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Abstract
Moderate, yet relatively consistent, associations between cognitive performance and shyness have
been reported throughout the child and adult literatures. The current study assessed longitudinal
associations between cognition (i.e., executive functioning) and parent-report temperamental
shyness from infancy to early childhood and used temporal order to explore directionality of the
relations. Two hundred eleven children contributed data at multiple ages (5-months, 10-months, 2-
years, 3-years, and 4-years). The results indicated a complex pattern of association between
cognition and shyness in early development and provided tentative support for both cognitive
ability and temperament as causal agents at different developmental time points.
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Shy children and adults are wary during novel social events and/or exhibit self-conscious
behavior in situations where there is a perception of being socially evaluated (Coplan &
Rubin, 2010). Shyness has been identified with many labels, including behavioral inhibition,
introversion, social inhibition, social reticence, social wariness, social anxiety, and social
withdrawal. Notably, the term behavioral inhibition has been used to characterize a child
who is wary in both social and nonsocial situations (Kagan, Snidman, Kahn, & Towsley,
2007). As such, shy behavior has been the topic of much theory and research (for reviews
see Fox, Henderson, Marshall, Nichols, & Ghera, 2005, and Rubin & Coplan, 2010), and
empirical reports show that shy children are at a disadvantage in social interactions with
peers and adults and could be at risk for a variety of personal and academic adjustment
problems (Fox et al., 2005; Hughes & Coplan, 2010; Rothbart, 2011; Rubin, Coplan, &
Bowker, 2009). Because of our interest in individual differences in cognitive development,
we focused on early associations between shyness and cognition.
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Associations between Cognitive Performance and Shyness
There are reports of negative associations between cognitive performance and shyness in
both the child (Asendorpf, 1994; Blankson, O’Brien, Leerkes, Marcovitch, & Calkins, 2011;
Crozier & Hostettler, 2003; Hadwin, Brogan, & Stevenson, 2005; Hughes & Coplan, 2010;
Ludwig & Lazarus, 1983; Ng & Lee, 2010; Tanwar & Malhotra, 1992) and adult research
literatures (Derakshan & Eysenck, 1998; Elliman, Green, Rogers, & Finch, 1997; Eysenck
& Calvo, 1992; Gray & Braver, 2002; Johnson & Gronlund, 2009; Lieberman, 2000;
Lieberman & Rosenthal, 2001). In general, children who are categorized as temperamentally
shy and adults who are comparably categorized as introverted or socially anxious are at a
disadvantage on various measures of cognitive ability (e.g., executive function, working
memory, inhibitory control, and attentional control) compared to individuals who are less
shy and introverted.1

Although these studies are correlational and most capture the associations at a single point in
time, it is the tendency of some authors to suggest that the cognitive performance differences
are influenced by underlying differences in personal behavioral style; or perhaps that the
cognitive deficits for introverts are the results of differences in arousal (Lieberman, 2000). A
few researchers have entertained the possible causal role of cognition in the exhibition of
shy behavior (e.g., Asendorpf, 1994; Blankson et al., 2011; Ludwig & Lazarus, 1983).
However, no investigation has examined the potential developmental associations between
cognition and shyness during infancy through early childhood, as previous studies reported
cross-sectional analyses (e.g., Blankson et al., 2011; Ludwig & Lazarus, 1983) or used
longitudinal designs without a consideration of the infant period (e.g., Asendorpf, 1994).

For example, Ludwig and Lazurus (1983) examined associations between cognition and
shyness from an information processing standpoint, basing their work on the notion that
cognitive style mediates the relation between stimulus and response. Citing Klein (1959),
they argued that cognitive styles are organizational, selective in function, and become
strongly associated with emotional, motivational, and affective meaning for the individual.
Ludwig and Lazarus compared Stroop color-word performance for shy and non-shy children
between the ages of 8 and 11 years. The authors found that shy children had significantly
slower response times on the task but showed no differences on a standardized language
assessment or general academic ability. The Stroop color-word task is an index of executive
functioning and reflects focused attention, maintained memory for the rule, inhibition of a
prepotent response, and processing efficiency. The authors interpreted these Stroop task
performance differences as evidence of constricted cognitive control in the shy children and
concluded that personality traits, such as shyness, are related to individual differences in
how children process information.

However, Ludwig and Lazurus (1983) could not address the developmental associations
between cognition and shyness because of their cross-sectional design. Given the dynamic
and intricate relations between cognition and emotion (Bell & Calkins, 2012; Bell & Deater-
Deckard, 2007; Bell & Wolfe, 2004; Blair & Dennis, 2010; Calkins & Bell, 2010; Rothbart,
Ellis, Rueda, & Posner, 2003), a developmental account of developing interactions between
cognition and temperamental shyness must include a longitudinal perspective that begins in
early infancy.

