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Abstract

Peer interactions and executive function play central roles in the development of healthy children,
as peer problems have been indicative of lower cognitive competencies such as self-regulatory
behavior and poor executive function has been indicative of problem behaviors and social
dysfunction. However, few studies have focused on the relation between peer interactions and
executive function and the underlying mechanisms that may create this link. Using a national
sample (n = 1,164, 48.6% female) from the Study of Early Child Care and Youth Development
(SECCYD), we analyzed executive function and peer problems (including victimization and
rejection) across three waves within each domain (executive function or peer problems), beginning
in early childhood and ending in middle adolescence. Executive function was measured as a multi-
method, multi-informant composite including reports from parents on the Children’s Behavior
Questionnaire and Child Behavior Checklist and child’s performance on behavioral tasks
including the Continuous Performance Task, Woodcock-Johnson, Tower of Hanoi, Operation
Span Task, Stroop, and Tower of London. Peer problems were measured as a multi-informant
composite including self, teacher, and after school caregiver reports on multiple peer-relationship
scales. Using a cross-lagged design, our Structural Equation Modeling findings suggested that
experiencing peer problems contributed to lower executive function later in childhood and better
executive function reduced the likelihood of experiencing peer problems later in childhood and
middle adolescence, although these relations weakened as a child moves into adolescence. The
results highlight that peer relationships are involved in the development of strengths and deficits in
executive function and vice versa.
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Childhood and adolescence are periods of immense physical, emotional, and cognitive
development. Identifying factors which may play a role in the full, healthy development of
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individuals during these periods, then, is crucial to explore. Executive function (EF) and
peer relationships have been identified as playing central roles in healthy development;
however, they have not been explored in tandem or through a developmentally
comprehensive scope. As a result, the current study sought to elucidate longitudinal
associations between EF and peer problems (PP) from early childhood through middle
adolescence and explore potential sex differences in the reciprocal links.

Peer Relationships across Development

Peer relationships are vital in the healthy development of an individual from childhood
through adolescence. However, the nature of these peer relationships changes considerably
across these developmental periods due to changes in individuals’ ability to interpret,
respond to, and reason about peer interactions and behaviors according to developmental
changes in physical, cognitive, and social skills (Fabes, Martin, & Hanish, 2009).
Furthermore, socially acceptable behaviors differ across preschool, middle childhood, and
adolescent years due to advances in expectations of sophistication in normative behavior
(Bierman & Montminy, 1993). In the preschool years, children are exposed to larger
numbers of peers in the preschool setting and the primary context of peer interactions is
through play (Power, 2000) that advances in complexity from simply playing alone or
alongside peers to more complex interactions with others (Fabes et al., 2009).

As children age into middle childhood, the complexity of peer relationships grows even
further, requiring a wider and diverse social skill set (Fabes et al., 2009). Interactions are
still considered play, but they become more organized, complex, and rule oriented while
involving larger groups rather than just dyadic interactions. Successful peer interactions
require more friendly and self-regulated actions, and aggressive and agnostic behaviors are
predictive of poor peer interactions (Ladd, 2005). Furthermore, as children age into
adolescence, a shift in peer interactions occurs as communication qualities become the
central feature of peer interactions rather than play activities that are strictly tied to the
classroom or school setting (Rubin, Bukowski, & Parker, 1998).

Associations of Peer Problems and Developmental Problems

Not all individuals experience positive peer interactions. PP are an age-invariant
phenomenon found in childhood and adolescence (Kochenderfer-Ladd & Troop-Gordon,
2010). Some children and adolescents are subject to greater amounts of PP, which we
characterized in this study as peer rejection and peer victimization experiences. Peer
rejection and peer victimization have considerable overlap; but each is operationalized
distinctively (e.g., Kochel, McConnell, & Ladd, 2007). Specifically, rejection “can be
construed as encompassing peer behaviors that primarily serve to thwart another’s
overtures” including ignoring, dismissing, refusing or denying, whereas peer victimization
can be construed as “actions that serve to inflict physical or psychological harm” including,
aggression, abuse, and maltreatment (Ladd, 2009, p. 36). Whether they are overt or covert,
PP are critical to a child’s social-emotional adjustment and social status (Crick, 1997;
Deater-Deckard, 2001; Parker, Rubin, Erath, Wojslawowicz, & Buskirk, 2006).
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Children experiencing PP are at greater risk for a number of developmental issues as these
negative interactions have considerable short and long term implications (Ladd, 2005). For
example, a previous study has demonstrated that children with PP at age 4 experienced
lower physical and cognitive competences at age 7 as measured by self-perception reports
(Nelson, Rubin, & Fox, 2005). Similarly, children experiencing PP are prone to exhibit more
internalizing or externalizing problems (for a review, see Deater-Deckard, 2001).
Furthermore, PP have been shown to longitudinally contribute to problems including
externalizing behaviors in a sample of children measured annually from kindergarten to
third grade (Sturaro, van Lier, Cujipers, & Koot, 2011). PP for first and third graders have
also been predictive of decreases in effortful control a year later (lyer, Kochenderfer-Ladd,
Eisenberg, & Thompson, 2010). However, this is an area still ripe for future research as
potential underlying mechanisms of the effect of PP on development have gone largely
unexplored to date. Furthermore, there is a need for longitudinal methods to explore how
peer relations effect developmental changes across broader developmental periods (Hay,
Caplan, & Nash, 2009) as existing research has focused primarily on childhood. Given the
fundamental shift in the nature of peer interactions during the transition from childhood to
adolescence, more research is needed to explore whether there may be developmental
changes in the relation between PP and developmental outcomes.

