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Abstract Measurement invariance of a one-factor model of
effortful control (EC) was tested for 853 low-income
preschoolers (M age = 4.48 years). Using a teacher-report
questionnaire and seven behavioral measures, configural
invariance (same factor structure across groups), metric
invariance (same pattern of factor loadings across groups),
and partial scalar invariance (mostly the same intercepts
across groups) were established across ethnicity (European
Americans, African Americans and Hispanics) and across
sex. These results suggest that the latent construct of EC
behaved in a similar way across ethnic groups and sex, and
that comparisons of mean levels of EC are valid across sex
and probably valid across ethnicity, especially when larger
numbers of tasks are used. The findings also support the

use of diverse behavioral measures as indicators of a single
latent EC construct.
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Research on self-regulation has increased dramatically in
the past decade and currently is a major topic in
developmental science and developmental psychopatholo-
gy. One reason for this growing interest is that many
investigators are finding associations between individual
differences in regulatory skills and various aspects of
children’s socioemotional and academic functioning. For
example, various indices of children’s regulation have been
associated with, and sometimes have prospectively pre-
dicted, outcomes in terms of children’s social competence
(Eisenberg et al. 2001; Spinrad et al. 2006, 2007),
sympathy and prosocial behavior (Eisenberg et al. 1996,
1998, 2007b), low levels of externalizing problems (e.g.,
Kochanska and Knaack 2003; Lengua 2003; Martel et al.
2007; Oldehinkel et al. 2007; Olson et al. 2005; Rydell et
al. 2003; Zhou et al. 2008) and internalizing problems
(Eisenberg et al. 2007a; Loukas and Roalson 2006; Muris
et al. 2004; Silk et al. 2003; compare with Eisenberg et al.
2005b; Murray and Kochanska 2002). In addition, child-
ren’s regulation has been found to be inversely related to
their negative emotionality (Eisenberg et al. 2005b; Rydell
et al. 2003) and associated with high quality functioning at
school (for reviews, see Eisenberg et al. 2005a; Valiente et
al. 2008). Thus, regulatory skills have been integrated into
many studies of children’s functioning and have predicted a
variety of important developmental outcomes.
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Scores on various tests of regulatory abilities often are
aggregated based on the finding that they tend to relate to
one another (e.g., Kochansk et al. 2000). It is possible,
however, that different measures of regulation assessing an
array of correlated skills would not load on a single latent
construct. Thus, one purpose of this study was to examine
if low-income preschoolers’ scores on a number of
measures of regulatory skills load together on a single
latent construct (as has been assumed by researchers who
use a composite of a number of the same tasks; see
Kochanska et al. 2000). In addition, although most of the
initial work on children’s regulation was conducted with
middle-class, primarily European American or European
children, measures of regulation are increasingly used in
research with children at socioeconomic and other types of
risk (e.g., Gilliom 2002; Li-Grining 2007; McCabe et al.
(2004); see Raver 2004). Thus, as argued by Raver (2004),
it is important to establish measurement invariance for
measures of regulation across sociocultural and socioeco-
nomic contexts, including across ethnic/racial and sex
groups. Measurement invariance establishes whether a
given set of measures taps a particular latent construct such
as regulation similarly across various groups so that mean-
ingful inferences across the various groups can be made
from data collected with the specific set of measures. Con-
sequently, a second goal of this study was to use confirma-
tory factor analyses (CFAs) to test the measurement
invariance of several measures of regulatory capacities for
European American, African American, and Hispanic
children in the United States, as well as for boys and girls.

Effortful Regulatory Control: The Construct

Temperament generally is believed to contribute to indi-
vidual differences in the abilities to self-regulate emotion
and behavior. Indeed, effortful control, one of the major
components of temperament in Rothbart’s (Rothbart et al.
2001) model, is viewed as regulating temperamental,
emotional, and behavioral reactivity (Rothbart and Bates
2006). Effortful control (EC) is defined as “the efficiency of
executive attention—including the ability to inhibit a
dominant response and/or to activate a subdominant
response, to plan, and to detect errors” (Rothbart and Bates
2006, p. 129). EC includes skills such as the abilities to
shift and focus attention as needed, and to activate and
inhibit behavior as needed, especially when one does not
feel like doing so. These skills are intimately involved in
integrating information, planning, and modulating emotion-
al experience and behavior.

There are numerous measures of EC, but among the
most used with young children are Rothbart et al.’s (2001)
adult-report temperament scales and Kochanska’s et al.’s

(1996, 2000) battery of behavioral measures. Rothbart et
al.’s Child Behavior Questionnaire contains measures of
temperamentally based attention focusing and inhibitory
control (the ability to inhibit behavior when one is
motivated to act). These two capacities are interrelated
and tend to load together on a single factor (Eisenberg et al.
2004; Rothbart et al. 2001).

The typical behavioral measures of EC tap children’s
abilities to delay, to suppress or initiate behavior, to focus
attention and persist, and to execute gross or fine motor
control (e.g., walk slowly; e.g., Kochanska et al. 2000;
Murray and Kochanska 2002). Sometimes measures of EC
quite explicitly tap executive attention (Carlson 2005;
Riggs et al. 2006; also Kochanska et al.’s 2000, adapted
Stroop task), such as the ability of children to knock on a
table (i.e., closed fist) when they see an experimenter tap on
a table (i.e., open palm) and vice versa. Given the diverse
abilities required to successfully perform across a variety of
these tasks, it is reasonable to question if they all load on a
single construct. However, if all tasks in a set tap primarily
effortful control, they might load on a single latent
construct despite some differences in the context in which
regulatory capacities are expressed and measured.

There are conceptual reasons to hypothesize that the
tasks typically used to assess EC might load on more than
one factor, despite intercorrelations among these measures.
Eisenberg and colleagues (e.g., Eisenberg and Morris 2002;
see also Carver 2005; Derryberry and Rothbart 1997; Nigg
2000) have attempted to differentiate the truly effortful and
voluntary self-regulatory processes involved in EC from
other aspects of control or constraint (or the lack thereof)
that seem to be involuntary or so automatic that they often
are not under voluntary control. These reactive control
(RC) processes refer to relatively involuntary motivational
approach and avoidance systems of response reactivity that,
at extreme levels, result in impulsive undercontrol and rigid
overcontrol. Measures of RC typically assess impulsivity
(speed of response initiation, including surgent approach
behaviors and approach to attractive objects) and overcon-
trol (rigid, constrained behavior) or behavioral inhibition
(slow or inhibited approach, distress or subdued affect in
situations involving novelty or uncertainty; Derryberry and
Rothbart 1997; Kagan and Fox 2006). Pickering and Gray
(1999) and others have argued that the approach and
avoidance motivational systems related to impulsive and
overly inhibited behaviors, respectively, are associated with
subcortical systems such as Gray’s Behavioral Activation
System (BAS; involving sensitivity to cues of reward or
cessation of punishment) and Behavioral Inhibition System
(BIS; activated in situations involving novelty and stimuli
signaling punishment or frustrative nonreward).