1Personality rather than temperament (and thus introversion rather than shyness) is generally assessed in adult research. Notably,
these constructs are related but are not equivalent. Temperament includes those biological- and constitutionally-based tendencies for
reactivity, self-regulation, and attention processes. This construct is traditionally used in research with infants, children, and animals.
The concept of personality encompasses temperament but also includes qualities such as thoughts, values, and social cognitions
(Rothbart & Bates, 2006).
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Early Measures of Shyness and Cognition
Although shyness does not appear until about 1-year of age (Schmidt & Buss, 2010),
temperamental fear (a potential early indicator of shyness and behavioral inhibition) has
been measured behaviorally at 4-months of age (Kagan et al., 2007) and by parental report at
3-months (Gartstein & Rothbart, 2003). Individual differences in the early cognitive
processes have been related to temperamental inhibition and shyness-related behaviors, such
as fear. Ruff and Rothbart (1996) described a scenario in which infants who looked for
longer periods of time at small toys they were holding, perhaps displaying a difficulty with
attentional disengagement, were more fearful. This scenario was empirically demonstrated
in a study of visual attention and temperament with infants 2, 4, and 6 months of age
(McConnell & Bryson, 2005). These researchers found a concurrent link between the ability
to disengage attention and fearfulness at 4-months of age; specifically, infants who shifted
more slowly were rated as more fearful by parents. These associations extend beyond
infancy. For example, infants with low sustained attention are more likely to demonstrate
increases in behavioral inhibition over the course of early childhood (Pérez-Edgar et al.,
2010). Further, for the children with low sustained attention, their initial behavioral
inhibition score was positively associated with their social discomfort in adolescence but
this was not the case for those children with high sustained attention (Pérez-Edgar et al.,
2010).

Thus, the developmental literature provides some evidence for linking cognition with
shyness, anxiety, and/or introversion. Much of this literature is based on a framework of
personal behavioral style or temperament impacting cognitive performance, although most
studies reported this correlational finding from a cross-sectional perspective and thus were
inadequate for addressing questions of causality. Indeed, temperament is biologically-based,
stabile, and hereditable (Kagan et al., 2007; Rothbart & Bates, 2006). However, it is
important to consider the explanatory limitations of correlational research, to recognize that
multiple and complex pathways of development exist, and likewise to consider the potential
shortcomings of focusing on temperament as a single main effect predictor rather than as
part of a developmental system (Wachs, 2006).

Current Study
We examined longitudinal associations between cognition and temperamental shyness.
Rather than assuming that temperament influences cognition, we also considered that the
development of shy behavior might be influenced by early individual differences in
cognition (Asendorpf, 1994; Blankson et al., 2011; Ludwig & Lazarus, 1983). These
cognitive differences likely influence the detection, evaluation, and response selection to
social and nonsocial stimuli, and thus, would be related to the adaptability of the organism.
From this perspective, early cognition would set the stage for all environmental interactions
and potentially would influence a complex learning sequence and a resultant behavioral
pattern or adaptive strategy for dealing with conditions that include novelty or complex
stimuli (e.g., social situations).

Our study was focused on cognition-emotion integration across early development. Thus,
multiple data points for the cognitive and temperament variables were available from early
infancy and through early childhood. We assessed the executive functioning (EF) aspects of
cognitive development. EF has been associated with shyness in the child literature (e.g.,
Blankson et al., 2011; Ludwig & Lazarus, 1983) and includes cognitive skills that have been
related to fear and shyness in the infant literature (e.g., attentional engagement and
disengagement; e.g., McConnell & Bryson, 2005). We measured EF with age-appropriate
tasks that require focused attention, working memory, and inhibitory control.
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We assessed temperamental shyness at each age using parent-report questionnaires. The use
of parent-report temperament assessments increases the consistency of the repeated
measures and allows for the consideration of shy behavior in a wide-range of situations and
contexts. Caregiver-reports of temperament have been identified as reliable and valid, and
they have been praised for providing valuable information on the general behavior patterns
of children from an ecologically and ethically sound perspective (Rothbart & Bates, 2006).

