses to challenge tasks (Carnicero, Perez-
Lopez, Del Carmen, Salinas, & Martinez-Fuentes, 2000; Gagne, Van Hulle, Aksan, Essex,
& Goldsmith, 2011; Stifter & Corey, 2001). Indeed, we previously demonstrated the merits
of using home visitors reports of temperament in the same sample as will be used in the
current study (Stifter, Willoughby, Towe-Goodman, & Investigators, 2008). Those results
demonstrated that while there was convergence across parents, home visitors, and
observation measures of infant positivity, only home visitor and observational measures
converged with respect to the measurement of infant negativity. Presumably, home visitor
impressions were influenced by their administration of challenge tasks, while parent reports
took into account other sources of information.

The first objective of this study was to test whether home visitors ratings and multiple
observational (including performance-based) tasks might be used to build latent constructs
of three subdomains of temperamental reactivity (fear, anger, activity level), as well as a
single domain of regulation. This builds on a small number of recent studies that have begun
to systematically investigate the structure and stability of temperament in early and middle
childhood using exclusively observational measures (Durbin, Hayden, Klein, & Olino, 2007;
Dyson, Olino, Durbin, Goldsmith, & Klein, 2012; Gagne et al., 2011; Kotelnikova, Olino,
Mackrell, Jordan, & Hayden, 2013). Our proposed work most closely resembles that of
Dyson et al. (2012) and Kotelnikova et al. (2013), both of whom utilized factor analytic
methods to test the structure of observed temperament in early and middle childhood,
respectively. While the current study differed in important ways from those studies—e.g.,
sample acquisition (representative vs. convenience), study design (longitudinal vs. cross-
section), child age (birth — 3 years vs. early or middle childhood), nature and scope of
coding systems, and the nature of constructs considered—the guiding premise of the current
study was the same as those previous studies, namely to provide a vantage of the structure of
temperament that was independent of parent reports.

A prevailing assumption in the literature is that observational tasks designed to elicit
temperamental reactivity and regulation work equally well for all populations. Tests of
measurement invariance provide one means of evaluating this assumption. Measurement
invariance involves testing a sequence of models that impose increasingly stringent
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requirements regarding the measurement equivalence of a set of indicators of a latent
construct across groups (Meredith, 1993). Here, we exploit the characteristics of the current
sample (large N, over-sampling of low income and African American families) to test the
measurement invariance of observational measures of temperamental reactivity and
regulation as a function of child sex, race, and household poverty status. To be clear, testing
whether observational indicators of temperament cohere in comparable ways across children
of demographic groups provides one means of evaluating the generalizability of the
organizing distinction between reactivity and regulation. We are unaware of any previous
studies that have tested these questions using observational data, though this approach has
been utilized with parent- and self-report measures (Carter, Briggs-Gowan, Jones, & Little,
2003; Kim, Brody, & Murry, 2003; Zimprich & Mascherek, 2012).

To the extent that temperamental constructs of reactivity and regulation exhibit at least
partially strong invariance across groups, this ensures that any observed group differences
are meaningful. A tertiary objective of this study was to evaluate group differences as a
function of child sex, race, and household poverty status. This objective should not be
misconstrued as either an implicit or explicit assumption that demographic factors are
causally related to emerging individual differences in temperamental reactivity or regulation.
However, given that there already exists a literature that has focused on mean differences in
temperament, primarily using parent-report measures, we sought to provide complementary
information using observational measures. Evaluating latent mean level differences was a
natural byproduct of our primary focus on testing for measurement invariance of
temperamental constructs for demographically-defined subgroups of children.

With respect to gender differences, Else-Quest and colleagues (2006) conducted a meta-
analysis of three broad dimensions of temperament—negative affect, surgency, and effortful
control—which correspond to dimensions of reactivity and regulation considered here.
Moderate gender differences were evident for effortful control (girls > boys) and surgency
(boys > girls in activity level and impulsivity; girls > boys for approach, positive mood,
shyness), while negligible differences were evident for negative affect. Importantly, virtually
all of the studies that were included in the Else-Quest et al (2006) meta-analysis utilized
parent report data, which were susceptible to potential stereotypes or biases about typical
gendered behavior. In addition, an earlier meta-analysis reported small gender differences in
activity level (boys > girls) that were observable infancy using parent report and objective
measures (Campbell & Eaton, 1999).

Far fewer studies have evaluated group differences in temperament as a function of
socioeconomic status (SES), and the available evidence is mixed. While a few early studies
reported no associations (Maziade, Boudreault, Thivierge, Caperaa, & Cote, 1984; Persson-
Blennow & Mcneil, 1981), others indicated that children from lower income backgrounds
exhibited more “difficult” (less desirable) temperaments (Jansen et al., 2009; Oberklaid,
Prior, Sanson, Sewell, & Kyrios, 1990; Sameroff et al., 1982). Many of these studies relied
on historically dated conceptualizations of temperament. Although we are not aware of
studies that have investigated SES differences in aspects of temperamental reactivity, there
is evidence that children from low income households exhibit poorer regulation, as indicated
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by measures of effortful control, executive control, and executive function (Hackman &
Farah, 2009; Li-Grining, 2007; Raver, 2012; Zalewski et al., 2012).