Consistent with the distinction between EC and RC,
adults’ reports of children’s reactive overcontrol and
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undercontrol tend to load on a different factor than does EC
in confirmatory factor analyses (Eisenberg et al. 2004;
Rothbart et al. 2001; Valiente et al. 2003). Thus, it is quite
possible that some behavioral tasks used to assess RC
might not load with other measures of EC in CFAs. Tasks
involving rewards or punishment (e.g., prizes or loss of
points) may measure impulsivity (i.e., approach to rewards)
as much or more than EC (e.g., modulation of attention or
inhibition of the urge to approach). It is also possible that
such tasks tap primarily EC for some children (especially
those who behave in a regulated manner), a preponderance
of reactive BIS/BAS responding for other children, or some
of both for other children. Moreover, on adult-report
measures of EC, respondents may have some difficulty
differentiating EC from low impulsivity, so reports of
children’s EC could partly reflect children’s levels of
impulsivity or behavioral overcontrol. In addition, tasks
involving the simple delay of a prepotent or automatic
response may load on a different factor than tasks that
assess inhibition when one has to hold a rule in mind,
respond according to the rule, and inhibit a prepotent
response (as in the knock/tap task). In fact, Garon et al.
(2008) found that the ability to perform the former types of
tasks generally develops prior to the ability to perform well
on the latter tasks.

Empirical Findings on the Structure of the Construct
of Effortful Control

Some researchers have found that in North American,
predominantly middle-class and European American sam-
ples, various behavioral measures of EC are intercorrelated
(e.g., Kochanska et al. 2000) and the reliability for a battery
of EC tasks is high for children aged 33 and 42 months
(Kochanska and Knaack 2003), However, using principal
components analyses with a battery of EC tasks, Murray
and Kochanska (2002) obtained multiple groupings or
components. For toddlers, they found two components
(using 6 tasks): one for delay and gross motor movement
and one for the abilities to suppress or initiate behavior. For
a sample of preschoolers, they obtained four components
(using 13 tasks): delay, gross motor control, fine motor
control, and suppress/initiate behavior. For children in the
early school years, they found two components (using 7
tasks): motor control and suppress/imitate (they did not
have delay tasks). If the measures of EC involve diverse
skills, they may not load on the same construct.

Other investigators using factor analyses also have found
that tasks assessing reactive undercontrol (i.e., impulsivity,
approach to reward) sometimes load on a different factor
than tasks that appear to more clearly assess EC. Kindlon et
al. (1995) assessed a number of behavioral measures of
“impulsivity” and found two clusters of measures: (a) an

inhibitory control factor (reflecting responses to a Stroop
task, the number of times the child required redirecting
back to tasks, the ability to stop behavior in response to a
signal, and the ability to inhibit a strong competing
response on the trail-making task) and (b) a factor believed
to reflect insensitivity to punishment or nonreward, that is,
BAS/BIS types of responding (e.g., the relative failure to
exhibit nonresponse within a motivationally salient context
of earning money or points). Olson et al. (1999) also
obtained two factors with somewhat similar tasks: one that
seemed to reflect inhibitory control (e.g., the ability to
inhibit motor behavior on command in walking and
drawing tasks, as well as reflective performance on the
Matching Familiar Figures Task [MFT]), and one that
reflected the ability to wait patiently for a reward (i.e., a
gift). However, Olson et al. (1990) found that whereas
measures of inhibitory control (MFT performance, motor
inhibition) tended to load on one factor, rated task
orientation (which likely partly reflected inhibitory control)
and delay of gratification (attempts to open a gift
prematurely) tended to load on the other.

Yet another group of investigators obtained different
factors for behavioral and reported measures of regulation/
control. White et al. (1994) found that older children’s
delay of gratification (the ability to inhibit playing a game
in the face of losing rewards) and other measures believed
to reflect inhibitory control [Stroop errors, circle tracing])
all loaded together when factored with other-report meas-
ures of undercontrol, motor restlessness, impulsivity, and
lack of persistence, and self-reported impulsivity (all of
which loaded on a second factor).

The lack of consistency across studies is understandable
because these studies differed not only in the tasks used and
in the number of tasks, but also in the age range of the
children involved and sometimes in regard to sex, risk
status, or ethnicity. For example, unlike the other studies
discussed, White et al. (1994) included only boys and was
over 50% African American. Nonetheless, some of the
aforementioned findings suggest that tasks involving
rewards or attractive objects might elicit reactive under-
control and load on a separate latent construct than tasks
that tap only the abilities to inhibit and/or activate behavior
as required.

In the present study, we administered seven EC tasks to a
relatively large sample of children from low-income
families. Some of the tasks assessed would seem to be
relatively pure measures of effortful control (the knock/tap
task used as an index of executive functioning and tasks
involving persistence on a boring task or activation and
inhibition of behavior upon command) whereas other tasks
may have assessed reactive undercontrol in addition to EC,
at least for some children (e.g., tasks involving waiting for a
gift). One task also involved motor skills similar to the task
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that loaded on Murray and Kochanska’s (2002) factor
reflecting preschoolers’ gross motor skills but on the
suppress/initiate grouping for young school children.
Unlike in the aforementioned studies, we used confirmatory
factor analyses as well as exploratory factor analyses to
examine if a battery of EC indices could be considered as
measuring one construct. With CFAs, one can explicitly test
if a given set of measures load on a single conceptually
based latent construct. Based on prior research, and because
our sample was primarily low-income whereas most other
studies involved more diverse or middle-class samples, we
were unsure whether or not the behavioral tasks would load
on one primary factor.

We also obtained teachers’ reports of children’s EC. In
prior work, such reports have tended to load with
behavioral measures on a single latent construct (e.g.,
Eisenberg et al. 2004; Spinrad et al. 2007). Thus, we
predicted that teacher-reported EC would load with the
behavioral measures of EC in both exploratory factor
analyses and a CFA.

Variations in Regulatory Skills as a Function of Children’s
Ethnicity and Sex

Much of the work on EC has been conducted with
primarily European-American samples. However, some
research suggests that many measures of EC also can be
used with minority and low-income children. For example,
McCabe et al. (2004) found reasonable variation in some
tasks with a disadvantaged, primarily Hispanic and African-
American sample. Li-Grining (2007), with a sample of low
income, mostly minority children in three United States
cities, found the expected relations of regulatory abilities
with age and with risk factors.

Within the United States, there is some, albeit limited,
evidence that minority children are at risk for poor
regulation abilities in comparison to European Americans.
For instance, Hispanic 5th and 6th graders reported lower
levels of EC than their European American peers (Loukas
and Roalson 2006). In another study, Hispanic children
were marginally significantly higher than European Amer-
ican children on executive control tasks, but did not differ
in delay of gratification tasks (Li-Grining 2007). In a recent
study, Aikens et al. (2008) reported higher levels of
attention problems in African American than for Hispanic
and European American children.

Consistent with the possibility of ethnic/racial differ-
ences in effortful regulation, there may be some ethnic
differences in negative emotionality among minority
groups. African American toddlers have been observed to
be more negative towards their mothers than European
American and Mexican American children; in addition, less
acculturated Mexican American toddlers were seen as

lower in negativity than European American children (Ispa
et al. 2004).

If there are differences in regulation in different ethnic
groups, they may be at least partially accounted for by
disparities in socioeconomic status and associated risks. Indeed,
poverty has been negatively related to regulation abilities in a
number of studies (Evans and English 2002; Howse et al.
2003; Li-Grining 2007; Mezzacappa 2004; Noble et al. 2005).
Of course, distinct cultural values and parenting beliefs also
may account for differences in children’s regulation.