Research Questions and Hypotheses
Our primary goal involved identifying directional relations between cognition and
temperament from one time period to the next, beginning in early infancy and continuing
through early childhood. Analyses were motivated by our research question: Can we identify
predictive associations between cognition and temperamental shyness from infancy to early
childhood that may lend support to a temporally-based causal argument? Testing of our
model (see Figure 1) allowed us to examine the concurrent relations between cognition and
temperament at each time period. Based on research demonstrating concurrent associations
between temperament and cognition, we had the following hypotheses. First, at 5-months of
age, a negative association was expected between fear and EF based on work by McConnel
and Bryson (2005) establishing a link between slow attentional disengagement and
fearfulness at 4-months. Likewise, at 3- and 4-years of age, a negative association was
expected between shyness and EF based on work by Blankson et al. (2011) demonstrating a
negative relation between EF and shyness at 3½-years. We are not aware of research
measuring these specific associations late in the second half of the first year of life or during
the toddler years, thus we had no hypotheses regarding the concurrent relations between
cognition and temperament at 10-months and 2-years of age.

Testing the predictive, cross-lagged associations also allowed us to measure the stability of
temperamental fear and shyness as well as the stability of cognition across early
development. The temperamental traits of fear and shyness were expected to demonstrate
stability from infancy to early childhood based on such findings by Sanson, Pedlow, Cann,
Prior, and Oberklaid (1996) with children between the ages of 4-months to 6-years. The EF
measures, including memory and attention components, were expected to demonstrate
positive associations from one time period to the next based on longitudinal work by Rose
and colleagues (Rose & Feldman, 1995, 1997; Rose, Feldman, & Jankowski, 2012) with
children between the ages of 7-months and 11-years of age.

Method
Participants

Participants were two cohorts of children in an on-going longitudinal study of cognition and
emotion integration in early development. The research took place at a large rural university
in the mid-Appalachian region. Approximately half of the children were in each cohort and
the demographics for the two cohorts were similar. At 5 months of age, 211 infants and their
mothers were recruited for participation (112 girls; 89 percent Caucasian). Mothers were
approximately 30 years of age and fathers were approximately 33 years of age when the
infants were born (SD = 5 and 6 years). For these cohorts, 72 percent of mothers and 65
percent of fathers had college degrees. All infants were full term and healthy at the time of
testing and were seen within 3 weeks of their 5-month “birthday”; 187 of infants and
mothers participated at 10-months; 153 at 2-years; 134 at 3-years; and 126 at 4-years.
Attrition was primarily due to families moving out of the region. There were no differences
in fear or shyness at any age measured between children who dropped-out of the study by
age 4 and those who remained (all t’s < .64, all p’s > .52). Parents were paid for their
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children's participation in the study. Beginning at age 2, children were given a small gift for
their participation.2 Study procedures were approved by the institutional review board.

Cognitive tasks—The cognitive tasks used in these analyses required age-appropriate EF
skills of focused attention, working memory, and/or inhibitory control. These tasks are
common in the developmental literature (e.g., Bell, 2012; Carlson, 2005). Descriptive
statistics for all tasks can be found in Table 1. For all tasks, interrater reliability (Cronbach’s
α ≥ .90) was established for at least 20% of our entire longitudinal sample.

5-months and 10-months: At 5- and 10-months of age, a looking version of the A-not-B
task was used in which the infant searched for a hidden toy by making eye movements to
one of two possible hiding locations to assess rudiments of EF – including working memory
and inhibitory control skills (Bell & Adams, 1999; Bell, 2001, 2012). A toy was hidden
twice at the original location, and if the infant searched correctly both times, the hiding site
was reversed and the toy was moved to the other hiding location. After the infant searched
on the reversal trial, the process was repeated. Successful performance on this task was
indicated by the infant correctly searching on the initial trials and the reversal trials. For the
current analyses, the proportion of correct reversal trials and the highest earned A-not-B
scale score (1 = Object partially covered with one cloth; 2 = Object completely covered with
one cloth; 3 = Object hidden under one of two identical cloths; 4 = A-not-B at 0 delay; 5 =
A-not-B at 2-sec delay; 6 = A-not-B at 4-sec delay; 7 = A-not-B with 6-sec delay; 8 = A-
not-B at 8-sec delay; see Bell & Adams, 1999) were used as measures of infant EF.

2-years: For the Dimensional Change Card Sort task (Zelazo, Frye, & Rapus, 1996; Zelazo,
Muller, Frye & Marcovitch, 2003), children were instructed to sort cards based on two
dimensions (i.e., color, shape). Children first sorted six cards by one dimension (pre-switch;
counterbalanced across participants) and then by the other dimension during the post-switch.
Performance at age 2 was based on pre-switch proportion correct.