Although numerous studies have considered cross-cultural differences in temperament
(Oakland & Lu, 2006; Rubin et al., 2006; Slobodskaya, Gartstein, Nakagawa, & Putnam,
2013; Zhou, Lengua, & Wang, 2009), relatively few studies have tested for race differences
in temperamental reactivity and regulation in US samples. We are only aware of one study,
which reported that African American toddlers were more positively and negatively reactive
than European American toddlers (Calkins, Dedmon, Gill, Lomax & Johnson, 2002). Given
the confounding of poverty and race in the US, any evidence of group differences in
temperament would be difficult to resolve. Nonetheless, given that African American
children were over-sampled in our study, we considered measurement invariance and group
differences as a function of race and further qualified whether any apparent group
differences were better accounted for by poverty.

In sum, the overarching objective of this study was to test whether observational measures,
obtained across the first three years of life, could be used to build latent constructs of
temperamental reactivity (activity, fear, anger) and regulation, with an interest in the relative
contributions of specific indicators, as well as the correlations between latent constructs. In
addition, we sought to test whether the fit of our hypothesized measurement model was
comparable for children of differing sex, race, and household poverty status.

2.0 Methods

2.1 Participants

The Family Life Project (FLP) is a prospective longitudinal study of families residing in six
low-wealth counties in Eastern North Carolina and Central Pennsylvania (3 counties per
state) that were selected to be indicative of the Black South and Appalachia, respectively.
Complex sampling procedures were employed to recruit a representative sample of 1292
children whose families resided in one of the six counties at the time of the child’s birth.
Low-income families in both states and, in North Carolina, African American families were
over-sampled; however, through the use of weighted analyses, all of our inferences
generalize back to the 6-county study area as if participants were selected using simple
random sampling. Full details of the sampling plan and study design appear elsewhere
(Vernon-Feagans, Cox, & Investigators, 2013).

The current study utilized data from the 6, 15, 24, and/or 36 month home visits. Two home
visits, typically completed within 2-weeks of each other, were conducted at the 6, 24, and 36
month assessments, while only one home visit was conducted at the 15 month assessment.
Visits consisted of activities that included parents and children interacting together (e.g., free
play interaction, book reading) and separately (e.g., child completion of LAB TAB tasks,
Bayley exam, health screening; parent: interviews, questionnaire completion). Two home
visitors were involved in every home visit; each home visitor provided independent ratings
of children’s behavior following each visit.
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Although the majority of families and children participated in their home visit within 2-
weeks of the target age (the median child ages for all available children who participated in
the 6, 15, 24, and 36 month assessments were 7.6, 15.4, 24.3, 36.6 months, respectively),
some families completed their visits much later than the target age. Because the
temperament tasks were selected to elicit behaviors at a particular age, we imposed age
cutoffs. Specifically, children had to be less than 9 months old at their target 6 month visit
(N=935/1202), less than 18 months at their target 15 month visit (N=1092/1169), less than
30 months at their target 24 month visit (N=1095/1142), and less than 39 months at their
target 36 month visit (N=935/1118) for their temperament data to be utilized from a given
assessment. Of the total sample of N=1292 children, N=1205 (93%) contributed
temperament data at one of the four (i.e., age 6, 15, 24, 36 month) assessments (58%
contributed data from all 4 assessments, 25% from 3 assessments, 12% from 2 assessments,
and 6% from one assessment; percentages do not sum to 100 due to rounding). Participating
families and children (N = 1205) did not differ from non-participating families and children
(N = 87) with respect to being recruited into the low income stratum (78% vs. 70% poor, p
=.09), primary caregiver educational status at study enrollment (80% vs. 83% with a high
school degree/GED or beyond, p = .53), child gender (51% vs. 47% male, p = .47), or child
race (43% vs. 39% African American, p =.51). However, participating families were
disproportionally from Pennsylvania (41% vs. 29%, p = .02).

2.2 Procedures

We utilized both observer ratings and direct assessments in order to derive latent variable
representations of temperamental reactivity and regulation. As reactivity changes with
development of regulatory functions, indicators of reactivity were drawn from the age 6, 15,
and 24 month assessments. In contrast, indicators of regulation were drawn from the age 24
and 36 month assessments.