A somewhat different question is whether or not various
indices of EC are invariant in their loadings and in their
intercepts on the construct of EC. Despite Raver’s (2004)
arguments regarding the importance of examining the
measurement invariance of children’s regulation measures
across ethnic/racial groups, to our knowledge, this issue has
not been addressed. To evaluate measurement invariance,
CFAs are typically used to test for configural invariance (if
the same factor structure can be specified in each group),
metric invariance (if the same factor loadings for items can
be specified in each group), and scalar invariance (if the
same factor loadings and intercepts for like items’
regressions on the latent variables can be specified in each
group). These tests are important because without evidence
of measurement invariance, it is difficult to determine
whether cross-ethnic variations are due to error or mea-
surement artifact rather than to other factors.

There is an emerging body of literature suggesting that
high EC or self-regulation in low-income, minority pop-
ulations predicts low levels of problem behaviors (Fantuzzo
et al. 2001; Gilliom et al. 2002; Miller et al. 2006),
replicating findings using White, middle-class samples.
Moreover, Li-Grining (2007) found no evidence of ethnic/
racial differences in the relations of measures of children’s
delay of gratification and executive control to negative
emotionality (or to risk factors or mother–child interaction).
These findings provide preliminary evidence of the predic-
tive validity of measures of regulation (including EC) with
low-income, minority children (Raver 2004; Mendez et al.
2002) and indicate that measures of regulation may
function similarly for children differing in socioeconomic
status or ethnicity. Based on this pattern of findings, we
expected to find measurement invariance across groups.

In terms of measurement invariance of EC/regulation
across sex, investigators have generally found that the
measurement of regulation is similar for boys and girls. For
instance, Windle (1992) computed CFAs and found the
Revised Dimensions of Temperament Survey (Windle and
Lerner 1986), which includes an attentional focusing
subscale (a component of EC), to be equivalent across
sex. Similarly, Kim et al. (2003) found that the same
components of temperament (including a subscale of
attention) were evident for both boys and girls on the Early
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Adolescent Temperament Questionnaire (Capaldi and
Rothbart 1992). It should be noted, however, that research-
ers examining measurement invariance in EC/regulation
have not relied on behavioral measures; thus, it is important
to examine whether observational measures of EC hold
together similarly for boys and girls. Based on the existing
studies, as well as on the fact that relations of EC to variables
such as adjustment generally have not been moderated by
sex (e.g., Eisenberg et al. 2004; Eisenberg et al. 2005b), we
expected to find invariance across sex, especially in terms
of the degree to which the various indices loaded one or
more constructs of EC (configural and metric invariance).

There is evidence suggesting that mean levels of EC
might vary with the sex of the child. Girls are generally
viewed as more regulated than are boys. Else-Quest et al.
(2006) reported meta-analyses of sex differences in 3 month
to 13-year-old children’s temperament involving 205
studies yielding a total of 1,758 effect sizes. Although
most temperament dimensions did not show clear sex
effects (e.g., emotionality), there was a large effect size for
effortful control favoring girls. However, the data were
based mostly on parents or teachers’ reports, and only a few
of the included studies involved behavioral observations of
EC. There is some evidence that girls outperform boys on
behavioral measure of EC (Blair et al. 2005; Kochanska et
al. 1996, 2000; Olson et al. 2005), although gender
differences on behavioral measures of EC tend to be
smaller and less consistent than for adult-report measures.
Due to differences in gender roles, some tasks may have
differential appeal or significance for boys and girls;
moreover, gender stereotypes could affect adults’ ratings
of children’s EC. Because investigators often compare
mean levels of boys’ and girls’ EC/self-regulation, it is
important to examine whether there is scalar invariance
across sex (which justifies such comparisons).

Methods

Demographics

Participants were drawn from 53 preschools in and around
Houston, Texas and 58 preschools in and around Tallahas-
see, Florida, for an intervention project (these data are from
baseline). To be included in the study, at least 60% of
students at each center had to be eligible for free or reduced
lunch. Potentially eligible preschools were identified
through Head Start directors and independent school
districts in Texas, and through the website for the Florida
Department of Children and Families in Florida; preschool
directors provided information about free/reduced lunch
rates. All eligible preschools that agreed to participate in the
study were included in this sample. Usually only one

classroom at a preschool met eligibility criteria, but if
multiple classrooms were eligible, a specific classroom was
selected for participation based on recommendations from
directors and agency leaders. If more than eight children
had permission to participate in a given classroom, eight
were randomly chosen. In Texas, only one class was used
per school; in Florida, two classes were occasionally used
because some preschool directors did not want the
curriculum to differ across classrooms. The data were
collected across two school years; different schools were
involved each year. The number of male and female
participants was comparable across sites: In Texas, there
were 197 males and 221 females, and in Florida, there were
212 males and 223 females. There were approximately
equal numbers of African American students across the
sites. European American students, however, were almost
exclusively located at the Florida site, whereas Hispanic
students were almost exclusively located at the Texas site.
In Texas, the sample consisted of five European American
students, 225 African American students, and 188 Hispanic
students. In Florida, the sample consisted of 224 European
American students, 197 African American students, and 14
Hispanic/Latino students (likely of Cuban origin). Mean age
at testing was 4.52 (SD = .40) in Texas and 4.45 (SD = .50)
in Florida. This difference was statistically significant,
t(853) = 2.34, p<.05, r2 = .01, but too small to be of
practical importance. The primary caregiver, usually the
mother, reported educational attainment was reported on a
10-point scale: 1 = middle school, 2 = some high school,
3 = high school diploma, 4 = vocational training, 5 = some
college, 6 = associates degree, 7 = bachelor’s degree, 8 =
graduate school but no degree, 9 = masters degree, 10 =
doctorate. The mean level of maternal education was 3.62
(SD = 1.67) in Texas and 4.44 (SD = 1.74) in Florida.
Although the level of educational attainment was low at both
sites, it was higher in Florida than in Texas, t(590) = 5.86,
p<.01, r2 = .05. An ANOVAwas run to examine whether the
level of maternal education differed across racial/ethnic
groups. This test was significant, F(1,590) = 36.92, p<.01,
r2 = .11, so post-hoc tests were run using the Tukey
adjustment to maintain a .05 type I error rate. These
comparisons indicated that European Americans (M = 4.41)
and African Americans (M = 4.33) did not differ in maternal
education, but that Hispanics (M = 3.03) were significantly
lower than European Americans and African Americans on
this variable.

Behavioral Measures of Effortful Control

Children from sites in Texas and Florida were tested by a
team of experimenters at their preschools in early fall of
2006 or 2007. University personnel and staff members
drawn from the community (about 65%) served as
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experimenters. There were 39 experimenters in Texas (82%
female) and 57 in Florida (67% female). In Texas, 21% of
experimenters were European American, 38% were His-
panic, 28% were African American and 13% were other
ethnicities; in Florida, 84% were European American and
16% were African American. Experimenters were trained by
expert staff and allowed to practice until they felt comfortable
administering each task. Experimenters were required to be
certified by demonstrating consistent and accurate adminis-
tration on every task before data collection started, and were
monitored during the first week and intermittently throughout
data collection to ensure quality. After summer breaks,
experimenters were retrained to minimize drift.