Associations of Poor Executive Function and Peer Problems

Following Miyake and Friedman (2012), we define EF as the “general-purpose control
mechanisms, often linked to the prefrontal cortex of the brain, that regulate the dynamics of
human cognition and action” (p. 8). It includes three major sub-domains: inhibitory control,
working memory, and attention/set shifting (Miyake & Friedman, 2012). Individual
differences in EF are evident from early in development. Children show dramatic
improvements in EF from 3 to 5 years of age, and stable individual differences emerge
during this same developmental period (Jacques, Zelazo, Kirkham, & Semcesen, 1999;
Zelazo, Frye, & Rapus, 1996). These individual differences can be measured reliably from
early childhood into and through adolescence (Brocki & Bohlin, 2004). This variation
reflects meaningful differences in children’s and adolescents’ cognitive regulation of
thoughts, emotions and actions—variation that arises in association with other aspects of
healthy and maladaptive functioning.

As a result, it is important to understand the connections between peer experiences and
individual differences in EF from early childhood through adolescence. In the extant
literature, there is evidence for the association between poor EF and PP. Balaraman (2003)
found that poor inhibitory control, a particular facet of EF, at 3 years of age predicted more
negative exchanges with peers with good inhibitory control at 4.5 years. Other studies
showed that more cognitive and behavioral problems were associated with poorer EF among
4- to 6-year-olds, indicating that deficits in EF were related to more externalizing and
internalizing problems and worse social understanding (Hughes, Dunn, & White, 1998;
Hughes & Ensor, 2011) and, similarly, the increase in externalizing problems and decrease
in social understanding may lead to higher PP as indicated by previous findings suggesting
that externalizing problems longitudinally contribute to higher PP (e.g., Sturaro et al., 2011).
Moreover, previous research has indicated that EF predicts later theory of mind which may
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be crucial factor in the development of PP. For example, Hughes and Ensor (2007a)
demonstrated that higher EF at age 2 predicted higher theory of mind at age 3 and age 4.
Moreover, similar research has implicated lower theory of mind with higher externalizing
problem behaviors (Hughes & Ensor, 2007b) which may, in turn, lead to increased PP.
Similarly, Fahie and Symons (2003) found that EF deficits were associated with more social
problems and poorer theory of mind, both of which may in turn contribute to higher peer
rejection and peer victimization among children (mean age = 6.5 years).

The Reciprocal Link between Peer Problems and Executive Function

Taken together, previous studies indicate that there may be reciprocal relations between PP
and individual development, particularly EF. Hay, Payne, and Chadwick (2004) proposed a
theoretical model exploring the underlying mechanisms that result in PP in childhood, and
proposed reciprocal relations between individual development of EF, emotion regulation,
and social understanding, and PP. Similarly, a recent review highlighted the bidirectional
relations between adolescents’ self-regulation and peer relationships such that better self-
regulation contributed to better peer relations and vice-versa (Farley & Kim-Spoon, 2014).
Also in parallel support of the proposed reciprocal relation between EF and PP, Stenseng
and colleagues (2014) found that social exclusion of peers was linked with impaired self-
regulation in the transition from preschool to elementary school and vice versa such that
social exclusion was associated with impaired development of self-regulation 2 years later
and poor self-regulation was associated with greater social exclusion 2 years later. However,
this study is limited as it considered only two time points at age 4 and age 6 and their self-
regulation measure assessed pathological deficiencies in regulation and temperamental
regulation capacity, but did not consider cognitive regulation related specifically to EF.