For the Crayon Task (Calkins, 1997), the experimenter placed a newly opened box of
crayons on the table along with a blank half sheet of paper and asked the toddler to help her
draw a picture with the new crayons. However, before the toddler could touch the crayons
the experimenter told the toddler that she had to step out of the room to find something. She
clearly instructed the toddler to not touch the crayons, box, or paper until she returned to the
room. The experimenter then left the room for 60 seconds. Toddlers’ behavior during the
delay was scored as latency (sec) to touch the either the paper or crayons. Behavior was also
scored as to the level of inhibitory control (1 = colors with crayons; 2 = takes crayons out of
box; 3 = picks up box; 4 = touches box; 5 = touches paper; 6 = does not touch; Morasch &
Bell, 2011).

3 years and 4 years: For Dimensional Change Card Sort task (Zelazo, Frye, & Rapus,
1996), children were instructed to sort cards based on two dimensions (i.e., color, shape).
Children first sorted six cards by one dimension (pre-switch; counterbalanced across
participants) and then were instructed to switch and to sort the remaining six cards by the
other dimension (post-switch). Performance was the proportion of correct post-switch
responses.

2These participants comprise two cohorts from larger, on-going study. Research including these 5- and 10-month-old participants’
performance on an infant working memory task has been reported (Cuevas, Bell, Marcovitch, & Calkins, 2012; Cuevas, Swingler,
Bell, Marcovitch, & Calkins, 2012). Research including some of these 2-year-olds participants performance on the crayon task has
been reported (Morasch & Bell, 2011). Likewise, reports of the EF performance in some of these children at ages 3 and 4 have been
published (Cuevas, Deater-Deckard, Watson, Kim-Spoon, Morasch, & Bell, in press; Cuevas & Bell, 2013; Cuevas, Hubble, & Bell,
2012; Kraybill & Bell, 2012; Watson & Bell, 2013).
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The Tongue Task (Kochanska, Murray, & Harlan, 2000; Wolfe & Bell, 2007) required
children to hold a goldfish cracker on their tongue without chewing it (three trials with
delays of 10, 20, and 30 s). Performance was the proportion of successful trials.

The Simon-Says Task followed the Bear/Dragon procedure (Carlson, Moses, & Breton,
2002) and is detailed in Wolfe and Bell (2007). Children were instructed to do what the nice
horse (48 months: pig) “tells us” and to not do what the mean cow (48 months: bull) “tells
us.” Ten test trials (half for each type, alternating order) followed practice trials of each
type, and children’s response on each trial was coded as either correct or incorrect (Carlson,
2005). Performance was the proportion of correct responses on inhibition (cow/bull) trials.

Cognitive composite measures: Composite scores of a latent construct are more reliable
than individual indicators (Carlson, Mandell, & Williams, 2004; Rushton, Brainerd, &
Pressley, 1983); thus, we created cognitive composites for each age. Using the tasks
previously described, the first principal component explained 85% of the variance (λ = .81)
at 5 months and 90% of the variance (λ = .92) and at 10 months. The first principal
component explained 64% of the variance (λ = .42-.94) at 2 years, 43% (λ = .48-.74) at 3
years, and 45% (λ = .19-.82) at 4 years. To create the composite at each age, individual
cognitive task scores were standardized, averaged, and standardized again to yield an EF
composite z score. For missing data, composite scores included the remaining performance
measures.

Temperament Assessments—We used Rothbart's parent-report temperament
questionnaires across our longitudinal study for consistency in construct assessment. At 5-
and 10-months of age, parents completed the Infant Behavioral Questionnaire – Revised
(IBQ-R; Gartstein & Rothbart, 2003). We focused on the fear scale of the IBQ-R, which
measures the infant’s startle or distress to sudden changes in stimulation and response to
novel physical or social stimuli. As we noted in the introduction, temperamental fear is a
potential early indicator of shyness. For our combined cohorts, the fear scale had an internal
consistency of α = .88 at 5-months and α = .90 at 10-months.

At age 2, parents completed the Early Childhood Behavior Questionnaire (ECBQ; Putnam,
Gartstein, & Rothbart, 2006). We focused on the shyness scale, an index of slow or inhibited
approach and/or discomfort in social situations involving novelty or uncertainty. The
shyness scale of the ECBQ had an internal consistency in our combined cohorts of α = .85.

