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Abstract

Adolescence is a period of social, physical, and neurobiological transitions that may leave individuals more vulnerable to the development of
internalizing and externalizing symptomatology. Extant research demonstrates that executive functioning (EF) is associated with psychopa-
thology outcomes in adolescence; however, it has yet to be examined how EF and psychopathology develop transactionally over time. Data
were collected from 167 adolescents (47% female, 13-14 years old at Time 1) and their primary caregiver over 4 years. At each time point,
adolescents completed three behavioral tasks that capture the underlying dimensions of EF, and both adolescents and their primary care-
giver completed measures of adolescent psychopathology. Latent growth curve modeling was used to test the associations between initial
levels and trajectories of EF and psychopathology. Results indicated that higher initial levels of internalizing and externalizing symptoma-
tology were associated with lower EF at Time 4 (controlling for Time 1 EF). Initial levels of EF did not predict changes in internalizing and
externalizing symptomatology. These findings suggest that early psychopathology may be a risk factor for maladaptive EF development in

adolescence.
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The developmental period of adolescence marks important
social, physical, and neurobiological transitions which can leave
individuals vulnerable to a host of psychosocial and adjustment
problems (Steinberg, 2005). These transitions are related in part
to dramatic changes in structure and function of the brain.
Neurodevelopmental models of adolescent brain development
emphasize the imbalance in developmental trajectories between
subcortical/limbic regions and prefrontal regions, which often
manifests in the form of challenges in self-regulation (Casey,
Jones, & Hare, 2008). Despite accumulating evidence demonstrat-
ing the consequences of these self-regulatory challenges, there
lacks a systematic investigation as to how self-regulation and
adjustment problems develop transactionally during adolescence.
The present study focused on testing whether individual differ-
ences in the growth of self-regulation, in the form of executive
functioning capacities, may contribute to developmental changes
in adolescent psychopathology, and vice versa.
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Adolescent executive functioning

Broadly, self-regulation is the capacity to flexibly regulate behav-
ior, cognition, and emotion in order to successfully pursue long-
term goals (Baumeister, Vohs, & Tice, 2007). Self-regulation may
encompass a number of processes, including both top-down and
bottom-up regulatory processes that control emotion, cognition,
and behavior (Nigg, 2017). Effective self-regulation often requires
top-down processing of information in order to achieve certain
states or goals, and involves effortful, deliberate exertion of con-
trol. These top-down aspects of self-regulation are represented
by executive functioning (EF). Specifically, EF refers to higher
order cognitive abilities that guide goal-directed behaviors and
enable self-regulation. According to the theoretical model by
Miyake et al. (2000), these abilities include updating and monitor-
ing of information (working memory), shifting between tasks or
mental sets (shifting), and the ability to inhibit prepotent
responses (inhibitory control). These three abilities are distinct
but correlated and together are thought to reflect the latent con-
struct of EF (Friedman & Miyake, 2017).

EF is not exclusively employed in the service of self-regulation
and supports other skills such as solving math problems or plan-
ning future tasks. EF and related cognitive abilities may affect ado-
lescent adjustment through pathways other than self-regulation
(e.g., attributional styles, perspective taking, verbal ability). For
example, negative attributional style is a cognitive vulnerability
that can exacerbate risk for depression among adolescents
(Kim-Spoon, Ollendick, & Seligman, 2012) and trajectories of
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verbal ability are correlated with trajectories of externalizing
symptomatology across childhood and adolescence (Papachristou
& Flouri, 2019). However, for the purposes of the current study,
we examine EF within the framework of self-regulation, under-
standing that these top-down cognitive abilities enable self-
regulation (Barkley, 2012). Given the overlap in definitions of
related constructs in research on self-regulation (see Nigg, 2017),
we draw on broader self-regulation literature (e.g,, effortful control,
cognitive control) to inform our hypotheses regarding the linked
development between EF and psychopathology.

Throughout early and middle childhood, EF shows linear
growth and is unidimensional (Lee, Bull, & Ho, 2013). As chil-
dren transition into adolescence, the protracted development of
the prefrontal cortex brings EF toward maturity (Klingberg,
Forssberg, & Westerberg, 2002; Kwon, Reiss, & Menon, 2002)
and EF begins to differentiate into the three-factor structure
involving working memory, shifting, and inhibitory control (Lee
et al,, 2013). Evidence from human neuroimaging work illustrates
these linear increases in EF during adolescence, indexed by lower
activation in prefrontal areas during cognitive control tasks (Luna,
Padmanabhan, & O’Hearn, 2010; Ordaz, Foran, Velanova, &
Luna, 2013). However, there may be substantial variation in the
rate of development. That is, some children may develop these
cognitive capacities more rapidly than their peers, while others
may demonstrate slower rates of growth or stability. In addition
to differences in levels of EF, individual variation in change
rates may have important implications for adjustment outcomes.
For example, Hughes and Ensor (2011) reported that growth rates
in EF were predictive of internalizing and externalizing behaviors
among children, over and above the effects of initial levels of EF.
These findings emphasize the importance of considering develop-
mental change in EF in explaining individual differences in
adjustment. However, there is limited research regarding within-
person change in EF during adolescence, as well as how this
change may be linked to adjustment outcomes.

