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Inhibitory control (IC) is defined as the executive functioning (EF) and self-regulatory
temperamental inhibition of impulsive or pre-potent behavior and has been consistently
linked to multiple forms of childhood cognitive and socio-emotional maladjustment
including academic and learning challenges, externalizing behaviors, and attention deficit
hyperactivity disorder. However, the results of relevant investigations are somewhat
dependent on the method of IC assessment and the theoretical approach of the researcher.
The two primary theoretical perspectives on IC are the temperament and the EF
approaches, and although there is considerable overlap between these perspectives,
there are some distinctions with regard to assessment and emphases on cognition vs.
emotion. Therefore, investigations including both temperament and EF approaches to IC
are of considerable interest and will best inform future education, prevention, and
intervention efforts. This investigation examined associations between child IC, working
memory (WM), receptive vocabulary, externalizing behavioral problems, and primary
caregiver depression and anxiety symptoms using a family study design. The sample was
composed of 99 families with two typically developing preschool children (n = 198;
2.5-5.5 years old; M = 3.88, SD = 1.04) and one primary caregiver/parent. Child IC was
assessed using a multi-method approach consisting of one parent-rated questionnaire,
three independent observer rating subscales, two videotaped in-person laboratory
temperament episodes, and an EF Stroop task. Child WM and receptive vocabulary were
measured in the laboratory using standard assessment techniques, and the remaining
measures were parent-reported. Male child participants had significantly higher levels of
observer-rated hyperactivity and impulsivity, and females had higher levels of
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INTRODUCTION

observer-rated attention and Stroop-assessed IC. Correlational results showed that
excepting IC-Stroop and a snack delay task, all IC measures were significantly correlated.
AlllC measures except snack delay were positively correlated with WM, and with receptive
vocabulary (except Lab-TAB snack delay and observer-rated hyperactivity), and WM and
receptive vocabulary were also positively correlated. All IC variables, WM, and receptive
vocabulary were significantly related to externalizing behavior problems. Generally, children
with higher IC, WM, and receptive vocabulary had lower levels of behavioral maladjustment.
Lower parent-rated IC and higher levels of externalizing behavior problems were positively
associated with maternal depression and anxiety (lower receptive vocabulary level was
related to depression only). Employing structural equation modeling (SEM) analyses,
we further examined the interrelationships among IC temperament variables, |C-Stroop,
WM, and receptive vocabulary, controlling for age, gender, externalizing behaviors,
maternal depression and anxiety, and the parent-rater variance (the multi-method effect).
The results of our hypothesized model showed that the IC Temperament factor, composed
of the six temperament IC measures, showed a positive effect on receptive vocabulary,
while the IC-Stroop positively predicted WM. The IC Temperament factor and IC-Stroop
were positively correlated with each other, and the IC Temperament factor, IC-Stroop,
WM, and receptive vocabulary were positively related to age. The IC Temperament factor
was also associated with fewer externalizing behavior problems, maternal depression
had a negative effect on receptive vocabulary, and females showed lower levels of WM
and receptive vocabulary than males. Overall, the IC Temperament factor and other
covariates together accounted for 22.5% of the variance in vocabulary, whereas IC-Stroop
and other controlled variables could explain 49.8% of the variance in WM. These findings
indicate that theoretical perspectives (in this case temperament and EF IC contexts) and
the different types of assessments used are crucial considerations when interpreting the
results of studies of early childhood IC. Although most assessments of IC were associated
with the outcomes under study, we found specific associations between temperament
measures of IC and receptive vocabulary as well as externalizing, and IC-Stroop and WM.
In addition, maternal depression had an effect on receptive vocabulary, emphasizing the
developmental importance of family environment in preschool. These findings are relevant
to the field of child development because they address several important questions about
child EF and self-regulation. 1. Do temperament and EF conceptions of IC differentially
predict outcomes? 2. How does the way we measure IC from the EF and self-regulation/
temperament perspectives impact our conceptualizations of these important constructs?
3. How can we reconcile the various ways different disciplines define IC and their
independence/overlap? 4. How can multi-method and multi-disciplinary perspectives
and data collection approaches be combined to better understand both the temperament
and EF conceptions of IC? Future studies with this sample will employ this multi-theoretical
and multi-method approach on assessment in preschool to predict temperament, EF,
and behavioral and academic adjustment in elementary school longitudinally.

Keywords: inhibitory control, self-regulation, executive function, multi-theoretical, multi-method

of note. Temperament is described as - emerging individual
differences in behavioral and emotional development that emerge

The two primary theoretical perspectives on inhibitory control  in infancy, are moderately stable throughout development, and
(IC) are the temperament and executive functioning approaches.  have a biological or genetic basis (Rothbart and Bates, 2006;
While these perspectives are similar, there are some distinctions ~ Zhou et al, 2012). Many psychologists emphasize child
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temperament because of its strong associations with adult
personality as well as maladaptive traits, such as psychopathology
in childhood (Goldsmith et al., 2004; Caspi et al., 2005). While
temperament researchers focus primarily on socio-emotional
development, Rothbart included aspects of cognitive development,
specifically executive attention in her temperament theory
(Rothbart and Bates, 2006). Rothbart’s theoretical perspective
maintains that IC as a distinct temperament dimension that
is subsumed by the larger domain of effortful control (Rothbart
et al., 1994; Rothbart and Bates, 2006). Effortful control (EC)
is “the efficiency of executive attention, including the ability
to inhibit a dominant response, to activate a subdominant
response, to plan, and to detect errors” (Rothbart and Bates,
2006, p. 129). Therefore, according to the temperament
perspective, IC is the inhibition of impulsive or pre-potent
behavior, typically under the conditions of expectation or
instruction (Rothbart, 1989; Kochanska et al., 1996).