2.3 Measures

2.31 Reactivity: Home Visitor Ratings (6—24 Months)—ATfter each home visit, both
home visitors independently made global ratings of children’s behavior (see Stifter & Corey,
2001 for precedent) using items that were adapted from the Infant Behavior Record (IBR;
Bayley, 1969). Hence, at the 6, and 24 month assessments, four independent ratings (two
ratings per visit for two visits) were available. At the 15 month assessment, two independent
ratings (two rating for the single home visit) were available. Each item was rated on a 9
point Likert scale. Home visitor ratings of the Amount of gross bodily movement item (Likert
anchors: 1= “Stays quietly in one place, with practically no self-initiated movement” to 9 =
“Hyperactive, cannot be quieted for sedentary tasks”) were used as an indicator of activity
level at the 6, 15, and 24 month assessments (as = .79, .74, and .80, respectively). Home
visitor ratings of the Reaction to the new or strange item (Likert anchors: 1 = “Accepts the
entire situation with no evidence of fear, caution or inhibition of actions” to 9 = “Strong
indication of fear of the strange, to the extent that he cannot be brought to play or respond to
the examiner or tasks™) were used as an indicator of fear reactivity at the 15 and 24 month
assessments (as = .74 and .75, respectively). Home visitor ratings of the Irritability item
(Likert anchors: 1 = “No irritability, infant passively responses to all stimulation” to 9 =
“Irritable to all degrees of stimulation encountered throughout the home visit”) were used as
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an indicator of anger reactivity at the 15 and 24 month assessments (as = .79 and .78,
respectively).

2.32 Reactivity: Observed Activity Level (6 Months)—Parents and children
participated in a free play interaction at the 6 month assessment and videotaped interactions
were coded to assess multiple dimensions of global parenting and child behaviors across
each interaction. The current study made use of the child activity level code from the 6
month visits. Ratings for activity level (extent to which the child is motorically active during
the observation) were made on a 5-point scale ranging from 1= “Not at all characteristic” to
5 = “Highly characteristic”. Coders were trained and certified as reliable prior to coding. A
minimum of 30% of all observations were double coded throughout the coding period and
discrepancies in coding were resolved by conferencing. Coding pairs exhibited acceptable
inter-rater reliability for the activity code at 6 months (K = .63).

2.33 Reactivity: Challenge Tasks (15 & 24 Months)—Infants participated in two
tasks that were drawn from the LAB-TAB (Goldsmith & Rothbart, 1996). Each task was
videotaped and coded off-line by trained research assistants. The mask task, which was
designed to elicit individual differences in fear reactivity, was administered at the 15 and 24
month home visits. During the task, the home visitor would put on an unusual mask and
move her head slowly from side to side while calling the child’s name. A total of four masks
presented, for approximately 10 seconds each. The toy removal task, which was designed to
elicit anger reactivity, was administered at the 15 and 24 month assessments (Stifter &
Braungart, 1995). During the task, infant and mother play with an interesting toy for 90
seconds after which the mother removes the toy and places it on her seat. The mother then
moves away to converse with the home visitor for 2 minutes. The mother than returns the
toy and resumes speaking with the home visitor. After one minute the mother returns and
resumes interacting with the child or soothes him/her if needed.

Both tasks were subjected to second-by-second coding using the Better Coding Approach
software (Danville, Pennsylvania). Three levels of task-related negative reactivity were
coded: low negative reactivity, moderate negative reactivity, and high negative reactivity. A
weighted negative reactivity composite was calculated for each task (i.e., the average
proportion of task time spent exhibiting low = 1, moderate = 2, and high = 3 levels of
reactivity). All coders were trained to achieve at least .75 (Cohen’s kappa) reliability on the
reactivity coding. Subsequent inter-rater reliability was calculated on 15% of cases using
kappa coefficients (Ks = .96 and .93 for the mask task at 15 and 24 months; Ks = .88 and .90
for the toy removal task at 15 and 24 months).

2.34 Regulation: Home Visitor Ratings (24 & 36 months)—Home visitor ratings on
the Tendency to persist in attention to any one objective, person, or activity, aside from
attaining a goal (Likert anchors: 1 = “Fleeting attention span” to 9 = “Long-continued
absorption in a toy, activity or person”) were used as an indicator of regulation at the 24
month assessment (a = .75) and on the Task Persistence - Degree of on-task behavior,
persistence in the face of frustration item (Likert anchors: 1 = “Does not stay on task, short
attention span” to 9 = “Shows high level of task persistence) was used as an indicator at the
36 month assessment (a = .80).

Infant Behav Dev. Author manuscript; available in PMC 2016 May 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Willoughby et al.

Page 8

2.35 Regulation: Observed Persistence (24 & 36 Months)—Parents and children
participated in a joint puzzle-solving interaction at the 24 and 36 month assessments.
Videotaped interactions were coded to assess multiple dimensions of global parenting and
child behaviors across each interaction. The child persistence codes from the 24 and 36
month visits were examined in the present study. Ratings for child persistence were made on
a 7-point scale ranging from 1 = “Very low” (e.g., Child actively tries to avoid the task and
spends as little time as s/he can get away with doing the tasks at all) to 7 = “Very high” (e.g.,
Child is persistent and works at each task with an apparent goal of getting correct solutions
until the problem is solved or exhaustively approximated). The persistence code was
intended to reflect the child problem-solving efforts regardless and independent of the
degree to which the parent was instrumental in facilitating the child’s persistence. Coders
double coded 30% of all observations and exhibited acceptable inter-rater reliability for the
persistence code at the 24 and 36-month assessments (Ks = .75 and .76, respectively).