Previous studies have shed light on the mechanisms that may explain why the reciprocal
links exist between EF and PP. We first consider the link of PP contributing to EF. Prior
theoretical work on childhood indicates that “play provides a critical forum for children’s
self-regulation” (Coplan & Arbeau, 2009, p. 150) as play tempers arousal associated with
very high or very low levels of stimulation (Berlyne, 1960). In support of this, it has also
been proposed that situations, such as play, provide for exploration and regulatory mastery
over emotionally arousing experiences leading to greater ability to modify, monitor, and
evaluate emotions for the appropriate situation in the future (Walden & Smith, 1997).
Moreover, socio-dramatic pretend play has been empirically demonstrated as assisting in
children’s emotional understanding which was predictive of later self-regulation (e.g.,
Lindsey & Colwell, 2003; Youngblade & Dunn, 1995). Considering such prior findings, it
may be concluded that popular children with less PP have more opportunities to develop
important abilities including self-regulation (Coplan & Abreau, 2009).

In the same sense, there is also evidence that play specifically taps into EF skills, also
providing opportunity to practice and develop them. For example, rough and tumble play
has been shown to be an important context for developing inhibitory responses towards
aggressive impulses in childhood (Peterson & Flanders, 2005). Furthermore, play has been
implicated in the development of divergent thinking skills even while controlling for child
IQ (Russ, Robins, & Christiano, 1999) as well as contributing to cognitive flexibility by
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forcing the child to try new things (Bateson, 2005). Interestingly, the mechanisms by which
PP contribute to EF revolve around play activities in childhood, a feature already noted as
being greatly diminished or even absent in adolescent interactions. As a result, it may be that
adolescents’ PP may contribute to further EF development less substantially than before, as
they are not indicative of the amount of play opportunities that seem to be an underlying
mechanism by which EF would be improved. To the authors’ knowledge, however, there
has been no systematic investigation examining the contribution of PP to EF development in
adolescence.

Turning to the link of EF contributing to PP, there is also evidence to help inform the
underlying mechanisms of this connection. A large volume of extant research suggests that
children with higher effortful control, higher behavioral self-control, and lower task
distractibility are generally well liked and thus less rejected or victimized (e.g., Gunnar,
Sebanc, Tout, Donzella, & van Dulmen, 2003; Maszk, Eisenberg, & Guthrie, 1999; Walker,
Berthelsen, & Irving, 2001). Similarly, effortful control has also been found as predictive of
socially competent and less problematic peer behaviors (David & Murphy, 2007; Fabes et
al., 1999). The better social adjustment outcomes shown among children with better EF may
be, in part, explained by the fact that children with higher EF are more able to employ
constructive methods to resolve conflict, such as inhibiting aggressive responses. For
example, Eisenberg and colleagues (1994) demonstrated that preschoolers engaging in more
constructive methods of conflict resolution were better liked by peers. Furthermore, in a
sample of children and adolescents, better self-regulators were more socially competent,
allowing for better quality peer relationships and thus less PP (McKown, Gumbiner, Russo,
& Lipton, 2009). Taken together, it may be concluded that children and, to a lesser extent,
adolescents with better EF experience less PP through a variety of mechanisms that serve to
improve their ability to foster positive interactions with peers.

Sex Differences in Peer Problems and Executive Function

Prior evidence indicates that sex differences in peer interactions begin between 2 and 4 years
of age in both structure and content (Rose & Smith, 2009). Regarding structure, gender
segregation- or the preference to associate only with same gender peers instead of opposite
gender peers-develops during this time and lasts through much of childhood (Hay et al.,
2004). For example, girls have been shown more likely to share with other girls rather than
with boys (Hay, Castle, Davies, Demetriou, & Stimson, 1999) and same sex disputes are
more likely to be resolved by negotiation rather than coercion (Burford, Foley, Rollins, &
Rosario, 1996). Females also prefer dyadic over group interactions (e.g., Hay et al., 2004),
whereas males prefer to interact with friends simultaneously within the larger group (Rose &
Smith, 2009). Regarding content, gender differences emerge in peer interactions in a variety
of ways. For example, males are more physically aggressive than females (Archer, 2004).
Furthermore, competition is more likely in males and competitive males, but not competitive
females, are more liked by their peers (Marthur & Berndt, 2006; Sebanc, Pierce, Cheatham,
& Gunnar, 2003). Males also engage in more rough and tumble play (e.g., Fabes, Martin, &
Hanish, 2003), whereas females engage in more conversation, disclosure, and prosociality
with peers (Rose & Smith, 2009). Considering this chasm between sexes in both structure
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and content of peer interactions, it seems likely differences will emerge in PP and how those
problems are associated with EF development.

