
	

 

 

 

 

Growth Trajectories of Neurocognitive Self-Regulation and Adolescent Adjustment  

Alexis Brieant, B.A. 

 

Thesis submitted to the faculty of Virginia Polytechnic Institute and State University in partial 

fulfillment of the requirements for the degree of 

Master of Science 

in 

Psychology 

 

 

Jungmeen Kim-Spoon, Chair 

Brooks King-Casas, Committee Member 

Thomas Ollendick, Committee Member 

12/13/2017 

Blacksburg, VA 

Keywords: Adolescence, executive functioning, internalizing symptomatology, externalizing 

symptomatology 

 

 



 iv	

Growth Trajectories of Neurocognitive Self-Regulation and Adolescent Adjustment  

Alexis Brieant 

ABSTRACT (Academic) 

Adolescence is a period of social, physical, and neurobiological transitions that may leave 

individuals more vulnerable to the development of adjustment problems such as internalizing and 

externalizing symptomatology. Extant research demonstrates how self-regulation can predict 

adjustment outcomes in adolescence; however, it has yet to be examined how longitudinal 

growth in self-regulation may predict individual differences in symptomatology. That is, 

adolescents who develop self-regulatory capacities such as executive functioning (EF; including 

shifting, working memory, and inhibitory control) more slowly than their peers may be at 

increased risk for maladjustment. Data were collected from 167 adolescents and their primary 

caregiver over approximately three years. At each time point, adolescents completed three 

behavioral tasks that capture the underlying dimensions of EF, and both adolescents and their 

primary caregiver completed measures of adolescent symptomatology. Parallel process growth 

curve modeling was used to test the associations between initial levels and trajectories of both 

EF and adjustment. Results did not reveal any significant associations between initial levels of 

EF and adjustment or between growth in EF and growth in adjustment. Furthermore, there were 

no differential associations between the different EF dimensions. However, post-hoc analyses 

revealed that longitudinal increases in growth of EF predicted lower externalizing (but not 

internalizing) symptomatology at Time 3 (controlling for Time 1). Findings suggest that those 

with more rapid EF development may be better able to regulate behavioral and affective states 

and thus be less likely to develop externalizing symptoms, and that both early levels and growth 

in EF may be important predictors of adolescent outcomes. 
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 Growth Trajectories of Neurocognitive Self-Regulation and Adolescent Adjustment 

Alexis Brieant 

ABSTRACT (Public) 

Adolescence is a period of social, physical, and neurobiological transitions that may leave 

individuals more vulnerable to the development of symptoms such as anxiety, depression, 

aggression, and delinquency. Self-regulation affects these outcomes in adolescence; however, 

individuals demonstrate growth in self-regulation abilities at different rates. Thus, the current 

study sought to examine how differences in self-regulation (specifically, executive functioning 

(EF)) development over time may contribute to different behavioral and emotional symptoms in 

adolescence. Data were collected from 167 adolescents and their primary caregiver over 

approximately three years. At each time point, adolescents completed three behavioral tasks that 

capture EF, and both adolescents and their primary caregiver completed measures of adolescent 

symptoms. Results showed that there were no significant associations between initial levels of 

EF and symptoms, or between growth in EF and growth in symptoms. Furthermore, different 

aspects of EF (such as memory, attention, and inhibitory control) did not differentially predict 

symptomatology. However, additional analyses revealed that increases in growth of EF over time 

predicted lower symptoms of aggression and delinquency at Time 3. Findings suggest that those 

with more rapid EF development may be better able to regulate behavioral and emotional states 

and thus be less likely to develop these types of symptoms, and that both early levels and growth 

in EF may be important predictors of adolescent outcomes.
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1. Introduction 

 The developmental period of adolescence marks important social, physical, and 

neurobiological transitions which leave individuals vulnerable to a host of psychosocial and 

adjustment problems (Steinberg, 2005). These transitions are related in part to rapid and 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 (Casey, Jones, & Hare, 2008). Specifically, limbic regions related 

to emotion and reward seeking develop earlier and more rapidly than the prefrontal regions that 

are necessary to effectively regulate these subcortical systems. This imbalance often manifests in 

the form of challenges in self-regulation, which has profound implications for adolescent 

adjustment and well-being. Despite accumulating evidence elucidating the development of self-

regulation during adolescence, there is limited research examining how self-regulation and 

adjustment problems develop transactionally, as well as the potential that variation in growth of 

self-regulatory capacities (beyond initial levels) may contribute to emerging changes in 

adolescent mental health. 

Adolescent Executive Functioning 

 Broadly, self-regulation is the capacity to flexibly regulate behavior, 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 

control, emotion regulation, and cognitive control (Nigg, 2017). Self-regulation requires specific 

cognitive capacities in order to alter one’s internal state, thoughts, goals, or emotions. Top-down 

processing of information is necessary to achieve these states or goals, and involves effortful, 

deliberate exertion of control. Top-down aspects of self-regulation are represented by executive 
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functioning (EF). EF refers to neurocognitive abilities that enable self-regulation, and these 

higher order cognitive abilities guide goal-directed behaviors. According to the theoretical model 

by Miyake et al. (2000), these abilities include updating and monitoring of information (working 

memory), shifting between tasks or mental sets (shifting), and the ability to inhibit prepotent 

responses (inhibitory control). These three indicators are distinct but correlated, and are thought 

to together reflect the latent construct 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 planning future tasks. For the purposes of the current study, we examine EF within 

the framework of self-regulation, understanding that these top-down cognitive abilities enable 

self-regulation (Barkley, 2012). However, given the overlap in definitions of related constructs in 

research on self-regulation (see Nigg, 2017), we acknowledge and draw on related self-

regulation literature (e.g., effortful control, cognitive control) in order to inform our hypotheses 

regarding the linked development of EF and adjustment. 

Individual differences in EF emerge over time as a function of both genetic and 

environmental influences (Deater-Deckard, 2014). Throughout early and middle childhood, EF 

shows linear growth, but seems to be unidimensional (Lee, Bull, & Ho, 2013). As individuals 

transition into adolescence, the protracted development of the prefrontal cortex (PFC) brings EF 

toward maturity (Klingberg, Forssberg, & Westerberg, 2002; Kwon, Reiss & Menon, 2002) and 

EF begins to differentiate into the three factor structure involving shifting, inhibitory control, and 

working memory (Lee et al., 2013). Despite the commonalities between these indicators of EF, 

many studies yield low intercorrelations among them (Willoughby, Holochwost, Blanton, & 

Blair, 2014). A study from Huizinga, Dolan, and van der Molen (2006) further demonstrated that 

each of these abilities develops at different rates and follows a distinct developmental trajectory. 
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Specifically, shifting developed into adolescence, but working memory continued to develop into 

young adulthood. Performance on some aspects of inhibitory control (Flankers and Stop-signal 

task) reached adult levels by age 11, but other aspects (Stroop task) continued to develop 

throughout adolescence. Generally, children were able to perform working memory, shifting, and 

inhibition tasks at adult levels between 11 and 15 years of age. Taken together, it is important to 

consider both the unity and diversity of EF in the development of self-regulation.  

Though EF is improving during adolescence, evidence suggests that cognitive control 

abilities related to prefrontal functioning do not reach full maturity until young adulthood (Casey 

et al., 2008; Steinberg et al., 2008). Evidence from human neuroimaging work illustrates 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, development in prefrontal areas is considerably slower as compared to 

the rapid development of subcortical areas (Galvan et al., 2006; Hare et al., 2008; Sowell, 

Thompson, Holmes, Jernigan, & Toga, 1999). According to the imbalance theory of adolescent 

brain development, this discrepancy may account for challenges in self-regulation during 

adolescence (Casey et al., 2008; Somerville et al., 2010).  