2.36 Regulation: Direct Assessments of Inhibitory Control and Attention Shifting (24 & 36

Months)

Children completed one inhibitory control and one attention shifting task at the 24 month
visit. The snack delay task, adopted from Kochanska and colleagues (2000), was used an
indicator of inhibitory control (delay of gratification). In this task, the experimenter placed a
desirable snack (small candy or cracker) underneath a transparent container. The child was
told to wait until the experimenter rang a bell before retrieving the snack. Each child
completed four trials: a 10-second delay followed by 20-, 30-, and 15-second delay trials.
Each response was coded as no wait (0), partial wait (1), or full wait (2), and the mean score
across trials indicated delay of gratification. The reverse categorization task, adopted from
Carlson and colleagues (2004), was used as an indicator of attention shifting. In this task,
children initially sort small/big sized blocks into corresponding sized buckets but are
subsequently asked to sort small blocks into big buckets and vice versa. Three trials
(practice, preswitch, switch) of six blocks were administered. Children were designated as
passing a trial if they correctly sorted four of six blocks. The sum of passed trials (0-3) was
the dependent variable.

Children completed three inhibitory control and one attention shifting task at the 36 month
assessment. Full task descriptions, administration and scoring procedures, and psychometric
properties of individual tasks were elaborated elsewhere (Willoughby, Blair, Wirth,
Greenberg, & Investigators, 2010). Briefly, the Silly Sounds Stroop task (inhibitory control)
asks children to make a barking sound when show pictures of a cat and a meow sound when
shown pictures of a dog. The Spatial Conflict task (inhibitory control) is a Simon task
modeled after Gerardi-Caulton (2000). The Animal Go No-Go task (inhibitory control)
presents a series of pictures of animals to children and asks that they click a button every
time that they see an animal (go trials) except when that animal is a pig (no-go trials). The
Something’s the Same task (attention shifting) presents children with a page containing two
pictures that are similar along one dimension (content, color, or size) and asks them to
indicate which of these pictures is similar to a third picture. Item response theory models
were used to create an overall accuracy score for each task (see Willoughby et al., 2010).
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2.4 Analytic Strategy

All study questions were addressed using structural equation models (SEM). An initial
confirmatory factor analysis (CFA) model evaluated the fit of the proposed four-factor
structure—activity level, fear reactivity, anger reactivity, and regulation using the total
sample. Next, a series of multiple-group CFA models were then estimated in order to test the
measurement invariance of the 4-factor temperament model separately as a function of child
gender, race, and family poverty status. We followed the conventional sequence of models
necessary for testing measurement invariance and adopted the parameterization of Reise and
colleagues (1993) to facilitate inferences regarding group differences in latent means.
Briefly, an initial baseline model involved simultaneously estimating the CFA model across
groups without cross-group constraints (i.e., configural invariance). Subsequently, cross-
group constraints were imposed on factor loadings (i.e., weak invariance) and then a
combination of factor loadings and item intercepts (i.e., strong invariance). Likelihood ratio
tests are used to test whether the imposition of cross-group constraints results in a decrement
in model fit. Significant nested likelihood ratio tests provide evidence that at least a subset
of the constrained parameters differ across groups (e.g., some tasks may be more strongly
associated with a latent construct for one versus the other group).

Models in which a subset of indicators differ across groups are referred to as partially
invariant (Byrne, Shavelson, & Muthén, 1989). We tested group differences in latent mean
levels of all constructs that exhibited (partial) strong invariance (constructs that do not
exhibit at least partial strong invariance are not measured on the same metric which renders
group comparisons uninterpretable). It is well established that nested likelihood ratio tests
are over-powered for samples as large as that used here, which has the potential to result in
the appearance of differences in model parameters that are of trivial substantive importance.
As such, we utilized p < .01 as a threshold for defining significant model. Finally, following
the logic of Little (1997), we tested for cross-group equivalence of latent (co)variances,
which informed whether some aspects of latent temperament were more variable or
differentially associated (e.g., more or less correlated) across groups, and latent means,
which provided an estimate of group differences that were not attenuated by measurement
error. All SEMs utilized a robust full information maximum likelihood estimator and took
into account the complex sampling design (stratification and individual probability weights).
Model fit was evaluated using the likelihood ratio chi square test, as well as Comparative Fit
Index (CFI) and the root mean squared error of approximation (RMSEA) fit indices, where
values of CFI = .95 or RMSEA < .05 were indicative of good fit (Hu & Bentler, 1999; Yu,
2003). All models were estimated using version 7.1 of Mplus software (Muthén & Muthén,
1998-2013).