IC involves the control of impulses, and basic examples
include avoiding eating a snack for an extended period, similar
to Mischel’s renowned “marshmallow task” (Metcalfe and Mischel,
1999), and being successful on similar delay tasks often used
in temperament investigations of IC. Cognitive psychologists
and neuroscientists also describe the phenomenon of IC, but
as a component of executive functioning (EF) rather than as
a dimension of temperament. EFs are mental processes related
to cogitating, concentration, and planning, and EF scholars
refer to IC as the capacity to regulate thinking, behavior, and
in many cases emotion to sustain attention and resist impulsive
thoughts and behaviors (Diamond, 2013). Generally, IC in
children is assessed from the EF perspective using Stroop and
other similar tasks in order to determine the child’s ability to
engage executive control. Therefore, school age children are
typically the focus for the EF approach on IC. The temperament
approach typically emphasizes earlier assessment of IC with
affective components that tend to be less cognitively challenging
than standard EF assessments of IC that rely more on
attentional focusing.

The early development of IC is a critical area of study in
developmental science. Researchers have found that children with
low IC have a higher risk of behavioral maladjustment, such as
externalizing behavior and attention deficit hyperactivity disorder
(ADHD; Eisenberg et al,, 2001, 2004; Goos et al, 2009; Gagne
et al, 2011). This pattern f findings is consistent across both
executive functioning and temperament researchers studying IC
and behavioral maladjustment in childhood (Nigg et al., 1999;
Olson et al, 1999; Eisenberg et al, 2001, 2005; Murray and
Kochanska, 2002; Riggs et al, 2003; Hughes and Ensor, 2008;
Gagne et al., 2011). Children with early behavior problems have
increased risk for several poor developmental outcomes related
to health and education (Saudino et al, 2008; Gagne, 2017).

A related aspect of executive functioning that developmental
researchers study in childhood is working memory (WM).
WM is described as the capacity to cognitively retain information
that is no longer being directly perceived and manipulate it
in some way (Baddeley and Hitch, 1994; Smith and Jonides,
1999; Diamond, 2013). Therefore, WM is key to the interpretation
of events that occur in real time because one must recall a

recent occurrence and relate it to a current one. This is a
fundamental component to comprehending written and oral
language and for mentally computing math (Diamond, 2013).
WM is also very important for IC functioning, as each often
supports the functioning of the other (Diamond, 2013). For
instance, one must retain the rules or instructions (WM) to
inhibit impulses counterintuitive to what is necessary to
accomplish a goal (IC). Alternately, one must focus attention
through the inhibition of distractions to best interpret the
rules for a specific goal or task. Therefore, both executive
functions provide support for the other (Diamond, 2013).
Studies have shown strong links between EF conceptions of
IC and WM in young children, and several have indicated
that confirmatory factor analyses of the two constructs yield
a single common factor (Wiebe et al., 2008, 2011). However,
other analyses have yielded a two-factor solution (Lerner and
Lonigan, 2014; Usai et al., 2014; Panesi and Morra, 2020) with
some scholars suggesting the associations between IC and WM
are strongest in younger children, and as children age, the
two constructs become more distinct from one another
(Lerner and Lonigan, 2014).

Vocabulary is a basic building block for many school-related
subjects, as it is significantly associated with listening and reading
comprehension skills in childhood (Cain et al, 2004; Cromley
and Azevedo, 2007; Lynch et al., 2008; Florit et al., 2009; Language
and Reading Research Consortium et al., 2019). Many also propose
that vocabulary may be related to the development of EFs, as
language improves children’s ability to think, learn, use goal-oriented
rules, and trigger deliberate discipline of their actions according
to the iterative reprocessing model and cognitive complexity and
control theory (Zelazo et al, 2003; Zelazo, 2015; Schmitt et al.,
2019). Although it is generally accepted that vocabulary skills
support cognitive development including EFs, interpretations of
this research are somewhat mixed in findings due to varying
levels of complexity in vocabulary skills assessed (Schmitt et al., 2019).

Since IC and WM are the primary EFs of childhood, the
early development of these skills and the acquisition of vocabulary
overlaps. For example, research indicates that WM shows
individual differences in childhood that strongly predict
performance in attention, reasoning, and comprehension that
may be relevant for IC (Engle and Kane, 2004; Unsworth and
Engle, 2007; Unsworth and Robison, 2017). In addition,
individuals with low WM capacity along with low attentional
control report increased distractedness, absent-mindedness, and
mind wandering (Unsworth et al, 2012). McClelland et al
(2007) showed that more behaviorally regulated children, with
higher levels of IC (Blair, 2002), obtained significantly higher
levels in vocabulary with these results pointing toward a crucial
relation between behavioral regulation and school readiness
(Bronson, 2000; Blair, 2002). This research also found that
increases in self-regulation across the academic year revealed
greater advances in vocabulary as well as emergent literacy
(McClelland et al, 2007). Similarly, Wolfe and Bell (2007)
found that high composite scores of WM and inhibitory control
were associated with the highest levels of language achievement.