Despite considerable support for the general patterns of the trajectories of EF 

development, it should be noted that there is 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 levels of EF, 

individual variation in change rates may have important implications for psychosocial outcomes. 

For example, Hughes and Ensor (2010) investigated latent growth in EF in children transitioning 

into school. Results indicated that individual differences in improvements in EF were predictive 
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of teacher-rated internalizing and externalizing behaviors, such that greater gains in EF between 

4 and 6 years of age predicted lower emotional and conduct problems at age 6. Furthermore, 

growth rates were predictive of both emotional and conduct problems at age 6, over and above 

the effects of initial levels of EF (accounted for by covarying the intercept factor with the 

outcome variables). These findings emphasize the importance of considering developmental 

change in self-regulation in explaining individual differences in adjustment. However, there is 

limited research regarding within-person change in EF in adolescence, as well as how this 

change may be linked to adjustment outcomes.   

Deficiencies in EF may contribute to a developmental cascade of risk, with interactions 

across multiple levels exerting progressive and cumulative effects on emerging psychopathology 

(Masten & Cicchetti, 2010). Indeed, EF has important implications for development across a 

number of domains, including academic (Becker, Miao, Duncan, & McClelland, 2014), social 

(Holmes, Kim-Spoon, & Deater-Deckard, 2016), and psychological (Letkiewicz et al., 2014) 

domains. In adolescence, individuals are particularly vulnerable to problems in psychological 

domains, such as internalizing and externalizing symptomatology, as reflected by the increase in 

prevalence of psychological disorders after age 12 (Costello, Mustillo, Keeler, & Angold, 2003). 

Since self-regulation is integral to the development of psychopathology (Nigg, 2017), elucidating 

individual differences in the development of cognitive abilities that facilitate successful self-

regulation is imperative in order to identify adolescents who may be vulnerable to internalizing 

and externalizing symptomatology. 

Joint Development of Executive Functioning and Internalizing and Externalizing 

Symptomatology 
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Adolescence has been popularly referred to as a period of “storm and stress” (Hall, 1904). 

In addition to dramatic neurobiological changes, adolescents are exposed to increasing 

autonomy, novel social influences, and environmental stressors (Steinberg, 2005). These changes 

can elicit powerful emotional responses, and adolescents experience increases in negative 

emotion and decreases in positive emotion during this period (Maciejewski, van Lier, Branje, 

Meeus, & Koot, 2016). Together, these influences expose adolescents to considerable risk for the 

development of psychopathology, including internalizing and externalizing symptomatology. 

Internalizing symptomatology includes anxiety, depression, withdrawal, and somatic complaints. 

Anxiety and depressive disorders increase in prevalence from childhood, across adolescence, and 

into adulthood (Costello, Copeland, & Angold, 2011). Externalizing symptomatology is 

characterized by aggression and rule-breaking behaviors. At clinical levels, these symptoms 

manifest as ADHD, oppositional defiant disorder (ODD), and conduct disorder (CD). In the 

transition from childhood to adolescence, the prevalence of externalizing disorders decreases 

(Costello et al., 2011).  

It is well-established that top-down self-regulatory abilities are related to child and 

adolescent adjustment outcomes. In a sample of preschool children, Espy et al. (2011) 

investigated executive control (working memory, attention, and inhibitory control), which is 

conceptually similar to EF, and its relation to different dimensions of externalizing 

symptomatology. Results suggested that worse executive control was associated with greater 

problems in hyperactivity, attention, and disinhibition behaviors. Similar patterns of results have 

been demonstrated in older samples, where EF (indexed by decision making tasks and an 

emotional Go-Nogo task) has been shown to significantly predict externalizing symptomatology 

in pre-adolescents (Woltering, Lishak, Hodgson, Granic, & Zelazo, 2016). Similarly, deficits in 
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self-reported EF (inhibition, shifting, and working memory) have been linked to heightened 

internalizing symptomatology in emerging adults (Letkiewicz et al., 2014). In all prior studies, 

executive control or EF was assumed to be a unitary dimension (i.e., composite averaged across 

individual dimensions), and it was not tested whether individual dimensions (such as working 

memory, shifting, and inhibitory control) may differentially contribute to externalizing and 

internalizing outcomes. 

The link between EF and internalizing and externalizing symptomatology may be 

explained by evidence suggesting that the cognitive abilities encompassed by EF are necessary 

for successful management of negative emotions and arousal. For example, cognitive control 

may protect individuals against depression by allowing them to override attention biases and 

prevent rumination (Gotlib & Joormann, 2010). Furthermore, strategies such as reframing, 

behavioral planning, and conflict-monitoring are key components of cognitive behavioral 

therapies (which are used to address both internalizing and externalizing disorders) and require 

capacities for working memory, shifting, and inhibitory control (Mischel, 2004). Thus, individual 

differences in EF development in adolescence may have important implications for long-term 

mental health and well-being. 

While there are broad EF impairments associated with psychopathology, variation in 

individual EF components may predict internalizing and externalizing symptomatology in 

distinct ways. The components of EF have been shown to recruit partially distinct neural areas 

(Collette et al., 2005) and demonstrate unique developmental trajectories across adolescence 

(Boelema et al., 2014), which may suggest that they contribute to maladaptation differentially. 

First, working memory allows individuals to hold information long enough to be used in the 

service of goal-directed behaviors. However, for individuals with internalizing symptomatology, 
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emotional stimuli can interfere with information in working memory, perpetuating 

symptomatology such as rumination (Joormann & Gotlib, 2008). A recent meta-analysis 

demonstrated that across 177 samples, working memory impairment was reliably associated with 

anxiety symptoms (Moran, 2016). In terms of externalizing symptomatology, a meta-analysis 

found that working memory had one of the strongest and most consistent effects on ADHD in 

relation to other executive functions (Wilcutt, Goyle, Nigg, Faraone, & Pennington, 2005).  

Second, the shifting component of EF allows one to flexibly modify their attention. In the 

context of psychopathology, this may translate to an ability to adjust thoughts and actions away 

from negative or arousing thoughts or stimuli. Thus, individuals with poor shifting abilities may 

also have internalizing symptomatology due to their inability to flexibly manage internal states. 

For example, pre-adolescents with higher levels of internalizing symptomatology performed less 

efficiently on an emotional set-shifting task than those with lower internalizing symptomatology 

(Mocan, Stanciu, & Visu-Petra, 2014). In terms of externalizing symptomatology, Hatoum, 

Rhee, Corley, Hewitt, and Friedman (in press) found that shifting-specific components of EF 

were positively associated with change in teacher-reported externalizing symptomatology from 

age 7 to 15, supporting the value of considering longitudinal growth in adjustment. 

Finally, inhibitory control works to regulate impulsive, prepotent responses which are 

particularly characteristic of externalizing symptomatology. Children with externalizing 

problems demonstrate significantly worse inhibitory control than children with internalizing 

problems (Eisenberg et al., 2001). Furthermore, Young et al. (2009) found that inhibitory control 

is more strongly related to behavioral disinhibition than working memory and shifting in 

adolescents. These results indicate that there are important commonalities between cognitive 

inhibition and behavioral inhibition, and that inhibitory control may be an underlying factor in 
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the development of externalizing disorders. Taken together, the distinct results regarding 

individual components of EF call for specificity in our conceptualization of the way that these 

top-down cognitive abilities may be contributing to the emergence of adolescent internalizing 

and externalizing symptomatology. 