Bilingual experimenters were available if needed for
Spanish speaking children. Parents who indicated in the
consent packet that their children had exposure to spoken
Spanish received a follow-up phone call to assess home
language use. If parents reported that the child used Spanish
more than 50% of the time, the assessment was administered
in Spanish; otherwise, the assessment was administered in
English (although Spanish was used when deemed necessary
by the experimenter). Bilingual and Spanish speaking
children were found to have difficulty understanding words
used to label body parts for the bird and dragon task. This
was due to the many different terms used by this subgroup to
label these body parts. Therefore, examiners asked the
children to label various body parts using their own words.
The labels that the children provided were used during the
procedure to ensure understanding for this task. Half (52%;
106 children) of Hispanic children had an assessment
partially or fully in Spanish.

With rare exceptions, the six videotaped behavioral tasks
were administered in one session and in a constant order. A
computer-administered continuous performance task (CPT)
was usually administered during a different session.

The behavioral measures were scored by a main coder,
as well as by a reliability coder who scored 24% to 32% of
the data, depending on the task. Quality of implementation
was coded dichotomously by both the main and reliability
coders as usable or not usable. Inter-rater agreement on
quality of implementation ranged from 92% to 100%.
Because agreement between the two coders was high, the
main coder’s determination of quality of implementation
was used. Intraclass correlation coefficients (ICCs) for the
children’s performance on the following measures ranged
from .92 to .99, and are reported individually for each task
below. The reliabilities were nearly identical when com-
puted for all cases and when computed only for instances in
which the data were scored as usable, so only the latter
reliabilities are presented.

Knock tap During the knock tap task, an experimenter
either tapped on the table with an open, flat hand or

knocked on the table with a closed fist (Luria 1966; Perner
and Lang 2000). For the first eight trials of this task, the
child was asked to imitate the experimenter, knocking when
the experimenter knocked and tapping when the experi-
menter tapped. Then, for the subsequent eight trials, the
child was instructed to reverse his or her actions (i.e., to
knock when the experimenter tapped and to tap when the
experimenter knocked). The proportion of correct responses
during the eight reversed trials was calculated (ICC = .99).

Rabbit turtle During the rabbit turtle task, the child was
asked to maneuver a turtle (slowly) and a rabbit (quickly) to
follow a curved path from one end of a mat to a toy barn at
the other end (Kochanska et al. 2000). First, the experi-
menter demonstrated how to travel the path to the barn with
a boy or girl figure, and the child completed two baseline
trials with this (same-sex) figure. Next, the experimenter
presented a rabbit figure, who wanted to travel on the path
to the barn and was the “fastest rabbit in the world”. Thus,
the task was to move the rabbit to the barn quickly while
still staying on the path. The child then completed two
timed trials with this rabbit figure. Last, the experimenter
explained that the “slowest turtle in the world” also needed
to travel the path to the barn, requiring the child to slow
down his/her behavior to travel the path as slowly as
possible. The child then completed two timed trials with
this turtle figure. The difference between the average time
for rabbit trials and the average time for turtle trials was
calculated and divided by 60 to obtain a single score of
time in minutes (ICC = .93).

Yarn tangle During this task, the child was instructed to
untangle a ball of yarn while the experimenter left the room
for 2 min (Goldsmith et al. 1993). Coders assessed the
child’s persistence to untangle the yarn for every 10 s
interval (1 = child did not attempt or actively refused to
engage in the task; 2 = child was minimally engaged in the
task, either briefly or sporadically, showing little effort; 3 =
child was engaged in the task for about half of the interval
and then quit, or worked at it on and off; 4 = child was
engaged in the task for most to all of the interval; 5 = child
was intensely and actively engaged in the task for most to
all of the interval, and never actively quit task). These
interval scores were averaged across the task to obtain an
average persistence score (ICC = .94).

Gift wrap The gift wrap task required the children to
remain seated and face forward for one minute as a gift was
noisily wrapped behind them while the experimenter
instructed the child not to “peek” (Kochanska et al. 2000).
The latency to peek was calculated as the number of
seconds elapsed from when the experimenter gave the
directions and commenced rustling the tissue paper to when
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the child attempted to peek or the end of the minute,
whichever came first. The latencies were divided by 60 s to
obtain a score of elapsed time as a proportion of the one-
minute maximum (ICC = .96).

Waiting for bow In the waiting for bow task, a wrapped gift
was placed on the table within the children’s reach while
the experimenter explained that the bow that was meant to
go on the gift was forgotten (Kochanska et al. 2000). The
children were asked to stay in their seat and not to touch or
open the gift while the experimenter stepped outside of the
room to retrieve the bow. The gift box was a small box with
a removable lid; both the base of the box and the lid were
wrapped in brightly colored paper. Inside the box was a
small gift nestled in the folds of some tissue paper. The
gifts, which varied and consisted of stickers, bracelets, spin
tops, rings, sunglasses, or toy frogs, were given to the
children as a reward for their participation.

Waiting for bow lasted two minutes. Three latency times
were measured: the latency to touch the box, the latency to
peek inside the box, and the latency to extract the contents
of the gift box. The latency to touch was the number of
seconds elapsed from when the experimenter had given the
instructions and walked away to when the child touched the
box or the end of the two minutes, whichever came first.
Touches consisted of any intentional contact with the gift.
Similarly, the latency to peek was the number of seconds
elapsed before the child either lifted or removed the lid in
order to look inside the gift box, or the maximum of the
two minutes. The latency to remove the gift’s contents was
the number of seconds elapsed before the child removed the
toy itself or the tissue paper in which it sat, to a two-minute
maximum. The three latencies were then averaged to obtain
a single score (ICC = .92). The latency composite was not
calculated if the child did not spend at least one minute with
the gift while the experimenter was gone; 68 children had
missing data for this task because they went away from the
gift without first taking it out.

Bird and dragon The bird and dragon task tested both
inhibitory and activational control. Much like the game
“Simon-says”, in this task, the children were asked to
perform the commands issued by a bird puppet, which the
experimenter described as the nice puppet, and not to
comply with the commands issued by the dragon puppet,
which the experimenter described as being mean (Reed et
al. 1984; Kochanska et al. 1996). The experimenter
followed a scripted command pattern that included five
bird commands and seven dragon commands. Children’s
responses to each bird command were assessed on a scale
of 0 (no movement) to 3 (full, correct movement) and were
reverse scored for the dragon commands. Inhibition and
activation scores, for the dragon and bird commands

respectively, were calculated as the average performance
for the commands of each kind.

Upon examination of this task in another ongoing study,
it became clear that there is a potential problem with the
standard method of scoring this measure. Children’s
inhibition during the dragon’s commands could be due to
effortful, inhibitory control or, alternatively, due to general
inhibition or lack of cooperation that resulted in their not
performing any or most of the commands (including the
bird’s activation commands). If children enacted none of
the commands during the entire task, they would receive a
perfect score for inhibition (and a very low score for
activation) simply because they were inhibited or not
cooperating. To address this problem, if children did not
respond to at least two of the five bird trials, their inhibition
scores were set to missing (this was done for 38 children).