Sex differences, however, in EF are less clear and data have been inconsistent. For example,
previous studies have found no main effects of sex on EF measures such as inhibition and
working memory (e.g., Brocki & Bohlin, 2004; Welsh, Pennington, & Groisser, 1991).
However, other studies have found lower levels of inhibitory control in males versus
females (Berlin & Bohlin, 2002; Carlson & Moses, 2001). Considering these incompatible
results, further exploration is needed to determine whether there are any potential sex
differences in the link between EF and PP throughout childhood and adolescence.

Current Study

Method

Participants

The current study seeks to expand upon the work on EF and PP. As the majority of early
peer interactions occur in school, measures focus on social interactions with peers that occur
in the school setting. We identify changes over time using three waves within each construct
(EF or PP) from longitudinal data of children beginning in preschool period (4.5 years of
age), when individual differences in EF begin emerging, at 6 years of age when children are
in first grade, in school age period (at 9/10 years of age), and in adolescence (at 15 years of
age). It should be noted that the first wave of each construct does not match the other (4.5
years for EF versus 6 years for PP) due to the unavailability of the constructs at each time
point, resulting in an ‘uneven’ design for the first assessment of the cross lagged design.
There were measures of EF at 4.5 years but not at 6 years, and measures of PP did not begin
until the children were school aged, thus PP were available at 6 years but not at 4.5 years.
Given the limited ability of children’s verbal and cognitive comprehension and production
skills that threaten self-report validity in childhood (Fabes et al., 2009), measurement relies
on parent, teacher, and after school caregiver report for questionnaire measures at 4.5, 6, and
9/10 years of age. However, considering the greater ability for adolescence to report on
themselves and know more about their peer relationships than adults (Ladd, 2005),
questionnaire measures at age 15 rely on self-reports. As a result, the current study may help
address the great need for integration of cognitive and social development across
developmental periods (Hay et al., 2009) while maximizing internal and predictive validity.

We had the following specific hypotheses. First, we hypothesized that children that
experienced more PP, defined as peer victimization and rejection, would exhibit lower EF
over time relative to their counterparts, concurrently and longitudinally into adolescence.
Second, we hypothesized that children with lower EF would experience more PP compared
to their counterparts, concurrently and longitudinally into adolescence. Finally, we explored
whether sex differences emerged in the pattern of results given the sex differences in peer
interactions and potential sex differences in EF development.

The sample included 1,164 (566 female, 48.6%) participants from the SECCYD (http://
www.nichd.nih.gov/research/supported/seccyd/datasets.cfm) dataset that participated at 4.5
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years of age, 6 years of age, 9/10 years of age, or 15 years of age. However, not all
participants completed all measures at every time point so full information maximum
likelihood structural analyses were used. Self-report of race or ethnic group revealed that
75.3% were White, 11.8% were Black, 6.1% were Hispanic, 1.5% were Asian or Pacific
Islander, 0.4% were American Indian, Eskimo, or Aleut, and 5% identified as other.
Participants were recruited at 10 different sites across the United States. EF was measured at
4.5 years, 9/10 years, and 15 years, whereas PP were measured at 6 years, 9/10 years, and 15
years with differing starting points due to lack of relevant measures. Additional details about
data collection procedures, participants, attrition, and measures are documented in the
study’s Manuals of Operation (http://www.nichd.nih.gov/research/supported/seccyd/Pages/
overview.aspx#instruments). Procedures were approved by the relevant institutional review
board for each of the 10 study sites and written informed consent was received from each
family.

Both for EF and PP, composite scores were created among correlated indicators in order to
maximize reliability (Rushton, Brainerd & Pressley, 1983). Moreover, this approach
maximizes power and the predictive validity of constructs by reducing random error, while
minimizing the study wide Type | error by vastly reducing the number of statistical tests
conducted (e.g., Kim & Deater-Deckard, 2011). To further yield the most reliable composite
scores with minimal method and informant bias, we incorporated indicators from multi-
informant questionnaires and also task-based measures whenever possible. When both
mother and father report were available, the scores were averaged to create a parent report;
however, when only one parent provided data, it was used alone to create the parent score.
Teacher and after school caregiver reports were included in the composites when available
and these reports are noted below when applicable. As described in the project manual, after
school caregivers included a variety of informants depending on the after school
environment of the child, including paternal-care, after school program supervisors, or other
means of supervision. All scales were coded in the same direction so that higher scores
indicated higher EF or PP. Individual indicators were standardized, averaged, and
standardized again to yield a composite z-score.