The extant literature on EF and psychopathology primarily considers EF at a single time 

point predicting later maladaptation. However, since adolescence is a period of dramatic change 

in cognitive capacities (Powers & Casey, 2015) and heightened emotionality (Maciejewski, van 

Lier, Branje, Meeus, & Koot, 2015), the way that growth in EF may affect the development of 

psychopathology is a particularly important consideration. Most prior studies do not address 

variance in EF development, which is potentially informative for adaptive psychological 

development. That is, individual differences in the developmental trajectories of self-regulation 

may in part account for variances in internalizing and externalizing symptomatology during 

adolescence. 

To our knowledge, only two studies have attempted to elucidate the simultaneous 

development of self-regulation and adjustment. Piehler et al. (2014) implemented an intervention 

program with formerly homeless children (ages 6 – 12) which was shown to promote increases 

in EF growth across four time points (indexed by parent-reported composite based on 10 items 

from the Behavior Assessment System for Children scale). Using parallel process growth curve 

modeling, it was further found that longitudinal improvements in EF predicted reduced growth in 

conduct problems. These results offer initial evidence for the importance of individual 

differences in EF trajectories contributing to child adjustment outcomes. 

Using similar growth modeling techniques, King, Lengua, and Monahan (2013) 

examined variability in the development of effortful control (indexed by mother- and adolescent-



 9	

reported composite of the attention regulation subscale of the Early Adolescent Temperament 

Questionnaire and the inhibitory control subscale of the Child Behavior Questionnaire) among 

pre-adolescents (mean age = 9 years at Time 1). Effortful control is an aspect of self-regulation 

closely tied to EF, but is conceptualized as a temperamental construct which is typically 

examined distinctly from EF in the existing literature (Zhou, Chen, & Main, 2011). King et al. 

(2013) found that better initial levels of effortful control significantly predicted lower levels of 

internalizing and externalizing symptomatology two years later. Furthermore, individual 

differences in the rate of effortful control development explained variation in both internalizing 

and externalizing symptomatology, over and above the effects of initial levels. The findings 

indicate that variations in developmental trajectories of self-regulation may account for the 

emergence of adjustment problems in pre-adolescence. However, these results were subject to 

some limitations. First, self-regulation measurement relied solely on questionnaires. 

Additionally, the study primarily focused on individuals ages 9 – 12, which warrants further 

investigation of the extensions of these developmental trajectories throughout adolescence.  

Present Study 

 The purpose of the proposed study was to determine variation in the development of 

neurocognitive self-regulation and symptomatology within and between individuals during the 

period of adolescence. Furthermore, we seek to elucidate how changes in neurocognitive self-

regulation may impact changes in symptomatology. The study utilized data from three time 

points across adolescence (ages 13 through 16 years) with a one-year interval in between each 

time point. The specific aims of this study were to: 
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1. Determine whether variation in the development of the latent construct of EF (based on 

inhibitory control, shifting, and working memory) predicts developmental changes in 

internalizing and externalizing symptomatology.  

2. Determine growth in individual dimensions of EF and if they differentially predict 

trajectories of internalizing and externalizing symptomatology.  

Hypotheses  

 Consistent with the study aims, we proposed the following hypotheses: 

1. Lower initial levels of EF will predict increases in both internalizing and externalizing 

symptomatology. Similarly, although it is expected to see positive growth in EF as the 

whole group, those with decreases or slower increases in EF will exhibit increases in 

internalizing and externalizing symptomatology. 

2. The individual dimensions of EF—working memory, shifting, and inhibitory control—

will differentially predict the development of internalizing and externalizing 

symptomatology. Though no study has examined the relative contributions of each EF 

dimension to adjustment, available evidence suggests that working memory may be the 

strongest predictor for internalizing symptomatology, and inhibitory control may be the 

strongest predictor for externalizing symptomatology. 

2. Method 

Participants 

The proposed study used three waves of data that have been collected as part of an 

ongoing longitudinal study. The sample includes 167 adolescents (53% males, 47% females) and 

their primary caregiver (82% biological mothers, 13% biological 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 
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or 15 years of age at Time 2 (M = 15.05, SD = 0.54), and 15 or 16 years of age at Time 3 (M = 

16.07, SD = .56), with approximately one year in between each time point. Adolescents primarily 

identified as Caucasian (82%), 12% African-American, and 6% other. Caregivers also primarily 

identified as Caucasian (88%), 10% African American, and 2% other. Caregiver ages ranged 

from 31 to 61 years (M = 42.02, SD = 6.63). For the city and counties sampled, 2010 US Census 

data showed median annual household income to be in the $36,000-59,000 range, and in the 

current sample, median household income was in the $35,000-$50,000 range (United States 

Census Bureau, 2010).Overall, the annual income in the sample ranged from less than $1,000 to 

greater than $200,000 per year. At Time 1, 157 families participated. At Time 2, 10 families 

were added for a final sample of 167 parent-adolescent dyads. However, 24 families did not 

participate at all possible time points for reasons including: ineligibility for tasks (n = 2), 

declined participation (n = 17), and lost contact (n = 5) during the follow-up assessments. We 

performed attrition analyses using 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 and intelligence covariates at Time 1 (p = .88 for age, p = 

.79 for income, p = .81 for sex, p = .73 for race, contrasted as White vs non-White, and p = .85 

for intelligence) or study variables at Time 1 (p = .91 for internalizing symptomatology, p = .55 

for externalizing symptomatology, p = .40 for EF factor score). 

Measures 

Demographic interview. In a verbal interview, participants reported sex, age, race, and 

ethnicity at each time point. Parents provided a report of total household income.  
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Externalizing and internalizing symptomatology. Adolescents’ self-reported levels of 

externalizing and internalizing symptomatology were assessed with the Youth Self-Report (YSR; 

Achenbach & Rescorla, 2001), a 102-item questionnaire that assesses behavior problems in 

children ages 11 to 17. Behaviors were rated on a 3-point scale ranging from “0 = Not true” to “2 

= Very true”. Raw summed scores from the externalizing (aggressive behavior and rule-breaking 

behavior) and internalizing (anxious-depressed, withdrawal-depressed, and somatic complaints) 

scales were used. The YSR has shown strong psychometric properties for internalizing and 

externalizing (α = .90; Achenbach & Rescorla, 2001) and demonstrates similar reliability in the 

current sample for both internalizing symptomatology (α = .90 at each time point) and 

externalizing symptomatology (α = .86 at Time 1, α = .84 at Time 2, α = .89 at Time 3). 

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 4 – 16 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 scales. The CBCL has shown strong psychometric properties for internalizing (α = 

.90) and externalizing (α = .94) and demonstrates similar reliability in the current sample for both 

internalizing symptomatology (α =.84 at Time 1, α = .88 at Time 2 and Time 3) and externalizing 

symptomatology (α = .91 at Time 1 and Time 2, α = .90 at Time 3). 

In addition to parent-only and adolescent-only report of symptomatology, we created a 

composite score based on combined parent and adolescent report for both internalizing and 

externalizing symptomatology.  

Executive functioning. EF factor scores for each time point were based on confirmatory 

factor analysis (CFA) of three behavioral tasks that capture the underlying constructs of EF, 
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according to the theoretical model proposed by Miyake and colleagues (2000): working memory, 

shifting, and inhibitory control. Working memory was measured with the Stanford-Binet 

memory for digits (Roid, 2003) in which participants were asked to repeat back a series of 

numbers read by the experimenter (first forward, then backwards). An age standardized 

composite score for combined forward and backward digit-span was calculated and used in the 

EF factor score.  