Adolescent psychopathology

Deficiencies in EF may contribute to a developmental cascade of
risk, with interactions across multiple levels exerting progressive
and cumulative effects on adjustment (Masten & Cicchetti,
2010). EF has important implications for development across mul-
tiple domains of functioning, including academic (Becker, Miao,
Duncan, & McClelland, 2014), social (Holmes, Kim-Spoon, &
Deater-Deckard, 2016), and psychological (Harden et al., 2020)
domains. In adolescence, individuals are particularly vulnerable
to problems in psychological domains, as reflected by the notable
increase in prevalence of psychological disorders after age 12
years (Costello, Mustillo, Erkanli, Keeler, & Angold, 2003; Lee
et al., 2014). Specifically, increasing autonomy, novel social influ-
ences, and environmental stressors (Steinberg, 2005) expose adoles-
cents to considerable risk for the development of psychopathology,
including internalizing symptomatology (e.g., anxiety, depression,
withdrawal, and somatic complaints) and externalizing symptoma-
tology (e.g., aggression and rule-breaking behaviors).

Previous work has demonstrated significant individual differ-
ences in longitudinal changes in internalizing and externalizing
symptomatology in adolescence through age 16 (Hatoum, Rhee,
Corley, Hewitt, & Friedman, 2018b). However, findings regarding
the direction of these changes during adolescence remain mixed.
For example, internalizing symptomatology has shown increases
(Leve, Kim, & Pears, 2005), decreases (Hatoum et al., 2018b;
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Sirin et al, 2015), and no change (Galambos, Barker, &
Almeida, 2003) during adolescence. Similarly, externalizing symp-
tomatology has shown both decreases (Bongers, Koot, van der
Ende, & Verhulst, 2004; Hatoum et al., 2018b) and increases
(Bos et al., 2018; Galambos et al., 2003). The discrepancy in find-
ings regarding the direction of changes in internalizing and exter-
nalizing symptomatology may be due in part to the fact that many
previous studies have used samples across large age ranges cover-
ing portions of both childhood and adolescence. Thus, additional
research using repeated measures of psychopathology focusing on
adolescence is required to better elucidate the nature of longitudi-
nal changes in internalizing and externalizing symptomatology
during this critical development period.

Importantly, not all adolescents suffer from psychological dis-
orders. Since self-regulation is integral to the development of psy-
chopathology (Nigg, 2017), elucidating individual differences in
the development of cognitive abilities that facilitate successful self-
regulation is imperative to understanding why some adolescents
may be particularly vulnerable to developing internalizing and
externalizing symptomatology.

Joint development of executive functioning and internalizing
and externalizing symptomatology

It is well established that top-down self-regulatory abilities are
related to child and adolescent adjustment outcomes. Deficits in
EF have been linked to heightened general psychopathology
across development (Martel et al, 2017; White et al, 2017).
There is also evidence that these associations differ depending
on the domain of psychopathology considered. For example,
White et al. (2017) found that EF was associated with internaliz-
ing (anxious-misery), but not externalizing, domains of psycho-
pathology in a sample of youths ages 8-24 years (N =9498). At
the same time, there is evidence that externalizing symptomatol-
ogy is significantly predicted by certain dimensions of EF in mid-
dle childhood, pre-adolescence, and adolescence (Huang-Pollock,
Shapiro, Galloway-Long, & Weigard, 2017; Martel et al., 2009;
Woltering, Lishak, Hodgson, Granic, & Zelazo, 2016). These
mixed patterns of results may be due to methodological differ-
ences (e.g., measurement, modeling), but also may be due to
developmental differences in the EF-psychopathology association.
A recent cross-sectional study comparing two separate samples
(one of children, one of adolescents) found that cognitive control
(a common factor based on EF and effortful control) was associ-
ated with both internalizing and externalizing symptomatology in
children, but only externalizing symptomatology in adolescents
(Kim-Spoon, Deater-Deckard, Calkins, King-Casas, & Bell, 2019).

The link between EF and psychopathology may exist because
the cognitive abilities encompassed by EF are necessary for suc-
cessful management of negative emotions and arousal. For exam-
ple, cognitive control may protect individuals against depression
by allowing them to override attention biases and prevent rumi-
nation (Gotlib & Joormann, 2010). Further, it has been theorized
that deficits in EF contribute to externalizing behaviors (particu-
larly substance use problems) as a result of poor cognitive regula-
tion of behavior (Giancola & Mezzich, 2003). More recent work
has identified EF as a transdiagnostic risk factor for psychopathol-
ogy in late adolescence/young adulthood, proposing that this
association may be explained by the effects of EF on dependent
stress and rumination (Snyder, Friedman, & Hankin, 2019).
Taken  together, current theories in  developmental
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psychopathology highlight the critical role of EF in the develop-
ment of internalizing and externalizing symptomatology.

Prior studies of the EF-psychopathology association have often
been limited by self-report or the use of a singular EF task.
However, latent models of common EF are increasingly being
adopted which capture shared variance across multiple dimen-
sions of EF. Large twin studies (N =877) adopting this approach
have found that higher levels of depression at age 17 are concur-
rently associated with lower common EF (Friedman, du Pont,
Corley, & Hewitt, 2018). Furthermore, common EF at age 17
years was associated with levels of parent- and teacher-reported
internalizing symptomatology at age 7 years, but not with the tra-
jectories of symptomatology from ages 7 to 16 years (Hatoum,
Rhee, Corley, Hewitt, & Friedman, 2018a). However, in this
study, data were not available for EF during ages 7 to 16 years
and only directionality from psychopathology to EF could be
tested.