Executive Function—Our measure of EF included indicators reflecting inhibitory
control, working memory, and attention. Composites were calculated separately at 4.5 years
(pre-school), 9/10 years (third and fourth grade), and 15 years of age (high school) and
bivariate correlations of individual measures can be found in Table 1. At 4.5 years, the
composite was comprised of (1) average of mother and father report, r = .33, p <.001, on
the attention focusing subscale of the Children’s Behavior Questionnaire (Rothbart, Ahadi,
& Hershey, 1994), (2) average of mother and father report, r = .37, p <.001, on the
inhibitory control subscale of the Children’s Behavior Questionnaire (Rothbart et al., 1994),
(3) average of mother and father report, r = .41, p <.001, on the attention problems subscale
of the Child Behavior Checklist (Achenbach, 1991), (4) number of correct responses on the
Continuous Performance Task (Barkley, 1994) which measures sustained attention, and (5)
standard score on the Woodcock-Johnson memory for sentences (Woodcock & Johnson,
1989) which measures the ability to remember simple words and repeat them back to the
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experimenter. A principal components analysis (PCA) found that 44.65% of the variance
was explained and items loaded onto the component between .45 and .82.

At 9/10 years of age, EF was a composite variable comprised of (1) average of mother and
father report, r = .58, p < .001, on the attention problems subscale of the Child Behavior
Checklist (Achenbach, 1991) at age 9 and (2) at age 10, r = .56, p < .001, (3) number of
correct responses on the Continuous Performance Task (Barkley, 1994) at age 10, (4)
standard score on the Woodcock-Johnson memory for sentences (Woodcock & Johnson,
1989) at age 9, and (5) total planning efficiency score across tasks on the Tower of Hanoi
(Anzai & Simon, 1979), which measures the child’s planning and problem-solving skills by
an organized series of moves to complete a goal, at age 9. A PCA found that 41.96% of the
variance was explained and items loaded onto the component between .38 and .84.

At 15 years of age, EF was a composite variable comprised of (1) average of mother and
father report, r = .61, p <.001, on the attention problems scale of the Children’s Behavior
Questionnaire (Rothbart et al., 1994), (2) total score on the Operation Span Task (Turner &
Engle, 1989) which measures an individual’s working memory, and (3) number of total
moves on the Tower of London task (Berg & Byrd, 2002), similar to the Tower of Hanoi
task used at 9/10 years of age. A PCA found that 40.44% of the variance was explained and
items loaded onto the component between .43 and .76.

Peer Problems—PP focused on finding items that reflected peer rejection and peer
victimization and these items tapped into the central constructs of peer victimization and
peer rejection previously discussed. It was calculated separately at 6 years (first grade), 9/10
years (third or fourth grade), and 15 years of age (high school) and bivariate correlations of
individual measures can be found in Table 2. As all indicators were obtained through the
single method of questionnaires for PP, Cronbach’s Alphas are reported for reliability. At 6
years, PP were a composite variable comprised of (1) teacher report and (2) after school
caregiver report on the Popularity/Friends or Foes questionnaire (Ladd, 1983), (3) teacher
report and (4) after school caregiver report on the Sociometric Status questionnaire
(Cillessen, Terry, Coie, & Lochman, 1992). A PCA on the items in each measure found that
60.55% of the variance was explained and items loaded onto the component between .73
and .80. Cronbach’s Alpha was .89.

PP at 9/10 years of age were a composite variable comprised of (1) teacher report and (2)
after school caregiver report on the excluded by peers and peer victimization subscales of
the Child Behavior with Peers questionnaire (Ladd & Profilet, 1996) at 9 years of age, (3)
teacher report and (4) after school caregiver report on the excluded by peers and peer
victimization subscales of the Child Behavior with Peers questionnaire (Ladd & Profilet,
1996) at 10 years of age. A PCA on the items in each measure found that 50.35% of the
variance was explained and items loaded onto the component between .66 and .77.
Cronbach’s Alpha was .93.

PP at 15 years of age were a composite variable comprised of (1) self-report on the
Loneliness and Social Dissatisfaction Questionnaire/Activities and Feelings questionnaire
(Asher, Hymel, & Renshaw, 1984), (2) self-report on the Popularity/What My Peers Think
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About Me questionnaire (Cillessen & Rose, 2005), (3) self-report on the University of
Illinois Aggression Scale/Peer Relationships questionnaire (Espelage & Holt, 2001). A PCA
on the items in each measure found that 55.62% of the variance was explained and items
loaded onto the component between .70 and .82. Cronbach’s Alpha was .87.