The shifting component of EF was captured with 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 patterns on the card under changing schedules of reinforcement. 

The number of perseverative errors was used in the EF factor score. 

Finally, inhibitory control was measured with the Multi-Source Interference Task (MSIT; 

Bush, Shin, Holmes, Rosen, & Vogt, 2003), a cognitive interference task shown to activate the 

anterior cingulate cortex and the parietal, premotor, and dorsolateral prefrontal cortices. In the 

MSIT, participants are presented 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, target digits are congruent with position (e.g., “2” is in the second 

position in the sequence “121”). In the interference condition, target digits are incongruent with 

position (e.g. “2” is in the first position in the sequence “211”). To assess task performance, we 

used accuracy and intraindividual variability in reaction time, indexed as intraindividual standard 

deviations (ISDs; Macdonald, Karlsson, Rieckmann, Nyberg, & Bäckman, 2012) for correct 

responses in the interference condition.  

Intelligence. Adolescents’ intelligence was assessed at Time 1 with the Kaufman Brief 

Intelligence Test (2nd Edition, KBIT; Kaufman & Kaufman, 2004). The KBIT is a short 
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intelligence test appropriate for both adults and children. We specifically tested for verbal 

intelligence using the Verbal Knowledge and Riddles subscales. Based on the standardized 

scores of these two scales, we calculated a composite variable of verbal intelligence for 

adolescents, with higher scores indicating higher intelligence.  

Data Analytic Plan 

For all study variables, descriptive statistics were examined to determine normality of 

distributions and outliers. 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 

(Ghosh & Vogt, 2012). Demographic covariates were tested within each model, including age, 

income, gender, and race. Intelligence was also included as a covariate for EF variables given 

that previous research demonstrates the significant association between intelligence test 

performance and EF performance (e.g., Jester et al., 2009). We were unable to test possible 

moderating effects of gender due to limited degrees-of-freedom resulting in model 

nonconvergence. The hypothesized models were tested via Structural Equation Modeling (SEM) 

using Mplus statistical software version 7.4 (Muthén & Muthén, 2012). Overall model fit indices 

were determined by χ2 value, degrees of freedom, corresponding p-value, Root Mean Square 

Error of Approximation (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 likelihood (FIML) estimation procedure (Arbuckle, 1996) was used for missing data 
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since FIML estimates are superior to those obtained with listwise deletion or other ad hoc 

methods (Schafer & Graham, 2002).  

The hypothesized model is depicted in Figure 1. Parallel process growth curve modeling 

was used to simultaneously test the slopes and intercepts of EF and adjustment outcomes. 

Models were tested separately for (1) EF factor and (2) individual EF components (i.e., 

separately for working memory, shifting, and inhibitory control). These models separately 

examined internalizing and externalizing symptomatology for a total of eight models.  

First, for each construct, univariate GCM was performed to fit the baseline model (a two-

factor growth model) across the three time points. 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. Nested model comparisons were used to compare the latent 

growth model to the linear growth and no growth models in order to determine the shape of the 

trajectories. In the no growth model, non-significant change in the slope were assumed. In the 

linear growth model, a linear pattern of change was assumed and factor loadings for the latent 

slope factor were fixed to 0, 1, and 2. Finally, the latent 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 second. The χ2 difference test was used to compare these nested models and 

the most parsimonious model with acceptable fits was chosen as the best-fitting model. 

Next, bivariate GCM was tested involving both EF and adjustment constructs (e.g., EF 

and internalizing symptomatology or EF and externalizing symptomatology). As shown in 

Figure 1, correlations were estimated between the intercept and the slope factors within the EF 

and the adjustment factor and between the EF and the adjustment intercept factors. A regression 

path from the EF intercept to the adjustment slope and a regression path from the adjustment 
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slope to the EF slope were estimated to test bidirectional prospective prediction of changes. 

Finally, in line with the hypothesis of EF development predicting developmental changes in 

adjustment outcomes, a regression path from the EF slope to the adjustment slope was estimated. 

3. Results 

 Correlations and descriptive statistics for study variables are in Table 1. We explored the 

correlations between adolescent and parent report of internalizing and externalizing 

symptomatology. However, the correlations between adolescents’ report and parents’ reports 

were small to moderate (r = 0.27 – 0.35) and main analyses testing proposed hypotheses tended 

to be more strongly supported by using adolescents’ report than using combined parent- 

adolescent report. Thus, we report results from the analyses using adolescents’ self-report of 

symptomatology (results using combined parent-adolescent report are available upon request). 

Baseline Growth Curve Models 

 Executive functioning. CFA was used to calculate factor scores for EF at each time 

point. Model fits were good and all factor loadings were significant. Next, three alternative 

models were fit in order to determine the shape of the trajectories of EF as well as each of the 

individual EF dimensions (see Table 2). For the EF factor score, the χ2 difference test indicated 

that a linear growth model provided the best fit to the data.  Significant variance of intercept (σ2 

= 0.09, SE = .01, p < .001) and slope (σ2 = .01, SE = .004, p = 0.01) indicated individual 

differences in initial levels and change in EF. EF was a factor score thus the mean of both the 

slope and intercept was zero1.  

                                                
1	In growth curve modeling, it is not ideal to use factor scores or standardized scores since these 
scores have a mean of 0 (composite scores based on averaging the three standardized dimensions 
also had a mean of 0). We tried a number of alternative approaches to avoid this. (1) We 
estimated each EF factor simultaneously in a longitudinal CFA model in order to impose 
measurement invariance over time and yield comparable factor scores. However, linear 
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For inhibitory control, a latent growth model provided the best fit to the data. There was 

significant variance for intercept (σ2 = 0.001, SE = 0.00, p < .001) but not for slope (σ2 = 0.00, 

SE = 0.00, p = 0.13), indicating individual differences in initial levels of inhibitory control. The 

means of the intercept (M = -0.24, SE = 0.003, p < .001) and slope (M = 0.05, SE = 0.004, p < 

.001) were significantly different from zero, showing that inhibitory control increased over time.  

For shifting, a latent growth model provided the best fit to the data and significant 

variance of intercept (σ2 = 0.10, SE = 0.01, p < .001) and slope (σ2 = 0.09, SE = 0.01, p < .001) 

indicated individual differences in initial levels and change in shifting. The means of the 

intercept (M = -0.71, SE = 0.03, p < .001) and slope (M = 0.23, SE = 0.03, p < .001) were 

significantly different from zero, showing that shifting increased over time.  

For working memory, a linear growth model provided the best fit to the data. The  

variance of intercept (σ2 = 1.13, SE = 0.18, p < .001) was significant but not the variance of 

slope (σ2 = 0.07, SE = 0.05, p = 0.16), indicating significant individual differences in initial 

levels of working memory. The means of the intercept (M = 9.69, SE = 0.10, p < .001) and slope 

(M = 0.11, SE = 0.05, p = 0.02) were significantly different from zero, showing that working 

memory increased over time. 