A multi-method approach to IC measurement can offer a
clearer representation of early emerging IC and associations
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with school readiness and behavioral maladjustment. Although
EF tasks tapping IC are used in research on preschoolers,
these measures can be relatively difficult for younger children.
More basic behavioral measurement of IC in preschool is also
possible by employing inhibition and delay tasks during a
videotaped assessment of temperament in the laboratory. The
preschool version of the Laboratory Temperament Assessment
Battery (Lab-TAB') contains multiple IC episodes that have
been used in earlier studies (Gagne and Saudino, 2010, 2016;
Gagne and Goldsmith, 2011; Gagne et al., 2011). Though both
EF and temperament tasks are available for IC assessment in
preschool, many investigations of early emerging IC rely on
parent-rated questionnaires as the principal assessment modality.
Parent-rated questionnaires are reliable and valid but are prone
to rater bias, including contrast effects in studies of family
members (Saudino, 2003). In some cases, parent ratings of IC
may show stronger rater covariance with parent-rated behavior
problems (Gagne et al., 2018). Therefore, incorporating parent
ratings as well as EF and temperament tasks will provide a
more comprehensive assessment approach and will allow
investigators to account for shared method variance, better
identifying the primary IC variables links to outcome variables
(Podsakoff et al., 2003).

Although in some cases, different measures of IC confer different
patterns of results in predicting variables of interest, there is some
evidence that EC and EF measures of child IC tap a common
factor of self-regulation (Lin et al., 2019; Tiego et al.,, 2019; Kélin
and Roebers, 2021). In addition, some researchers have viewed
EFs in general as either a unitary or multi-dimensional construct.
For example, Garon et al. (2008) describe the component EFs
as being subsumed under an executive attention system, with
elementary forms of the core EF s present in preschool. Others
have separated more complex EF and IC tasks into those that
require effortful or automatic inhibition, overlapping with EF and
temperament measurement conceptions of IC, respectively (Johnson
et al., 2003). A recent selective review of EF terminology and
methodology argues that further conceptual clarity is required
regarding EFs and IC and inhibition and suggests that task
appropriateness may depend on study goals and the ages of the
participants (Morra et al., 2018). We agree with this viewpoint
and further argue for the inclusion of temperament measures in
IC assessment during preschool. Employing a multi-method and
multi-informant approach allows researchers to study if IC measures
are best analyzed separately or by using a common factor approach.

In addition to employing multiple measures of IC, it is
also important to consider the family context. Family studies
that include parent and sibling data permit researchers to
examine the influence family members have on developmentally
significant traits in childhood. Many studies of individual
differences in child IC emphasize child behavior. However, the
family environment is also germane to the early development
of IC, and parent traits, such as neuroticism, emotional or
affective style, parenting style, substance use, and depression

'Goldsmith, H. H., Reilly, J., Lemery, K. S., Longley, S., Prescott, A. (1995).
Preschool Laboratory Temperament Assessment Battery. Unpublished instrument,
University of Wisconsin.

and anxiety symptoms, are often investigated. A family study
including both parent and child variables (such as a multi-
method perspective on IC assessment) can clarify the development
of preschool IC and links to WM and vocabulary. Results
from a comprehensive study such as this can inform child
and family assessment, allowing for better recognition of risk
factors, and improve interventions.

The current study examined relations between multiple
measures of IC, as well as unitary measures of WM and
receptive vocabulary in preschool-aged siblings. Additionally,
we investigated how these three preschool abilities were related
to early emerging child behavior problems and maternal mental
health symptoms. Instead of assessing one child exclusively,
two preschool-aged siblings from a family were recruited,
increasing the power to detect effects as opposed to studying
singletons (Krull, 2007). The inclusion of siblings in analyses
accounts for IC, WM, and receptive vocabulary variance caused
by dyadic differences, and differences in variance due to family
means, sources of variance that are confounded in studies of
single children (Spann and Gagne, 2016). The proposed SEM
analyses account for these between and within sibling and
family effects. We predicted lower levels of child IC, WM,
and receptive vocabulary would be significantly correlated,
associated with externalizing behavior problems, and we were
interested in seeing if these results would be consistent across
multiple assessments of child IC. Based on our previous findings
(Gagne and Saudino, 2010, 2016; Gagne and Goldsmith, 2011;
Gagne et al, 2013a, 2018), girls and older children were
hypothesized to have higher IC and be at less risk for externalizing
problems. Although performance gender differences are not
evident for WM, there is some evidence of neurofunctional
gender differences (Hill et al., 2014). Therefore, we tested for
gender differences in WM as well. The analyses accounted for
child gender and age, and the depressive and anxiety symptoms
of the primary caregivers (virtually all mothers). Based on
prior findings (Gagne and Saudino, 2010, 2016; Gagne and
Goldsmith, 2011; Gagne et al, 2013a), boys and younger
children were predicted to have lower IC and be at higher
risk for externalizing behavior problems. In addition, caregiver
depressive symptoms and trait anxiety were both associated
with externalizing behavior problems in recent results in our
sample (Gagne et al., 2018). Several other studies have shown
similar findings regarding parental psychopathology and child
temperament and EF (Ventura and Stevenson, 1986; Edhborg
et al., 2000; Biederman et al., 2001; Pesonen et al., 2006; Gagne
et al., 2013b). Therefore, we predicted that maternal depressive
and anxiety symptoms would be related to child externalizing
behavior problems.