The hypotheses were tested by Structural Equation Modeling (SEM) using the statistical
software Mplus version 7.1 (Muthén & Muthén, 2010). Model fit indices were determined
by Root Mean Square Error of Approximation (RMSEA) and Comparative Fit Index (CFI).
RMSEA values of less than .05 were considered very good and values less than .08 were
considered acceptable (Browne & Cudeck, 1993). CFI values greater than .95 were
considered a very good fit and values greater than .90 were considered acceptable (Bentler,
1990).

Bivariate correlations of the zero-order are presented in Table 3 for EF at 4.5 years, 9/10
years, and 15 years and PP at 6 years, 9/10 years, and 15 years. To fit the model, we began
by testing all possible paths in time sequence between EF and PP. Fit indices of this baseline
model did not reach acceptable levels, y2 = 28.41, df = 2, p< .001, RMSEA = .11, CFI =.
98, thus we trimmed the longest cross-lagged paths from EF at 4.5 years to PP at 15 years
and from PP at 6 years to EF at 15 years as the effects of the more temporally distant
predictors were likely to be carried through more proximal cross-lagged paths. Model fit
indices improved to acceptable ranges after these two paths were dropped, x2 = 29.69, df =
4, p< .001, RMSEA = .07, CFI = .98, and a Wald Test revealed that model fit did not
degrade significantly by setting these paths equal to zero, Wald Test = 1.28, df = 2, p=.53.
Next, we tested whether removing the path from EF at 4.5 years to PP at 9/10 years so that
the model consistently estimates only one cross-lagged path for each predictor, fromttot +
1. However, model fit, y2 = 66.25, df = 5, p < .001, RMSEA = .10, CFI = .95, significantly
degraded by setting this path to zero, Wald Test = 37.51, df = 1, p < .001. Therefore, we kept
the path from EF at 4.5 years to PP at 9/10 years.

We next tested potential developmental differences in the cross-lagged effects. Specifically,
we first tested developmental differences in the effects of PP on EF by examining whether
there was a significant difference between PP at 6 years to EF at 9/10 years and PP at 9/10
years to EF at 15 years by imposing equality constraints between these two paths. A Wald
Test revealed that model fit significantly degraded when these paths were constrained to be
equal, Wald Test = 10.13, df = 1, p < .01, indicating that there was a significant difference
between PP at 6 years to EF at 9/10 years and PP at 9/10 years and EF at 15 years, the nature
of which is indicated below. Similarly, we tested whether there were significant
developmental differences in the effects of EF on PP by comparing the three cross-lagged
paths, including EF at 4.5 years to PP at 6 years, EF at 4.5 years to PP at 9/10 years, and EF
at 9/10 years to PP at 15 years. When simultaneously constraining all three paths to be
equal, results indicated model fit significantly degraded, Wald Test = 32.13, df = 2, p < .001,
suggesting significant differences in the magnitude across the three paths. We then
compared the paths to each other one at a time to determine which were significantly
different. Results indicated that every path from EF to PP was significantly different from
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the other two paths from EF to PP, the nature of which is indicated below, Wald Test =
12.61, df = 1, p <.001 for equalizing between EF at 4.5 — PP at 6 and EF at 4.5 — PP at
9/10; Wald Test = 4.91, df = 1, p = .03 for equalizing between EF at 4.5 — PP at 9/10 and
EF at 9/10 — PP at 15; and Wald Test = 32.16, df = 1, p < .001 for equalizing between EF at
4.5 — PP at 6 and EF at 9/10 — PP at 15.

A closer examination of the results of the final model, which may be seen in Figure 1, 2 =
29.69, df = 4, p< .001, RMSEA = .07, CFIl = .98, indicated that higher PP at 6 years was
predictive of lower EF at 9/10 years, b = -.14, SE = .03, p < .001, but PP at 9/10 years was
not a significant predictor of EF at 15 years, b = .00, SE = .03, p = .92. The earlier Wald
Test indicated this path was indeed significantly lower than the path from PP at 6 years to
EF at 9/10 years, suggesting significant diminishing effects of PP on EF as children age into
adolescence. Turning to the effects of EF on PP, higher EF at 4.5 years was predictive of
lower PP at 6 years, b = -.36, SE = .03, p < .001, and lower PP at 9/10 years, b = -.20, SE
=.03, p<.001. Higher EF at 9/10 years significantly predicted PP at 15 years, b = -.09, SE
=.04, p = .01. The effect sizes were significantly lower at each consecutive time point as
noted by the earlier Wald Test, indicating the effects of EF on PP were significantly
decreasing over time from childhood to adolescence. Additionally, a significant concurrent
covariance was observed between EF and PP at 9/10 years, r = -.21, SE = .03 p <.001, but
not at 15 years, r = .00, SE = .03, p = .94. Both PP and EF had significant autoregressive
paths, b = .35, SE =.03, p<.001 for PP at 6 — PP at 9/10; b = .22, SE = .04, p < .001 for
PP at 9/10 — PP at 15; b= .57, SE = .03, p <.001 for EF at 4.5 — EF at 9/10; b= .57, SE
=.03, p<.001 for EF at 9/10 — EF at 15.