At ages 3 and 4, the parents completed the Children’s Behavior Questionnaire (CBQ;
Rothbart, Ahadi, Hershey, & Fisher, 2001) and we again focused on the shyness scale. For
our first cohort of children (the first half of this total sample), parents completed the long
form of the CBQ when children were ages 3 and 4. The internal consistencies for the
shyness scale of the CBQ long-form were α = .93 at age 3 and α = .94 at age 4. For the
second cohort of children, parents completed the short form of the CBQ when children were
ages 3 and 4. The internal consistencies for the shyness scale of the CBQ short-form α = .86
at age 3 and α = .89 at age 4.

Results
Bivariate Correlations

Bivariate correlations were calculated between all EF and temperament measures (see Table
2). The correlation table shows concurrent associations between shyness and EF. Based on
the literature, we predicted negative correlations at 5 months, as well as 3 and 4 years. Table
2 shows that these correlations were negative, with only the 4-year correlation being
significant. In addition, the temperament measures showed strong intercorrelations across
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the ages, with the exception of 5-month fear being only marginally related to 3- and 4-year
shyness. The intercorrelations for the composite EF scores were less robust (see the
Discussion for an elaboration), yet the tendency existed for the EF composites to be
associated across adjacent time periods (e.g., 5-month EF was associated with 10-month EF,
and 3-year EF was associated with 4-year EF). The correlations for the EF composites and
the fear/shyness measures did not yield any discernible patterns with the exception of the 4-
year EF composite negatively relating to 10-month fear, 3-year shyness, and 4-year shyness.

Cross-lagged Autoregressive Model
A cross-lagged autoregressive model was estimated in Mplus 7.0 to evaluate the cross-
lagged, autoregressive, and concurrent pathways between cognition and temperament across
five waves of data. Cross-lagged pathways estimated the reciprocal association between
temperament and cognition over time. Autoregressive pathways evaluated the effects of
previous temperament on subsequent temperament, as well as the effects of previous
cognition on subsequent cognition. Concurrent pathways estimated the association between
cognition and temperament at the same time. Full information maximum likelihood
estimation (Arbuckle, 1996) was used to handle the missing data. Indexes of model fit
included: root mean square error of approximation (RMSEA) with the cutoff value of .05,
standardized root mean square residual (SRMR) with the cutoff value of .08, comparative fit
index (CFI) with cutoff value of .95, and the Tucker-Lewis index (TLI) with cutoff value
of .95 (Hu & Bentler, 1999). Our hypothesized model had a good fit with χ2(24) = 22.79, p
> .05, RMSEA = .00, CFI = 1.00, and TLI = 1.00.

Cross-lagged pathways—Shyness at 3-years was a significant predictor of EF at 4-years
(b = −.17, p =.05). EF at 5- and 10 - months predicted temperament at 10-months and 2-
years, respectively, yet in different directions. EF at 5-months was positively associated with
fear at 10-months (b = .13, p =.05), and EF at 10-months was marginally associated with
shyness at 2-years in a negative direction (b = −.14, p =.06).

Autoregressive pathways—Consistent with our hypothesis, all coefficients for the
autoregressive pathways of temperament were significant (p < .01), ranging from .44 to .77,
indicating the stability of temperament from infancy to early childhood. Similarly, previous
EF was a predictor for subsequent EF at 10-months (b = .17, p < .05) and 4-years (b =.19, p
< .05), but not at 2-years or 3-years.

Residual correlations—Concurrent residual correlations between cognition and
temperament were significant or marginally significant at 5-months (b = −.12, p = .09), 2-
years (b = .15, p = .07), and 4-years (b = −.20, p < .05).

Discussion
The purpose of our study was to examine longitudinal associations between cognition and
temperamental shyness and to use temporal order to explore the issue of directionality in
their relation. The primary goal involved identifying predictive, cross-lagged relations
between EF and temperamental shyness from infancy to early childhood. The results
identified a complex pattern of associations between cognition and temperament across early
development.

Cross-lagged Associations between Temperament and Cognition
The first cross-lagged pathway to reach significance was the association between 5-month
EF and 10-month fear, and this association was positive. Thus, those infants with high EF
performance at 5-months were more likely to be reported as more fearful by their parents at
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10-months. Longitudinal work by Karrass and Braungart-Rieker (2004) found that distress
to novelty at 4-months of age was positively associated with performance on an intelligence
test at 36-months. They interpreted these findings by suggesting that infants who show
distress to novelty at this early age might reflect a more precocious cognitive level than
those who do not show this distress in that they might more readily recognize when a
stimulus or event is discrepant with something earlier experienced. A similar explanation
can be offered for the findings of the current study. Perhaps those 5-month-olds who were
more cognitively advanced tended to approach the world in a more cautious and hesitant
way than their counterparts and, thus, exhibited behaviors that were considered fearful in the
subsequent months. Notably, the cross-lagged pathway between 5-month fear and 10-month
EF revealed no association between these two measures.