MATERIALS AND METHODS

Participants

The participants in the TEXAS Family Study, which investigated
child temperament, behavior problems, executive function, and
relevant parent and family variables, served as the sample for
the current research. Ninety-nine families with two typically
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developing preschool children (n = 198) and one parent
participated in the study. The age range for these children
was 2.5 to 5.5 years old (M = 3.88, SD = 1.04). There were
102 males (mean age = 3.79, SD = 0.99) and 96 females
(mean age 3.97, SD = 1.08), 57 full sibling pairs, 10 identical
twin pairs, and 32 fraternal twin pairs included in the sample.
The racial distributions included a predominantly white sample
(84% of children; 88% of mothers; and 87% of fathers). Other
races included in the sample were Hispanic or Latino (13%
of children; 7% of mothers; and 8% of fathers), multiracial
(11% children; 5% mothers; and 4% fathers), and African
American (4% children; 4% mothers; and 7% fathers). Less
than 3% were reported as Asian American, Pacific Islander,
and other races. The average household income was approximately
$70,000 (Range= $20,000-$200,000) and average years of
education was 15.82 years for mothers and 15.2 years for
fathers (range from 8 to 22 years), respectively.

Procedure

Recruitment information on the TEXAS Family Study is
documented in Gagne et al. (2018). Online surveys were
completed through SurveyMonkey (predominantly by mothers)
after recruitment and screening based on child age and
developmental status. There were 126 families that completed
this online portion; and of these families, 100 families participated
in a laboratory visit (children with any developmental disorders,
such as autism, were excluded from analyses). The laboratory
visits utilized different behavioral and cognitive assessments
described as “fun games” for the children. Parents also filled
out additional questionnaires while at the visits. There were
no significant differences in demographic variables for families
(parental age, years of education, and family income) that
completed the laboratory option and those that just completed
the online surveys, with one exception, child age. Average
child age was lower for the participants with parents who
completed the online phase of the study only. This occurred
because some children were not within the age range of the
study, and therefore were ineligible for laboratory visits. After
completing the online portion of the study, participants were
remunerated a $25 gift card. The laboratory visit participants
were compensated an additional $50 gift card after completion
of the visit. The University Institutional Review Board reviewed
and approved all research procedures for this study.

Measures

Inhibitory Control

A multi-method approach was used to comprehensively measure
IC for this study. The measures used for this approach were
a parent-rated questionnaire, multiple laboratory-based tasks,
and a global observer rating completed by child experimenters.

Parent Ratings of Inhibitory Control

The parent report measure used was the Toddler Behavior
Assessment Questionnaire-Revised (TBAQ-R; Goldsmith, 1996).
The IC subscale of the questionnaire assesses child IC with a
higher score indicating higher levels of IC. The TBAQ-R contains

120 items, and 13 items comprise the IC subscale. These items
estimate child temperament traits by assessing the frequency
of child behaviors that occurred in specific scenarios in the
past month as rated by parents. TBAQ-R items are composed
of a 7-point Likert scale with 1 being “never” and 7 being
“always” (as well as an “N/A” option). The TBAQ-R IC subscale
used in our sample had an internal consistency reliability of
0.93, consistent with Goldsmith (1996).

Stroop Task

A modified Stroop task was used in the laboratory in order
to measure child IC based on the EF approach. The task
required that the child inhibits their natural impulse response
to answer task questions appropriately. The tasks were adapted
for different age groups. These adaptations of the Stroop task
all included an introductory phase for the control condition,
which did not have any IC requirement on the child followed
by the test condition. This test condition did require IC to
inhibit a pre-potent response following the directions for the
task (Hughes and Ensor, 2007). The first age range (children
2.5-3.5 years old) performed the baby Stroop task (Hughes
and Ensor, 2005). This task required offering the child a smaller
“baby” cup and a larger “mommy” cup. Researchers then asked
the participant to point to either cup. This introductory phase
for the task allowed the verification of the child’s ability to
distinguish the two different cups. Next, the participant was
told that they were playing an “opposite game” When shown
the “mommy cup,” the child would need to say “baby cup”
and vice versa. The Stroop task displayed the two different
stimuli cups in a pseudorandom order, where the researcher
would bring one cup forward at a time. The next age range
(3.5-4.5 years old) participated in the hand game (Hughes,
1998). Researchers displayed a fist and then displayed a pointing
finger. The child mirrored this display for the introduction to
the task followed by the test condition. The child was asked
to point when the experimenter made a fist and shows a fist
when the researcher pointed. A Cronbach’s alpha of 0.88 was
reported for this activity (Chasiotis et al., 2006). The final age
range (4.5-5.5 years of age) played the day-night task. This
task asked that the child respond by saying “day” if a card
with a moon and stars was presented (the “night” card). When
presented with a card depicting the sun (the “day” card), the
child was to respond with “night” This was repeated for 12
trials, and the number correct was counted. High scores
demonstrated higher levels of IC. The range of 0.79 to 0.93
was reported for the internal reliability of this modified Stroop
assessment (Chasiotis et al., 2006; von Stauffenberg and Campbell,
2007; Rhoades et al, 2009). An 0.84 test-retest
reliability score was reported for this measure (Thorell and
Wihlstedt, 2006).

Laboratory Temperament Assessment Battery

An in-lab standardized assessment battery was also used to
measure child IC using preschool Lab-TAB episodes (see
footnote 1). The Lab-TAB IC “snack delay” and “gift” episodes
were used to measure IC. Coders for this behavioral data
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went through training to be within 90% agreement with
the master coders. After that proficiency was obtained, they
went on to code the behavioral data independently. To
further assess coder reliability, 20 % of the sample episodes
were double-coded by another coder and agreement reached
over 85%. The “snack delay” task consisted of providing
the child a snack typically M&M’s or goldfish and providing
directions to wait for a bell to be rung before eating the
snack. One snack was placed under a clear cup on a plate
and the experimenter would ring a bell when it was time
for the child to eat the snack. This was repeated for six
trials with wait intervals of 20, 30, 0, 40, 10, and 60 s in
this order. In the “gift” task, a research assistant presented
a small gift-wrapped toy to the child and asked them to
wait for a period of time before signaling that they were
allowed to open this gift. The child was then ignored by
the experimenter (the child was led to believe that the
researcher is working on paper work during the task) for
2 min before given permission to open it by the instructor.