Next, sex differences were explored through a two group SEM comparing males and
females. We began by predicting the final model in both groups simultaneously and model
fit was acceptable, 2 = 34.13, df = 8, p < .001, RMSEA = .08, CFI = .98. Next, we
constrained the cross-lagged paths from PP to EF to be equal across groups and the model fit
did not degrade significantly, Wald Test = 2.90, df = 2, p = .23, indicating that PP did not
contribute differently to EF development in females versus males. In the following model,
we added equality constraints on the cross-lagged paths from EF to PP across groups and
model fit did not degrade significantly, Wald Test = 1.47, df = 3, p = .69, indicating there
were also no group differences with respect to the path estimates from EF to PP. Therefore,
it was concluded that there existed significant developmental changes in the reciprocal
relations between EF and PP (Figure 1) but no significant sex differences.

Discussion

Although the importance of EF has been well-established and the contribution of social
development to EF is beginning to be explored, little work has focused on the potential
reciprocal relationships between EF and PP. Moreover, the few available studies considering
the topic have been limited in the sample sizes, the scope of measures, informants, and
number of longitudinal assessments. Therefore, we utilized a large, national sample which
provided rich data across multiple time points, informants, and measures, allowing for
maximization of statistical power, construct reliability, and predictive validity. The current
study involved the testing of a cross-lagged model of EF and PP to better understand the
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associations between these critical factors in development. As a result, the present findings
provide important contributions to the understanding of EF development as it is dynamically
associated with peer relationship experiences from early childhood to middle adolescence.
Finally, we sought to explore potential sex differences in these reciprocal relations, given the
well documented sex differences in peer victimization and rejection (e.g., Rose & Smith,
2009), but mixed results for sex differences in EF development (e.g., Brocki & Bohlin,
2004).

Our first hypothesis, that children who experience more PP will exhibit lower EF over time
(concurrently and longitudinally into adolescence) relative to their counterparts, was
partially supported. There was a significant decline in effect size between the two time
periods, indicating that higher PP were related to lower EF during childhood, but not in
adolescence. The findings provide support for the theory that play activities in childhood
relationships may contribute to the development of EF in childhood, and the lack of play in
adolescence may partially explain the weakened effect from PP at 9/10 to EF at 15 years.
That is, rejected or victimized children that do not have as much opportunity to play with
peers in childhood will not have as much opportunity to practice and further develop EF
skills (Coplan & Abreau, 2009), and the relative lack of play in adolescence may explain
why the association of PP to EF is weakened in adolescence. Consistent with this finding,
prior research has shown that several aspects of EF domains including attention control and
cognitive flexibility are relatively mature by 12 years of age (Anderson, 2002), although
neural circuitry underlying EF system continues to develop through the second decade of
life (Johnson, Blum, & Giedd, 2009). Therefore, our findings suggest that the developmental
trajectory of EF may be more sensitive to the impact of social interactions during childhood
compared to adolescence.

Our second hypothesis, that children with lower EF will experience more PP compared to
their counterparts, was supported. The current data indicated that lower EF was significantly
associated with higher PP in the paths from 4.5 years to 6 years, 4.5 years to 9/10 years, and
9/10 years to 15 years. These findings are consistent with the theory that EF skills are
essential for developing positive peer relationships (Hay et al., 2004). This theory has been
supported in empirical studies that examined the association between EF and general social
problems and social-emotional understanding in childhood (e.g., Balaraman, 2003; Fahie &
Symons, 2003; Hughes et al., 1998). However, to our knowledge, the current study provides
the first direct evidence that the association from EF to PP extends into adolescence.