To date, it remains unclear how EF and psychopathology may
develop transactionally over time. That is, not only does EF con-
tribute to psychopathology, but psychopathology may exacerbate
EF deficits over time. For example, when internalizing symptoms
such as rumination emerge, they tax cognitive resources and make
it difficult to perform other cognitive control tasks (Levens,
Muhtadie, & Gotlib, 2009). This is consistent with the dual-
process model of cognitive vulnerability for depression, which
posits that dysphoric mood can deplete cognitive resources, in
turn exacerbating cognitive deficits such as processing biases
and the inability to engage in reflective processing (Beevers,
2005). Although there is less theoretical support for externalizing
symptomatology contributing to EF, Eisenberg et al. (2010)
posited that the effect of externalizing symptoms on later self-
regulation may be a function of the responses that high-external-
izing children elicit from their environment. Specifically, the
nature of their symptoms may make peers and parents less likely
to offer opportunities for them to engage in and practice adaptive
self-regulation.

Existing studies examining the relations between self-
regulation and psychopathology have typically not utilized
designs that would allow for these bidirectional associations to
be empirically tested (i.e., cross-sectional in nature or lack of
repeated measures of both domains). However, one longitudinal
study using a large sample (N =1388) tested transactional rela-
tions between EF and internalizing and externalizing symptoma-
tology measured at ages 5, 9, and 13 years(LaGasse et al., 2016).
The results indicated some evidence of bidirectional associations,
such that lower EF at age 9 years predicted higher internalizing
symptomatology, but not externalizing symptomatology, at age
13 years. Conversely, higher externalizing symptomatology and
lower internalizing symptomatology at age 9 years significantly
predicted lower EF at age 13 years. While these findings offer
insight in terms of directionality, cross-lagged panel models cap-
ture rank-order change from one time to the next, rather than
across the entire longitudinal time frame. In order to capture indi-
vidual differences in within-person change over time, approaches
such as latent growth curve modeling must be adopted (see
Muthén, 2004 for an overview). To our knowledge, only two stud-
ies have examined the association between developmental trajec-
tories of self-regulation and adjustment using latent growth curve
modeling. In one study, improvements in EF predicted slower
increases in conduct problems among children (Piehler et al.,
2014). Similarly, in the second study, both higher initial levels
and the change rate of effortful control predicted later levels
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(but not change rate) of internalizing and externalizing sympto-
matology (King, Lengua, & Monahan, 2013). However, these
prior studies have only tested psychopathology as a consequence,
and not a potential risk factor, for self-regulatory development.

Present study

The purpose of the present study was to determine variation in
the development of EF and psychopathology within and between
individuals throughout adolescence. Specifically, we sought to
examine whether variation in the development of EF (based on
inhibitory control, shifting, and working memory) predicted
developmental changes in internalizing and externalizing sympto-
matology. We hypothesized that lower initial levels of EF would
predict increases in both internalizing and externalizing sympto-
matology. Similarly, although we expected to see positive growth
in EF across the sample, we expected that those with decreases or
slower increases in EF would exhibit increases in internalizing and
externalizing symptomatology. To elucidate bidirectional effects
between EF and psychopathology, we also tested whether higher
initial levels and longitudinal increases in internalizing and exter-
nalizing symptomatology would predict changes in EF.

Method
Participants

The current study used four waves of data that were collected as
part of an ongoing longitudinal study which began in 2014.
The sample includes 167 adolescents (53% males, 47% females)
and their primary caregiver (82% biological mothers, 13% biolog-
ical fathers, 2% grandmothers, 1% foster, 2% other). Adolescents
were 13 or 14 years of age at Time 1 (M = 14.13, SD=0.54), 14 or
15 years of age at Time 2 (M = 15.05, SD = 0.54), 15 or 16 years of
age at Time 3 (M =16.07, SD =.56), and 16 or 17 years of age at
Time 4 (M=17.01, SD=0.55), with approximately one year
between each time point. Adolescents identified as Caucasian
(82%), African-American (12%), and other race (6%).
Household income ranged from less than $1,000 to greater than
$200,000 per year with a median of $35,000-$49,999 at all time
points (consistent with the median for the region; United States
Census Bureau, 2010).

At Time 1, 157 families participated. At Time 2, 10 adolescents
14-15 years of age were added for a final sample of 167 parent-
adolescent dyads. However, 26 families did not participate at all
possible time points for reasons including: declined participation
(n=13), lost contact (n=10), ineligibility for functional magnetic
resonance imaging (fMRI) (n =2), and extenuating circumstances
(n=1) during the follow-up assessments. These 26 families partic-
ipated in an average of two time points out of four possible time
points. We performed attrition analyses using a general linear
model (GLM) univariate procedure to determine whether there
were systematic predictors of missing data. Results indicated that
rate of participation (indexed by proportion of years participated
to years invited to participate) was not significantly predicted by
demographic variables (p=.64 for age, p=.60 for income, p
=.70 for sex, p =.73 for race, contrasted as White vs. non-White).