Post-visit Observer Temperament Rating

Post-visit ratings of child temperament were also completed
by study experimenters after each laboratory visit. The scale
for these post-visit ratings was based on a 23-item questionnaire
estimating different aspects of temperament on a 5-point scale
where 1 served as the lack of a characteristic (e.g., frustration,
energy, or impulsivity) and 5 served as a high magnitude,
regularity, and/or severity of such a characteristic. Previous
studies of temperament conducted comparable ratings (e.g.,
Gagne et al., 2011) to serve as convergent validity for Lab-TAB
and questionnaire measures. Attention to tasks, hyperactivity,
and impulsivity (selected because of their overlap with IC)
was used to assess items post-visit rating child IC scores for
this study (internal consistency = 0.82).

Working Memory

A search task called Spin-the-Pots (Hughes and Ensor, 2005)
was used to assess WM in the child participants. The game
utilized several visually specific boxes that were placed on a
Lazy Susan. The total boxes used for the task were determined
by child’s age with 2.5-3.5-year olds using eight boxes to choose
from, children ages 3.5-4.5 years old having 10 boxes, and
children between the ages of 4.5-5.5 using 12 boxes. The child
helped to set up the task by assisting in inserting the stickers
inside the boxes. The researcher informed the participant they
did not have enough stickers to place in each box. Thus, two
boxes remained empty. Once stickers were placed and the
boxes closed, the Lazy Susan was then covered with a cloth.
Next, the Lazy Susan was spun around once and uncovered.
The child was then asked to choose a box with a sticker
inside. The child decided, then the Lazy Susan was covered
again. The procedure continued until the stickers were all found
or until 12 spins were reached for 2.5-3.5-year olds, 16 spins
were reached for 3.5-4.5-year olds, or 20 spins were reached
for 4.5-5.5-year olds. WM scores were calculated as a proportion
of the number of stickers the child accurately selected compared

to the total number of spins. Scores ranged from 0 to 1 with
higher performance indicative of higher WM and low scores
reflecting lower WM. Test-retest reliability on this task as
administered to 2-year olds was significant (r = 0.59, p = 0.002;
Lalonde and Holt, 2014).

Vocabulary

The Peabody Picture Vocabulary Test was used to assess receptive
vocabulary (fourth ed.; PPVT-IV; Dunn and Dunn, 2007). The
procedure for this test included an experimenter saying a word
from the standardized list, and the child pointing to the picture
that they thought corresponded with the word. The child would
need to choose from four pictures when responding. If a child
reached eight items from a block of 12 that were incorrect
responses, then testing would stop. Otherwise, testing proceeded
through the entire test. The results for each child were then
compared to standardized scores.

Child Behavior Problems

The externalizing dimensional behavior problems subscale of
the Child Behavior Checklist (CBCL; Achenbach and Rescorla,
2000) was completed by parents to assess behavioral
maladjustment. The CBCL is a widely used 100-item questionnaire
measure of socio-emotional and behavioral maladjustment
appropriate for preschool age children. Parents rate their child’s
behaviors over the past 2 months on a scale from 0 (“not
true”) to 2 (“very true or often true”). Subscale total scores
are calculated by summing raw parental responses for each
subscale item, and z-scores are taken of these total summed
scores. Higher scores reflect higher levels of behavioral
maladjustment. Cronbachs alpha for the externalizing
dimensional behavior problems subscale was 0.80, consistent
with published alpha level means of 0.76 for narrow subscales
and 0.92 for broad constructs on the CBCL (Achenbach and
Edelbrock, 1983).

Maternal Depressive Symptoms

We used the Center for Epidemiologic Studies Depression Scale
(CES-D; Radloff, 1977) to measure primary caregiver depressive
symptoms. This self-report questionnaire contains 20 items that
assess depressive symptoms reported over the last week. The
CES-D includes cognitive, emotional, behavioral, and positive
affect items rated on a 4-point Likert scale from 0 (“rarely or
none of the time/less than 1 day”) to 3 (“most or all of the
time/5-7 days”). Global scores were formed by summing raw
item scores, with higher scores representing higher depressive
symptoms (range = 0-60). The Cronbach’s alpha for CES-D
was 0.84, with published alphas ranging from 0.84 to 0.90
(Radloff, 1977).

Maternal Trait Anxiety

The A-Trait scale of the State-Trait Anxiety Inventory (STAIL
Spielberger et al., 1970) was employed to assess trait anxiety
in primary caregivers. This scale is comprised of 20 statements
depicting general feelings scored by participants on a 4-point
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TABLE 1 | Descriptive statistics and gender differences among study variables.