3.0 Results

3.1 Descriptive Statistics

A total of 22 indicators were used to represent individual differences in activity level (4
indicators; home visitor ratings at 6, 15, 24 months and observed activity level from parent-
child interaction at 6 months), fear reactivity (4 indicators; home visitor ratings and
observed reactivity from the mask task at 15 and 24 months), anger reactivity (4 indicators;
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home visitor rating and observed reactivity from the toy removal task at 15 and 24 months),
and regulation (10 indicators; one home visitor rating, two direct assessments, and one
observation of persistence at 24 months, plus one home visitor rating, four direct
assessments, and one observation of persistence at 36 months). Descriptive statistics for
each indicator are summarized in Table 1. Consistent with our use of multiple informants
and methods, as well as items that spanned assessment occasions, bivariate correlations were
of weak to moderate magnitude among indicators of each construct (Jr|s ~ .00 —.30), as well
as among indicators across constructs (|r|s ~ .00 —.20).

3.2 Confirmatory Factor Analysis: Total Sample

A 4-factor CFA model resulted in acceptable model fit, 2 (191) = 446.10; CFI = .91,
RMSEA = .03. None of the model implied modifications indices were conceptually
defensible. All of the variances for latent variables were statistically significant (ps < .05),
which indicated individual differences for all four constructs. As summarized in Table 2,
with the exception of one indicator for fear reactivity (RA ratings of fear at the 15 month
visit), all of the proposed factor loadings were statistically significant (ps < .05). Consistent
with the weak to modest bivariate correlations among indicators that were observed above,
most of the standard factor loadings were of modest to moderate magnitude (standardized As
~ .20 — .60). Each construct was defined by indicators that were drawn from multiple
assessment periods (6—24 months for activity level; 15-24 months for fear and anger
reactivity; 24-36 months for regulation); hence, temperamental constructs represented stable
individual differences in reactivity and regulation that were observed across the first three
years of life. Moreover, with the exception of fear reactivity, each construct was defined by
a combination of RA ratings and children’s observed performance on challenge or
regulatory tasks. Fear reactivity was defined nearly exclusively from children’s observed
reactions to the mask task at the 15 and 24 month assessments; RA ratings made negligible
contributions.

The bivariate associations between latent variables of activity level, anger and fear
reactivity, and regulation were of moderate magnitude (see Table 3).

Among the three dimensions of reactivity, activity level was uncorrelated with fear (¢ = —.
07, p = .25) and only weakly positively correlated with anger (¢ = .17, p =.02). In contrast,
fear and anger reactivity were moderately positively correlated (¢ = .44, p <.001).
Moreover, whereas activity level was weakly, positively correlated with regulation (¢ = .15,
p = .04), fear was modestly negatively correlated with regulation (¢ = -.19, p =.001) and
anger was moderately negatively correlated with regulation (¢ = —.54, p <.001.). Item
residuals were correlated when they relied on the same reporter within the same time point.
Thus, observer reports of regulation, anger, activity, and fear were correlated at 15 months
and at 24 months, over and above the correlation implied by the latent constructs

3.3 Confirmatory Factor Analysis: Measurement Invariance

A series of multiple groups CFA models were estimated in order to test the assumption that
our set of 22 measures were equally good indicators of the latent constructs of activity level,
fear and anger reactivity, and regulation as a function of child gender, race, and household
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poverty status. By “equally good” we mean that the indicators did not exhibit any systematic
biases in level or degree of association with the latent construct.

3.31 Gender—An initial multiple-group CFA model that was simultaneously estimated for
boys (N = 616) and girls (N = 589) provided an adequate fit to the data, x2 (384) = 656.01;
CFI = .91, RMSEA = .03 (configural invariance). As is summarized in Table 4, the factor
loadings for all 22 indicators could be equated without degrading model fit (weak
invariance); moreover, the item intercepts could equated for 16 of the indicators without
appreciably degrading model fit (partial strong invariance). Collectively, these results
indicated that the four-factor model of temperamental reactivity was measured equivalently
for boys and girls.

3.32 Poverty—An initial multiple-group CFA model that was simultaneously estimated
for children who resided in poor (N = 941) and not poor (N = 264) homes provided an
adequate fit to the data, ¥2 (384) = 715.30; CFI = .90, RMSEA = .04 (configural invariance).
As is summarized in Table 4, the factor loadings and item intercepts for all 22 indicators
could be equated without degrading model fit (weak and strong invariance, respectively).
Collectively, these results indicated that the four-factor model of temperamental reactivity
was measured equivalently for children from low income and not low income homes.