Procedures

Participants were recruited from the community in the
Southeastern United States via flyers, recruitment letters, and
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e-mail. The analyses reported here include behavioral and self-
report data; however, the broader longitudinal study also included
a neuroimaging procedure. Thus, individuals were ineligible for
the study if they had a history of head injury resulting in loss
of consciousness for more than 10 min, claustrophobia, ortho-
dontia impairing image acquisition, or other contraindications
to fMRI. Data collection occurred at university offices where ado-
lescents agreed to participation via written assent, while parents
provided written consent, and were then administered the proto-
col by trained research assistants. In addition to the data reported
here, adolescents and their parents participated in fMRI tasks, as
well as other behavioral tasks and questionnaires. These proce-
dures took approximately five hours in total. Adolescents and
their parents received monetary compensation for their time.

Measures

Internalizing and externalizing symptomatology

Adolescents’ self-reported levels of internalizing and externalizing
symptomatology were assessed with the Youth Self-Report (YSR;
Achenbach & Rescorla, 2001), a 112-item questionnaire that
assesses behavior problems in children ages 11-18 years.
Behaviors were rated on a 3-point scale ranging from “0=not
true” to “2 = very true.” Raw summed scores from the externalizing
symptomatology (aggressive behavior and rule-breaking behavior)
and internalizing symptomatology (anxious-depressed, withdrawal-
depressed, and somatic complaints) scales were used. The YSR has
shown strong psychometric properties for internalizing and exter-
nalizing (o =.90; Achenbach & Rescorla, 2001) and demonstrates
similar reliability in the current sample for both internalizing
symptomatology (o =.85-.90 across time points) and externalizing
symptomatology (o.=.84-.89 across time points).

Parent-report of adolescent internalizing and externalizing
symptomatology was assessed with the Child Behavior Checklist
(CBCL; Achenbach & Rescorla, 2001), a 118-item questionnaire
that assesses behavior problems for children 6-18 years of age.
As in the YSR, behaviors are rated on a 3-point scale and we
used raw sums for the externalizing and internalizing symptoma-
tology scales. The CBCL has shown strong psychometric proper-
ties for internalizing (ce=.90) and externalizing (oe=.94)
symptomatology and demonstrates similar reliability in the
current sample for both internalizing symptomatology (o =.87-.90
across time points) and externalizing symptomatology
(0e=.90-91 across time points). Parent and adolescent reports
were moderately correlated for both internalizing (r=.26-.33)
and externalizing (r=.28-.35) symptomatology across all time
points. Taking advantage of multiple informants’ reports, we cre-
ated composite scores by averaging parent and adolescent reports
for both internalizing and externalizing symptomatology.

Executive functioning

We administered three behavioral tasks that capture the underly-
ing constructs of EF: working memory, shifting, and inhibitory
control, which are in line with the theoretical model proposed
by Miyake et al. (2000). Working memory was measured using
the Stanford-Binet memory for digits (Roid, 2003) in which par-
ticipants were asked to repeat back a series of numbers read by the
experimenter (first forward, then backwards). We used the back-
wards digits score to index working memory ability. The shifting
component of EF was captured using the Wisconsin Card Sorting
Test (WCST; Heaton & Staff, 2003) which requires participants to
sort a series of cards based on color, number, and shapes of the
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patterns on the card under changing schedules of reinforcement.
We used the number of perseverative errors as an index of shift-
ing/cognitive flexibility. Finally, inhibitory control was measured
using the Multi-Source Interference Task (MSIT; Bush, Shin,
Holmes, Rosen, & Vogt, 2003). In the MSIT, participants are pre-
sented with sequences of three digits, two of which are identical.
Participants are instructed to indicate the identity (but not the
position) of the unique, target digit. In the neutral condition, tar-
get digits are congruent with position (e.g., “2” is in the second
position in the sequence “121”). In the interference condition, tar-
get digits are incongruent with position (e.g., “2” is in the first
position in the sequence “211”). To assess task performance, we
used intraindividual variability in reaction time, indexed as intra-
individual standard deviations (ISDs; MacDonald, Karlsson,
Rieckmann, Nyberg, & Biackman, 2012) for correct responses in
the interference condition. Studies examining the role of intrain-
dividual variability (IIV) of reaction time demonstrate the im-
portance of IIV as an indicator of cognitive functioning (e.g.,
Hultsch, MacDonald, & Dixon, 2002). In our sample, accuracy
was negatively correlated with ISD (r=—.26 to —.52 across four
waves, ps < .01), suggesting that greater variability in reaction
time during the MSIT was associated with worse performance
on the task and thus worse inhibitory control. Previous work
has also shown that ITV in reaction time changes across development
(Williams, Hultsch, Strauss, Hunter, & Tannock, 2005) and may offer
information above and beyond mean levels of reaction time. The
MSIT was administered while blood-oxygenation-level-dependent
(BOLD) responses were recorded using fMRI; however, we used
only reaction time data for the current analyses.

Data Analytic Plan

Skewness and kurtosis were examined for all variable distributions
with acceptable levels less than 3 and 10, respectively (Kline,
2011) and all variables were normally distributed. Outliers were
identified as values >3 SD from the mean. In these cases, values
were winsorized to retain statistical power and attenuate bias
resulting from elimination. The hypothesized models were tested
via structural equation modeling (SEM) using Mplus statistical
software version 8.1 (Muthén & Muthén, 1998-2017). Overall
model fit indices were determined by x> value, degrees of free-
dom, corresponding p value, root mean square error of approxi-
mation (RMSEA), and confirmatory fit index (CFI). RMSEA
values of less than .05 were considered a close fit while values
less than .08 were considered an acceptable fit (Browne &
Cudeck, 1993). CFI values of greater than .90 were considered
an acceptable fit while values greater than .95 were considered
an excellent fit (Bentler, 1990). Full information maximum likeli-
hood (FIML) estimation procedure (Arbuckle, 1996) was used for
missing data since FIML estimates are superior to those obtained
with listwise deletion or other ad hoc methods (Schafer &
Graham, 2002).