Continuous Performance Task (CPT)

Using a shortened and adapted version of the original CPT
(Rosvold et al. 1956), the child was seated at a computer
and instructed to press the space button as soon as the
image of the target stimulus (i.e., a fish) appeared on the
screen. One-hundred fifty dot-matrix pictures of ten
different familiar objects (e.g., butterfly, flower) were
randomly presented on the screen, including 30 presenta-
tions of the target stimulus and 120 presentations of non-
target stimuli. Each stimulus appeared on the screen for
0.5 s with 1.5 s intervals between stimuli. The proportion of
errors of omission (i.e., when the child failed to press the
button in response to the presentation of the target stimulus)
was calculated. The original scores, which were the
proportion of errors of omission, were subtracted from 1
to get the proportion of trials without an error of omission.
Accordingly, high scores reflect high attentional control.
Fifteen children did not receive a score on the CPT because
they completed fewer than 75% of the trails; in addition,
children in Florida during the first year received the
wrong computer game and could not be used (n = 638 for
the analyses).

Teacher Questionnaires

One to 2 months after the above described tasks were
administered, the 13-item attention focusing and 14-item
inhibitory control scales of the Child Behavior Question-
naire (CBQ; Rothbart et al. 2001) were distributed to the
children’s teachers. Teachers rated children on a seven-
point scale (1 = never, 7 = always); 827 teachers completed
these measures. Reliability for both scales was good (both
αs = .86). Because these two scales were highly related,
r(825) = .82, they were subsequently averaged to create a
single score.
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Missing Data

The primary reasons for missing data on the behavioral tasks
were poor quality of implementation (e.g., the experimenter
deviated from the script) and technical difficulties (e.g., poor
audio or visual quality). For each task, less than 5% of the
sample was excluded due to poor quality of implementation
and less than 4% of the sample was excluded due to
technical difficulties. Rates of complete data are as
follows: bird and dragon, 87.7%, n = 748; gift wrap,
89.8%, n = 766; yarn tangle, 90.2%, n = 769; knock tap,
90.2%, n = 769, rabbit turtle 92.5%, n = 789; and waiting
for bow, 83.2%, n = 710.

Analyses were conducted to verify that ethnicity and sex
were unrelated to missingness on the eight variables used in
our factor analytic models. First, three one-factor MAN-
OVAs predicting missingness on all eight measured
variables were run for the entire sample using sex as a
predictor and for each site separately using ethnicity as a
predictor (because site differences in missing data could be
confounded with ethnic differences). The MANOVAs for
sex in the entire sample, F(8, 825) = 1.42, and for ethnicity
in Florida, F(8, 412) = 1.72, were nonsignificant, but
the MANOVA for ethnicity in Texas was significant,
F(8, 404) = 4.21, p<.001.

Follow-up ANOVAs were run to determine which
variables showed ethnic differences in missing data rates
in Texas. African Americans had higher rates of missing
data than Hispanics for knock tap, F(1, 411) = 4.50,
p<.05, r2 = .01, gift wrap, F(1, 411) = 5.65, p<.05,
r2 = .01, waiting for bow, F(1, 411) = 8.49, p<.01, r2 = .02,
and the CPT, F(1, 411) = 6.58, p<.05, r2 = .02. Hispanics
had higher rates of missing data than African Americans for
bird and dragon, F(1, 411) = 5.83, p<.05, r2 = .01. There
were no group differences in performance for any of these
tasks, however, suggesting that ethnicity was unrelated to
the values of the missing data and did not bias the results.

Results

Data Preparation

One variable, rabbit turtle time, had two extreme outliers.
These outliers were replaced with a value slightly larger
than the next smallest value for this variable (Tabachnik
and Fidell 2006). Prior to conducting the analyses, trans-
formations were applied to correct for skewness that could
potentially bias the analysis. Following Tabachnik and
Fidell’s (2006) recommendations, a square root transforma-
tion was applied to the rabbit turtle time to correct for
moderate negative skewness. Descriptive statistics for the
variables prior to transformation are displayed in Table 1.

Correlations among the measures of EC are displayed in
Table 2.

Data Analytic Strategy

Three sets of analyses were run using Mplus 5.1. Mplus
uses maximum likelihood as a missing data treatment
(Muthén and Muthén 2007), which produces unbiased
parameter estimates when data are missing at random
(Schafer and Graham 2002). First, exploratory factor
analyses (EFAs) were run on each ethnic group separately,
and for boys and girls separately (collapsing across ethnic
groups), to confirm that all indicators loaded on a single
factor, and that all indicators had substantial loadings on
that factor. In these models, one- and two-factor solutions
were estimated with eight observed indicators, which
included the seven behavioral measures, and teachers’
reports of effortful control from the CBQ. Next, confirma-
tory factor analyses (CFAs) were run separately for each
ethnic group and separately by sex using a one-factor
solution with the same indicators. After verifying that the
CFAs had good fit in each group, multi-group CFAs were
run to establish factorial invariance across the three ethnic
groups and across the sexes.1

Because the value of p associated with the χ2 statistic is
related to sample size (Kline 1998), we relied upon
alternative goodness of fit indices that are less sensitive to
sample size. These included the Root-Mean-Square Error of
Approximation (RMSEA) and the Standardized Root-
Mean-Square Residual (SRMR). For the RMSEA, values
less than .05 are small, and values between .05 and .08 are
acceptable (Browne and Cudek 1993); SRMR values
greater than .08 are indicative of relatively poor fit
(Kelloway 1998). No incremental fit indices (e.g., CFI)
are reported because the standard null model estimated and
utilized in generating incremental fit indices is not an
appropriate comparison in multiple-group factor analysis
models (Widaman and Thompson 2003). To test measure-
ment invariance, χ2 difference tests were performed to
compare nested models (Byrne 1994; Kline 1998), adopting
an alpha level of .05.

1 Garon et al. (2008) distinguished between simple and complex
inhibition, and the two-factor EFAs suggested that the three delay/
persistence tasks (gift wrap, waiting for bow, and yarn tangle)
primarily loaded on one factor, whereas the other tasks loaded on a
second factor, providing some support for this distinction in our data
despite the small second eigenvalues. In CFAs, the Bayesian
Information Criterion (BIC; Raftery 1995) did not clearly favor one
model over the other, and the correlations among the factors in the
two-factor model were estimated to be .75 or above in each group.
Moreover, when two factors were tested in each of the ethnic groups,
the model would not converge for the Hispanic group. Therefore, we
used the one-factor model to maintain parsimony.
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Exploratory Factor Analyses

EFAs were run separately for each ethnic group and
separately for males and females to determine how many
factors should be used and to determine whether each

indicator loaded substantially on at least one factor. For
each group, a one-factor solution and a two-factor Geomin
rotated solution were extracted. Scree plots revealed that
each EFA produced only one large eigenvalue, suggesting
that a one-factor solution was most appropriate (eigenval-