The second cross-lagged pathway to reach significance was between 3-year shyness and 4-
year EF, and this association was negative. Thus, those children who were rated highly by
their parents on the shyness scale at age 3 tended to have lower scores on the EF assessment
at age 4. Also, recall the results of the bivariate correlations that demonstrated relatively
consistent negative associations between early temperament (i.e., 10-month fear and 3-year
shyness) and 4-year EF. These findings are in line with the dominant perspective that one’s
temperament impacts cognitive development and performance.

The cross-lagged pathway between 10-month EF and 2-year shyness demonstrated a
marginally significant, negative association. Ten-month-old infants with lower scores on the
EF task were rated as more shy by their parents at age 2. Importantly, the first measure of
shyness per se (as opposed to infant fear) was taken at age 2. Thus, this finding, negatively
linking infant cognition with toddler shyness, is particularly intriguing and lends support to
the idea that cognitive processes affect later temperamental shyness. Indeed, within this time
period, lower levels of EF in the second half of the first year of life may have set the stage
for the development of shy behavior in the toddler years. Different from the positive 5-
month EF to 10-month fear pathway linking high EF to high fear, more efficient cognitive
processing at 10-months seemed to serve as a protective factor or buffer against exhibiting
shy and wary behavior at age 2. This interpretation is consistent with existing longitudinal
work that found negative temperament-related outcomes for those children with less
advantageous cognitive skills (Asendorpf, 1994; Belsky, Friedman, & Hsieh, 2001; Pérez-
Edgar et al20., 2010).

Thus, the earlier predictive relations were from EF to fear/shyness and the later predictive
relations were from shyness to EF, with age 2 appearing to be a pivotal point in the
developmental pattern. Whether this critical point is significant developmentally or whether
it is artificially induced due to EF assessment is difficult to discern. The age 2 EF tasks were
unique in our longitudinal study, with the 5 and 10 month tasks and the age 3 and age 4
tasks being identical. Age 24 months is a unique time for assessment of EF in the
developmental literature, with fewer tasks available for administration (see Carlson, 2005)
and compliance with assessment perhaps being more of an issue than at other ages (Morasch
& Bell, 2011). More research is required to determine the nature of these predictive patterns.

Stability of Temperament and Cognition
The secondary hypotheses in this study included establishing the stability of fear and
shyness as well as the stability of EF across early development. First, the temperamental
traits of fear and shyness were expected to demonstrate stability from infancy to early
childhood based on such findings by Sanson et al. (1996) with children between the ages of
4-months to 6-years. As anticipated, there was good stability of the temperament measures
from one time period to the next. Even the association between 10-month fear and 2-year
shyness held despite the assessment of two distinct, but related, constructs. This consistency
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also may be reflective of the facts that the temperament instruments used were all created by
the same research group (e.g., Rothbart and colleagues), and they were all completed by the
mothers.

The EF measures, including memory and attention components, also were expected to
demonstrate positive associations from one time period to the next. In general, this
hypothesis was supported showing positive, significant associations between 5-month and
10-month cognition and between 3-year and 4-year cognition. No association was found
between 10-month and 2-year cognition, and the positive association between 2-year and 3-
year cognition failed to reach significance.

Such results are not inconsistent with the literature tracking the longitudinal development of
EF skills (Best & Miller, 2010). It is challenging to longitudinally assess the development of
any cognitive construct. For one, tasks that are developmentally appropriate for one age are
not necessarily appropriate for another. Also, although cognitive ability undergoes an
increase in stability from early to middle childhood, there is great variability in child
performance during early periods in development (Best & Miller, 2010; Carlson, 2005). For
example, when comparing the performance of 2-to-6-year-olds on a battery of EF tasks,
those tasks that required the skills of working memory and inhibitory control (the skills
needed for successful performance on the tasks used in the current studies) were the most
difficult for each age group and, thus, were most susceptible to large variability in
performance (Carlson, 2005). Also, it has been suggested that some cognitive skills required
by a task may develop more quickly than others (Best & Miller, 2010). With regard to the
multicomponent tasks used in the current analyses, it is conceivable that any one of these
components was more or less advanced than the other for some children from one testing
time to the next, thereby, impacting the consistency measure of the construct.