Univariate latent growth curve modeling (GCM) was used to
fit a two-factor growth model across the four time points for
EF. Because EF had multiple indicators at each assessment time,
a second-order growth model, specifically the curve of factors
model (CUFFS; McArdle, 1988) was used. The CUFFS model is
an extension of the GCM and characterizes the relation between
the multiple indicators and the underlying construct at each
time point while estimating the growth trajectory of the construct
(Geiser, Keller, & Lockhart, 2013; McArdle, 1988). Within this
model, we imposed a series of constraints on the EF factors in
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order to establish factorial invariance over time. The most parsi-
monious model with adequate fit was selected as the final model.
In the growth model, the first latent factor was the intercept, with
all factor loadings fixed to one. The second latent factor was the
slope, indicating growth of the function and change over time.
To determine the shape of the trajectories, nested model compar-
isons were used to compare a latent basis growth model to a linear
growth model. In the linear growth model, a linear pattern of
change was assumed and factor loadings for the slope factor
were fixed to 0, 1, 2, and 3. The latent basis growth model allowed
the data to estimate the shape of growth by fixing the first and last
time points (to 0 and 1, respectively) and freely estimating the sec-
ond and third. The ¥ difference test was used to compare these
nested models, and the most parsimonious model with acceptable
fit was chosen as the final model. Next, for psychopathology, uni-
variate GCM was used to fit a two-factor growth model across the
four time points. In the same way as the EF GCM, nested model
comparisons were used to compare model fits for latent basis and
linear growth patterns, separately for internalizing and externaliz-
ing symptomatology. Though we used combined parent and ado-
lescent report of psychopathology, we also explored the univariate
growth curves for parent and adolescent report separately (see
Appendix). Generally, these models demonstrated worse fit than
the combined parent and adolescent report.

Results

Correlations and descriptive statistics are presented in Table 1 for
EF variables and Table 2 for psychopathology variables.

Univariate growth curve models

Executive functioning

Two alternative models were fit in order to determine the shape of
the trajectory of EF. The * difference test indicated that a linear
growth model provided the best fit to the data (see Table 3). We
then imposed a series of equality constraints to test for configural
invariance (invariance of the pattern of fixed and freed loadings
across time), weak invariance (invariance of factor loadings across
time), and strong invariance (invariance of factor loadings and
intercepts across time) (Little, 2013). The model with strong fac-
torial invariance was the most parsimonious version of the model
that also demonstrated acceptable model fit (x* = 94.24, df =50,
p=.0002, RMSEA =0.07, CFI =.91). Introducing autoregressive
paths between the EF latent factors significantly improved
model fit (Ay®>=32.03, Adf=3, p < .001), and this final model
(Figure 1) demonstrated excellent fit (x*=6221, df=47, p=.07,
RMSEA =0.04, CFI=.97). Significant variance of the intercept
factor (6°=5.55, SE=1.82, p=.002) indicated individual differ-
ences in initial levels of EF. The mean of the latent slope factor
was significant (M =3.33, SE=0.30, p < .001) indicating overall
increases in EF over time. However, the variance of the slope fac-
tor was not significant (6> =0.45, SE = 0.35, p =.21). Finally, the
association between the EF intercept and slope was not significant
(r=.24, SE=047, p=.61).

Psychopathology

As with the EF models, two separate univariate growth models
were fit in order to determine the shape of the trajectories of
internalizing and externalizing symptomatology (see Table 3).
For externalizing symptomatology, a linear growth model pro-
vided marginally better fit to the data and was more parsimonious
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than the latent basis model. Significant variances of intercept
(6°=20.58, SE=2.79, p < .001) and slope (¢*=0.52, SE=0.23,
p =.03) indicated that there were significant individual differences
in initial levels as well as change in externalizing symptomatology.
The mean of the intercept was significantly different from zero
(M =8.05, SE=0.39, p < .001), but the mean of the slope was
not significant (M =-0.06, SE=0.11, p=.60), indicating no
significant changes in the level of externalizing symptomatology
over time. The association between the externalizing sym-
ptomatology intercept and slope was not significant (r=-.11,
SE=0.16, p = 49).

For internalizing symptomatology, the linear growth model
provided better fit to the data. Significant mean (M =9.40, SE=
0.43, p < .001) and variance (6?=23.95, SE=3.37, p < .001) of
the intercept indicated that there were significant individual dif-
ferences in initial levels of internalizing symptomatology.
Variance of the slope was significant, indicating individual differ-
ences in developmental changes (¢°=0.81, SE=0.34, p=.02).
However, the mean slope of internalizing symptomatology was
not significant (M = 0.05, SE = 0.13, p =.72) indicating no signifi-
cant change in the level of internalizing symptomatology over
time. The association between the internalizing symptomatology
intercept and slope was significant (r=—.28, SE=0.14, p =.05).