Table 1 Descriptive statistics

Variable N Mean SD N Mean SD N Mean SD

Entire Sample Male Female

Knock Tapa 755 0.59 0.36 360 0.56 0.37 395 0.61 0.35

CPTb 625 0.93 0.05 293 0.93 0.05 332 0.94 0.05

Bird/Dragonc 687 3.00 1.18 335 2.90 1.19 352 3.11 1.15

Gift Wrapd 751 0.57 0.41 358 0.51 0.41 393 0.63 0.41

Waiting for Bowd 696 1.66 0.46 323 1.67 0.46 373 1.66 0.46

Yarn Tanglee 754 3.31 1.55 358 3.15 1.55 396 3.46 1.54

Rabbit Turtlef 774 1.92 5.10 372 2.40 5.77 402 1.47 4.34

Teacher CBQg 775 4.47 0.94 372 4.27 0.91 403 4.66 0.92

European American African American Hispanic

Knock Tap 200 0.62 0.36 374 0.47 0.36 181 0.58 0.36

CPT 158 0.94 0.05 298 0.93 0.05 169 0.93 0.05

Bird/Dragon 192 3.16 1.14 349 2.85 1.23 146 3.18 1.03

Gift Wrap 205 0.72 0.39 368 0.53 0.41 178 0.50 0.40

Waiting for Bow 180 1.81 0.31 339 1.60 0.50 177 1.65 0.47

Yarn Tangle 202 3.82 1.34 375 3.34 1.53 177 2.69 1.61

Rabbit Turtle 207 3.71 6.75 386 1.11 3.81 181 1.60 4.82

Teacher CBQ 203 4.49 1.05 392 4.40 0.90 180 4.61 0.86

Descriptive statistics are for variables prior to transformation
a Proportion of trials correct
b Proportion of trials without an error of omission
c Inhibition score for dragon trials (range: 1–4)
dMinutes
e Persistence score (range: 1–5)
f Seconds
g Average of inhibitory control and attention focusing scales on the CBQ (range: 1–7)

Table 2 Correlations among measures of effortful control

1 2 3 4 5 6 7 8

1 Knock Tap –

2 CPT 0.22 –

3 Bird/Dragon 0.39 0.28 –

4 Gift Wrap 0.27 0.22 0.35 –

5 Waiting for Bow 0.09 0.15 0.14 0.28 –

6 Yarn Tangle 0.18 0.14 0.21 0.32 0.19 –

7 Rabbit Turtle 0.17 0.11 0.25 0.19 0.08 0.17 –

8 Teacher CBQ 0.19 0.23 0.29 0.26 0.22 0.17 0.15 –

All correlations significant at p<.05
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ues were 2.40 and 1.06 for males, 2.60 and .99 for females,
2.74 and 1.06 for European Americans, 2.47 and 1.15 for
African Americans, and 2.34 and 1.18 for Hispanics).2

Confirmatory Factor Analyses

Confirmatory factor analyses were run separately for boys and
girls and separately for each ethnic group. The CFAs for
males, χ2(20, n = 409) = 30.15, p = .07, RMSEA = .035
(90% CI = .000–.060), SRMR = .037, and females χ2(20, n =
444) = 42.28, p<.01, RMSEA = .050 (90% CI = .029–.071),
SRMR = .041, both fit the data well. Likewise, the CFAs for
the European American group, χ2(20, N = 229) = 15.19, p =
.76, RMSEA = .000 (90% CI = .000–.040), SRMR = .037,
African American group, χ2(20, N = 422) = 46.89, p<.01,
RMSEA = .056 (90% CI = .036–.078), SRMR = .047, and
Hispanic group, χ2(20, N = 202) = 24.42, p = .22 RMSEA =
.033 (90% CI = .000–.060), SRMR=.048, all fit the data at
least acceptably well. The unstandardized factor loadings and
intercepts for the CFAs are presented in Table 3.

Measurement Invariance

A series of nested multi-group CFAs was used to evaluate
three levels of measurement invariance (i.e. configural
invariance, metric invariance, and scalar invariance). The
first step in testing for measurement invariance is to
establish configural invariance. Without first establishing
configural invariance, it is not possible to conduct tests of
more stringent levels of measurement invariance because
the configural invariance model provides a baseline against
which subsequent models can be compared (Vandenberg
and Lance 2000). Configural invariance indicates that the
factor structure is the same for all groups, and is attained if
a CFA fits well when the intercepts, factor loadings, and
residual variances vary freely across groups, and the factor
means are fixed to zero in all groups.

Metric invariance indicates that the factor loadings are
the same across all groups. To establish metric invariance, a
model is estimated in which factor loadings are constrained
to be equal across groups, intercepts and residual variances
are free, and factor means are fixed to zero in all groups.
The chi-square statistics for the configural invariance model
and the metric invariance model can be compared to
determine whether the fit for these two models is
significantly different; a nonsignificant test indicates that
metric invariance is likely to hold.

Finally, scalar invariance indicates that the intercepts are
the same across all groups. For the scalar invariance model,
intercepts and factors loadings are constrained to be equal
across groups, the residual variances are free, and the factor
means are set to zero in one group and free in the others.
This was compared using the chi-square difference test of
model fit to the metric invariance model. If this test is
statistically significant at α = .05, full scalar invariance is
not achieved. However, partial scalar invariance can still
be attained by using modification indices to free individ-
ual parameters until the chi-square difference test for
model fit is no longer significant; without at least partial
scalar invariance, it is not possible to compare group
means.

Cross-sex Invariance

The multi-group model testing configural invariance,
χ2(40, n = 853) = 72.33, p<.01 RMSEA = .044 (90%
CI = .027–.059), SRMR = .03, fit the data well, as did the
metric invariance model, χ2(47, n = 853) = 78.25, p<.01,
RMSEA = .039 (90% CI = .023–.055), SRMR = .062.
Furthermore, the chi-square difference test between the
configural invariance and metric invariance model was
nonsignificant, χ2(7) = 5.82, p = .56, suggesting that metric
invariance between the sexes was attained. Next, the model
for scalar invariance was run. This model had acceptable

Table 3 Intercepts and standardized factor loadings from CFAs,
separately for each ethnic group and by sex

Variable Name White African American Hispanic Male Female

Intercepts

Knock Tap 0.62 0.57 0.59 0.56 0.60

CPT 0.94 0.93 0.93 0.93 0.94

Bird/Dragon 3.11 2.83 3.17 2.88 3.07

Gift Wrap 0.70 0.52 0.50 0.51 0.62

Waiting for Bow 1.80 1.59 1.65 1.66 1.66

Yarn Tangle 3.80 3.33 2.71 3.14 3.45

Rabbit Turtle 4.07 3.79 3.84 3.93 3.83

Teacher CBQ 4.49 4.40 4.62 4.27 4.66

Factor Loadings

Knock Tap 0.38 0.50 0.38 0.49 0.41

CPT 0.44 0.49 0.36 0.36 0.50

Bird/Dragon 0.69 0.51 0.69 0.60 0.55

Gift Wrap 0.68 0.65 0.45 0.58 0.64

Waiting for Bow 0.37 0.30 0.48 0.33 0.40

Yarn Tangle 0.43 0.43 0.31 0.37 0.44

Rabbit Turtle 0.39 0.28 0.22 0.37 0.38

Teacher CBQ 0.53 0.41 0.51 0.42 0.46

2 The Kaiser criterion, which states that one should retain factors with
eigenvalues greater than 1.0, was not used because it tends to
overestimate the true number of factors (Lance et al. 2006; Zwick
and Velicer 1982). In addition, the Kaiser criterion should only be
used for principal components analysis, not factor analysis (Fabrigar et
al. 1999).
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fit, χ2(54, n = 853) = 119.70, p<.01, RMSEA = .053 (90%
CI = .041–.066), SRMR = .068, but the chi-square
difference test comparing the metric invariance model with
the scalar invariance model was statistically significant,
χ2(7) = 41.45, p<.01, indicating that full scalar invariance
was not met. Allowing the intercepts for rabbit turtle and
teacher CBQ to vary across the sexes as indicated by the
modification indices produced a model with good fit,
χ2(52, n = 853) = 83.80, p<.01, RMSEA = .038 (90%
CI = .022–.052), SRMR = .060, and resulted in a nonsignifi-
cant chi-square test for the difference in model fit relative
to the metric invariance model, χ2(5) = 5.56, p = .35. The
unstandardized factor loadings and intercepts for model
establishing partial scalar invariance are displayed in the
left part of Table 4.