 Adjustment. As with the EF variables, three alternative models were fit in order to 

determine the shape of the trajectories of internalizing symptomatology and externalizing 

symptomatology (see Table 3). For externalizing symptomatology, a linear growth model 

                                                                                                                                                       
dependency between the factors across time made the model uninterpretable. (2) We attempted 
to produce factor scores based on the CFA using Time 2 and Time 3 scores that were 
“standardized” to the means and standard deviations at Time 1, but were unable to yield factor 
scores with a non-zero mean. (3) CFA models that were based on EF composite scores (i.e., 
average scores across the three EF dimensions, instead of factor scores) based on the scores that 
were “standardized” relative to the means and standard deviations at Time 1; but negative 
variance of the slope made the model uninterpretable. (4) A second-order factor model may also 
address this issue, but we did not have sufficient power to test for this. 
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provided the best fit to the data. Significant variances of intercept (σ2 = 28.53, SE = 4.23, p < 

.001) and slope (σ2 = 3.11, SE = 1.11, p = 0.01) 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 = 9.41, SE = 0.48, p < .001), but the mean of 

the slope was not significant (M = 0.25, SE = 0.24, p = 0.29) indicating no significant changes 

across waves. For internalizing symptomatology, none of the baseline models demonstrated good 

fit to the data. To improve the fit of the latent growth model, we introduced covariances between 

internalizing symptomatology Time 1 and Time 2, and covariances between internalizing 

symptomatology Time 2 and Time 3. The resulting model was saturated. There was no 

significant variance of intercept (σ2 = 32.14, SE = 27.31, p = .24) or slope (σ2 = 7.88, SE = 

52.05, p = .88), indicating no significant individual differences in the initial level or the slope of 

change. The mean of the intercept (M = 11.24, SE = 0.10, p < .001) was significant, but not the 

mean of the slope (M = 0.31, SE = 0.59, p = .60), indicating no significant changes across waves. 

Bivariate Growth Curve Models 

 Bivariate growth curve analyses were used to examine the dynamic relations between 

growth functions of EF (and its individual dimensions) and externalizing symptomatology. 

Adolescent report of internalizing symptomatology did not demonstrate good fit in the no-

growth, linear, or latent models, thus we focused on externalizing symptomatology. Four models 

were fit to test initial levels and growth in externalizing symptomatology with initial levels and 

growth of EF, inhibitory control, shifting, and working memory separately. Intelligence was 

included as a covariate for EF variable intercepts and slopes. Age and gender were included as 

covariates for externalizing symptomatology intercept and slope. Other demographic covariates 



 19	

(race and income) were not included in the final growth models because there were no 

significant associations with initial levels or growth in the EF or adjustment variables. 

Executive functioning. The bivariate model examining joint development of EF and 

externalizing symptomatology demonstrated good fit (χ2 = 16.57, df = 24, p = 0.87, RMSEA = 

0.00, CFI = 1.00). However, none of the regression paths were statistically significant (see Table 

4 for standardized estimates). 

Inhibitory control. The bivariate model examining joint development of inhibitory 

control and externalizing symptomatology demonstrated good fit (χ2 = 15.16, df = 23, p = 0.89, 

RMSEA = 0.00, CFI = 1.00). However, none of the regression paths were statistically significant 

(see Table 4 for standardized estimates). 

Shifting. The bivariate model examining joint development of shifting and externalizing 

symptomatology demonstrated good fit (χ2 = 24.02, df = 22, p = 0.35, RMSEA = 0.02, CFI = 

0.99). However, a problem with the latent variable covariance matrix rendered the parameter 

estimates uninterpretable.  

Working memory. The bivariate model examining joint development of working 

memory and externalizing symptomatology demonstrated good fit (χ2 = 23.79, df = 24, p = 0.47, 

RMSEA = 0.00, CFI = 1.00). However, none of the regression paths were statistically significant 

(see Table 4 for standardized estimates). 

Post-Hoc Analyses 

 Since we did not detect any significant associations between initial levels and growth of 

EF and adjustment, we simplified the model (see Figure 2). Specifically, we modeled the effect 

of the intercept and slope of the EF factor score on adjustment outcomes at Time 3 (controlling 

for Time 1). In keeping with the original hypotheses, we also tested the reciprocal effect of 
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adjustment at Time 1 on the slope of EF. Age and gender were included as covariates for 

adjustment outcomes. Separate models were tested for externalizing and internalizing 

symptomatology.  

 The model for externalizing symptomatology demonstrated excellent fit (χ2 = 6.74, df = 

9, p = 0.66, RMSEA = 0.00, CFI = 1.00). There was a significant association between the slope 

of EF and externalizing symptomatology at Time 3, such that growth in EF predicted lower 

externalizing symptomatology at Time 3 (b = -15.85, SE = 7.88, p = 0.04), controlling for 

baseline levels of externalizing symptomatology at Time 1 (b = 0.76, SE = 0.07, p < 0.001), over 

and above the effects of age and gender. The effect of the EF intercept on externalizing 

symptomatology was not significant (b = -1.61, SE = 1.88, p = 0.39). Furthermore, the reciprocal 

effect of externalizing symptomatology on the slope of EF was not significant (b = 0.001, SE = 

0.002, p = 0.71). Standardized estimates are presented in Figure 2.  

 The model for internalizing symptomatology demonstrated good fit (χ2 = 13.06, df = 9, p 

= 0.16, RMSEA = 0.05, CFI = .98). However, there was no significant association between the 

slope of EF and internalizing symptomatology at Time 3 (b = -2.30, SE = 8.13, p = 0.78), 

controlling for baseline levels of internalizing symptomatology at Time 1 (b = 0.55, SE = 0.07, p 

< 0.001). Furthermore, the effect of the EF intercept on internalizing symptomatology at Time 3 

(b = 2.10, SE = 2.07, p = 0.31) and the effect of internalizing symptomatology at Time 1 on the 

EF slope (b = -0.002, SE = 0.002, p = 0.32) were both non-significant. Standardized estimates 

are presented in Figure 3. 

 Additionally, we tested these post-hoc models separately for each dimension of EF, with 

externalizing and then internalizing symptomatology. However, none of the regression paths 

were statistically significant. 
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4. Discussion 

 Extant literature has identified the importance of neurocognitive self-regulation in 

psychopathology outcomes for children and adolescents. Specifically, deficits in self-regulation 

underlie a host of adjustment problems, including heightened internalizing and externalizing 

symptoms. Individual differences in self-regulatory processes such as EF emerge across 

development as a function of genetic and environmental conditions (Deater-Deckard, 2014). 

However, there is meaningful variability not just in initial levels of EF, but also in how 

individuals develop EF over time. That is, some individuals may demonstrate growth that is 

substantially faster or slower as compared to their same-age peers. This is a particularly relevant 

concern during the developmental period of adolescence as individuals undergo dramatic 

changes in prefrontal cortex development (Casey, Jones, & Hare, 2008). Thus, the current study 

sought to elucidate the joint developmental processes of EF and adjustment in adolescence. 

Specifically, we tested a parallel process growth curve model to examine whether growth in EF 

predicted growth in internalizing and externalizing symptomatology across three years of 

adolescence. Using a parallel process growth curve model further allowed us to test reciprocal 

effects, whereby symptomatology may perpetuate EF problems. Finally, we also tested the 

possibility that specific dimensions of EF (i.e., inhibitory control, working memory, and shifting) 

would differentially predict adjustment outcomes.  

Our first hypothesis was that lower initial levels of EF would predict increases in both 

internalizing and externalizing symptomatology. We also expected that individuals with 

decreases or slower increases in EF would exhibit increases in internalizing and externalizing 

symptomatology. Ultimately, we were not able to test the bivariate model with internalizing 

symptomatology due to poor fit for the baseline models describing growth patterns of 
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internalizing symptomatology. For the bivariate growth curve models including externalizing 

symptomatology, the regression paths from EF intercept to externalizing symptomatology slope, 

externalizing symptomatology intercept to EF slope, and EF slope to externalizing 

symptomatology slope were all non-significant. Our second hypothesis was that different 

dimensions of EF would differentially predict growth in internalizing and externalizing 

symptomatology. However, as with the EF factor score, we did not detect any significant 

associations between inhibitory control, working memory, shifting, and externalizing 

symptomatology. 