Associations between EF and psychopathology

Results from the GCM for EF indicated that the slope factor did
not have significant variance. For this reason, we did not include
the slope factor in the final model and instead included levels
of EF at Time 4 (controlling for Time 1). Specifically, we used
confirmatory factor analysis (CFA) to estimate the latent factor
of EF at Times 1 and 4 based on three manifest variables (i.e.,
inhibitory control, working memory, and shifting). Factor scores
were used to promote parsimony and facilitate model conver-
gence. At each time point, the models were fully saturated (i.e.,
x> =0, df=0) and all factor loadings were significant (standard-
ized factor loadings ranged from .34 to .55). Factor scores were
included as manifest variables in the final model which included
the regression paths from psychopathology at Time 1 (intercept)
to EF at Time 4, from EF at Time 1 to the slope of psychopathol-
ogy, and from the psychopathology slope to EF at Time
4. Covariances were estimated between the residuals of the psy-
chopathology intercept and slope factors, and between initial lev-
els of EF and psychopathology. Relevant covariates (income, sex,
and age) were tested in each model.'

The model examining associations between EF and externaliz-
ing symptomatology (Figure 2) demonstrated acceptable fit (x* =
20.86, df=12, p =.05, RMSEA = 0.07, CFI = .98). The intercept of
externalizing symptomatology significantly predicted EF at Time
4 (b=-0.05, SE=0.02, p=.01, B=—.19), suggesting that higher
initial levels of externalizing symptomatology were associated
with lower EF. EF at Time 1 did not predict the slope of external-
izing symptomatology (b= 0.001, SE =0.003, p = .80, B =.04) and
the slope of externalizing symptomatology did not predict EF at
Time 4 (b=-0.06, SE=0.19, p=.75, B=—.04). The association
between the externalizing symptomatology intercept and slope

'Sex and age were not significantly associated with dependent variables. Income was
negatively associated with EF at Time 4. Including income as a covariate did not change
the pattern of results. However, it did significantly degrade model fit in the model for
externalizing symptomatology (Ax*=13.08, Adf=3, p < .01). Thus, income was not
included in the final models, but these results are available upon request.
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Table 1. Descriptive statistics and correlations for executive functioning variables
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Variables 1 2 3 4 5 6 7 8 9 10 11 M (SD)
Time 1
1. Inhibitory control 0.24 (0.04)
2. Working memory .20* 5.56 (1.75)
3. Shifting 25** AT 7.10 (3.17)
Time 2
4. Inhibitory control 49** 27 A7 0.21 (0.04)
5. Working memory .14 5T .02 .18* 5.84 (1.90)
6. Shifting .28** .26** .50%* 23** .16* 5.41 (2.16)
Time 3
7. Inhibitory control A45** 21* .20* .59** .16 .28** 0.19 (0.04)
8. Working memory .16 Y el 23* 28** .55** 21F .18* 6.11 (2.09)
9. Shifting 15 22%* 11 23 .04 .10 23* A7 4.80 (1.44)
Time 4
10. Inhibitory control .39 13 21 .59** .18* 25%* 51%* 12 .20* 0.18 (0.04)
11. Working memory 21% .58** .18 25%* .54 A7 21 0% .18* AT 6.73 (2.31)
12. Shifting .15 .13 .35 13 -.01 .26** .09 11 11 14 14 4.71 (1.67)
Note. *p < .05, **p < .01
Table 2. Descriptive statistics and correlations for psychopathology variables
Variables 1 2 3 4 5 6 7 Range M (SD)
Time 1
1. Internalizing symptomatology 0.50—27.50 9.54 (5.45)
2. Externalizing symptomatology A9** 1.00—29.00 8.19 (5.14)
Time 2
3. Internalizing symptomatology 8% 29%* 0.00—27.50 9.41 (5.96)
4. Externalizing symptomatology 37 78** .36™* 1.00—25.00 9.40 (5.00)
Time 3
5. Internalizing symptomatology .70** .34** 76" 31 0.00—26.00 9.54 (5.79)
6. Externalizing symptomatology 31 a7 22%* T9% 37 0.50—26.00 7.94 (5.52)
Time 4
7. Internalizing symptomatology .63** .34 .64** 29* .68** .28** 0.00—27.50 9.54 (5.74)
8. Externalizing symptomatology .28** 2% .15 .68** .26** 79 37 0.50—27.00 7.89 (5.34)
Note. *p < .05, **p < .01
residual was not significant (r=-.12, SE=0.16, p=.46). EF internalizing symptomatology intercept and slope residual was

demonstrated moderate stability from Time 1 to Time 4
(b=0.02, SE=0.002, p < .001, B=.51).

The same model was tested with internalizing symptomatology
(Figure 3) and demonstrated acceptable fit (x*=17.66, df= 12,
p=.13, RMSEA =0.05, CFI =.99). The intercept of internalizing
symptomatology predicted EF at Time 4 (b=-0.04, SE=0.02,
p=.05, Bp=-.16), suggesting that higher initial levels of
internalizing symptomatology were associated with lower EF. EF
at Time 1 did not predict the slope of internalizing symptomatol-
ogy (b=0.004, SE =0.004, p =.30, B =.15) and the slope of inter-
nalizing symptomatology did not predict EF at Time 4 (b = —0.28,
SE=0.19, p=.13, Pp=-.22). The association between the
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significant (r=-29, SE=0.14, p=.04). EF demonstrated
moderate stability from Time 1 to Time 4 (b =0.02, SE=0.002,
p < .001, B=.57).