3.33 Race—An initial multiple-group CFA model that was simultaneously estimated for
black (N = 521) and white (N = 684) children provided an adequate fit to the data, y2(384) =
727.73; CFl = .90, RMSEA = .04 (configural invariance). As is summarized in Table 4, the
factor loadings for all 24 indicators could be equated without degrading model fit (weak
invariance); moreover, the item intercepts could equated for 11 of the indicators without
appreciably degrading model fit (partial strong invariance). Collectively, these results
indicated that the four-factor model of temperamental reactivity was measured equivalently
for children from different racial backgrounds.

3.4 Confirmatory Factor Analysis: Group Differences in Latent Means and (Co)Variances

Having established comparable measurement of the latent constructs across groups, we next
investigated group differences in the degree of association between latent constructs, as well
as group differences in latent mean levels of temperamental reactivity and regulation. As
summarized in Table 4, the latent variances and covariances could be constrained to equality
for all two-group comparisons without a significant decrement to fit (using p < .01 as the
criterion). Group differences in latent means are depicted in Figure 1. While all of the latent
variables in the reference group (i.e., female; white; not poor) were fixed to have a mean
equal to zero and a variance equal to one (following the parameterization by Reise et al.
2003), they were freely estimated in the comparison group (i.e., male; black; poor). As such,
the estimated latent means in the comparison group were interpretable in standard deviation
units of the reference group; this is equivalent to a Cohen’s d effect size metric. Males were
observed to exhibit significantly higher levels of anger reactivity (1 = .37, p<.001) and
activity (4 = .23, p =.02) and significantly lower levels of regulation (u = —.64, p<.001) than
females. Black children were observed to exhibit significantly higher levels of fear reactivity
(u =.26, p=.001) and significantly lower levels of regulation (4 = -.97, p<.001) than white
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children. Children who resided in low income households were observed to exhibit
significantly higher levels of anger reactivity (U = .32, p = .001) and significantly lower
levels of activity (u = —.42, p<.001) and regulation (1 = —.80, p<.001) relative to children
who did not reside in low income homes.

Because race and poverty status were partially confounded in this sample (the poorest
families were disproportionally African American), latent mean differences between racial
groups were ambiguous. As a final step, we estimated a structural equation model in which
latent constructs were simultaneously regressed on child sex, race, and poverty status in
order to delineate the relative contributions of each factor. We accounted for measurement
non-invariance of item intercepts using the approach described by Bauer and Hussong
(2009). The results of the structural model revealed that the previously significant race
differences were substantially reduced in magnitude once poverty was included as a
simultaneous predictor (i.e., standardized |p|s .14 for all race comparisons; see Figure 2).

Collectively, demographic factors explained more variation in regulation (R% = .25) than in
specific dimensions of reactivity (R2 = .02 — .06).

4.0 Discussion

This study tested the factor structure and measurement invariance of in children’s
temperament using observational indicators that were obtained across the first three years of
life. Results were generally consistent with a larger literature that has addressed these same
questions primarily using parent report methods. Specifically, observational indicators of
temperament were reasonably represented by a multi-factorial model that distinguished three
aspects of reactivity (activity, anger, fear) and a general indicator of regulation. The
measurement characteristics model generally fit equally well for children as a function of
gender, race, and household income level, and group differences were evident for gender
and household income level. Each of these results is elaborated in turn.

A guiding objective of model development was to rely on multi-method, multi-informant
indicators, which were drawn from two or more assessment occasions (6—24 months for
reactivity, 24-36 months for regulation), in order to represent individual differences in
activity level, fear and anger reactivity, and regulation. This approach is consistent with the
expectation that individual differences in temperament should be evident early in life and
should be observable across informants/methods and time. All four latent constructs were
defined by observable behaviors that were derived from two (and in the case of activity level
three) assessment periods. Moreover, three of the four latent constructs were derived from
multi-informant/method data; the exception was fear reactivity, which was defined nearly
exclusively by observed responses to the mask tasks at 15 and 24 months (home visitor
ratings made negligible contributions). In general, standardized factor loadings were of low
to moderate magnitude (see Table 2), which reflected the modest correlations among the
indicators for each construct. Our use of multiple indicators per construct, which spanned
assessment occasion, represented one strategy for offsetting the weak associations between
indicators. Despite the fact that parent report and observational indicators are typically only

Infant Behav Dev. Author manuscript; available in PMC 2016 May 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Willoughby et al.

Page 13

modestly correlated, the results of this study add to a growing body of evidence that the
structure of temperament is comparable across measurement methods.

Whereas fear and anger reactivity were moderately positively correlated with each other,
both were weakly associated with activity level. The positive correlation between fear and
anger reactivity may reflect individual differences in general dysregulation and may be a
“halo” effect in which the rater generalizes across characteristics. For example, parents who
observe their infants to crying to novel stimuli may rate their infants similarly as to when
their infants cry because they are angry (e.g., when placed in a car seat). Typically, parents’
reports of their children’s anger and fear reactivity are significantly related (e.g., Garstein &
Rothbart, 2003) whereas laboratory assessments of these forms of negative reactivity are
weakly or unrelated with each other (Gagne, Hull, Aksan, Essex, & Goldsmith, 2011). Our
use of home-visitor ratings may have contributed to the positive correlation between anger
and fear reactivity.