 Though we found no evidence for significant paths between growth factors of EF and the 

growth factors of symptomatology in the bivariate growth curve models, significant variation 

around the intercept and slope of the EF factor as well as externalizing symptomatology 

warranted further exploration. Thus, as post-hoc analyses we tested an alternative model in 

which intercept and slope factors of EF predicted internalizing or externalizing symptomatology 

outcomes at Time 3 after controlling for the baseline levels at Time 1. The model fit was 

acceptable with internalizing symptomatology as the outcome, though none of the associations 

between internalizing symptomatology and EF were significant. However, we found a significant 

association between the slope of EF and externalizing symptomatology. Specifically, 

improvements in EF across Time 1 through Time 3 significantly predicted low levels of 

externalizing symptomatology at Time 3 after controlling for baseline externalizing 

symptomatology at Time 1. These effects of the EF slope were evident over and above initial 

levels of EF. 

We note that, in all growth curve models, the EF scores were based on factor scores from 

CFA, thus the means were 0 at each time point. One clear limitation of this approach is that we 
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cannot evaluate the change of the group mean levels over time (i.e., developmental trend in EF 

levels as the whole sample from age 13-14 to age 15-16). However, we used CFA in an effort to 

appropriately capture the three different dimensions of EF according to Miyake et al.’s (2000) 

theoretical model. Alternative solutions such as multiple indicator growth models (in which the 

intercept and slope growth factors are estimated based on EF latent factors that are loaded on the 

three EF component scores at Time 1, Time 2, and Time 3) and longitudinal CFA (in which 

growth factors of Time 1, Time 2, and Time 3 are simultaneously estimated) were not available 

to us due to insufficient statistical power and linear dependency between the latent EF factors 

across time points, respectively. Future studies with larger samples or additional time points may 

increase power to allow for more sophisticated approaches by including the latent EF factors and 

the manifest indicators for each time point simultaneously in the same model (i.e., multiple 

indicator growth model) or re-specifying factor scores on a comparable metric across time points 

(i.e., longitudinal CFA model). The latter is a potential future avenue for this sample once the 

fourth wave of data becomes available. Despite the inherent limitations of using factor scores, 

there was nonetheless significant variation around the intercept and the slope of EF. Moreover, 

the EF slope was a significant predictor which accounted for individual differences in 

externalizing symptomatology outcomes.  

Unlike the EF factor scores, for the three individual dimensions of EF we were able to 

use raw scores and estimated group-level developmental changes in the slope as well as 

individual differences in these changes. Each dimension demonstrated group level increases 

across the three time points, consistent with prior studies that have demonstrated improvements 

in performance on tasks for individual EF dimensions across adolescence (Huizinga et al., 2006). 

However, shifting was the only dimension that had significant variance in growth, suggesting 
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greater individual differences in development of shifting relative to inhibitory control or working 

memory. Notably, two of the EF dimensions, shifting and inhibitory control, fit latent patterns of 

growth better than a linear pattern. Specifically, for both shifting and inhibitory control, 

approximately 70% of growth was accounted for between Time 1 and Time 2, suggesting more 

rapid growth earlier in adolescence. However, counter to our predictions, specific dimensions of 

EF did not predict symptomatology. While some studies have found differential predictions for 

individual EF components (e.g. White et al., 2017), contemporary models of EF emphasize the 

problems with using performance on an individual task as an index of EF. Specifically, 

individual tasks may recruit additional cognitive processes distinct from EF which can reduce the 

interpretability of results (Friedman & Miyake, 2017). Taken together, both our findings and 

theoretical models suggest the value of considering multiple dimensions of EF simultaneously, 

as we did not detect any effects when considering individual tasks separately. 

 Our finding that growth in EF was predictive of externalizing problems in adolescence is 

consistent with previous work. In a younger sample (ages 4 through 6), Hughes and Ensor (2011) 

demonstrated that longitudinal gains in EF predicted lower teacher-rated hyperactivity and 

conduct problems. Similar patterns have been found in pre-adolescence, such that individuals 

who increased more in effortful control had fewer externalizing problems three years later (King 

et al., 2013). A more recent study with a sample similar to ours (ages 13 through 17) found that 

adolescents who had greater growth in self-regulation (based on self- and parent- report of 

adolescent’s ability to regulate emotions, cognitions, and behaviors) were less likely to engage in 

risky sexual behaviors at age 18 (Crandall, Magnusson, & Novilla, 2017). Our findings 

corroborate these patterns of results showing longitudinal effects of self-regulation on later 

psychopathology.  
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Adolescents who are making more rapid progress in their cognitive development may be 

better equipped to appropriately manage the challenges they encounter during this developmental 

period. In addition to neurobiological and pubertal maturation, adolescents must also master 

novel social contexts, intellectual challenges, and navigate increasing autonomy (Blakemore, 

2008; Steinberg, 2005). These challenges often occur in conjunction with heightened 

emotionality and stress reactivity (Powers & Casey, 2015). This combination of conditions has 

contributed to the historical view of adolescence as a period of “storm and stress” (Hall, 1904). 

However, adolescents are not equally susceptible to the stressful nature of this developmental 

period, with many individuals successfully navigating these challenges (Arnett, 1999). Thus, 

more recent research supports the idea that adolescence is a period of both vulnerabilities and 

opportunities (Dahl, 2004). Nonetheless, individuals with deviant patterns of self-regulation 

growth may be more susceptible to “vulnerabilities”. Rather than capitalizing on opportunities in 

a way that promotes autonomy and successful adaptation, individuals with more gradual, 

prolonged growth in EF may struggle to adaptively respond to challenges. EF is essential for 

behavior planning and management of arousal (Blair & Ursache, 2011) and those who are not 

experiencing growth in these abilities at the same rate as their peers may be more susceptible to 

the development of behavioral problems including substance use, aggression, and delinquency. 

While our post-hoc analyses revealed associations between growth in EF and 

externalizing symptomatology, we did not find any significant associations with internalizing 

symptomatology. These results appear to contradict a recent study by White et al. (2017) which 

demonstrated stronger effects of EF (general EF as well as individual dimensions of response 

inhibition and working memory) on internalizing symptomatology relative to externalizing 

symptomatology. However, there are a number of aspects of their study that may account for this 
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discrepancy, including (1) the large sample (n > 9,000) with greater prevalence of clinical-level 

symptomatology, (2) the cross-sectional design, and (3) the wide age range of the sample (8 to 

21 years). Our much smaller, community sample focused on a specific window of adolescent 

development where patterns of EF and psychopathology may manifest differently, in part due to 

the changes in prefrontal functioning that are occurring during this particular age range (Casey, 

Jones, & Hare, 2008). Other studies examining the relation between specific dimensions of EF 

and internalizing symptomatology have often utilized emotionally-salient tasks (Mocan, Stanciu, 

& Visu-Petra, 2014), whereas the cognitive tasks implemented in our study were emotionally-

neutral tasks. The nature of cognitive processes involved in managing the emotional arousal that 

is characteristic of internalizing disorders may not have been detected with our set of tasks. In 

addition, tasks such as the MSIT involve behavioral control (i.e., reaction time) which may better 

translate to behavioral regulation and be more relevant to externalizing problems than 

internalizing problems, as supported by our findings. 