Post-hoc power analyses

We ran a Monte Carlo study in Mplus according to recommenda-
tions from Muthén and Muthén (2002). Using the final estimates
from the internalizing and externalizing symptomatology models
as starting values, we ran 500 repetitions with a random seed.
With n=167, coverage was sufficient for all estimates (ie.,
between .93 and .99) and parameter and SE bias did not exceed
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Table 3. Fit indices of univariate growth curve models for executive functioning and psychopathology variables
Model label x df p RMSEA CFI Ay Adf p(d)
Executive functioning
1. Linear growth model 62.21 47 .07 .04 97
2. Latent basis growth model” 62.33 45 .04 .05 .96
Externalizing symptomatology
3. Linear growth model 15.26 8 .05 .07 .98
4. Latent basis growth model 9.40 6 .15 .06 .99 5.86 2 .05
Internalizing symptomatology
5. Linear growth model 13.56 8 .09 .06 .99
6. Latent basis growth model” 6.27 6 .39 .02 1.00

Note. Best-fitting univariate model in boldface. CFI = comparative fit index; RMSEA = root mean square error of approximation; Ay* = difference in likelihood ratio tests; Adf = difference in df;

p(d) = probability of the difference tests.
*Problem with latent variable covariance matrix, model not interpretable
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Figure 1. Unconditional growth curve model for executive functioning (EF). Standardized estimates are presented to demonstrate effect size. *p < .05, **p <

.01, ***p < .001 (based on unstandardized estimates).

10% for any regression effects, with the exception of three esti-
mates which were greater than the maximum acceptable bias per-
centage. These were for the effects of the internalizing and
externalizing symptomatology slopes on EF and the effect of EF
at Time 1 on the externalizing slope. These bias estimates
decreased and began to approach acceptable levels at n =2000.
Thus, greater sample size would be required to detect these par-
ticular effects.

Discussion

Recent work has pointed to EF as a transdiagnostic risk factor for
psychopathology (Snyder et al., 2019). However, there is a paucity
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of evidence regarding how EF and psychopathology may develop
transactionally over time. We used latent growth curve modeling
to examine the joint development of EF with internalizing and
externalizing symptomatology across adolescence. We considered
both whether EF predicts the development of psychopathology, as
well as whether psychopathology predicts the development of EF.
We found that while EF increased across adolescence, there were
no significant individual differences in the rate of development.
When considering levels of EF (rather than rates of change), we
found evidence that early psychopathology may interfere with
adolescent EF development.

Our results indicate that those with heightened levels of inter-
nalizing and externalizing symptomatology in early adolescence
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Figure 2. Estimates for the associations between executive functioning (EF) and externalizing symptomatology. Standardized estimates are presented to demon-

strate effect size. *p < .05, **p < .01, ***p < .001 (based on unstandardized estimates).

were more likely to have lower EF in late adolescence. This finding
corroborates previous work with children and adolescents.
Hatoum and et al. (2018a) found that EF at age 17 years was pre-
dicted by the intercept (age 7 levels) of internalizing symptoma-
tology for both males and females, and externalizing
symptomatology for males. However, because EF was measured
at only one time point, directionality of the associations between
EF and psychopathology could not be tested. Our findings clarify
that developmental changes in psychopathology were not signifi-
cantly predicted by earlier levels of EF in adolescence. LaGasse
et al. (2016) tested directionality using a cross-lagged panel
model and found that the contributions of psychopathology to
EF were more consistent than the contributions of EF to psycho-
pathology. Specifically, both internalizing symptomatology and
externalizing symptomatology at age 9 years predicted EF at age
13 years, whereas EF at age 9 years predicted only externalizing
symptomatology (not internalizing symptomatology) at age
13 years. Connolly et al. (2014) also demonstrated that higher lev-
els of depressogenic cognitive style (i.e., rumination) predicted
decreases in certain aspects of EF (i.e., attentional shifting ability)
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over one year in a sample of adolescents. In contrast, lower levels
of initial EF were not significantly predictive of increased rumina-
tion at follow-up. The current findings present the first evidence
suggesting that higher levels of both internalizing symptomatol-
ogy and externalizing symptomatology in early adolescence have
detrimental effects on EF development.

Our data demonstrate that adolescents with higher internaliz-
ing symptomatology may have lower EF later in adolescence. This
finding may be explained in part by the resource allocation
hypothesis (Levens et al., 2009), which posits that the maladaptive
cognitive patterns associated with depression (e.g., rumination,
negative thoughts) may tax available cognitive resources, making
it difficult to perform unrelated cognitive tasks (e.g., planning,
decision-making). In line with the resource allocation hypothesis,
our results suggest that those with lower symptoms likely had
greater resources available to manage the new and cognitively tax-
ing situations that arise in adolescence, and thus facilitated adap-
tive EF development. Different mechanisms may explain how and
why early externalizing symptomatology predicted later EF. As
speculated by Eisenberg et al. (2010), aggressive and defiant
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Figure 3. Estimates for the associations between executive functioning (EF) and internalizing symptomatology. Standardized estimates are presented to demon-

strate effect size. *p < .05, **p < .01, ***p < .001 (based on unstandardized estimates).

behaviors may discourage adaptive and positive social engage-
ment from parents and peers, thereby limiting opportunities to
engage in adaptive self-regulation strategies (e.g., Farley &
Kim-Spoon, 2014). Furthermore, adolescents experiencing these
symptoms may not take advantage of opportunities to foster EF
abilities when they do arise, thus disrupting their EF develop-
ment. Additional research will be necessary to further elucidate
developmental processes through which internalizing and exter-
nalizing symptomatology contribute to EF development over
time.