Girls (n = 96) Boys (n = 102)
Variable Overall Mean (SD) Mean (SD) Mean (SD) t value df p value Cohen’s d
1. IC: Observer attention 3.45 (0.95) 3.70 (0.82) 3.23(1.01) -3.59 196 0.000™ 0.51
2. IC: Observer hyperactivity 2.59 (1.15) 2.29 (0.91) 2.86 (1.29) 3.59 196 0.000" 0.51
3. IC: Observer impulsivity 2.82 (0.98) 2.55(0.77) 3.08 (1.09) 3.93 195 0.000™ 0.56
4. 1C: Lab-TAB snack delay 0.00 (0.67) 0.08 (0.63) —0.07 (0.70) -1.63 194 0.128 0.23
5. IC: Lab-TAB gift -0.02 (0.62) —0.04 (0.62) 0.00 (0.62) 0.565 196 0.573 0.06
6. IC: Stroop 7.82 (3.44) 8.44 (3.41) 7.20 (3.37) —2.41 172 0.017* 0.37
7. 1C: TBAQ parent report 0.00 (1.00) 0.1 (1.0) ~0.10(1.0) —1.45 196 0.149 0.21
8. WM: Spin-the-Pots 7.49 (1.96) 7.56 (2.04) 7.43(1.89) —0.44 190 0.660 0.07
9. Receptive vocabulary: PPVT 107.66 (14.26) 107.33 (13.58)  107.99 (14.95) 0.322 191 0.747 0.05
10. CBCL: Externalizing 12.85 (7.63) 12.43 (7.36) 13.26 (7.89) 0.749 191 0.455 0.11
11. CES: Maternal depression 0.00 (1.00) 0.06 (1.09) —0.06 (0.90) -0.798 196 0.426 0.12
12. STAI: Maternal anxiety 0.00 (1.00) 0.12(1.02) —0.11 (0.98) ~1.60 196 0.112 0.23
‘P <0.05 "p<0.01.
Likert scale from 1 (“not at all”) to 4 (“very much so”). Higher ~RESULTS

scores represent higher levels of trait anxiety. The Cronbach’s
alpha of 0.90 for the STAI A-Trait scale in our sample was
in accordance with the published range of 0.86 to 0.95
(Spielberger, 1989).

Data Reduction of the Lab-TAB IC Episodes

Data reduction was performed in order to create a composite
Lab-TAB IC episode score data were reduced using a principle
component analysis with oblique rotations on the behavioral
variables from the two IC episodes of Lab-TAB. “snack
delay” included two IC variables that presented as “fidgeting
behavior” and “self-distracting behavior” Both variables were
concluded as important parts of child IC, and coded behaviors
with high factor loadings (eigenvalue over 0.60) on either
“fidgeting behavior” or “self-distracting behavior” were
standardized and a mean composite snack delay IC score
was calculated with higher values representing higher IC.
The gift variables behaviors included fidgeting/self-distracting
behavior and “impulsivity to open the gift” Again, coded
behavior variables that had high factor loadings on fidgeting/
self-distracting behavior or “impulsivity to open the gift”
were standardized and averaged to produce a composite
gift IC count.

Data Analysis

Preliminary analyses included calculating descriptive statistics
and analyzing gender differences using t-tests and Cohen’s d.
We used first order correlations to examine relations between
child IC, WM, receptive vocabulary, behavior problems, and
maternal depression and anxiety. To further examine the
interrelationships among these variables and correct the
underestimated standard errors due to the nested data structure
(siblings within families), we employed the design-based
multilevel structural equation model by using the Type =
Complex routine in Mplus 8.5 (Muthén and Muthén, 1998-
2020; Wu and Kwok, 2012). This routine adopted the maximum
likelihood model estimation with robust standard errors and
generated unbiased parameter estimates.

Descriptive Statistics and Correlations
Table 1 includes all descriptive statistics (means and standard
deviations) and gender differences. There were significant
gender differences for several measures of IC, and there
were none for WM, externalizing behavior problems, receptive
vocabulary, and maternal depression and anxiety. Males had
higher observer-rated hyperactivity and impulsivity, and
females had higher observer-rated attention and Stroop-IC.
Significant gender difference effect sizes ranged from 0.37
to 0.56 of a standard deviation. Correlations among the
study variables are presented in Table 2. Excepting IC-Stroop
and Lab-TAB snack delay, all of our IC measures were
correlated with one another in the expected directions. All
of the IC measures except Lab-TAB snack delay were
positively correlated with WM, and with receptive vocabulary
(except Lab-TAB snack delay and observer-rated
hyperactivity), and WM and receptive vocabulary were also
positively correlated. All IC variables, WM, and receptive
vocabulary were significantly related to externalizing behavior
problems in the expected direction. Generally, children with
higher IC, WM, and receptive vocabulary had lower levels
of behavioral maladjustment. Lower parent-rated IC and
higher levels of externalizing behavior problems were
positively associated with maternal depression and anxiety
(lower receptive vocabulary level related to
depression only).

was

Results for Hypothesized Model

In the hypothesized model, we further examined the
interrelationships among IC temperament variables, Stroop task,
WM, and receptive vocabulary, controlling for age, gender,
externalizing behaviors, maternal depression and anxiety, and
the parent-rater variance (the multi-method effect). Even though
the overall model chi-square test was significant [chi
(56) = 80.652, p < 0.05], all the fit indices (SRMR = 0.049,
RMSEA = 0.047, and CFI = 0.961) still indicated that our
hypothesized model fits adequately to the data.
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As shown in Figure 1, over and above the control variables,
the IC Temperament factor, composed of a set of six temperament
IC measures, showed a positive effect on receptive vocabulary,
while Stroop task positively predicted WM. Meanwhile, the
IC Temperament factor and Stroop task were positively correlated
with each other. As expected, the IC Temperament factor,
Stroop task, WM, and receptive vocabulary were positively
related to age. The higher the IC Temperament factor was
associated with fewer externalizing behavior problems. Maternal
depression presented a negative effect on receptive vocabulary.
Results of this model also revealed that females showed lower
levels of WM and receptive vocabulary than males. Overall,
the IC Temperament factor and other covariates together
accounted for 22.5% of the variance in receptive vocabulary,
whereas Stroop task and other controlled variables could explain
49.8% of the variance in WM.