Our original hypotheses regarding effects among EF and internalizing and externalizing 

symptomatology growth factors were not supported in our sample. This finding is inconsistent 

with most prior studies that have found significant associations between growth in self-regulation 

and adjustment, which have utilized questionnaire-based assessments of both self-regulation and 

adjustment (e.g. King et al., 2013; Piehler et al., 2013). However, it is possible that the effects in 

these studies may have been inflated due to method invariance, and our efforts to incorporate 

both self-report and behavioral measures may have attenuated any effects in our sample. 

 Limitations to the current study should be addressed in future analyses. First, we utilized 

factor scores to index EF which limited the evaluation of mean-level developmental changes of 

the whole sample. Second, our limited sample size prevented us from testing effects of factors 
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that have been shown to moderate the associations between self-regulation and adjustment, such 

as gender (Hatoum et al., in press). Third, we used only adolescent report of adjustment, rather 

than multiple informants. However, the correlations between parent and adolescent report were 

relatively low in our sample and by this age, adolescents may be better reporters of internalizing 

and externalizing symptomatology because with increased autonomy parents may not be aware 

of certain emotions they are experiencing or behaviors they are exhibiting in different contexts. 

Finally, our sample predominantly identifies as White and thus generalizability of the findings to 

more racially diverse populations awaits further replication. 

 Despite these limitations, our study design demonstrates a number of strengths that can 

be retained in future analyses. First, we attempted to model change and growth in self-regulation 

to better reflect the developmental and dynamic nature of this construct, compared to prior 

studies that examine self-regulation at a single time point. Next, we used multiple behavioral 

tasks to index EF. Studies of EF are frequently limited by the use of self-report or single-

indicator measurement of EF. By using multiple measures and CFA to model the latent variable 

of EF, we were able to extract the common variance and minimize problems related to task 

impurity (Miyake et al., 2000; Rabbitt, 1997). Finally, we identified significant variance in 

trajectories of EF development and its individual dimensions during a period when this aspect of 

development is especially important. That is, the emerging neural imbalance between subcortical 

regions related to emotion and motivation relative to prefrontal, regulatory areas during this 

period (Casey, Jones, & Hare, 2008) makes this topic of research particularly germane to 

adolescence. Moving forward, it is important for future work to examine antecedents to 

variability in EF development during adolescence. Little is known about specific aspects of 

adolescents’ environmental contexts that contribute to variability in longitudinal growth of EF. 
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However, available studies on self-regulation indicate that maternal parenting (Moilanen & 

Rambo-Hernandez, 2017) and stressful life events (Hughes & Ensor, 2009) are related to 

longitudinal change in self-regulation in pre- and early adolescence. Few studies have 

investigated how early environment is associated with growth in self-regulation and future work 

should evaluate how these contexts may contribute to individual differences in EF development. 

 The current study demonstrates the value of a developmental perspective in 

understanding the relations between neurocognitive processes and adjustment in adolescence. 

That is, levels of EF and change over time may have important implications for how 

externalizing symptomatology unfolds during adolescence. The few studies that have adopted 

this perspective have been done in younger samples (e.g., King et al., 2013; Hughes & Ensor, 

2009); our findings offer the first evidence that developmental growth in EF continues to be 

important for externalizing outcomes into adolescence. Specifically, our results suggest that 

adolescents who are experiencing slower growth (rather than earlier levels) in prefrontal 

functioning may be more vulnerable to the development of behavioral problems. If these findings 

are replicated, they suggest that targeting trajectories of neurocognitive self-regulation may be 

crucial in mitigating adolescent externalizing symptomatology. For example, there is evidence 

that an intervention program for children predicted increased growth in EF, which in turn 

predicted decreases in conduct problems (Piehler et al., 2013). Applied to adolescents, 

interventions such as this may be able to alter trajectories of EF development for those who are 

demonstrating slower growth than their peers. Taken together, the results of this study highlight 

the importance of a dynamic, developmental approach to studying neurocognitive development 

in order to better understand the nature of neurocognitive self-regulation and its association with 

adjustment in adolescence. 
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Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 M 
(SD) 

Time 1            
       

 

1. Intelligence            
       106.40 

(14.08) 

2. Inhibitory 
control  .31*           

       -0.24 
(0.04) 

3. Working 
memory 

.45** .21**          
       9.67 

(1.28) 

4. Shifting .24** .25** .21**         
       -0.71 

(0.32) 

5. EF factor 
score .46** .74** .62** .72**        

       0.00 
(0.35) 

6. Internalizing 
symptomatology -.04 .11 .004 .03 .08       

       52.14 
(9.58) 

7. Externalizing 
symptomatology 

-.02 -.10 -.04 -.04 -.09 .46**      
       49.81 

(9.39) 

Time 2            
       

 

8. Inhibitory 
control  .30** .49** .25** .17* .45** -.03 -.15     

       -.21 
(0.04) 

9. Working 
memory .39** .12 .67** .17* .42** -.16 -.10 .22**    

       9.90 
(1.37) 

10. Shifting .22** .28** .29** .50** .52** -.11 -.14 .23** .23**   
       -.54 

(0.22) 

11.  EF factor 
score 

.43** .42** .57** .39** .66** -.14 -.18 .69** .69** .71**  
       0.00 

(0.33) 

12. Internalizing 
symptomatology 

.01 .19* -.04 .05 .11 .69** .27** .03 -.17* -.07 -.10 
       52.43 

(10.42) 

13. Externalizing 
symptomatology 

-.05 -.06 -.09 -.004 -.07 .26** .71** -.15 -.08 -.20* -.21* .31**       49.68 
(9.14) 
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Table 1. 
Correlations and descriptive statistics for study variables. 
 
Note. T scores for symptomatology are reported for the correlation table for descriptive purposes, but raw sum scores were used for model testing. 
*p < .05, **p < .01 
  

Time 3                    

14. Inhibitory 
control  .23** .45** .18* .20* .40** -.05 -.13 .59** .19* .28** .51** .09 -.10      -.19 

(0.04) 

15. Working 
memory .48** .18* .62** .28** .48** -.13 -.11 .26** .72** .22** .56** -.13 -.11 .18*     9.89 

(1.42) 

16. Shifting .10 .15 .15 .11 .19* .11 .07 .23** .10 .10 .21* .06 -.04 .23** .16    -.48 
(0.14) 

17. EF factor 
score .35** .42** .39** .28** .51** -.02 -.08 .56** .40** .30 .60** .04 -.12 .80** .51** .68**   0.00 

(0.35) 

18. Internalizing 
symptomatology .08 .33** -.06 -.10 .09 .56** .21* .03 -.10 -.04 -.05 .74** .22** .09 -.03 .02 .06  52.77 

(10.00) 

19. Externalizing 
symptomatology -.002 .01 -.12 -.06 -.08 .22** .66** -.09 -.08 -.13 -.14 .25** .76** -.07 -.06 -.13 -.13 .37** 50.51 

(10.05) 
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Table 2 
Fit Indices of Baseline Growth Curve Models for Executive Functioning Variables 

Note. Best-fitting baseline model in boldface. CFI = comparative fit index; RMSEA = root mean square error of approximation; Δχ2 = 
difference in likelihood ratio tests; Δdf = difference in df; p(d) = probability of the difference tests. EF = Executive Functioning; MSIT 
= Multi-Source Interference Task; WCST = Wisconsin Card Sort Task; SB-DS = Stanford-Binet Digit Span. 
+Correlation greater than 1 between slope and intercept factors. Freed theta to improve model fit and fixed correlation between slope 
and intercept to 1. This resulted in negative variance on the slope factor, which was then fixed to 0. 
++Negative residual variance of WCST at Time 1. Released theta to improve model fit and fixed negative variance of WCST Time 1 to 
0. 