Regulation was positively related to activity level, whereas it was negatively related to fear
and anger reactivity, although the relationship between fear and regulation was weak. The
weak negative association between fear reactivity and regulation was surprising given that
fear is considered a passive form of regulation that is related to more active, effortful
regulation ((Kochanska & Knaack, 2003; Rothbart & Bates, 1998; Stifter & Spinrad, 2002).
However, the interpretation that high levels of reactivity influences the development of
regulation cannot be made without examining transactional and longitudinal processes.

Tests of measurement invariance largely supported the expectation that these variables were
equally good indicators of latent constructs for male and female, black and white, and low
and not-low income children. When differences in the measurement characteristics were
evident across groups, they tended to be of small magnitude and were likely detectable given
the large sample size (and hence excellent statistical power). Establishing that all
temperamental latent constructs exhibited at least partial measurement invariance as a
function of gender, race, and poverty increased our confidence in the generalizability of
using the reactivity and regulation distinction among children from diverse backgrounds.

Relative to female children, male children exhibited significantly higher levels of anger
reactivity and activity level and lower levels of regulation (see Figure 1). Differences in
activity level and regulation were consistent with the meta-analytic results of Else-Quest et
al., (2006) and adds to the most current research examining gender differences across parent
ratings, observer ratings, and observational measures (Gagne, Miller & Goldmsith, 2013;
Oliuo, Durbin, Klein, Hayden, Dyson, 2013). In contrast, gender differences in anger
reactivity found in the present study were not evidenced in the Else-Quest meta-analysis of
parent reports but were consistent with findings from Olino and colleagues (Olino, et al.,
2013) who found boys demonstrating greater anger and sadness reactivity in the laboratory.
Early emerging sex differences in anger reactivity, activity level, and regulation may help to
explain the disproportional risk for subsequent disruptive behaviors disorders (Eme, 2009;
Eme, 1979, 2007), including perhaps ADHD (Ramtekkar, Reiersen, Todorov, & Todd,
2010; Rucklidge, 2010), among males.
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Previous studies that investigated temperament differences as a function of socioeconomic
status yielded mixed results, though a recurring idea has been that children from
disadvantaged backgrounds exhibited more “difficult” temperament. Importantly, all of
these comparisons were limited to parent report data. In this study, children from low-
income households exhibited higher levels of anger reactivity, lower levels of activity, and
lower levels of regulation. These results are consistent with a growing literature that has
documented that poverty negatively impacts emerging regulatory capacity in young children
(e.g., Evans & Kim, 2013; Kishiyama, Boyce, Jimenez, Perry, & Knight, 2009; Li-Grining,
2007). Children from low income families are disproportionately more likely to exhibit
conduct problems in childhood, and this association may be causal (Costello, Compton,
Keeler, & Angold, 2003; Costello, Erkanli, Copeland, & Angold, 2010; D’Onofrio et al.,
2009). The results of the current study raise questions about whether the effects of poverty
on higher anger reactivity and lower regulation may contribute to the emergence of conduct
problems among low income children.

Although we did not have hypotheses about race differences in temperament, we considered
race differences given the prominence that race played in the sampling plan. African
American children exhibited slightly higher levels of fear reactivity and large differences in
regulation. Given the confounding of race and income in this study (the poorest families in
this sample were disproportionately African American), we also estimated a structural
equation model in which the four dimensions of temperament were simultaneously regressed
on child sex, race, and poverty status. These models clarified that after taking poverty status
into account, the previously reported race differences in fear reactivity and regulation were
markedly reduced in magnitude (see Figure 2). Although controlling for a dichotomous
indicator of poverty reduced the magnitude of race differences, we speculate that more
nuanced considerations of family resources would account for the small remaining
differences in temperament related to race (e.g., Kainz, Willoughby, Vernon-Feagans, &
Burchinal, 2012).

Collectively, demographic comparisons were associated with small to modest sized
differences in temperamental reactivity but large sized differences in regulation.
Understanding the developmental processes that help account for these differences is an
important direction for future research, particularly as they relate to maladjustment. The role
of temperament in the development of psychopathology has a rich tradition but gaps remain
(Stifter & Dollar, in press). For example, the majority of studies have used smaller
(compared to the present study) community samples leaving open the question as to whether
temperament is a risk factor for mental health disorders. Understanding that certain
demographic characteristics and temperament characteristics are both related to childhood
behavior problems as well as to each other may inform preventative interventions by
narrowing the sample that might most benefit from such programs.