It is worth noting, however, that the statistical predictive path from EF to PP significantly
decreased at each consecutive cross-lagged estimate from childhood into adolescence. Such
a finding indicates that, although still present later in childhood and into adolescence, EF
becomes less critical to predicting variance in PP as children move into adolescence. As
such, prior findings indicating that children with higher EF are more socially competent and
are constructive problem resolvers with fewer PP (e.g., David & Murphy, 2007; Gunnar et
al., 2003), may need to be considered over a broader developmental range. The field has not
yet determined why these characteristics stemming from stronger EF may be less critical to
peer relationship dynamics and functioning in adolescence, compared to childhood.
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One possible explanation for this developmental trend is that as children age into
adolescence, communication qualities become a central feature in peer interactions rather
than play activities tied to the classroom or school setting (Rubin et al., 1998). Therefore, it
may be that EF skills such as inhibitory control and working memory gradually become less
important to the communication skills required in adolescent relationships, compared to
other aspects of self-regulation—such as self-control of positive and negative affect—that
may be even more characteristic of good versus poor quality peer relationships among
teenagers. For example, college students with stronger emotion self-regulation skills receive
more positive nominations from peers as well as a larger number of reciprocal friendship
nominations, compared to those who are poor at emotion regulation (Lopes, Salovey, C6te,
& Beers, 2005), suggesting the importance of emotion self-regulation in adolescent peer
relationships. Alternatively, the diminished strength of the relation may be explained by the
higher value other adolescents place on risky and impulsive behavior resulting from lower
EF in adolescence. Previous literature has demonstrated that the developmental imbalance
between adolescents’ stronger reward system relative to their weaker control system may
lead to higher vulnerability to risk taking behavior (for a review, see Albert, Chein, &
Steinberg, 2013). Therefore, at least for some adolescents with low EF, their risk-taking
behaviors may lead to positive reputations with peers and ultimately be associated with
lower PP.

Additionally, we explored potential sex differences in the reciprocal relations between EF
and PP and found no significant group differences in the magnitude of the reciprocal
relations between males and females. This finding indicates that, although males and female
peer relationships differ in structure and content (e.g., Rose & Smith, 2009), the way
through which PP interface with EF may not significantly differ.

Limitations and Conclusions

Findings of this study need to be considered in view of the following limitations. First, the
lack of peer nominations is a sizable weakness. Previous studies have indicated moderate to
large correlations between self report and peer nominations for victimization, bullying and
aggression among children (e.g., Bouman et al., 2012; Henry, 2006). Unfortunately, the
SECCYD study did not include peer nomination because the participants were
geographically distributed across many schools. Replication of the current findings using
peer nominations would be beneficial as peer reports may help to elucidate more about the
nature of self and adult reports of PP and subsequently their relation with EF. Second, the
use of different items and tasks from various informants across the time points, due to
changes in measures used during collection, required standardization of EF and PP scores to
create a meaningful and interpretable composite z-score. As a result, mean levels differences
across the time points could not be examined. The informants for PP switched from
caregiver/teacher to self between childhood and adolescence as a result of available
measures. However, as noted in the introduction, it has been suggested that individuals are
better suited to report on their peer relationships in adolescence than are adult informants,
whereas the reverse is true during childhood (Fabes et al., 2009; Ladd, 2005). Additionally,
the lack of measures reporting EF and PP in late childhood required data from age 9 and 10
to be combined in order to create a reliable composite score, and there was a discrepancy in
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the assessment times between EF and PP, resulting in an ‘uneven’ design for the cross-
lagged modeling. Finally, it should be noted that some of the associations found were
relatively small, albeit statistically significant, seemingly reflecting the long intervals
between our assessments (spanning 3 to 6 years). It has been suggested that statistical
significance (e.g., effect size) does not indicate clinical meaningfulness and even small
effect sizes are important if they have clear implications for significant theoretical and
practical issues (Abelson, 1995). Regardless, the results must be interpreted with
consideration that although EF and PP may reciprocally contribute to each other in
significant and unique ways, there exist many risk and protective factors that determine EF
and PP development.

Despite these methodological limitations, this investigation provides findings that contribute
to filling the gaps in the present literature regarding the development of EF and the role of
peers by offering the first evidence for reciprocal associations between EF and PP during
early childhood and middle childhood. However, these reciprocal relations diminish as
children age into adolescence. That is, higher PP appears to contribute to lower EF in
childhood and higher EF appears to contribute to lower PP in childhood—but less so in
adolescence. Moreover, these findings are not qualified by sex differences as no significant
differences emerged in the reciprocal relations between females versus males. Taken
together, the current findings highlight that individual differences in EF are important
contributing factors in peer relationship quality, especially negative peer experiences, and
difficult peer experiences are also involved in the development of EF—especially in
childhood. The implications of such findings include the need for early and targeted
preventive intervention efforts for children including low EF or high PP through cognitive-
control and working memory training (e.g., Berkman, Graham, & Fisher, 2012) as well as
strengthening social relationship skills and coping strategies (e.g., Bierman et al., 2008;
Domitrovich, Cortes, & Greenberg, 2007).
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Maximum likelihood estimation (standardized coefficients) of longitudinal relations among
executive function (EF) and peer problems (PP).

*p<.05,** p< .01
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