Our longitudinal, second-order latent GCM indicated longitu-
dinal increases in EF over time. This is consistent with theoretical
models of adolescent brain development, which highlight linear
changes in the prefrontal cortex that continue into early adult-
hood (Casey et al., 2008; Steinberg, 2008) as well as empirical evi-
dence of prefrontal cortex functioning (Ordaz et al., 2013) which
supports adaptive EF development during adolescence. However,
individual differences in EF growth were not significant, consis-
tent with earlier findings, showing that EF in adolescence is rank-
order stable (e.g., Friedman et al., 2016). For psychopathology,
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while some previous research has illustrated changes in symptoms
across adolescence, we did not observe significant increases or
decreases in our sample. This was not entirely unexpected given
the relatively high rank-order stability in adolescent psychopa-
thology (Snyder, Young, & Hankin, 2017) and the fact that previ-
ous studies using GCM to examine changes in psychopathology
during adolescence found mixed results, with increases, decreases,
and no change in psychopathology (e.g., Galambos et al., 2003;
Hatoum et al., 2018b). These patterns of results may suggest
that there are meaningful subgroups of adolescents that demon-
strate different patterns of change in psychopathology. That is,
some adolescents may increase while others decrease or stay
the same, and thus testing mean changes across the entire sam-
ple may obscure these differences. Future work may benefit
from applying statistical approaches that can capture distinctive
subgroups, such as growth mixture modeling, to identify adoles-
cents with different trajectory patterns of psychopathology.
We expected that lower initial levels of EF would predict lon-
gitudinal increases in both internalizing and externalizing symp-
tomatology. However, our data did not provide supporting
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evidence for these hypotheses. Nonetheless, these findings are
consistent with prior findings reporting a nonsignificant associ-
ation between initial levels of effortful control and change rates
of internalizing and externalizing symptomatology in pre-
adolescence (King et al., 2013). We note that our sample was rel-
atively small and thus the null findings should be interpreted
with caution, and replications with greater sample sizes are
warranted.

Limitations and future directions

Study limitations point to important directions for future
research. First, more recent theoretical models of EF include
updating-specific and shifting-specific factors in addition to com-
mon EF (Miyake & Friedman, 2012). Though we did not have a
sufficient EF task battery to test this updated model, it will be
informative for future work to include both the unity (common
EF) and diversity (specific ability) components of EF. Second,
our limited sample size prevented us from testing effects of factors
that have been shown to moderate the associations between self-
regulation and psychopathology, such as gender. For example,
Hatoum et al. (2018a) found that teacher ratings of externalizing
symptomatology were related to common EF, but only in males.
Testing individual or environmental level moderators of these
associations will be an important step in identifying adolescents
who are particularly vulnerable to EF and adjustment problems.
Third, although we captured growth in EF and psychopathology
across several years of adolescence, a period germane to the devel-
opment of these constructs, it remains unclear whether these tra-
jectories would extend beyond adolescence. It will be beneficial to
clarify whether individuals with higher psychopathology in early
adolescence would experience long-term deficits in EF, or if
they would eventually “catch up” with their same-age peers.
Finally, though we had strong theoretical basis for the EF factors,
the use of factor scores in the final model may have introduced
bias due to potential issues of factor indeterminacy.
Accordingly, replicating the current results using EF latent factors
in future studies is warranted.

Despite these limitations, our study illustrates important meth-
odological strengths that facilitate our understanding of EF and
psychopathology in adolescence. First, we tested individual differ-
ences in within-person developmental trajectories of EF and psy-
chopathology to overcome the limitations of traditional
cross-lagged panel designs used often in studies of EF-psychopa-
thology associations, which capture simple rank-order change
that is subject to conflation of between- and within-person effects
(see Berry & Willoughby, 2017). Furthermore, we used multiple
behavioral tasks to index EF. By using multiple measures and
CFA to model EF, we were able to extract the common variance
and minimize problems related to task impurity (Miyake et al,
2000; Snyder, Miyake, & Hankin, 2015).

Conclusions

Our findings offer novel evidence that adolescents who exhibit
higher internalizing and externalizing symptomatology in early
adolescence may be more vulnerable to EF deficits later in adoles-
cence. Improvements in psychopathology in clinical populations
are followed by improvements in EF (Biringer et al., 2005), sug-
gesting that addressing early internalizing and externalizing
symptomatology may prevent disruptions in EF development.
In addition to mitigating psychopathology, prevention efforts
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during childhood would benefit from proactively strengthening
EF abilities and facilitating their development during adolescence.
For example, an intervention program effective for increasing
growth in EF also demonstrated decreases in conduct problems
among children (Piehler et al., 2014). Early interventions such
as this may be able to alter trajectories of both psychopathology
and EF development during childhood, thereby alleviating the
risk for impaired EF development during adolescence. Taken
together, our findings highlight the importance of a developmen-
tal approach to better understand the nature of EF development
in adolescence and identifies emerging psychopathology as a
risk factor that may influence EF development.

Supplementary Material. The supplementary material for this article can
be found at https:/doi.org/10.1017/S0954579420001054.
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