4.1 Limitations

This study is characterized by at least five limitations. First, whereas each of the dimensions
of temperamental reactivity was measured using 4 indicators, regulation was measured using
10 indicators. Given the relatively modest correlations among indicators, the regulation
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construct was likely measured with better precision than reactivity constructs. Second, 6 of
the indicators of regulation (i.e., direct assessments of inhibitory control and attention
shifting—but not working memory—at 24 and 36 months) have previously been
characterized as executive function tasks. We utilized these tasks here because of their
strong conceptual overlap with measures of effortful control that have been used elsewhere
(e.g., Murray & Kochanska, 2002) and because we wanted to err on the use of more versus
fewer indicators of each construct. Although we agree with others that the constructs of
executive function and effortful control are more similar than different (Zhou, Chen, &
Main, 2012), we acknowledge the lack of conceptual clarity in our use of these tasks in this
study. The absence of inhibitory control tasks that involved an affective component (e.g.,
delay of gratification tasks) at the age 3 (as was available at the age 2 visit) was an
especially important omission. Third, some of the ratings of temperament were based on
single items that were averaged across home visitor and visits (i.e., two home visits occurred
when children were 6, 24, and 36 months old). Multi-item scales would have yielded
improved measurement. Fourth, although all four latent constructs included indicators that
spanned two or more assessment occasions, we did not explicitly consider developmental
changes in temperament across time. Understanding the developmental processes that
contribute to stability and change in reactivity and regulation are important areas for future
research. Fifth, the FLP is a representative sample of young children drawn from non-
metropolitan, low-resource counties. It is not clear to what extent these findings may
generalize to children from other settings.

4.2 Conclusions

In sum, a large body of research supports the meta-organization of temperament into
dimensions of reactivity and regulation. Whereas most of the evidence in support of this
distinction relied exclusively on parent reports of temperament, the current study adds to a
growing number of studies that have demonstrated that the same organizational structure is
evident from studies that exclusively utilized observational indicators of temperament.
Despite important differences in parent-report versus observational methods, the general
consistency in the organization of temperamental constructs across studies using different
methods is noteworthy. In addition to relying exclusive on observational indicators of
temperament, the current study was unique in the utilization of multiple indicators per
construct that were drawn from repeated assessments across the first three years of life in a
representative sample—characteristics that distinguish it from other birth cohort studies
(Thompson et al., 2010). We demonstrated that the structure of temperamental reactivity and
regulation were largely comparable for male and female, black and white, and low and not-
low income children. Small to moderate sized group differences were evident for reactivity,
while moderate to large sized group differences were evident for regulation. Due to our use
of latent variable analyses, these effects were not attenuated by measurement error. Future
analyses in this sample will consider how individual differences in temperament predict later
dimensions of behavioral development, including which experiences may moderate these
associations.
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Latent mean differences in infant temperament by: gender (top), race (middle), and poverty
status (bottom). The y-axis reflects the standardized group differences. A positive value
indicates that male (top), black (middle), and poor (bottom) children had higher scores,
while negative values indicate the reverse.
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Standardized Parameter Estimates from Measurement Model in the Total Sample

Table 2

Construct Indicator (Month) Factor Loading  Standard Error
Activity Level OBS - Activity (6M) 52 .05
RAT - Gross Motor (6M) 70** .06
RAT - Gross Motor (15M) 34 .06
RAT - Gross Motor (24M) o7 .05
Anger Reactivity DA - Toy Removal (15M) 93*** .07
RAT - Irritability (15M) 19™** .06
DA - Toy Removal (24M) 46" .05
RAT - Irritability (24M) 61 .06
Fear Reactivity DA - Masks (15M) 39™** .07
RAT - Reaction to new/strange (15M) .08 .05
DA - Masks (24M) 9™ 15
RAT - Reaction to new/strange (24M) ~ 1o* .05
Regulation RAT - Persistence (24M) 45** .04
OBS - Persistence (24M) 55 .04
DA - Reverse Categorization (24M) 17 .04
DA - Delay Gratification (24M) 44 .04
RAT - Persistence (36M) 69" 03
OBS - Persistence (36M) 46" .04
DA - Silly Sounds Stroop (36M) 0™ .08
DA - Go/No-Go (36M) 19* .08
DA-Spatial Conflict (36 M) 45 .05
DA-Something the Same (36M) 45 .05
Note. N = 1205;
*
p<.05,
o
p<.01,
—
p<.001;

OBS = Observed; RAT = Home visitor rating; DA = Direct Assessment

Infant Behav Dev. Author manuscript; available in PMC 2016 May 01.

Page 25



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Willoughby et al.

Table 3

Latent Correlations between Temperamental Constructs in the Total Sample

1 2. 3. 4.

1. Activity Level --
2. Fear Reactivity -.07 -
3. Anger Reactivity — q7*  g4*** -

4. Regulation 15° 9™ gt -

Note.

*
p<.05;

*

=3
p<.01;

Fok

*
p<.001
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