Concurrent Associations between Cognition and Temperament
As shown in Table 2, the findings for concurrent associations are in line with what previous
studies have reported. At 5-months of age, the two constructs are negatively related but the
correlation is not statistically significant. This association disappears at 10-months and at 2-
years, and then reemerges as a weak negative correlation at 3-years that is not statistically
significant. At 4-years, there is significant, negative association between shy and EF. As
expected, there was a trend of negative association between 5-month EF and 5-month fear,
suggesting that young infants with high EF performance were less fearful than their lower
EF counterparts. This result replicated the work by McConnell and Bryson (2005) with 4-
month-olds in which lower cognitive skills (i.e., difficulty with attentional disengagement)
were related to fearfulness at the same age. The finding extends their work by using a
slightly older sample and a multidimensional cognitive construct.

Likewise, at 3- and 4-years of age, a negative association was expected between shyness and
EF based on work by Blankson et al. (2011) demonstrating such a relation between EF and
shyness at 3½-years. This hypothesis was partially supported. Although the negative
association seen between EF and shyness failed to reach significance at age 3, the negative
association between EF and shyness found at age 4 was significant. Thus, the work by
Blankson and colleagues was replicated here with a different operationalization of the EF
construct.

No specific hypotheses were made regarding the concurrent relations between EF and fear at
10-months of age and shyness at 2-years. In the bivariate correlations shown in Table 2,
there was no association between shyness and EF at 10 month and at age 2. In our cross-
lagged autoregressive model presented in Figure 2, the concurrent association at 5-month
indicates the bivariate correlation between Shyness scores and EF scores, but concurrent
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associations in the following time points indicate bivariate correlation between residuals
(i.e., unexplained variances). In general, the residual correlations are in line with the
bivariate correlations of the corresponding variables. An exception, however, is a trend
toward a positive association between the residual variances of EF and shyness. That is,
after taking into account the positive autoregressive effect on shyness and the negative
cross-lagged effects of the previous EF and shyness, there appeared to be something
common about those with high shyness and those with high EF. This is an interesting
finding, and in light of the other findings of this study, supports the complex cognitive and
emotional context of toddler development. Given the positive links between EF skills and
self-regulation (e.g., Rueda, Posner, & Rothbart, 2005), perhaps those 2-year-olds with high
EF skills may be more behaviorally regulated (Morasch & Bell, 2011) and appear more
cautious in novel and social situations. The explanation that was given for the earlier
positive relation between fear and cognition in infancy (i.e., more precocious infants might
approach the world in a more hesitant or cautious manner) might be applicable here in
toddlerhood as well. No association was found between EF and fear at 10-months of age.
Perhaps this absence is reflective of the transition from a negative EF-fear association at 5-
months to the positive EF-shyness association at 2-years.

In sum, the patterns of negative associations between fear/shyness and EF at 5 months, 3
years, and 4 years were hypothesized based on previous literature. We had no hypotheses for
the correlation patterns at 10 months and 2 years because of the lack of literature to guide us
and found no evidence for significant associations. Our finding of the trend of positive
association between shyness and EF may capture a temporary developmental characteristic
shared by toddlers high in EF and those high in shyness at age 2. The nonsignificant
association at 10 months, age 3 negative trend, and age 4 negative correlation found in the
bivariate correlations were consistently reflected as residual correlations in the
autoregressive model, giving us more confidence in those particular associations.

Strengths, Limitations, and Future Research
These analyses show a complex pattern of modest associations between cognition and
temperamental fear and shyness from infancy to early childhood. Although assertions of
causality were entertained, it is important to remember that these analyses are still
correlational and do not account for third variables that may be linking temperament and
cognition. It will be important for future studies to consider contributions from additional
variables before confidence in making such a statement of bivariate causality can be
increased.