Model Label χ2 df p RMSEA CFI Δχ2 Δdf p(d) 
EF factor score         

1. No-growth model 10.74 6 .10 .07 .97    

2. Linear growth model 2.15 3 .54 .00 1.00 8.59 3 .04 

3. Latent growth model .37 2 .83 .00 1.00 1.78 1 .18 
MSIT         

1. No-growth model 165.00 6 .00 .40 .00    

2. Linear growth model 12.37 3 .01 .14 .90 152.63 3 .00 

3. Latent growth model .34 2 .84 .00 1.00 12.03 1 .00 
WCST         

1. No-growth model 190.91 6 .00 .43 .00    

2. Linear growth model+ 37.97 3 .00 .26 .09 152.94 3 .00 

3. Latent growth model++ .22 1 .64 .00 1.00 37.75 2 .00 
SB-DS         

1. No-growth model 15.34 6 .02 .10 .95    

2. Linear growth model 3.26 3 .35 .02 1.00 12.08 3 .01 

3. Latent growth model 1.32 2 .52 .00 1.00 1.94 1 .16 
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Model Label χ2 df p RMSEA CFI Δχ2 Δdf p(d) 
Externalizing symptomatology         

1. No-growth model 17.98 6 .01 .11 .95    

2. Linear growth model 2.97 3 .40 .00 1.00 15.01 3 .00 

3. Latent growth model 2.83 2 24 .05 1.00 .14 1 .71 

Internalizing symptomatology         

1. No-growth model 33.05 6 .00 .16 .89    

2. Linear growth model 23.24 3 .00 .20 .92 9.81 3 .02 

3. Latent growth model 0.00 0 .00 0.00 1.00 23.24 3 <.001 

 

Table 3 

Fit Indices of Baseline Growth Curve Models for Adjustment Variables 

Note. Best-fitting baseline model in boldface. CFI = comparative fit index; RMSEA = root mean square error of approximation; Δχ2 = 
difference in likelihood ratio tests; Δdf = difference in df; p(d) = probability of the difference tests. 
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 Estimate Standard Error 
EF and externalizing symptomatology   
Regression effects on intercept   

Intelligence → EF intercept      0.54** 0.07 
Gender → Externalizing symptomatology intercept -0.05 0.09 
Age → Externalizing symptomatology intercept -0.01 0.16 

Regression effects on slope   
Intelligence → EF slope -0.17 0.13 
Gender → Externalizing  symptomatology slope -0.14 0.13 
Age → Externalizing  symptomatology slope    0.29* 0.13 

Regressions between EF and externalizing  symptomatology factors   
EF intercept → Externalizing  symptomatology slope -0.07 0.15 
Externalizing intercept → EF slope   -0.001 0.16 
EF slope → Externalizing  symptomatology slope -0.35 0.25 

Factor covariances   
EF intercept ↔ Externalizing  symptomatology intercept -0.14 0.11 
EF intercept ↔ EF slope   -0.35* 0.14 
Externalizing  symptomatology intercept ↔ Externalizing  
symptomatology slope 

-0.01 0.19 

Inhibitory control and externalizing symptomatology   
Regression effects on intercept   

Intelligence → IC intercept         0.41** 0.09 
Gender → Externalizing symptomatology intercept      -0.06 0.09 
Age → Externalizing symptomatology intercept        -0.01 0.09 

Regression effects on slope   
Intelligence → EF slope        -0.05 0.16 
Gender → Externalizing symptomatology slope        -0.12 0.14 
Age → Externalizing symptomatology slope         0.28* 0.13 

Regressions between IC and externalizing symptomatology factors   
IC intercept → Externalizing symptomatology slope         0.20 0.19 
Externalizing symptomatology intercept → IC slope        -0.07 0.20 
IC slope → Externalizing symptomatology slope        -0.36 0.31 

Factor covariances   
IC intercept ↔ Externalizing symptomatology intercept -0.14 0.14 
IC intercept ↔ IC slope -0.09 0.26 
Externalizing symptomatology intercept ↔ Externalizing 
symptomatology slope 
 
 
 

 0.01 0.21 
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Table 4  
Parameter Estimates and Standard Errors for Parallel Process GCM with Executive 
Functioning (EF) and Externalizing Symptomatology 
 
Note. *p < .05, **p < .01. WM = working memory, IC = inhibitory control. 
  

Working memory and externalizing symptomatology   
Regression effects on intercept   

Intelligence → WM intercept      0.50** 0.08 
Gender → Externalizing symptomatology intercept -0.05 0.09 
Age → Externalizing symptomatology intercept -0.02 0.09 

Regression effects on slope   
Intelligence → WM slope 0.16 0.19 
Gender → Externalizing symptomatology slope       -0.10 0.14 
Age → Externalizing symptomatology slope   0.27* 0.13 

Regressions between WM and externalizing symptomatology factors   
WM intercept → Externalizing symptomatology slope -0.03 0.19 
Gender → Externalizing symptomatology intercept -0.05 0.21 
WM slope → Externalizing symptomatology slope  0.04 0.37 

Factor covariances   
WM intercept ↔ Externalizing symptomatology intercept -0.05 0.12 
WM intercept ↔ WM slope  0.04 0.29 
Externalizing symptomatology intercept ↔ Externalizing 
symptomatology slope 

-0.01 0.96 
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Figure 1. Proposed longitudinal model of the joint developmental trajectories of EF and adjustment 

(internalizing and externalizing symptomatology tested separately). 
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Figure 2. Post-hoc analyses of the effect of growth and initial levels of executive function on externalizing 

symptomatology at Time 3. Covariates age and gender were estimated but not included for clarity of 

presentation (age → externalizing symptomatology T3 = 0.14*, gender → externalizing symptomatology T3 = 

-0.09, age ↔ externalizing symptomatology T1 = -0.01, age ↔ executive function intercept = -0.01, 

externalizing symptomatology T1 ↔ executive function intercept = -0.14, gender ↔ executive function 

intercept = -0.10, gender ↔ externalizing symptomatology T1 = -0.05, age ↔ gender = -0.12). 
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Figure 3. Post-hoc analyses of the effect of growth and initial levels of executive function on internalizing 

symptomatology at Time 3. Covariates age and gender were estimated but not included for clarity of 

presentation (age → internalizing symptomatology T3 = 0.09, gender → internalizing symptomatology T3 = 

0.21*, age ↔ internalizing symptomatology T1 = -0.01, age ↔ executive function intercept = 0.00, 

internalizing symptomatology T1 ↔ executive function intercept = 0.03, gender ↔ executive function 

intercept = -0.09, gender ↔ internalizing symptomatology T1 = 0.29**, age ↔ gender = -0.12). 
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Appendix A- Adolescent Demographic Interview 
 
 
 

Demographic Interview 
 

1. How	old	are	you?	____________	
	

2. What	is	your	sex?	
	
A. Male	
B. Female	

	
3. How	would	you	describe	your	own	race?	

	
1)	American	Indian/Alaska	Native	
2)	Asian	
3)	Native	Hawaiian	or	Other	Pacific	Islander	
4)	Black	or	African	American	
5)	White	
6)	More	than	one	race	
7)	Other____________________________	
	

4. How	would	you	describe	your	own	ethnicity?		
1) Hispanic	or	Latino	
2) Not	Hispanic	or	Latino	
	

5. Are	you	in	school?		
1) Middle	school	
2) High	School	
3) College	
4) Not	in	school	

Other (Please specify) ________________________ 
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Appendix B- Parent Demographic Interview 
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