DISCUSSION

The principal aim of this investigation was to study relations
between preschool IC, WM, receptive vocabulary, behavior
problems, and maternal depression and anxiety in a multi-
theoretical and multi-method family study design. Much previous
research on IC is theoretically based on either the EF or
temperament perspective, employing methods and assessment
techniques that reflect one or the other. This investigation
measured IC using both temperament and EF approaches and
included parent ratings, observer ratings, and laboratory tasks.
In addition, a laboratory-based assessment of preschool WM
and a standardized nonverbal vocabulary test was used, and
we considered child age and gender, as well as maternal
depression and anxiety as important covariates. Our mean-level
gender analyses showed significant differences in several IC
measures, but not in the other child or parent variables. Males
had higher impulsivity and hyperactivity scores, while females
had higher attention and IC-Stroop scores. Correlational analyses
indicated that most all of the IC measures were significantly
associated with one another, WM and receptive vocabulary.
IC, WM, and receptive vocabulary were also correlated with
externalizing behavior problems, such that preschoolers with
higher IC, WM, and receptive vocabulary had fewer behavioral
issues. Lower parent-rated IC and higher levels of externalizing
were related to maternal depression and anxiety (lower receptive
vocabulary level was linked to depression). Our SEM analyses
provide some specificity by indicating that the IC Temperament
factor had a positive effect on receptive vocabulary, and IC-Stroop
was positively associated with WM, accounting for 22.5% of
the variance in receptive vocabulary and 49.8% of WM variance,
respectively. Both IC factors, WM, and receptive vocabulary
were positively linked to age. The IC Temperament factor
predicted fewer externalizing behavior problems, maternal
depression had a negative effect on receptive vocabulary, and
females showed lower WM and receptive vocabulary than males.

As expected based on EF theory and previous literature, preschool
IC was significantly associated with WM and receptive vocabulary
(e.g, Bronson, 2000; Blair, 2002; Engle and Kane, 2004;
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FIGURE 1 | The results of hypothesized model. Gray paths are not statistically significant. Values are standardized path coefficients. p < 0.05; “p < 0.01; and
*'p < 0.001.

McClelland et al., 2007; Wolfe and Bell, 2007; Unsworth et al., 2012).
In addition, preschool IC, WM and receptive vocabulary were
significant correlates of externalizing behavior problems consistent
with previous studies in childhood (e.g., Eisenberg et al., 2001,
2004; Goos et al., 2009; Gagne et al, 2011). In most cases, the
correlational IC findings were similar across both parent and
observed preschool IC, and across temperament and EF ratings
of IC (e.g., Nigg et al, 1999; Olson et al,, 1999; Eisenberg et al.,
2001, 2005; Murray and Kochanska, 2002; Riggs et al, 2003;
Hughes and Ensor, 2008; Gagne et al., 2011, 2018). The IC measure
employing a snack delay task did not relate as strongly to the
variables under study, suggesting that food-based impulse control
tasks may not be as salient as other IC tasks in relation to WM,
receptive vocabulary, and behavior problems. The current study
reinforces previous EF research by showing clear links between
WM, receptive vocabulary, and our multiple measures of IC. To
our knowledge, this is the first investigation to include a parent-
rating of IC, two Lab-TAB IC episodes, a Stroop task, and three
post-visit experimenter ratings of IC as well as measures of WM
and receptive vocabulary. Finally, SEM analyses take the age and
gender of the child, as well as primary caregiver depression and
anxiety into account, allowing for greater specificity in identifying
relations between study variables. After accounting for these
influences, there is a clear delineation between temperament and
EF assessments of IC and links to WM, receptive vocabulary, and
behavioral maladjustment.

The gender differences observed were fairly consistent with
temperament theory, except for those found in the SEM analyses

indicating that females had lower WM and receptive vocabulary.
Although the effects were significant, they were not strong
and could be a result of the multiple variables accounted for
in the model. The correlational and SEM findings indicate
that our wide age range spanning the preschool period is an
important consideration when studying the early development
of childhood IC, WM, and receptive vocabulary. The 2.5-5.5-
year age range permitted the modeling of age effects from
toddlerhood through late preschool. Overall, older children
had higher IC, WM, and receptive vocabulary and lower levels
of behavior problems, consistent with the developmental literature.
Our SEM analyses bolstered the correlational results, showing
that child age significantly predicted IC Temperament and
Stroop factors, WM, and receptive vocabulary. These findings
suggest a positive trajectory in the development of temperament-
based IC, EF, and receptive vocabulary across the toddler-late
preschool period.

In two previous papers, maternal depression was
significantly related to parent-rated negative temperament
traits and externalizing and ADHD behavior problems in
this sample (Gagne et al., 2013b, 2018). In addition, maternal
anxiety symptoms were positively and negatively associated
with the CBCL externalizing and ADHD subscales, and
parent ratings of IC, respectively (Gagne et al., 2018). These
findings suggest that mothers with more depression and
anxiety symptoms hold more negative views of their children’s
IC and behavioral maladjustment. Interestingly, there was
no significant covariance between maternal depression and
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anxiety and the observed IC variables. This pattern indicates
that a rater effect is operating that reflects that primary
caregiver depression and anxiety negatively influence caregiver
perceptions of preschooler IC and behavioral maladjustment,
artificially amplifying correlations between caregiver-reported
mental health and child behavior. The current study found
a similar pattern of results with maternal mental health
symptoms significantly correlated to mother-rated IC and
externalizing, but not with any observed ratings of IC or
WM (there was a single significant correlation between
maternal depression and receptive vocabulary replicated in
the SEM model). This overall pattern highlights the
discrepancy between parent and observed temperament and
EF measures, and the issue of parent-rater variance
contributing to inflated effects when all variables in an
analysis are parent-reported.