In addition to being a longitudinal account, a strength of this research was the use of tasks
that required the higher order cognitive skills of focused attention, working memory, and
inhibitory control as measures of infant and young child cognition. A considerable number
of research studies in the adult and child literatures focus on EF, especially the working
memory system, when describing differences between shy or anxious individuals and those
who are less so. Further, the cognitive tasks used in this study included an inhibitory control
component and thus engaged the central executive processor and the controlled attention
components of the working memory system (Baddeley, 2001; Engle, Kane, & Tuholski,
1999). Thus, this may begin to address the applicability of the processing efficiency theory
(Eysenck & Calvo, 1992) and the more recent attentional control theory (Eysenck,
Derakshan, Santos, & Calvo, 2007) to the infant and young child populations. These theories
suggest that the deficits in cognitive performance for anxious individuals are related to the
disruption of the working memory system due to the anxiety, and this deficit is especially
pronounced when the task is complex and places high demands on the system.
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Additionally, some of these tasks (e.g., A-not-B, day-night Stroop) have been empirically or
hypothetically related to the functioning of the dorsolateral prefrontal cortex (Diamond,
Prevor, Callender, & Druin, 1997), a cortical area that has been linked to processing
differences between adults who are anxious or introverted and those who are less so (e.g.,
Gray & Braver, 2002; Lieberman, 2000). Further, fMRI work by Gray and Braver (2002)
found that adults scoring higher on behavioral approach sensitivity (BAS; a measure
comparable to extraversion) had better performance on a working memory task and
displayed greater neural efficiency with lower task-related activation in the caudal anterior
cingulate cortex – a brain area that has been associated with the executive control of
behavior (Bush, Luu, & Posner, 2000). Although, the fMRI technique presents challenges
for use with an infant and young child population, other neuroimaging procedures such as
continuous electroencephalographic (EEG) and event related potential (ERP) measures are
appropriate for use with these populations and could address potential group differences in
cortical functioning.

A limitation of this study is that all assessments of temperamental shyness were based on
maternal report of those behaviors. Although parent-reports of temperament are not
seemingly characterized by control and objectivity as are laboratory assessments of
temperament, they have been praised for their consideration of their child’s behavior in
multiple contexts and across appreciable periods of time (Rothbart & Bates, 2006). This
multi-contextual assessment of the child’s temperament allows for a valid description of the
child’s general patterns of behavior and boasts high ecological validity.

Another potential limitation was the variation in tasks administered at each developmental
time period (infancy, toddlerhood, early childhood). As noted, the 2-year EF tasks were
different from the infant and preschool tasks. The infant tasks were designed for preverbal
children and the preschool tasks had verbal instructions at an age when children typically
have good command of language. The age 2 EF tasks also had verbal instructions, but there
was a wide range of language skills in our sample at age 2 and thus the tasks were more
simple than those administered at ages 3 and 4. The variation in EF tasks at each age, along
with the greater levels of variability in task performance at younger ages (Best & Miller,
2010; Carlson, 2005), potentially combined to influence the pattern of results seen here.

In sum, knowledge about the nature of associations between cognition and shyness can
inform and optimize the experience of those children demonstrating lower levels of
cognitive performance, higher levels of temperamental shyness, or both. Coupled with
previous longitudinal work on this topic, the findings in the current study suggest that early
EF skills training may enhance the social experience for some children and may even serve
as a protective factor in the development of shyness.
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Figure 1.
Model tested and hypothesized associations.
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Figure 2.
Results of the cross-lagged autoregressive model analysis.
Note. **p ≤. 001, *p ≤ .05, †p ≤ .09
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Table 1

Descriptive statistics for the executive function and temperament measures.

Measure n M SD Min Max

5-months Fear (IBQ) 196 2.18 .79 1.00 4.25

AB Scale Score 201 .87 1.07 0.00 7.00

AB Reversal 40 .28 .39 .00 1.00

EF Composite 201 .00 1.00 −.87 5.27

10-months Fear (IBQ) 182 2.86 .95 1.07 5.50

AB Scale Score 187 3.84 1.58 .00 8.00

AB Reversal 173 .48 .37 .00 1.00

EF Composite 187 .00 1.00 −2.37 1.86

2-years Shyness (ECBQ) 152 3.36 .95 1.58 5.75

DCCS Pre-switch 137 .69 .25 .00 1.00

Crayon Score 150 3.10 2.12 1.00 6.00

Crayon Delay 150 26.31 25.73 .00 60.00

EF Composite 152 .00 1.00 −1.75 1.68

3-years Shyness (CBQ) 133 3.73 1.34 1.23 7.00

DCCS Post-switch 126 .60 .44 .00 1.00

Tongue Task 121 .68 .39 .00 1.00

Simon Says 114 .33 .43 .00 1.00

EF Composite 132 .00 1.00 −2.35 2.14

4-years Shyness (CBQ) 124 3.46 1.33 1.00 6.83

DCCS Post-switch 117 .77 .38 .00 1.00

Tongue Task 120 .90 .24 .00 1.00

Simon Says 117 .81 .37 .00 1.00

EF Composite 120 .00 1.00 −4.13 .76

Note. IBQ = Infant Behavior Questionnaire; AB = A-not-B; EF = Executive function; ECBQ = Early Childhood Behavior Questionnaire; DCCS =
Dimensional Change Card Sort; CBQ = Children’s Behavior Questionnaire.
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