Cross-ethnic Invariance

The configural invariance model fit the data well,
χ2(60, n = 853) = 86.50, p<.05, RMSEA = .039 (90%
CI = .018–.057), SRMR = .045, as did the metric invariance

model, χ2(74, n = 853) = 86.50, p<.01, RMSEA = .041
(90% CI = .024–.057), SRMR = .070. The chi-square
difference test between these two models was nonsignifi-
cant, χ2(14) = 23.59, p = .05, indicating that metric
invariance exists between the three ethnic groups. The
scalar invariance model fit the data acceptably according
to the RMSEA, but poorly according to the SRMR, χ2(88,
n = 853) = 214.08, p<.01, RMSEA = .071 (90% CI =
.059–.083), SRMR = .092, and the chi-square difference test
for model fit between the metric and scalar invariance models
was significant, χ2(14) = 103.98, p<.01. Based on modifi-
cation indices, the intercepts for waiting for bow and rabbit-
turtle in the European-American group were allowed to differ
from those for the African American and Hispanic groups,
the intercept for yarn tangle in the Hispanic group were
relaxed to be different from the African-American and
European American groups, and the intercept for gift wrap
was allowed to differ in all three groups. In this model, the
chi-square difference test between the partial scalar and the
metric invariance models was nonsignificant, χ2(9) = 12.12,
p = .21. The model for partial scalar invariance fit the data
well, χ2(83, n = 853) = 122.21, p<.01 , RMSEA = .041
(90% CI = .024–.056), SRMR = .0693. The unstandardized
factor loadings and intercepts for the model establishing
partial scalar invariance are displayed in the right part of
Table 4.

Because nearly all the European American children were
located at the Florida site, and nearly all the Hispanic
children were located at the Texas site, site differences
could be confounded with ethnic differences. Separate
measurement invariance analyses were conducted to exam-
ine the measurement equivalence across African Americans
at the two sites, and the two major ethnic groups within
each site: African Americans and Hispanics in Texas, and
African Americans and European Americans in Florida.

The configural invariance model for the African Amer-
ican group across site had acceptable fit, χ2(40, n = 422) =
65.60, p<.01, RMSEA = .055 (90% CI = .029–.078),
SRMR = .057, and the metric invariance model had good
fit, χ2(47, n = 422) = 71.17, p<.05, RMSEA = .049 (90%
CI = .023–.072), SRMR = .072. The chi-square test
comparing these two models was nonsignificant, χ2(7) =
5.56, p = .59, indicating that metric invariance held across
these two groups. The scalar invariance model had
acceptable fit based on the RMSEA, but relatively poor fit
based on the SRMR, χ2(54, n = 422) = 94.92, p<.01,
RMSEA = .060 (90% CI = .039–.080), SRMR = .090, and
the chi-square difference test comparing the metric invari-
ance model with the scalar invariance model was signifi-
cant, χ2(7) = 23.75, p<.05, indicating that full scalar
invariance was not attained. Releasing the constraints on
the intercepts for bird and dragon and the CPT reduced the
chi-square difference test for partial scalar invariance to

Table 4 Intercepts and unstandardized factor loadings from multi-
group CFA

Variable Male Female European
American

African
American

Hispanic

Intercepts

Knock Tap 0.61 0.62

CPT 0.94 0.94

Bird/Dragon 3.09 3.12

Gift Wrap 0.61 0.70a 0.62a 0.50a

Waiting for Bow 1.69 1.80a 1.65 1.65

Yarn Tangle 3.41 3.66 3.66 2.71a

Rabbit Turtle 4.00a 3.83 4.07a 3.85 3.85

Teacher CBQ 4.41a 4.67 4.56

Factor Loadings

Knock Tap 1.00 1.00

CPT 0.13 0.13

Bird/Dragon 4.16 4.46

Gift Wrap 1.64 1.60

Waiting for Bow 1.03 0.91

Yarn Tangle 4.09 3.99

Rabbit Turtle 1.36 1.04

Teacher CBQ 2.55 2.81

One value under Intercepts or Factor Loadings columns means
invariant constraints (i.e., the same intercept/factor loading held across
the three ethnic groups and across the sexes). Multiple values indicate
that the constraint was relaxed.
a This intercept value differed statistically from the intercept(s) for the
other group(s).
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nonsignificance, χ2(5) = 5.22, p = .40, and produced a
model with good fit, χ2(53, n=422) = 76.39, p<.05,
RMSEA = .047 (90% CI = .021–.069), SRMR = .072.

The configural invariance model for the Texas site fit
well, χ2(40, n = 405) = 55.83, p<.05, RMSEA = .044 (90%
CI = .002–.069), SRMR = .051, as did the metric invariance
model, χ2(47, n = 405) = 64.94, p<.05, RMSEA = .043
(90% CI = .008–.067), SRMR = .063. The chi-square
difference test for these models was nonsignificant,
χ2(7) = 9.12, p = .24, indicating that metric invariance
held for these two groups. The full scalar invariance model
fit the data adequately, χ2(54, n = 405) = 96.76, p<.01,
RMSEA = .062 (90% CI = .041–.082), SRMR = .071. The
chi-square difference test between the metric invariance model
and the scalar invariance model was significant,χ2(7) = 31.82,
p<.01, indicating that the requirements for full scalar
invariance were not met. Relaxing the constraint on the
intercept for yarn tangle produced a model with good fit,
χ2(53, n = 405) = 73.95, p<.05, RMSEA = .04 (90%
CI = .014–.066), SRMR = .061, and produced a nonsignif-
icant chi-square difference test, χ2(6) = 9.01, p = .17.