As previously mentioned, our SEM analyses provide some
specificity for how temperament and EF conceptions of IC
(our factors in the model) relate to WM, receptive vocabulary,
externalizing, and maternal mental health. Our correlational
results were expected based on previous research, but the SEM
results provide novelty and impact by disentangling the two
theoretical approaches. The unique effect of IC-Stroop on WM
was not surprising because both are considered EFs and previous
research has found similar links between the two constructs.
The IC Temperament factor had a unique effect on receptive
vocabulary and externalizing, which was somewhat surprising.
Since we often assume receptive vocabulary has a strong cognitive
component and some studies have indicated as much, it would
be expected that IC-Stroop would be associated with receptive
vocabulary as well. Studies of IC from the EF perspective have
also shown consistent relations with externalizing. We wondered
why the IC Temperament factor would be significantly related
to receptive vocabulary and externalizing while the Stroop was
not? One interesting view would be that there may some
combination of cognitive and socio-emotional IC influences
that are optimal for learning receptive vocabulary and exhibiting
lower externalizing during this phase of development. A related
potential explanation is based on the analysis, as the paths
that are loading highest on the IC Temperament factor are
observer-rated attention and impulsivity. Therefore, attention
(cognitive) and impulsivity (perhaps some socio-emotional
component) are important precursors for optimal receptive
vocabulary acquisition and self-regulation. The development
of attention skills and self-regulation (controlling impulsivity)
could represent developmental “cascades” (e.g., Wade et al,
2016) whereby these early emerging primary traits are essential
for engagement, learning, and behavioral adjustment later
in development.

The primary limitations of this investigation include the
TEXAS Family Study sample size composition, and wide
age range, lack of paternal mental health data, three different
age-related versions of IC-Stroop tasks, single measures of
WM and receptive vocabulary, a single parent-rated measure
of externalizing, and only one IC measure representative
of the EF perspective. Though 100 pairs of siblings and
primary caregivers is an adequate sample size to perform

our analyses, a larger sample might increase statistical power.
Siblings allow us to model some partner effects but they
are not independent data points. Therefore, we are constrained
to running data analyses that account for dyadic effects.
Relatedly, our sample was mostly white families with middle
SES or higher, reducing generalizability. Future IC studies
should utilize more diverse and representative samples. In
addition, many investigations of preschool development
measure behavior at a specific age or use a more restricted
age range. However, our slightly wide age range provided
us the option to study age effects across the preschool period
with multiple IC assessments, and we accounted for age in
our SEM models. In two of our current studies, we are
measuring IC at one age (age 3) or with a more restricted
age range (3-5) allowing for better age-appropriate assessment
and less participant variance. Access to paternal mental
health data could also enhance studies of the early development
of IC and behavior problems. Unfortunately, there were
limited resources available in this study and we were only
able to assess primary caregivers. Lastly, this is one of very
few studies that assessed IC using both the EF and
temperament approaches. The use of three separate Stroop
tasks can also be viewed as a limitation. Although we modeled
age effects in our SEM analyses, future studies of early IC
might benefit from the use of a single measurement. Although
we had several temperament measures of IC, there was only
one basic Stroop task representing EF and only single
measures of WM, receptive vocabulary, and externalizing.
Although the use of unitary measures to investigate a construct
is a limitation, all three of these measures are standard,
laboratory-based measures (as opposed to parent-rated
questionnaires). In our current investigations, we are using
a computerized Go/NoGo task with three-year-old children
and will potentially use Flanker tasks in another with older
children as well as Stroops. In addition, we will employ a
multi-method approach whenever possible in examining
constructs, such as WM and receptive vocabulary.

This study addresses limitations of the current literature by
examining relations between both temperament and EF
conceptions of IC, WM, receptive vocabulary, and externalizing
in preschoolers. The inclusion on multiple measures of IC,
maternal depression and anxiety, and consideration of gender
and age effects further contextualizes our findings. Although
both EF and temperament measures of IC evinced somewhat
comparable patterns of correlational findings with WM, receptive
vocabulary, and child behavioral maladjustment, the SEM
analyses provide some interesting specificity. The IC temperament
effects predicted receptive vocabulary and externalizing, and
the Stroop predicted WM. Parent-rated IC was linked to
caregiver depression and anxiety, but observed IC variables,
WM, and receptive vocabulary were not. These results suggest
that caregiver depression and anxiety symptoms relate to caregiver
observations of child IC and receptive vocabulary, but not to
IC and WM measured in the laboratory. This rater effect has
critical consequences for future studies of early emerging IC
and other dimensions of child temperament, EF, and behavioral
problems, including the possibility that caregiver expectancies
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of preschool IC will influence child behavior later in development,
as well as the specter of parent-rater biases. Ultimately, including
observational measures in IC assessment strategies reflecting
both EF and temperament is worthwhile as laboratory
observations are not vulnerable to parent-rater biases and may
confer higher specificity. In addition, a multi-theoretical and
multi-method assessment approach may contribute to more
robust and precise conclusions. Our future studies focus on
a longitudinal follow-up with this sample in early elementary
school to assess the developmental trajectories of preschool
IC, WM, and receptive vocabulary in the family context, and
ongoing studies comparing different types of observed assessments
of IC at different ages in preschool along with concurrently
developing neurophysiology as well as school readiness
and transition.
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