Similarly, the configural model for the Florida site also
fit well, χ2(40, n = 421) = 44.61, p = .28, RMSEA = .023
(90% CI = .000–.044), SRMR = .049. The RMSEA statistic
indicated the metric invariance model also fit well, although
the SRMR statistic for this model was above .08, indicating
a relatively poor fit, χ2(47, n = 421) = 62.62, p = .06,
RMSEA = .04 (90% CI = .000–.064), SRMR = .085. The
chi-square difference test for this model was significant,
χ2(7) = 18.01, p<.05, indicating that full metric invariance
was not met between ethnic groups in Florida. The
constraint on the correlation between yarn tangle and
waiting for bow was released, producing a model with a
slightly improved SRMR statistic, χ2(40, n = 421) = 56.91,
p = .13, RMSEA = .034 (90% CI = .000–.059), SRMR =
.080. This model fit as well as the configural invariance
model, χ2(6) = 12.30, p = .06, establishing partial metric
invariance. The constraints for scalar invariance were added to
the partial metric invariance model, producing a model with a
good RMSEA value but a high SRMR value, χ2(53, n = 421) =
74.11, p<.05, RMSEA = .043 (90% CI = .014–.066),
SRMR = .094. The chi-square difference test comparing this
model the partial metric invariance model was significant,
χ2(7) = 17.20, p<.05. Releasing the constraint on the intercept
for rabbit turtle did little to improve the SRMR statistic,
χ2(52, n = 421) = 66.79, p = .08, RMSEA = .037 (90%
CI = .000–.060), SRMR = .089, but produced a nonsignificant
chi-square difference test, χ2(6) = 9.87, p = .13.

The results of these analyses indicated that there were
relatively few differences between the groups when
analyzed separately by site, and that full scalar invariance
was not established across sites for the African American
group. Thus, differences between the sites may partially

account for the differences in intercepts between groups in
the partial scalar invariance model using data from both
sites.3

Discussion

The purpose of this study was to examine the factor
structure and measurement invariance of EC across three
ethnic groups (European Americans, African Americans,
and Hispanics) and across sex. In a factor analysis of
teachers’ reports of the inhibitory and attentional focusing
scales of the CBQ and seven behavioral measures thought
to index EC, we found that a single factor solution best
accounted for the pattern of correlations among the
variables. Tests of configural and metric invariance indi-
cated that the factor structure and the pattern of loadings
were not significantly different across boy and girls or
across the three ethnic groups studied. That is, a single
factor model fit the data for each group equally well, and
the factor loadings were not different among the groups.

Of our hypothesized indicators of EC, bird and dragon
and knock tap are most indicative of inhibitory control,
yarn tangle (persistence on a boring task) probably taps
activational and perhaps attentional control, the rabbit and
turtle task reflects motor, inhibitory, and activational
control, the CPT is a measure of attentional control, and
gift wrap and waiting for bow likely tap impulsivity or
sensitivity to reward in addition to inhibitory (and perhaps
attentional) control. Thus, our battery of indicators included
a diverse set of skills encompassed by EC at preschool age,
including gross motor control, inhibitory and activational
control, attention focusing, and the ability to delay
gratification. Each of these subcomponents of EC involves
a somewhat different skill set, but they are typically viewed
as indicators of a more general construct, and are
commonly combined to form a single composite measure
of EC. Our findings support the conclusion that all of these
constructs tap the common latent construct of EC. Even
though there was some evidence for two factors in some
auxiliary analyses (see Footnote 2), the two factors were
always highly correlated. This is an important finding

3 Measurement invariance models in which the Hispanic group
consisted of only of English speaking students or only Spanish-
speaking students were compared to the models that included the
entire sample. In these alternate models, metric, configural, and partial
scalar invariance were established in both language groups. In the full
sample, 5 intercepts needed to be released for partial scalar invariance.
In the English speaking group, 4 needed to be released and all were
the same as in the full sample. In the Spanish-speaking group, 5
needed to be released: 3 were the same as the full sample, and two
were different. This finding suggests that language differences cannot
fully explain the differences in intercepts among the ethnic groups in
our sample.
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because it was unclear if some of the tasks might measure
impulsivity or behavioral inhibition (i.e., reactive control)
more than EC. Although it is quite possible that some of the
indices do tap impulsivity to some degree, they also appear
to measure EC in a manner that is consistent with other
indicators of EC. However, to our knowledge there is no
evidence that any specific aspect of EC has better predictive
validity than the more general factor.

In addition to full configural and metric invariance, we
established partial scalar invariance across sex. Only two
intercepts differed for males and females: the intercept for
rabbit turtle was larger in males, whereas the intercept for
the teacher-rated EC on the CBQ was larger in females. The
difference in intercept for the CBQ was expected, as gender
stereotypes likely influence teachers’ perceptions of EC
above and beyond actual differences between boys’ and
girls’ behavior. Given the relatively small number of
differences between these two groups, we have consider-
able confidence that means can be compared across gender,
especially if questionnaire measures are not used as
indicators of EC.

Configural, metric, and partial scalar invariance were
also established across ethnic groups. In the multi-group
model comparing European Americans, African Americans,
and Hispanics, several differences in intercepts emerged.
The intercepts for waiting for bow and rabbit turtle were
larger in European American group relative to the other two
groups. For gift wrap, the intercept was largest in the
European American group, and smallest in the Hispanic
group, with the African American group falling in the
middle. Finally, the intercept for yarn tangle was smallest in
the Hispanic group relative to the other two groups. The
intercepts for the other four indicators did not differ across
groups.

Unfortunately, we cannot offer any theoretical explana-
tion for the differences in intercepts. European Americans
and Hispanics were most dissimilar, with four intercepts
that differed; The African American group had two
intercepts that differed from this Hispanic group, and one
that differed from the European American group. The
differences in intercepts may have been due to cultural
differences between the ethnic groups, or to cultural or
individual differences between participants in Texas and
Florida that are unrelated to ethnicity. The African
American group was split between Texas and Florida, but
nearly all of the Hispanic participants were in Texas, and
nearly all of the European American participants were in
Florida. Analyses of invariance conducted within each site
revealed few differences in intercepts, and suggest that
differences between groups in intercepts may be partially
due to site differences rather than ethnic differences. This
conclusion is supported by the larger number of differences
between European Americans and Hispanics, groups that

were primarily located at two different sites, than between
those groups and African Americans, who were split
between the sites.

It is also possible that the ethnic groups differed in
income or other variables, including familial or school
socialization, that we did not measure or that the tasks had
differential appeal to the children in various groups.
Differences in maternal education or socioeconomic status
more generally likely also account for some of the differ-
ences in the intercepts; the Hispanic group was lowest in
maternal education and had the lowest scores on several
variables. Thus, we were not able determine to what degree
socioeconomic, cultural, and other factors were related to
differences in intercepts across ethnic groups.

To our knowledge, this is the first study to investigate
the factor structure of EC in a large, high-risk, low-income
sample with significant numbers of ethnic minorities. We
have established configural and metric invariance for EC
across the sexes and across three ethnic groups using a
diverse array of behavioral indicators and teacher reports.
This indicates that the construct of EC behaves in a similar
way across groups, and that a wide array of tasks index a
single latent EC construct. Partial scalar invariance was also
established, indicating that comparisons of mean levels of
EC are valid between girls and boys, and, although there
were several differences among the intercepts, comparisons
of mean levels across ethnicity have some validity as well.
However, if investigators use only one specific measure of
EC rather than an aggregate, it is possible that the intercept
may not be equivalent across groups; in this case,
comparisons of mean levels may not be meaningful. A
goal for future research is to examine whether the
predictive validity of measures of EC is equivalent across
groups. In addition, it would be useful to examine the
measurement invariance of EC across different levels of
SES and in a range of cultures, including groups outside of
the United States.
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